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Abstract: Cognitive advantages for bilinguals have inconsistently been observed in different
populations, with different operationalisations of bilingualism, cognitive performance, and the
process by which language control transfers to cognitive control. This calls for studies investigating
which aspects of multilingualism drive a cognitive advantage, in which populations and under
which conditions. This study reports on two cognitive tasks coupled with an extensive background
questionnaire on health, wellbeing, personality, language knowledge and language use, administered
to 387 older adults in the northern Netherlands, a small but highly multilingual area. Using linear
mixed effects regression modeling, we find that when different languages are used frequently
in different contexts, enhanced attentional control is observed. Subsequently, a PLS regression
model targeting also other influential factors yielded a two-component solution whereby only
more sensitive measures of language proficiency and language usage in different social contexts
were predictive of cognitive performance above and beyond the contribution of age, gender,
income and education. We discuss these findings in light of previous studies that try to uncover
more about the nature of bilingualism and the cognitive processes that may drive an advantage.
With an unusually large sample size our study advocates for a move away from dichotomous,
knowledge-based operationalisations of multilingualism and offers new insights for future studies at
the individual level.

Dataset: hdl:10411/IHBPDH
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1. Introduction

Following research that has demonstrated that certain life-experiences can shape cognition
(e.g., enhanced spatial memory in taxi drivers in London, jugglers, and musicians [1,2]), it seems
intuitive that language, being one of the most intense and durable human life-experiences, could also
enhance domain-general cognitive performance [3]. Cognitive advantages for bilinguals have indeed
been observed in studies comparing performance of bilinguals and monolinguals on a series of
cognitive tasks that measure (components of) executive control, most notably inhibition. Building
upon the influential model of executive control by Miyake and colleagues [4] that distinguishes four
components of executive functioning; inhibition, switching, monitoring and updating, the dominant
view is that the enhanced cognitive performance of bilinguals is due to their continuous inhibition of
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the nontarget language in a specific context to resolve competition for selection, as both languages
in a bilingual brain are always active [5]. This continuous cognitively effortful task would carry over
into non-linguistic cognitive tasks, making bilinguals respond faster to non-verbal cues in especially
conflict-monitoring tasks—such as the Simon, Stroop or Flanker task—than monolinguals [6].

A seminal paper by Bialystok and colleagues from 2004 demonstrated that there was a bilingual
cognitive advantage (faster response on a Simon task) for older bilingual adults compared to their
monolingual age peers and younger monolinguals [7]. In 2007, Bialystok and colleagues reported that
bilingual patients diagnosed with probable Alzheimer’s disease received this diagnosis on average
four years later than their monolingual peers, whereas they performed on a par on measures of
cognitive control and there were no interfering effects of occupational level, gender and immigration
status [8]. These findings collectively sparked a wealth of research on what has become known as
the ‘bilingual advantage’ (BA), with varying results. Since 2004, the strength of a BA has decreased
from strong to moderate effects for specific populations of bilinguals or no differences between bi- and
monolinguals at all [9–11]. Recent (critical) reflections on the existence of bilingual advantages (see the
discussion article by Paap et al. [12], and corresponding commentaries in Cortex) have given rise to
calls to uncover more about the underlying constructs of language and cognitive control, in order to
move our understanding of the differential results regarding a BA forward.

1.1. Cognitive Control

Hartsuiker [13] observes in Cortex that the research on BAs lacks clear theories on how language
management influences cognitive control. He argues that we need information on the source domain
(language control) and how this transfers to the target domain (cognitive control). Without being clear
on the processes involved in the source and target domain, we cannot even begin to interpret the tranfer
process. Currently, our main predictions on how bilingualism may impact cognitive performance is by
the joint activation of languages in a bilingual brain, through which bilinguals exert enhanced control
on processes of inhibition, monitoring or directing attention. This enhanced training carries over (it is
unclear by which mechanism) into general processes of executive control.

However, there are a few problems with this view. First of all, the robustness of the inhibitory
control account, whereby response inhibition was put forward as the driving force behind cognitive
advantages, has been called into question by research on linguistic interference in (picture) naming.
In a Dutch L1 picture naming experiment with a small group of university students, researchers found
L2 English interference at the phonological level [14], suggesting facilitation and interference effects
of the non-target language [15–17]. This goes against the notion that selection of the appropriate
language is solely accounted for by the mechanism to inhibit the non-appropriate language (form),
hence propelling researchers to argue that inhibition alone cannot explain executive control advantages
(e.g., [10]).

Even more, studies demonstrate that the cognitive tasks used in behavioural studies to elicit
a BA do not necessarily correlate with each other, revealing (different combinations of) a multitude of
cognitive processes measured by these tasks (see [18]). Tasks that measure executive functions always
tap into multiple components of cognitive control, creating ‘task impurity’ (see [19]). This makes it
challenging to relate specific components of executive functions directly to bilingualism. Perhaps
precisely because of this complexity and opaqueness, very few studies so far have attempted to
grasp the underlying cognitive processes involved in bilingual decision making. This echoes the
argument of Hartsuiker that clear theoretical underpinnings of the target domain and the transfer
process are lacking.

1.2. What Is Bilingualism?

On the side of the source domain, in turn, we may have to take one step back and consider what it is
that we define as bilingualism. Bilingualism is not a static ‘state’. Treating bilingualism as a dichotomous
variable; solely as the ability to speak more than one language (the initial operationalisation in the
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2004 study), falls short on acknowledging the vast differences between bilingual groups, or indeed
individuals. Ihle et al. [20] tested whether the more languages an individual speaks, the better s/he
performs on cognitive tasks, which would logically follow if the number of languages spoken directly
relates to a BA. They conclude that, indeed, number of languages spoken contributes to cognitive reserve,
yet not in all participants, and depending on other cognitively stimulating activities the participants
engaged in, their verbal abilities in general, and basic cognitive processing speed. (See however
Kave et al. [21] who longitudinally followed a group of multilingual elders in Israel and observed that
the number of languages spoken reflects better cognitive performance, independent of educational
level). A pure ‘knowledge-based’ (do you know multiple languages, yes/no) operationalisation of
bilingualism therefore falls short of explaining differences in research towards a BA.

