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The relation between linguistic background and executive
function among bi- and multilinguals

Abstract: Research on the relation between bilingualism and executive function has been yielding
contradicting data for two decades now, but the discussions are as lively as ever. Reviews of the
operationalization of bilingualism and the development of new theories of its relation to executive
function have not yet been used in many studies, but researchers' efforts now provide more convincing,
yet still conflicting, data. This study aims to make a meaningful contribution to this topic by
investigating language proficiency as the modulator of the relationship between language use and
abilities in shifting executive function. Multiple elements of the linguistic background are analyzed as
continuous variables, with the non-linguistic background being included in the analysis. The preliminary
results of this research project indicate that both linguistic and non-linguistic backgrounds predict
shifting executive function abilities to a small but significant degree.

Keywords: bilingualism, executive function, language proficiency, continuous variables of linguistic
background

1. Introduction

When an individual knows more than one language (hereafter bilinguals and
multilinguals), all of those languages remain active in one’s mind all the time, to
varying degrees (e.g., Crinion et al., 2006; de Bot & Schreuder, 1993; Hernandez
et al., 1996; Kroll et al., 2006; Kroll & Stewart, 1994; Kroll & Sunderman, 2003;
Marian et al., 2003; Rodriguez-Fornells et al., 2005). Consequently, to use a
language, a bi- or multilingual person must control the use of all known languages
to produce and even perceive language correctly (Green, 1998). It has been
suggested that language control involves the general-purpose control
mechanisms, known as executive function, which regulate the dynamics of
everyday human cognition. (Miyake & Friedman, 2012). Since the use of more
than one language requires cognitive control, bilingual experience could lead to
positive changes in cognitive control abilities (see Bialystok, 2001; Bialystok et
al., 2004, and Bialystok, 2009 for a review).

Investigations into “bilingual advantage” (hereafter BA) in executive function
reported improved inhibitory control abilities for bilinguals when compared to
monolingual individuals (e.g., Bialystok, 2001, 2006, 2009; Bialystok et al., 2004,
2005, 2008; Bialystok & Martin, 2004; Blair et al., 2005; Costa et al., 2008, 2009;
Luo et al., 2013; Martin-Rhee & Bialystok, 2008; Prior & Gollan, 2011;
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Wodniecka et al., 2010). As BA was investigated further, results that challenged
the validity of this hypothesis began to appear (see Paap et al., 2015 for review).
Earlier results could not be replicated across different populations and larger
samples, suggesting that the previously observed bilingual advantages might have
stemmed from factors other than bilingualism (see Paap et al., 2015 for review).

Yet, with revisions to the methodological approaches to bilingual advantage
research, new studies with large participant samples have supported the validity
of the BA hypothesis (see Bialystok, 2017, for review). As a result, there were
sets of convincing evidence both for and against the presence of a bilingual
advantage. To address these conflicting results, efforts have been made to refine
methodological approaches in BA research. These methodological revisions can
be summarized as follows:

e Investigating within the framework of a clearly defined theory of the
relation between bilingualism and executive function (Paap et al., 2016) (see
section 1.1)

e Operationalizing bilingualism as a complex construct with multiple
components that situate individuals along the continuum of experiences (not as
categorical variables) (Luk & Bialystok, 2013) (see section 1.2)

« Using reliable measures of executive function that have high convergent
validity (Paap et al., 2015) (see section 1.3)

The goal of the current study is to contribute to the stream of research on the
relationship between bilingual linguistic background and executive function
(hereafter ReLiEF) by following these methodological recommendations.

The study is based on the theoretical framework of the adaptive control
hypothesis (ACH; Green & Abutalebi, 2013) and uses a recently developed,
comprehensive approach to operationalizing bilinguals’ communication patterns
— ‘language entropy’ (see Gullifer & Titone, 2020). Additionally, the present
study takes a novel approach to investigating the effect of language proficiency
on EF, analyzing it as the modulator of the relationship between engagement with
interactional contexts and executive function.