Perhaps the best way to solve some of the controversy in the BA debate is to stop comparing
groups of mono- and bilinguals and rather pay closer attention to the type of bilingualism under
investigation, treating this on a continuum based on bilingual language use rather than as a knowledge
variable (also see [22,23]). This is not a new idea, yet something that has perhaps been overshadowed in
recent years by a stronger focus on group-comparisons and dichotomous categorisations. In the 1960s,
Cooper [24] demonstrated that Puerto-Rican speakers of English and Spanish in the USA performed
differently on word naming and association tasks depending on how much they used each language
in five societal domains; home, religion, neighbourhood, education and work. He advocates for
more fine-grained operationalisations of bilingualism according to how the languages are used.
Similarly, Grosjean [25] argues for the inclusion of language modes (how long is a subject in
a monolingual or bilingual mode, and how much switching takes place in this bilingual mode), language
stability and language function, and a more detailed account of the language history of subjects in
bilingualism research.

The interactional nature of bilingualism, which goes beyond the static notions of number of
languages and simultaneity of acquisition, is captured in Green and Abutalebi’s [26] adaptive control
hypothesis (ACH). The ACH posits that different interactional contexts, either single-language,
dual-language or dense code-switching contexts, place different cognitive demands on an individual
(related to e.g., conflict monitoring, interference suppression and goal-orienting). Greater neural
efficiency is expected to be observed for bilinguals who frequently reside in a dual-language context,
as they show skills in monitoring (language) cues, allowing for more rapid switching. In dense
code-switching contexts and single-language contexts, effective communication is less affected by
careful background monitoring of language cues, suggesting fewer switching advantages for bilinguals
in these contexts.

The differential contextual demands of diverse populations of bilinguals may be explanatory in
understanding the presence or absence of bilingual advantages. An illustration of the ACH is a study
by MacNamara and Conway [27] towards bimodal bilinguals (cross-sectionally measured with two
groups of college students; one with and one without two years of experience with American sign
language). They looked at whether high Bilingual Management Demands (BMDs), operationalised
as degree and frequency of switching between languages (cognitive control), and the experience
with managing those demands is the mechanism responsible for cognitive enhancement. High BMD
experience was associated with better performance on tasks of cognitive control and working memory
capacity after two years. They suggest that rapid switching and the coordination of simultaneously
comprehending and producing in two languages, which becomes more efficient with experience,
enhances cognitive control. Because of the variation within bilingual populations with regard to BMD
(type, experience and magnitude), the presence and absence of a bilingual advantage also varies,
they argue.

Bilingual advantages may then have more to do with the domain of switching between languages.
Indeed, studies have found that the degree with which bilingual switch languages is predictive of
a bilingual advantage [28–30]. However, language switching, especially when measured in isolation
and under strict, artificial conditions (e.g., cued switching), is problematic from the view whereby
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language use is mostly interactional in nature. The question may be asked whether bilinguals
indeed exert language control and inhibit one language when switching to the other, especially
in conversational interactions where switching may occur mid-sentence, and the strict ‘boundaries’
that separate languages do not apply. Moreover, as de Bot (2017) aptly notes, switching is not
unique to bilingual settings. Monolinguals may switch codes or registers depending on the situation.
When switching is such a common phenomenon, both in bi- and monolinguals, can we than really
assume that switching costs (even though evidence for lower switch costs for bilinguals is robust),
or inhibition, is enough to drive a BA? (see [31]).

Perhaps it is not merely language control, but rather the environment in which language is used,
possibly in addition to other cognitively enriching experiences, by which a cognitive advantage may
be observed. Informative in this regard is a study on performance on EF tasks by bilinguals and two
monolingual groups in different linguistic environments (French-dominant Quebec and English-French
bilingual Ottawa). The language environment seemed to offer a more robust explanation for enhanced
EF performance—by English monolinguals in Ottawa, where they are exposed to French in their
environment, contrary to French monolinguals in Quebec, who lack this bilingual exposure—than
bilingualism itself [32].

The influence exerted by the environment on experiments is often overlooked. With an analogy of
the temperature of boiling water—which depends on altitude—Bak argues that even when we control
for differences in experimental settings, the selection of participants, and different methods of data
analysis, the environment in which an experiment is conducted may result in different observations [33].
As such, he advocates for the importance to compare results conducted in different environments,
rather than replicating the same experiment in the same environment. As above, the context in which
bilinguals use their languages (in a highly bilingual environment where switching is practised daily as
opposed to a monolingual environment) may offer an explanation for some of the conflicting evidence
for a BA.

Moreover, Bak argues that the attitudes towards bilingualism or certain languages in different
environments (which may be more positive in highly bilingual populations such as in Brussels or more
negative when language use is politically coloured) may additionally play a role in the conflicting
evidence; believing that being bilingual is an asset rather than a disadvantage. A recent investigation
into the different operationalistations of bilingualism in studies towards BAs between 2005 and
2015 [34] revealed that the degree to which different characteristics of bilingualism are reported
differs greatly. Moreover, there is also a lack of sociolinguistic information, which is of particular
importance when viewing bilingualism as an interactive life experience. The authors advocate for a
better documentation of the social context (usage and status of languages in the population), but also
the quality of foreign language instruction, by which in some countries bilingualism is not a life
experience, but a learning experience.

In a recent contribution to a special issue of Linguistic Approaches to Bilingualism, Valian [35]
argues that, as experiences accumulate over the lifespan, singling out executive function benefits
belonging to certain experiences is increasingly difficult. Benefits of bilingualism may be additive,
or additive up to a certain point or are only visible when they occur together with other benefits
(e.g., from being physically active, playing a musical instrument, a specific diet, and so forth). The fact
that there are no negative results reported for bilinguals (only positive or null results), leads Valian
to propose that there is a benefit, but that this benefit competes with other benefits, hence showing
positive results in some populations, but null results in others. Because individuals are so diverse in
experiences, and tasks measure different aspects of executive functions, she argues that it is more likely
that there are also different mechanisms by which executive functions may be enhanced.

When BA’s are so haphazardly observed, we might want to delve deeper into the construct of
bilingualism. Bak [36] speaks of a forest of confounding variables in research on bilingualism. Hence,
rather than a factor in isolation, bilingualism may contribute to enhanced cognitive performance when
it is viewed together with other experiential factors. The visibility of such an effect then perhaps
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depends on the presence and strength of these other factors (see [37,38]). What we need are large-scale
studies whereby bilingualism is present in many forms, and examine not only its static presence,
but also consider language usage patterns, to be able to gauge whether there is indeed a benefit
attributable to bilingualism, or whether BA’s lie in the combination of experiential factors. This study
is one of the first attempts to investigate the nature of multilingualism and possible cognitive effects in
a large and diverse group of older adults.

1.3. This Study

Moving away from a static, isolated and knowledge-based view of bilingualism, this paper details
the observations of a study among a highly variable group of multilingual older adults in a small
geographical area in the northern Netherlands, rich in dialects and languages. Given the contextual
nature of bilingualism, it is informative to look at a bilingual population in an area where bilingual
practices are widespread, but the degree of bilingual language use and type (two languages, dialect and
standard language combinations, etc.) differ from person to person. We answer to the call to uncover
more about the nature of bilingual advantages by investigating the different types of multilingualism
(language combinations, usage intensities, social context, etc). By doing this in a population that is
multilingual to varying degrees and in varying forms/manifestations, comparison to a monolingual
population is not needed, and ineffective.

The main aim of this study is twofold:

1. To uncover more about if, and what aspect(s) of, multilingualism may facilitate enhancement of
executive functions and what this tells us about the nature of multilingualism (as a knowledge-
or experience-based variable) and the cognitive constructs that are involved;

2. Whether multilingualism can contribute to enhanced cognitive performance in the presence of
other (known) ‘confounding’ factors relating to health, wellbeing, and quality of life.

For sake of continuity based on the persistent ideas of cognitive control in the literature, we assess
inhibition, attention-direction and set-shifting processes in a diverse elderly multilingual population.
For the first question, we expect that it is not the number of languages or degree of proficiency of
individuals (the knowledge-based operationalisation) that enhances cognitive performance, but rather
the intensities with which different multilinguals (who may differ in number of languages, proficiency
and language combinations) use their languages in different contexts. For this we draw on the premise
of the adaptive control hypothesis, in that we expect that a more balanced use of different languages
across different social contexts elicits better (faster or more accurate) performance on cognitive tasks
related to switching and attention, similar to the observations by MacNamara and Conway [27].
If this is indeed the case, this may confirm the speculations that there are different BA’s for different
populations, and that these populations likely mainly differ in language usage intensities.

However, to truly assess the uniqueness of bilingual populations, and whether populations with
enhanced EF performance can effectively be discerned on the basis of their language usage the second
question forms the basis of a model in which we insert the linguistic information of our participants,
together with demographic, health and lifestyle information. We may be hard-pressed to find that
speaking multiple languages is more effective for EF enhancement than other lifestyle factors, such as
playing a musical instrument, and perhaps that only by putting these factors together in a model,
a significant effect can be observed. Or there may be other, environmental factors, that offer a more
ready explanation of enhanced EF performance. The great variety in our multilingual sample in terms
of language experiences, usage intensities and other demographic, health and wellbeing characteristics
offers a unique insight into how these factors may, or may not, interact with each other and perhaps,
under specific circumstances, show an effect of multilingualism, in some type or form, on cognitive
performance. At least it offers more insights into why some research does and other does not find
bilingual advantages, while at the same time also demonstrating the complexity of studying one
isolated factor (bilingualism) in a social context.
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2. Methods and Materials

2.1. Participants

By means of calls put out in the local media (radio, newspapers) information flyers and personal
networks we recruited participants in the three northern provinces of the Netherlands. Inclusion in
the study was based on the following criteria:

• Participants were 65 years or older (the benchmark at which many people in the Netherlands
used to retire).

• Participants were residents of one of the three northern provinces in the Netherlands (Groningen,
Friesland or Drenthe).

• Participants were cognitively ‘healthy’ individuals; i.e., they did not consciously suffer from any
form of cognitive impairment. (This was asked in the questionnaire and people with an affirmative
response were excluded).

A total of 387 participants took part in the study. Participants ranged in age from 65 to 95 years,
with a mean of 72.07 (sd = 5.7). Participants were more or less evenly distributed among the three
provinces and the dataset was nicely balanced in gender (201 male and 185 female participants (missing
information of 1 participant)), also see Table 1.

Table 1. Demographics of the participant sample.

Statistic N Mean St. Dev. Min Max

Age 387 72.067 5.708 65 95

Gender
Male 201

Female 185 - - - -

Province 384
Friesland 173

Groningen 103
Drenthe 108

0.840 - -

Education 387 4.925 1.073 2 6
Income 387 6.866 1.400 3 9
Self-reported health 386 3.311 0.924 1 5
Multimorbidity 387 1.388 1.271 0 7
QoL 387 8 0.908 4 10

Sport 387
Yes 282
No 105 - - -

Playing an instrument 387
No 261

Yes, passive 66
Yes, active 60

- - -

From Table 1 it becomes apparent that, overall, the participant sample is relatively highly educated
(mean of 5 (higher education) on a scale of 1 to 6) and have a moderate to high income (around 2500 euro
gross per month). They are in good average health (a mean of 3, equivalent of “good health”) and rate
their quality of life generally high, with an 8 on a scale of 1 (low) to 10 (high). Two-third of the
participants lead an active lifestyle and around a third of the participants play or have played a
musical instrument.

Ease of access to the study was facilitated by giving participants the opportunity to participate
online from home (which automatically creates a bias by including only people proficient in handling
computers). By means of the online software application Qualtrics [39] participants completed
an extensive background questionnaire on demographics, health, wellbeing, personality, social
networks and language proficiency and use. In addition, participants completed three cognitive
tasks targeting executive functions. In addition to online participation, people without access to a
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computer could also set an appointment for a face-to-face interview at home. This resulted in about 90%
online participation, and 10% home-visits. Both the online and face-to-face interviews adhered to the
same setup, hence we did not expect any quality differences between the two modes of data collection.

Participants were informed about the nature of the project prior to the study and it was made
explicit that by completing the questionnaire they gave active informed consent that their data may
be used anonymously for scientific purposes (in compliance with the departmental guidelines for
participant testing at the Faculty of Arts of the University of Groningen). Answers were anonymized
by having participants create a unique ID-number based on a set of questions. This ID-number was
created at the start of the questionnaire, and had to be filled in again (prompted by the same questions)
at the start of the cognitive tasks. This way, data from one participant could be easily combined without
the need to obtain personal identification information.

Not all participants filled in all questions or performed all cognitive tasks. A total of n = 387
completed the language questionnaire. Of these 387 participants, n = 311 also completed the first
cognitive task (an Eriksen Flanker Task), n = 292 completed a Wisconsin Card Sorting task and n = 193
also completed a Corsi forward span task.

Overall, the participants were well-educated (M = 4.9 on a scale of 1–6, 6 being a university
degree) and rated their quality of life generally high (a mean score of 8 (sd = 0.91) on a scale of 1 to 10).
The group was relatively in good to average health (M = 3.3 on a scale of 1 to 5) and the majority was
physically active. Almost half of the population played a musical instrument (around 48%). For the
calculations, all available data was used, however, as one measure has more data points than another,
results need to be interpreted with caution.