1.1. Theoretical frameworks

Currently, the most investigated hypothesis of cognitive advantages associated
with bilingualism is the Adaptive Control Hypothesis (ACH) (Green & Abutalebi,
2013). The hypothesis’s framework elaborates on which executive functions are
engaged based on recurrent patterns of bilinguals’ conversational exchange —
interactional contexts. ACH outlined (Green & Abutalebi, 2013, p. 518):
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o Single-language context (SLC) — mostly using only one language for
specific situations. Both languages are used daily, but in different situations
and/or contexts.

o Dual-language context (DLC) — both known languages are used in similar
situations, depending on the interlocutor and goals. Language choice is
carefully controlled.

o Dense code-switching context (DSC) — actively switching between
languages during language use. It is presupposed that languages are not
controlled and used opportunistically.

According to the ACH, eight EFs are used differently across three interactional
contexts and undergo adaptations over time (see Figure 1).

Figure 1. Demands on EF abilities as a function of engagement with interactional context (Green &
Abutalebi, 2013, p. 519)

Demands on language control processes in bilingual speakers as a function of the interactional context relative to demands on the
processes in monolingual speakers in a monolingual context

Interactional contexts
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1.2. Operationalization of bilingualism

Much of the research on bilingual advantage categorizes participants into mono-
and bilingual groups based on L2 proficiency (see Luk & Bialystok, 2013, for a
review). It has been highlighted that there are other elements of the bilingual
linguistic background (hereafter BLB) that could influence the adaptations of the
EF system, like language use tendencies or age of language acquisition (e.g, Luk
& Bialystok, 2013), but these elements remained vaguely defined (see Surrain &
Luk, 2019; Yang et al., 2016 for reviews).

In addition to accounting for multiple elements of BLB, it has been suggested
that bilingualism not be treated as a categorical variable at all (Luk & Bialystok,
2013). Investigating individuals whose experiences and proficiencies might vary
significantly, as a single homogeneous group of bilinguals could distort the data
by combining people who do and do not expect a bilingual advantage. Most
studies investigating ACH-treated engagement with interactional contexts as
continuous variables and analyzed how they predict performance on EF tasks
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(e.g., using regression or structural equation modeling; Hartanto & Yang, 2016,
2020; Katamata et al., 2020). This approach allows investigating bilingualism and
multilingualism as inherently dynamic phenomena.

1.3. Reliable measures of executive function

Executive function is the general-purpose control mechanism that modulates
various cognitive processes and thus regulates the dynamics of human cognition
(Miyake & Friedman, 2012). In the literature, the most frequently researched EFs
are: inhibition, updating (sometimes labeled as working memory), and shifting
(sometimes labeled as task switching - e.g., Bialystok and Barac, 2012;
Gathercole et al., 2014; Prior & Gollan, 2011). Studies examining convergent
validity found that tasks commonly used to measure inhibition EF did not reflect
general executive function, but rather reflect task-specific mechanisms.
Contrastingly, using other research that investigated EF (e.g., developmental
trajectories of EF), more compelling evidence can be provided that measures of
shifting EF and updating EF have acceptable convergent validity and can be
reliably used for investigating the relationship between EF and bilingual linguistic
background (e.g., Friedman et al., 2011).

2. The study

Upon reviewing studies conducted to date and operating within the framework of
the adaptive control hypothesis, the current study aims to investigate language
proficiency as a modulator of the relationship between engagement with
interactional contexts (hereafter EWIC) and EF. ACH suggests that “(...) for
speakers in single- and dual-language contexts, an increase in proficiency is most
likely associated with increased skill in the control of interference.” (Green &
Abutalebi, 2013, p. 525). Consequently, different levels of proficiency would lead
to varying adaptations of EF from EWIC. In studies investigating ACH (e.g.,
Hartanto & Yang, 2016, 2020; Katamatla et al., 2020), language proficiency was
only another independent predictor of EF, rather than a modulator of the
relationship between bilingual linguistic background and executive function
(ReLiEF). In other words, the effects of language proficiency have been analyzed
similarly across individuals who engage in different interactional contexts, both
expected and unexpected, to have changes in their EF abilities. The purpose of
this study is to bridge this gap in the literature. The target relation will be tested
in combination with non-linguistic background variables reported to result in
cognitive adaptations, so that, if effects of EWIC are observed, the possibility that
they are due to confounding variables is minimized.
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Research questions

1. Does engagement with interactional contexts significantly predict
performance in the executive function task?

2. Does the predictive power of engagement with interactional contexts
improve when modulated by language proficiency?

3. Does the linguistic background remain a significant predictor of EF when
compared to non-linguistic experiences that influence EF (social and
economic status, age, and education)?

Hypotheses

1. Engagement with interactional contexts is expected to significantly predict
performance in executive function tasks (Hartanto and Yang, 2016, 2020).

2. The predictive power of engagement with interactional contexts for
performance on EF tasks increases when language proficiency is taken into
account (Kheder and Kaan, 2021).

3. Linguistic background is expected to remain a significant predictor of EF
when analyzed alongside variables of socio—economic status, education,
and age (see Paap et al., 2015 for comments).

2.1. Participants

At the moment, the current study has a relatively small sample and might not
accurately reflect changes in EF abilities among the bilingual and multilingual
population. Yet the research project this study is part of continues, and eventually,
a larger sample will be amassed, and the next set of results will be more
generalizable.

44 participants were recruited for this study. Seven participants were excluded
from the analysis for performing the EF task with significantly lower accuracy
(over two standard deviations below the mean) and for having significantly higher
age, which could affect EF task performance. The final sample included 37
participants (Females = 19) who were born and lived in Hungary, whose L1 was
Hungarian, and who used English daily. 13 participants (Females = 6) reported
actively using more than two languages in everyday life.

The foundational theoretical framework of the current study (ACH) was
originally designed for bilinguals. Yet, for multilinguals, with more languages to
control, the engagement of EF for language use should at least be comparable to
that of bilinguals. Therefore, it was decided to keep trilingual participants in the
current study. None of the participants were immigrants or had lived abroad for
extended periods.
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2.2. Materials

Multilingual linguistic experience survey (MILES)

For this study, a new questionnaire was developed using the previous examples
of frequently used linguistic background questionnaires and the consensus of
researchers, teachers, and speech and language therapists (De Cat et al., 2023)
about the operationalization of bilingual linguistic background. The questionnaire
has multiple sections for collecting relevant linguistic and non-linguistic
information (Revniuk, 2024). The questionnaire included sections for:

e General demographic data and health

e Social and economic status (such as parent education, occupation, and
number of known languages)

e Age and manner of language acquisition

e Language proficiency

e Duration of engagement with communicative contexts and percentages of
language use

e Language switching frequency in communicative contexts

e Language attitudes

Special attention was given to reports on language use to evaluate engagement
with interactional contexts accurately. The reports included multiple
communicative contexts from three categories: interlocutors, activities, and
places. For each context, participants reported the approximate duration of
engagement with them over an average week, as well as the percentage of
language use in that context.

Shifting executive function — Number-letter switching task.
In studies that used multiple tasks for shifting EF, the number-letter task showed
one of the highest correlations with other shifting tasks (i.e., high convergent
validity), suggesting it can be reliably used in this study. On each trial of the
number-letter task (adapted from Rogers & Monsell, 1995), letter & number pair
(e.g., 3G) is presented in one of two squares above or below a line dividing the
computer screen in half (numbers ranged from 2—9 and letters included A, E, 1, U,
G, K, M, and R) (see Figure 2). If the set appeared in the top half of the square,
participants were instructed to categorize the number as odd or even. If the set
appeared in the bottom half, participants were instructed to categorize the letter
as a consonant or a vowel. Participants pressed a button to classify the target
character (left to indicate even/vowel, right to indicate odd/consonant).
Participants completed two blocks (12 trials each) in which the stimulus first
appeared exclusively in the top half of the square, then exclusively in the bottom
half. Next, participants completed 16 practice trials of predictable switches in
which the pair of characters was presented in a clockwise pattern, followed by 2
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blocks with this pattern (48 trials each), with 4 initial "warm-up" trials excluded
from data analysis. Finally, they completed 24 practice trials of random switches
in which the next location of the stimulus was randomly determined and cued for
150 ms before each trial. The cue in this task was the onset of the upper or lower
square in which the stimulus would appear (see Cue in Figure 2). The practice
trials were followed by 2 blocks with this randomized pattern (48 trials each with
the same 4 “warm-up” trials).