2.2. Multilingualism in the Northern Netherlands

For this study we consider bi- or multilingualism along a continuum, rather than dividing
participants in groups based on the number of languages they speak or relative proficiency. Therefore,
we explicitly informed participants that they could participate regardless of the number of languages
they spoke and mastery of these languages. In addition, we stressed that we also regarded (regional)
dialects also as linguistic varieties which can be listed separately from languages such as Dutch or
German, as previous research has shown that dialects may also be regarded as ‘separate’ languages
(Kirk et al. [40]). As the northern part of the Netherlands is rich in (regional) dialects, we hence
defined multilingualism as any combination of languages or dialects. To uncover more about the
operationalisation of multilingualism we included questions in the language questionnaire pertaining to:

• Number of languages, and which, in order of dominance (maximum 5).
• Number of languages, and which, in order of acquisition (maximum 5) (these questions were

based on the LEAP-Q questionnaire [16] (see below).
• Self-rated proficiency (speaking, reading, listening and writing) in the first three languages listed

(5-point scale).
• Age of onset of acquisition of the first three languages and mode of acquisition (school,

work environment, friends/family, or combinations).
• Relative usage intensity of the five languages (ranking from low to high).
• Degree of usage (5-point scale) of each language in different social domains (see Section 2.3.1)
• Switching behaviour measured with questions from the Bilingual Language Switching

Questionnaire [41].
• Language attitude

Regarding languages, the group of participants was highly multilingual, with an average number
of 4 languages and most individuals reporting to know no less than three languages. As is inherent
to self-reported data, some individuals might have been more inclined to also list the languages they
know but rarely use, such as school-languages (English, German and French), whereas others only
listed those languages they actively use on a daily basis. The high number of reported languages also



Brain Sci. 2018, 8, 92 8 of 27

stems from the fact that we asked participants to list languages as well as dialects. See Table 2 below
for the language details.

Table 2. Summary of outcomes of the language measures.

Statistic N Mean St. Dev. Min Max

Number of languages 387 4.199 1.002 1 5
Proficiency L1 371 4.881 0.381 1 5
Proficiency L2 365 4.565 0.613 1 5
Proficiency L3 341 3.898 0.808 1 5
AoA L1 376 3.148 3.504 0 24
AoA L2 368 7.649 8.698 0 68
AoA L3 340 13.532 9.146 0 67

Early or late acquisition of L2
Early 264
Late 104 - - - -

Positive attitude L1 378 4.587 0.690 2 5
Positive attitude L2 372 4.315 0.831 1 5
Positive attitude L3 345 4.020 0.787 1 5
Across-domain L1 383 4.163 0.833 1.000 5.000
Across-domain L2 377 3.139 0.956 1.000 5.250
Across-domain L3 343 1.897 0.781 0.250 4.500
Degree of contextual switching 365 2.450 0.791 1.000 4.670

Proficiency in both the first and second listed languages of the participant is overall high (a mean
close to the maximum of 5), and proficiency in the third language is on average slightly lower (but with
more variation between participants considering the higher standard deviation of 0.8). The second
and third language is acquired at a wide span of ages, but on average slightly later than the L1.
Two third of the participants are categorised as “early bilinguals” according to whether they learned
their second language before or after the age of 12. Participants generally have a positive attitude
towards speaking both their first, second and third language, with high mean scores of around 4 on
a 1–5 point scale. There is variability in the extent to which participants use their L1, L2 and L3 across
different societal domains. The score is an aggregated total of use of each language in a specific social
domain (see Section 2.3.1). The L1 is used across most domains (high mean score). The L2 and L3
are more tied to use in a number of specific domains, given the overall lower mean score. Degree of
contextual switching is moderate.

2.3. The background questionnaire

A questionnaire targeting demographic, health, quality of life, personality and language
information of the participants was distributed using the online questionnaire platform Qualtrics [39].
Participants were presented with a welcome screen which listed the different elements of the
questionnaire and informed participants about the procedure, before continuing to the questions.

Table 3 below gives an overview of the different domains and questions asked in the
background questionnaire.

The health and wellbeing questions were derived from a standardized questionnaire on health
and quality of life (The Older Person and Informal Caregivers Survey (TOPICS)), that is used in
numerous projects targeting older adults [42]. Questions and scoring methods can be downloaded
from their website.
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Table 3. Items in the background questionnaire.

Theme Adapted From Items

Demographics TOPICS-MDS [42]

• Age (in years)
• Province of residence (1 = Friesland, 2 = Groningen, 3 = Drenthe)
• Place of birth
• Education (6-point scale; 1 = only primary school to 6 = University degree)
• Income (9-point scale; 1 = 500 with increments of 500 until 9 => 3000)
• Hobbies

Health information TOPICS-MDS

• Self-reported health (scale measures, see below)
• Multimorbidity
• Functional health
• Resilience

Quality of life TOPICS-MDS • Self-reported quality of life (mark between 1 (low) and 10 (high))
• Emotional wellbeing

Language knowledge Not applicable

• Number of languages and which, according to dominance and order of
acquisition

• Use of each language in past two weeks
• Use of each language in different social domains

Language usage (x3) LEAP-Q [16]

• Age of onset of acquisition
• Degree of proficiency (speaking/reading/writing/comprehension)
• Mode of acquisition
• Reading/TV/radio/internet usage in each language
• Attitude toward each language

Switch behaviour
Bilingual Language

Switch Questionnaire
[41]

• Degree of contextual switching
• Degree of control over switching
• Degree of conscious switching

Personality TIPI questionnaire
[43]

Ten questions targeting the ‘Big Five’ personality traits: extraversion,
conscientiousness, openness to new experiences, agreeableness, emotional
stability.

We tried to capture as many factors as possible that we deemed could contribute directly to
cognitive performance in the background questionnaire. We selected those factors that have been
shown to influence cognitive abilities in previous studies, such as an active and socially integrated
lifestyle [44]. We therefore assessed measures of health, quality of life, wellbeing and hobbies (playing
a musical instrument [45] and being physically active [46]). In addition, previous research has shown
that a resilient personality profile (less affected by stress, anxiety and depression) is related to a delay in
the onset of clinical dementia [47]. Also, low levels of conscientiousness and agreeableness and higher
levels of neuroticism are associated with higher risk of cognitive impairment [48]. Therefore, we also
assessed wellbeing (with the TOPICS-MDS) and compiled a personality profile for each participant
with the TIPI personality scale [43].