The dependent measures were the switch cost in predictable and random-switch
blocks: the difference between average reaction times for correct switch trials and
correct repeat trials.

Figure 2. Number-letter task trial sequence

Task grid

150ms delay

Stimulus

2.3. Procedure

The study was conducted in a quiet computer lab in a single session. After signing
the informed consent for participation in the study, participants completed the
number-letter shifting task. The researcher was present with participants during
the first two practice blocks to ensure the correct understanding of the task. Each
session lasted an average of 15 minutes to complete. After the EF task sessions,
participants received and completed the online linguistic background (MILES)
questionnaire.

Data preparation

Language proficiency for each language was calculated as the mean across the
four proficiency aspects (Reading, Listening, Writing, and Speaking) reported by
participants.

Data on the percentage of language use in different communicative contexts
was transformed using the language entropy formula (Gullifer & Titone, 2020).
Using the language entropy formula provides a single value that captures the
relative frequency of language use, accounting for the number of languages used
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by bilinguals and multilinguals. Higher language entropy values indicate a more
balanced use of the known languages in the given communicative context.
Reports on the duration of engagement with communicative contexts allowed the
assignment of a weighting to language entropy for each context of language use.

Data about language switching was collected for fewer, but the same,
communicative contexts as for language use reports. Data on the duration of
engagement with communicative contexts were used to weight language-
switching tendencies for more accurate reporting.

The combination of general language entropy and language switching was used
to represent the degree of engagement with all three interactional contexts from
the ACH. Lower values of language entropy correspond to greater engagement
with single-language interactional context (SLC), while higher values correspond
to either dual-language (DLC) or dense code-switching (DCS) interactional
contexts. Adding language-switching interactions allows distinguishing between
high entropy with rare language switching, which corresponds to more controlled
DLC, and high entropy with frequent language switching, which corresponds to
less controlled and more opportunistic DCS.

Analyses

The relationship between engagement with interactional contexts and executive
function was estimated with a series of linear regression models. In the first
model, switching costs in the number-letter switching task were regressed on
general language entropy, language switching, and their interaction. This model
provides a conditional model of the relation between bilingual interactional
contexts and EF.

The second model investigates language proficiency as a covariate, as is typically
done in ACH investigations. The third model investigates the hypothesis that
language proficiency mediates the relation between the EWIC and EF, thereby
replicating the second model, but also includes the three-way interaction between
language proficiency, entropy, and language switching.

The fourth model extended the second model, additionally including the
demographic covariates of age, objective SES (parents’ education), and
participants’ education. The fifth model was the same extension as the third model
with a three-way interaction. All models are visualized in Table 1.

Table 1. Predictor variables included in the regression models

Predictors Model 1 | Model 2 | Model 3 | Model 4 | Model 5
Entropy*language switching (interaction) X X X X X
L2 language proficiency X X X X
Entropy*switching*proficiency X X
Age X X
SES X X
Education X X
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3. Results

3.1. Descriptive analyses

Table 2 presents descriptive statistics for research participants. Language entropy
scores are reported separately for bilingual and trilingual individuals, as their
maximum scores differ (1.0 for bilinguals and approximately 1.585 for trilinguals,
see Gullifer & Titone, 2020, for details). On average, bilingual and trilingual
participants demonstrated relatively similar degrees of engagement with SLC and
DLC/DCS. Trilinguals demonstrated a slightly higher tendency to switch
languages (M=3.17, SD=0.94) than bilinguals (M=2.87, SD=0.96). On average,
participants reported excellent proficiency in L1 (M=6.43, SD=0.77) and very
good proficiency in L2 (M=5.74, SD=0.81). Trilinguals reported significantly
higher proficiency in L2 (M=6.16, SD=0.64) than L3 (M=3.83, SD=1.22) (Table
2).

Table 2. Descriptive statistics of research participants

Participant Language Proficienc
grouF;o Entropy swit%hir%g L1 L2 : L3
bilinguals 0.56 (0.13) 2.87 (0.96) | 6.27 (0.84) | 5.44 (0.77)
trilinguals 0.78 (0.21) 3.17 (0.94) | 6.66 (0.62) | 6.19 (0.66) | 3.83 (1.22)
all participants | 0.65 (0.20) 2.99 (0.95) | 6.43(0.77) | 5.74 (0.81)

3.2. Regression analyses

Shifting EF ability was represented as the switching cost between correct
repetition and switch trials. Performances in both expected and random-switch
blocks of the number-letter task were included in the analysis.

Regression analyses for the switching costs in the task block with predictable
task switching have not yielded a significant model. This indicates that
engagement with interactional contexts alone, and with L2 language proficiency
as a covariate or modulator, and with non-linguistic covariates included, did not
significantly predict the switching costs in task blocks with predictable code
switches.

In the regression analyses of switching costs in the task block with
unpredictable task switching, only Model 5 approached the threshold of
significance (adjusted R* = 0.2354, p = 0.062). Within Model 5, significant
predictors included age B = (-36.1*%, SE = 14.6), education (f = 291.2*, SE =
118.5) and interaction terms of L2 proficiency with language entropy (B = -
1064.5*, SE = 498.5) and switching tendencies (f = 218.2* SE = 93.1). These
results indicate that switching costs decreased for participants as they got older
and for participants who engaged with more languages in a balanced manner
while having higher proficiency in their L2. Participants with higher levels of
education showed a tendency toward higher switching costs, as did individuals
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with higher levels of L2 proficiency but switched between languages more
frequently.

These results do not support the hypotheses developed for this study and ACH.
Yet, they indicate that there is a relationship between the bi-/multilinguals’ EF
abilities and both their linguistic and non-linguistic backgrounds. The
implications of the obtained results will be presented and reviewed in the later
Discussion section.

3.3. Exploratory analyses
A series of exploratory analyses was conducted to investigate potential
explanations for the obtained results.

3.3.1. Balance of language proficiency

Within the framework of the adaptive control hypothesis, language proficiency
was suggested to be associated with improved language control abilities and
should affect the relation with EF (Green & Abutalebi, 2013). Later studies of
language control indicated that it is not L2 proficiency per se, but rather the
balance between L2 and L1 proficiency that determines language control patterns
(see Mosca & de Bot, 2017, for discussion). It was decided to investigate whether
the balance of language proficiency could be a more accurate modulator of the
relation between EWIC and EF. Proficiency balance was calculated by subtracting
the L2 proficiency from L1 proficiency, multiplying this value by itself, and
extracting the square root of it. The higher values of language (im)balance would
indicate a greater difference in L1 and L2 proficiencies, even for the rare cases of
L2 proficiency being higher than L1.

For the switching costs in the task block with predictable task switching, only
Models 2 and 3 approached significance. However, Models 4 and 5 were not
significant, indicating that controlling for non-linguistic variables reduces the
predictive power of linguistic background variables for shifting EF abilities.

Contrastingly, for the switching costs in task block with unpredictable task
switching (Table 3), with L2 proficiency replaced by proficiency balance, Model
4 was significant (p < 0.05), and Models 2 and 5 approached the significance
threshold (p < 0.09). Model 4 predicted approximately 22% of variance in
switching costs (adjusted R? = 0.2233) and the significant predictors within the
model included proficiency balance (f = -234.239, SE = 89.321), age (B = -
32.345, SE = 14.013) and education (B = 269.528, SE = 115.423), with entropy
value approaching significance (f = -623.894, SE = 318.533, p = 0.6). This data
indicates that participants with more imbalanced proficiencies in their L1 and
L2, as well as older participants, and those who engage with their known
languages in a more balanced manner, all showed tendencies toward reduced
switching costs, indicating better shifting EFs. In contrast, participants with higher
levels of education tended to have higher switching costs.
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Table 3. Regression models for task switching costs in exploratory analysis with language
proficiency balance