We also asked participants to provide information on their primary social network (type
and frequency of contact with five relations, and in which language this contact took place)
as being socially active is related to less cognitive decline in old age [49]. However, due to the
operationalisation of the question, quantifying this information proved too difficult. For the current
study, therefore, we discarded this variable. In addition, due to time constraints and the multitude of
confounding factors we did not take into account e.g., a healthy diet [50] or other leisure activities [51].
However, we do have more detailed information on the specific hobbies our participants engaged in
(e.g., gardening, quilting, etc), which calls for a future study with more fine-grained analyses at the
individual level.

2.3.1. Data Transformation

In order to run statistical analyses on the questionnaire data, we collated the healthcare
questionnaire from the TOPICS-MDS questions into two variables (functional health and emotional
wellbeing) by means of a Principal Component Analysis (PCA) conducted in R [52]. Similarly, we did
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not include all questions from the original BSWQ into the questionnaire, through which we were
unable to use the scoring method applied to the original BSWQ. By means of a PCA we extracted
three meaningful variables: contextual switching, conscious switching and unintended switching.
A resilience index was calculated by using the scoring procedure laid out in the TOPICS-MDS scoring
instructions, by combining answers to functional and emotional wellbeing questions. Quality of life
was determined by a self-rating on a scale of 1 (lowest) to 10 (highest).

Regarding the language measures, number of languages was simply a count variable. Type of
language combinations was determined by selecting the first two languages of each participant
and determining its origin; either Dutch, Frisian, regional dialect (Gronings or Drents), Germanic,
Roman or ’Other’ (more categories would make the dataset too fragmented). These combinations
(e.g., Dutch-Frisian, or Regional dialect-Dutch) were subsequently given a number (1 to 9) and entered
as a ‘factor’ variable into R. Early versus late bilingualism was calculated by considering the age of
onset of acquisition of the second language of each participant. The cut-off point for a classification
into the ‘early’ category was 12 years old, the age at which children in the Netherlands attend high
school and structurally receive English, German and French language classes.

Intensity of language usage was regarded through the amount with which each language was
used in different social domains (the family domain, friends, neighbours and acquaintances), measured
on a 5-point scale variable (never to always). A composite score was calculated for each language
(up to language three), in which the ratings for each language over the different domains are averaged
to create one ‘usage’ score per language across different domains. A maximum score of 5 indicated that
this language is always used across domains. Participants could give a maximum score of 5 (‘I always
use this language in this domain’), hence the index variable is a score between 1 and 5.

Attitude towards the participant’s first three languages was measured by asking whether the
participant liked to speak the language and deemed it important, on a 5 point scale. Finally, the five
personality traits were calculated by adhering to the scoring procedures of the TIPI [43], whereby
participants list to which degree (1–7 scale) they find certain traits applicable to themselves.

These variables were added to a dataframe in R, together with the results of the three cognitive
tasks, resulting in 387 rows with data for all participants, with some missing values when participants
did not complete (one of the) cognitive tasks. The dataset will be made available in DataverseNL
under [53].

2.4. Cognitive Tasks

Participants completed three cognitive tests, administered via the freely online available program
Psytoolkit [54], with which users can create their own reaction-time experiments using a simple
scripting language. The advantage of using Psytoolkit over other digital programmes is mostly that
Psytoolkit allows the user to distribute a task online (contrary to Eprime or Pebl). The downside of
using Psytoolkit is that the key-logged response may be slightly delayed depending on a participant’s
network strength, and participants may abort the task before finishing, which results in data loss
(Psytoolkit only stores data from completed tasks).

Data from each participant were stored in separate .txt files (one per task) on a secure server.
The data from the text files were subsequently imported into the statistical programming software
RStudio [52]. From the raw datafiles, the desired measurements were calculated per participant and
these were combined based on the participant’s ID number, so that each participant was a row in a
dataframe with a Flanker effect score, a WCST persistent error score and a Corsi span score.

Table 4 below gives an overview of the cognitive tests that were used.
For this study, we only focus on performance on the Flanker and the WCST, as these two are most

relevant for the questions asked in this paper.
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Table 4. Overview of cognitive tests.

Cognitive Test Reference Cognitive Process Outcome Measure

Flanker [55] Attention, inhibition Flanker effect score in ms
WCST [56] Switching, set-shifting Total number of persistent errors

Corsi blocks [57] Working memory Total forward span

2.4.1. Flanker Task

The Flanker arrow task was adapted from the version listed in the experiment repository of
Psytoolkit, based upon the original Flanker task by Eriksen, which uses letters as stimuli instead of
arrows, as is the case here. Slight modifications to this experiment were made in the form of a more
detailed set of instructions beforehand (in Dutch) and the use of bigger arrows (white arrows against
a black background). The tasks consisted of in total 50 trials. Participants pressed a key on the left
(Q) or right (P) of their keyboard depending on the direction the middle arrow (flanked by two on
either side) is pointing in. The flanking arrows may point in the same direction as the middle arrow
(congruent) or in the opposite direction (incongruent). Items were presented one by one in the middle
of the screen and preceded by a fixation cross (300 ms). After participants completed 50 trials their
reaction time per item, accuracy and congruency was saved. From these data a Flanker effect score
was calculated by subtracting the mean reaction time on the congruent trials from the mean reaction
time on the incongruent trials. A lower score is an indication of a lower cost in responding to the
incongruent trials as opposed to congruent trials, reflecting either faster processing speed, enhanced
attention or better inhibition.

Data-cleansing procedures may skew the data. In a brief report, Zhou and Krott [58] review the
appearance of a bilingual advantage in reaction time experiments and demonstrate that those studies
that do not apply data-cleansing procedures more often report a bilingual advantage than studies that
trim the reaction time data to fall in between an accepted range. For this study we decided not to trim
the data, yet the dataset reveals that the maximum reponse on the flanker task was below 1700 ms.

2.4.2. Wisconsin Card Sorting Task

The Wisconsin Card sorting task requires participants to sort a set of cards (160 in total) according
to a (changing) rule. Participants were presented with a screen with 4 cards, representing the sorting
stacks. Each card showed a number of symbols (1 to 4 circles, triangles, stars or squares) in a particular
color, and participants sorted each new card that appeared below these four stacks onto one of the
stacks based on a rule: sort by color, shape or number. The rule changed with every ten sorted cards.
Participants did not know the sorting rule beforehand, but received feedback after every card (correct
or incorrectly sorted according to the rule). Through trial and error participants figure out the rule
and sort each following card according to this rule. Until the rule changes. The positive feedback
(Correct!) then suddenly changes to negative (Incorrect!), signaling that participants have to change
the sorting rule. The WCST logged the number of times participants sorted a card correctly and,
more importantly, whether they persistently sorted correctly (which indicates that they apply a rule).
When participants persisted with applying the old rule, their number of persistent errors increased.
A higher number of persistent errors reflects more difficulty in switching to a new rule (which may
increase when participants have had to switch a number of times), reflecting the degree of prolonged
attention and switching ability.