Predictors Model 2 p=.09 Model 3 p =.144 Model 4 p = .04 Model 5 p =.085
Entropy*language switching B=294.6 B=108.6 B=6.43 B=-153.1
SE =336.45 SE =545.31 SE =482.4 SE =530.4
Language proficiency balance | p=-219.2% p=-228.2* B =-234.2* p=-237.9*
SE =90.5 SE =96.7 SE =89.3 SE =96.7
Entropy*switching*balance B=739.7 =610
SE =752.2 SE =730.4
Age p=-32.3* p=-29.7
SE =14 SE = 14.6
SES =624 B=60.2
SE =80.6 SE = 86.6
Education B =269.5* p =258.8*
SE =1154 SE=117.8

3.3.2. Predictive power of non-linguistic background alone

Age, education, and SES were highlighted as background factors that were more
consistently reported to have a significant relation with EF abilities (see Paap and
Greenberg 2013, p. 244 for commentary). It was decided to investigate whether
linguistic data reduces the predictive power of non-linguistic background
variables, with the latter being the more accurate and reliable predictor of EF.
Models that included only age, SES, and education were run to predict switching
costs in predictable and unpredictable task-switching blocks, to compare them
with Models 4 and 5 from earlier analyses. Neither model with only non-linguistic
predictors was significant or approached the significance threshold, unlike
corresponding models that included linguistic background variables. These results
indicate that linguistic background has a unique relation with EF, independent of
non-linguistic background.

4. Discussion

This study aimed to contribute to the line of investigation into the relation between
bilingual linguistic background and executive function by addressing the list of
methodological recommendations that have repeatedly been highlighted as a
potential source of inconsistencies in research results. The adaptive control
hypothesis served as the theoretical framework, and in addition to investigating
how engagement with interactional contexts relates to EF abilities, the effects of
language proficiency were examined as another independent background variable
and as a modulator of the aforementioned relationship. The results only partially
support the hypotheses of this study, and the implications of the findings will be
discussed in the following sections.
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4.1. Linguistic background and executive function

The first research question of the current study asked whether there is a significant
relationship between engagement with interactional contexts and shifting
executive function. Investigating the variables of language entropy and switching
frequency did not indicate them as significant predictors of shifting EF, directly
challenging hypothesis 1 of this study. No significant relationship between
tendencies in language use and shifting EF was observed, contradicting earlier
findings when engagement with interactional contexts was analyzed as a
continuous variable (Hartanto & Yang, 2020). Yet, further findings with an
expanded list of predictor variables highlight extra conditions for such a relation
to appear.

Investigating the effects of L2 proficiency on the relation between EWIC and
EF, several patterns emerged. First, strictly speaking, hypothesis 2 was not
confirmed, as simply including L2 proficiency as an independent predictor or an
interacting variable did not yield significant regression models, unlike the recent
reports for inhibition and monitoring (Kheder & Kaan, 2021). Yet, in the case of
an even more complex model that included non-linguistic background variables,
the regression model approached the significance threshold, and L2 proficiency,
as well as its interactions, were significant predictors of the performance in the
EF task.

Interaction effects revealed that increases in both L2 proficiency and the
frequency of language switching lead to reduced EF abilities (but see Kheder &
Kaan, 2021, for different results for inhibition and monitoring EFs). Such a pattern
might stem from the fact that individuals with higher L2 proficiency generally
show greater L2 activation in the brain and more actively compete with L1 for
activation during language use (Green, 1998). More proficient individuals who
switched less frequently demonstrated better EF abilities, and individuals with
lower L2 proficiency who switched languages relatively more often demonstrated
even better EF abilities. The pattern of interaction is unexpected, and a potential
explanation for it will be highlighted later.