2.4.3. Statistical Analyses

To answer the first research question regarding the underlying mechanisms of multilingualism,
we fitted two multiple linear regression models with the same fixed variables—one for each cognitive
task—using the R function ‘lm’. The dependent variable in each model was the outcome of the
cognitive task. We computed a regression model first with only the ‘knowledge’ factors:
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• Number of languages
• Language proficiency
• Early vs. late onset of acquisition of language 1 and 2
• Language combinations

Next, we fitted a regression analysis with only the ‘usage’ variables of multilingualism,
and observed whether the model improved when we included an interaction of the two variables:

• Across-domain usage of languages 1, 2 and 3
• Contextual language switching

The outcomes of these two measures were subsequently compared.
To examine the second question, namely which (combination of) variables contribute to enhanced

cognitive performance as measured by shorter Flanker effects (incongruent – congruent RTs) and fewer
persistent errors on the WCST, we analysed the data using a multivariate partial least squares (PLS)
regression model (with the package “pls” in R).

PLS regression is especially useful in examining which combinations of variables (that might be
correlated) explain the most percentage of variance, in our case in a model with Flanker RTs or WCST
error scores as the predicted variable. Given our hypothesis that multilingualism is a contextually
embedded variable—an experience—it is perhaps likely that there are other factors that covary with
(aspects of) multilingualism. Rather than building a linear regression model, which typically assumes
that all variables are independent and seeks which factor(s) in isolation explain part of the variance
(as we did with the predictors of multilingualism above), PLS regression is a well-suited technique in
instances where factors may be correlated to some degree.

We built two models, one with the Flanker effect scores as the predicted variable, and one with
the WCST error scores as predictor. Our independent variables are the scores derived from the
extensive background questionnaire (cf. Table 3), which included measures of health, quality of life,
multilingualism and personality. A list of the factors that were included is presented below:

• Age
• Gender
• Education
• Income
• Self-reported health
• Quality of Life
• Playing a musical instrument
• Sports/being active
• Number of languages
• Proficiency in L1/L2/L3
• Age of onset of acquisition L1/L2/L3
• Early vs. late language acquisition
• Attitude towards L1/L2/L3
• Degree of contextual switching
• The Big Five personality traits
• Across-domain usage of L1 (see Section 2.3.1)
• Across-domain usage of L2
• Across-domain usage of L3
• Language combinations (as factor with 9 levels (combinations of first two languages))

A PLS regression model tries to maximise the covariance between the dependent variable (Y)
and the predictor variables (X). Hence, PLS selects components of X (similar to a principal component
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analysis) and computes the optimum number of predictors that are relevant in explaining Y (and thus
explain the maximum covariance between X and Y) (see [59,60] for more information).

Our PLS regression models were first computed with the default 10 components, after which the
output was examined and the minimum number of components was retained (when the CV value does
not increase but levels off or decreases). By means of a Variable Importance in Projection (VIP) score
for each variable we assess which variables provide a meaningful contribution to the model (greater
than 1). A bar graph of the VIP scores was subsequently used to view each variable’s importance.
With such a procedure, we prevented ‘gold-digging’ in the data (i.e., selecting significant variables by
a degree of randomness). This is something we will return to in the discussion

3. Results

3.1. Descriptives

The statistical summary of the cognitive test scores in Table 5 lists mean performance on the two
cognitive measures.

Table 5. Overview of cognitive task performance.

Statistic N Mean St. Dev. Min Max

Flanker effect score 276 95.62 174.36 −550.6 895.85
WCST error score 258 12.79 4.93 4 29

The Flanker effect score (the difference between congruent and incongruent trials) ranged from
positive to negative results, indicating that whereas the majority of the participants were faster on the
congruent trials (hence the positive mean score), some participants responded faster to the incongruent
trials. This is striking, as there is apparently a negative Flanker effect. A histogram (Figure 1) shows
the distribution of Flanker effect scores.

Figure 1. Distribution of the Flanker effect score.

The mean number of persistent errors (how many times a participant continues applying the old
rule when s/he has to switch to a new rule) in the WCST was similar to the average mean population
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score of 11 errors reported elsewhere in the literature [61], yet should be interpreted with caution.
After the experiment, a number of participants reported that they experienced difficulty with the
WCST. The task is relatively complex in comparison to the Flanker task, and when participants are not
clear on the instructions they may just guess the correct rule most of the time. Therefore, the results
obtained from the online WCST may be less reliable than the results for the Flanker task.

3.2. Static Variables of Multilingualism

We first ran two linear mixed effects regression models on the outcomes of the two cognitive
tasks (Flanker effect score, WCST error score) with the static ‘knowledge’ factors of multilingualism as
predictor variables: number of languages, early vs. late bilingualism, proficiency in language 1, 2 and
3, and the different language combinations (Dutch-Frisian, or dialect-Dutch, etc). The output summary
is presented in Table 6 and shows two non-significant models (one model for each cognitive measure).

Table 6. Summary statistics of the two linear mixed effects regression models on the outcomes of the
two cognitive tasks with a static intepretation of multilingualism.

Dependent Variable

Flanker Effect Score Persistent Errors
(Beta Weights and SEs) (Beta Weights and SEs)

Observations 244 231
R2 0.043 0.057
Adjusted R2 −0.006 0.005
Residual Std. Error 165.608 (df = 231) 4.945 (df = 218)
F Statistic 0.875 (df = 12; 231) 1.103 (df = 12; 218)

The table above demonstrates that the static operationalisations of multilingualism—as number
of languages spoken, degree of proficiency in the first three languages (for the last two no information
is available), early or late onset of bilingualism (before or after age 12) and different language
combinations—does not significantly contribute to better performance on measures of cognitive control.

3.3. Multilingualism in Usage-Contexts

Following the same procedures as for the static measures above, a linear mixed effects
regression models was then fitted for each cognitive measure with the following dynamic ‘usage’
operationalisations of multilingualism: The usage intensity of the first three reported languages across
different social domains (family, friends, neighbours and acquaintances) and the degree of contextual
switching (whether participants consciously switch languages in a particular context). Because the
degree of contextual switching may differ per language per context, we also calculated interaction
effects between usage-intensity and contextual switching. Significant results and model summary
statistics are presented in Table 7.

The linear regression for the Flanker effect score yielded a significant model with usage intensity
of the L2 in different social domains (frequent use of the L2 across different social contexts = slower
performance on the Flanker task) and the interaction between L2 usage and contextual switching as
significant predictors. This suggests that, when the L2 is used frequently across different social contexts,
performance on the Flanker task is in general slower than when the L2 is used less in different contexts.
However, in combination with deliberate switching between languages according to specific contextual
demands, performance on the Flanker task was significantly faster. AIC model comparisons on the
Flanker model with and without the interaction reveals that the model with the interaction performs
slightly better (a lower AIC criterion of 3181.1). The interaction effect is plotted in Figure 2 below.
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Table 7. Mulitple linear regression models of cognitive performance related to dynamic operationalisations
of multilingualism.

Dependent Variable

Flanker Effect Score Persistent Errors
(Beta Weights and SEs) (Beta Weights and SEs)

Across-domain use L1 −25.673 2.693 *
(47.527) (1.612)

Across-domain use L2 119.110 *** 2.342 *
(40.512) (1.330)

Contextual switching −15.704 6.723 *
(109.204) (3.655)

Use L2:CS −36.873 ** −0.755
(15.869) (0.521)

Constant −42.054 −7.482
(287.928) (9.715)

Observations 246 234
R2 0.106 0.028
Adjusted R2 0.080 −0.002
Residual Std. Error 152.415 (df = 238) 4.947 (df = 226)
F Statistic 4.041 *** (df = 7; 238) 0.937 (df = 7; 226)

Note: * p < 0.1; ** p < 0.05; *** p < 0.01.

Figure 2. Estimated coefficient of the Flanker effect score versus degree of contextual switching by
across-domain usage of the L2.

Vice-versa, performance on the WCST was not significantly enhanced (a reduction in number
of persistent errors) for the second language and code-switching in interaction. As the total model
did not reach significance, the moderate significance of across-domain usage of the L2 and contextual
switching in isolation can be discarded. The AIC of the model for the WCST without the interaction
was actually slightly lower, yielding a slightly better model (but not significant either: AIC = 1420.2,
R2 = 0.011).
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3.4. PLS Regression Model

We ran a PLS regression model on the variables as outlined in Section 2.4.3. The Flanker model is
built with 232 observations, and the WCST model with 220 observations. The crossvalidation results
(the root means squared error of prediction, RMSEP, which roughly means the spread of the y values
around the regression average) in Table 8 show that retaining 6 components in both models (Flanker
and WCST) is enough, but indicate a poor overall fit.

Table 8. Multiple linear regression models with only significant effects reported for demographic,
health, language and personality factors.

Dependent Variable

Flanker Effect Score WCST Persistent Errors
(6 Components) (6 Components)

CV value 169.8 5.429
% of explained variance 12.83 19.46

From Table 8 it becomes clear that both PLS regression models have low predictive value.
To examine which variables contribute most meaningfully we examined the loading weights of

each variable, which gives an overview of which variabels load most heavily onto the components
and explain most of the variance in the two models (see Tables 9 and 10. To make this process more
insightful, we plot a bar graph of the Variable Importance in Prediction scores (VIP) of all variables for
each model. Variables with a score above 1 can be considered important. Figures 3 and 4 show how
much each variable contributes to the two models.

The two VIP plots show that a number of variables importantly contribute to the model. It is thus
interesting to examine those variables.

Because of the overall poor fit, the majority of the loading values are low. Considering the VIP
plots and the loading scores, we report the variables that load on component 1 and component 2 above
or close to (−)0.2 (rounded), as these seem to be the peaks in the plots.

Table 9. Loading values above (−)0.2 of Flanker PLS regression model.

Flanker Effect Score

Component 1 Component 2
(6.5% Variance) (7.1% Variance)

Education −0.365
Income −0.200
QoL 0.228
Contextual switching 0.330
Open to experiences 0.368
Across−domain L1 −0.211
Across−domain L2 0.495
Across−domain L3 0.280
Proficiency L2 −0.373
Proficiency L3 −.252
AoA L1 −0.247
Extravertness −0.283
Agreeableness −0.303
Province of residence 0.229
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Figure 3. VIP plot of Flanker PLS model.
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Figure 4. VIP plot of WCST PLS model.
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Table 10. Loading values above (−)0.3 of WCST PLS regression model.

WCST Error Score

Component 1 Component 2
(7.4% Variance) (6.5% Variance)

Age 0.391
Education −0.538
Income −0.295
Proficiency L1 −0.283
Open to experiences −0.258
QoL 0.437
Attitude L3 0.436
Emotional stability 0.280

Considering the loadings of the variables on the individual components in the models, it becomes
apparent that variables relevant in the the first two components cannot be neatly categorised into a
specific dimension (e.g., health, or language use). However, those factors in the first component of the
Flanker model that are above 0.2 demonstrate that a smaller flanker effect score is positively related
to those individuals who are open to new experiences and who use particularly their L2 in different
social domains, which explains the most of the variance above all other factors in this component.
Why these variables are clustered together is explored in the discussion section. Vice-versa, being less
extravert and a limited proficiency in the L2 and L3 are negatively related to flanker performance in
the second component.

Similarly, for the WCST model, more errors are related to lower educational and income levels,
as well as being less open to new experiences as a character trait. Higher quality of life and a positive
attitude to the L3 reflect fewer errors. The question can, however, be asked to which degree these
observations hold.

Nonetheless, it is interesting that beside descriptive predictors such as education and income,
outlook on life, either in terms of wellbeing or personality traits, as well as language usage to a small
degree influences cognitive performance. We will return to these observations in the discussion.

In the next section, we interpret the findings of the different models in relation to the questions
asked in the background section.

4. Discussion

The current study analysed the performance of a diverse group of older adults with varying levels
of multilingualism on two cognitive tasks relating to (most strongly) inhibition and attention (Flanker)
and set-shifting (WCST). The novelty in this analysis lies in the fact that we assessed multilingualism
along a continuum and with a dynamic ‘language usage’ operationalisation of multilingualism.
In combination with information of factors that are known to enhance cognitive performance from
previous studies (such as level of education, and playing a musical instrument) but also other health
and lifestyle factors, we built a linear regression model in which we found that degree of contextual
second language (L2) usage significantly impacted cognitive performance, but only in one cognitive
task and not in another. Purely knowing different languages did not relate to enhanced performance,
suggesting that it is not the ability to speak multiple languages, but the use of these different languages
that may show small positive effects on cognition. A subsequent multivariate PLS regression model
including background variables, language variables from the LEAP-Q, and personality questionnaire
factors yielded a two-component solution where proficiency in second and third language and the
usage of especially the second and third language across different social domains were predictive
of Flanker performance. This underscores the earlier linear regression model mentioned above on
the operationalisation of multilingualism, in which language usage variables are more predictive of
cognitive advantages than merely ‘knowing’ different languages. We suggest that simply asking a
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person whether or not they are multilingual is not useful, but probing this more carefully and taking
into account proficiency and social language usage patterns does appear to contribute to performance
above and beyond the contribution of age, gender, education and income. In the following paragraphs,
we critically review our results and answer the two questions that were asked in the beginning of
this paper, thereby highlighting possible caveats and misinterpretations of the data, and listing the
limitations of our research.