In addition to language switching, L2 proficiency also interacted with language
entropy, and the pattern of interaction indicated that, for more proficient language
users, an increase in the balance of language use led to improved EF abilities,
consistent with earlier findings (Hartanto & Yang, 2020). Such a pattern would
be expected, as managing two languages more often is expected to engage the EF
system to a higher degree, thus leading to changes in the latter (Green &
Abutalebi, 2013). Yet, this finding should be interpreted with caution, as a more
balanced use of two languages does not necessarily correspond to a more
controlled use, as it may include individuals who frequently switch between
languages.
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4.2. [Exploratory analyses

Exploratory analyses provided a better understanding of the obtained data. First,
it should be noted that the only significant models were the ones that included the
non-linguistic predictors of EF abilities — age, participants’ education, and their
social and economic status (represented as parents’ education). Age and education
were significant predictors of shifting EF, but SES was not. The latter is
surprising, as it was highlighted as an element of personal background more likely
to lead to the bilingual advantages observed in earlier studies (Paap & Greenberg,
2013; Paap et al., 2016). A potential explanation could have been differences in
the operationalization of SES. Better parental education does not necessarily
translate into better educational opportunities or the development of activities for
an individual. Some other studies also inquired about participants’ family income
(e.g., Hartanto & Yang, 2020; Katamata et al., 2020), but for this study, the
question was considered too personal and was not included in the questionnaire.
With such a question, the predictive power of SES could have been improved, in
line with earlier research on executive function.

More importantly, regression models with only non-linguistic independent
variables had lower predictive power than models including both linguistic and
non-linguistic background variables. This finding supports Hypothesis 3 of the
current study, indicating that linguistic background has a significant relation with
EF, to a similar degree as the non-linguistic background, consistent with earlier
results for shifting EF (Hartanto & Yang, 2020).

Finally, the more novel finding of the current study concerns the effects of
language proficiency on EF, operationalized as the degree of (im)balance between
language proficiencies. In the current study, when proficiency (im)balance was
included in the analysis, no other linguistic background variable showed a
significant relation to EF, except for a marginally significant relation with more
balanced use of the known languages. The patterns of relation indicate that a more
balanced use of known languages is likely to be independently related to improved
EF abilities across all levels of language proficiency balance and language
switching frequencies, in line with earlier reports (e.g., Hartanto & Yang, 2020).
As for proficiency (im)balance, surprisingly, a greater imbalance in language
proficiencies was associated with improved EF abilities. Such findings challenge
earlier reports (see Barac et al., 2014, for a review) but partially align with the
aforementioned findings of this study, which showed that individuals with lower
proficiency who switch between languages more frequently had improved EF
abilities.

These findings indicate that lower L2 proficiency is sometimes associated with
better EF abilities when the two languages are switched more frequently. Within
the framework of ACH, frequent language switching may indicate opportunistic
language choice, without engaging cognitive control. At the same time, when less
proficient individuals switch languages, it may stem from an external obligation
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to do so, which may require a cognitive effort in language control. The case of
frequent switching at lower L2 proficiency could be an example of more effortful
code-switching that requires cognitive adaptation by the EF system.

5. Limitations

5.1. Sample size

One of the critical methodological recommendations that was not outlined in the
introduction of this article, but that plays an important role in providing more
reliable and convincing research results, is the selection of the participant sample.
It was argued that studies with fewer participants generally cannot accurately
represent phenomena in the naturally occurring population, but instead yield
unreliable data and distort future results of meta-analyses.

5.2. Fluid intelligence

Among the non-linguistic background variables that were reported to affect EF,
one had to be omitted in the current study — fluid intelligence (see Paap et al.,
2015; Paap et al., 2016 for commentaries). This research is part of a larger project,
and the task batteries used for it were too big to include an additional fluid
intelligence task. Adding one would be a fruitful extension to the design
implemented for a current study and would provide a more reliable indication that
linguistic experiences have a unique relation to executive function.

6. Conclusion

Patterns of language use can vary significantly among individuals, and
researching the connection between them and cognitive adaptations of the human
mind requires catching this variability and considering other linguistic
experiences. The current study is an attempt to make a meaningful contribution to
the investigation of the said relation and demonstrates that more controlled and
proficient use of two or more languages is associated with improved abilities in
shifting executive function. Additionally, this study highlights that both language
use tendencies and language proficiency are significantly related to EF but must
be analyzed alongside non-linguistic backgrounds that are also expected to
contribute to EF (age, education, and SES).
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