In line with our hypothesis, yet contrary to previous research by [20,21,62], the regression models
in Table 6 demonstrated that a traditional knowledge-based operationalisation of multilingualism
(as number of languages, early vs. late onset of acquisition, language proficiency and type of language
combinations) does not unequivocally lead to enhanced cognitive performance. As individuals differ
on many levels, finding an effect of number of languages or degree of cognitive performance would
have been strong evidence in favour of a general bilingual advantage. However, given the diverse
nature of the study population, plus the uns

evidence of a BA reported in the literature, it would have been highly unlikely that in such a
heterogeneous population effects for such general observations of multilingualism would be found.
As such, our findings are in line with a meta-analysis by Paap et al. [9] of the positive effects of
bilingualism on EF (which mostly emerge from small, underpowered studies), where the authors
conclude that there are no systematic differences between bi- and monolinguals when regarding these
generic factors (early/late, balanced/unbalanced). Indeed, as becomes evident in the PLS regression,
there are other, individually distinct factors that covary with measures of multilingualism, such as
certain personality traits and higher levels of education.

It may be that so-called ‘confounding variables’ mask the effect of bilingualism on EF (see [36]),
or, rather more likely when observing the small effect sizes, help in detecting an effect of language.
Perhaps, as some authors suggest, it is by virtue of a number of factors which covary with bilingualism
that enhanced EF for multilinguals may be observed. Previous research has attested that factors
such as level of education or immigrant status (the ‘healthy migrant effect’) enhance bilingual
performance, especially when set-off against a lower-educated or non-immigrant monolingual group.
Our PLS regression model demonstrated that multilingualism indeed covaries with a number of other
experiential factors in explaining enhanced cognitive performance.

When consider the first two components of the Flanker PLS regression, a high quality of life,
character traits relating to being open to new experiences and degree of switching languages according
to the context covary with the degree of usage of the L2 across different social domains. Proficiency in
the second and third language co-occur with extravertness and agreeableness. Together they explain
almost 10% of the variance in the Flanker model, which is marginal but noteworthy in a model with
such a diverse collection of variables. Although we cannot speculate on the size of the social network
of the individuals, scoring high on openness to new experiences might well be an indication of the
presence and positive values of social relationships and engaging in social networks. Perhaps those
people who use their L2 also in different social domains display a more diverse social network, helped
established in part by their personality traits and positive outlook on life. Higher quality of life
might imply that people are relatively mobile and/or can more easily maintain their social network.
Moreover, the high score of education might reflect a better cognitive disposition from the outset,
as enhanced executive functions are often found to be related to educational level.

This is related to the second component, where we observe covariance of L2 proficiency level,
age of onset of acquisition of the L1 and extravertness. The contrast between the two components
explain different mechanisms of enhanced cognitive performance. Individuals may use their
experiences with monitoring language cues, which enhances their attentional control system, through
using languages across different social domains. Alternatively, their extensive training in developing
language proficiency aids the degree of inhibiting the non-target language. Contrastively, the number
of languages one speaks has very low predictive power. This underscores the contextual nature of
multilingualism; language use and proficiency, in relation to quality of life and personality variables



Brain Sci. 2018, 8, 92 21 of 27

predicts cognitive performance. This lines up with the argument that other experiential factors may
in combination with bilingualism collectively contribute to enhanced cognitive performance [37],
but differently in different circumstances.

Of course there are constraints on the extent to which these variables do actually contribute
to enhanced cognitive performance. Moreover, we have presumably tapped into a very specific
population sample. The descriptive statistics display that the group was on average highly educated,
had a relatively high income, experienced high qualities of life and many of them were early bilinguals.
This underscores Bak’s [33] argument that taking note of the environment in which experiments are
conducted is vital. As participation was voluntary, we have perhaps attracted mostly those people
who already find this type of research topic interesting. (We will come back to the issue of self-selection
bias below).

Although our sample consisted of non-immigrant, native-born northern Dutch multilingual older
adults, the relative homogeneity of the sample at face-value is distorted when looking more closely at
the characteristics of not only health status, wellbeing or personality, but especially degree, type and
intensity of multilingualism.

In such a vein, we find differences in the dynamic operationalisation of multilingualism, as degree
and intensity of multilingual language usage. What is more, these differences do highlight enhanced
performance for some multilinguals on one cognitive task (the Flanker). This result points to the notion
that multilingualism is an individually distinct/varying concept, and converges with the observation
of those studies that find advantages only for specific populations of bi-/multilinguals or under
specific conditions. In our study, especially for the Flanker effect score, those participants who report
to use more than one language across different social contexts (with family, friends, neighbours and
acquaintances) and especially the L2, and who furthermore switch between languages depending
on the social context, show smaller Flanker effect scores. This suggests faster performance on the
incongruent trials in comparison to those participants who have a clear usage-preference for one
language and/or do not switch in different contexts.

This observation aligns with the research on language balance (for bimodal bilinguals in [27],
Yow et al. [63] in younger populations and Houtzager [64] in older populations) and may be explained
by the adaptive control hypothesis in that more intense usage of different languages, especially
in a dual-language context where bilinguals constantly monitor language cues (and thus focus
attention), confers cognitive benefits. It is especially this dual-language context, rather than a dense
code-switching context, that incurs benefits in our sample. After all, it is only in interaction with
contextual switching that the use of the second language in different social domains leads to faster
Flanker performance (in our linear regression model). Without this interaction, the use of the second
language across domains yields higher Flanker effect scores, suggesting that there needs to be some
element of control/monitoring of attention to language cues that is present in this dual-language mode
and which carries over into more general cognitive processes. That the linear model on the WCST error
score with the same factors does not reach significance, may give us some insight into the cognitive
processes that are at work for this group of multilinguals.

In the WCST, participants have to actively inhibit the old rule in favour of the new one.
This switching and inhibition mechanism would, in our understanding of the EF involved in a BA, elicit
more accurate performance for those bilinguals who frequently use different languages in different
contexts. The absence of an effect here is extra evidence that it is not inhibition per se that drives a
potential bilingual advantage, but rather more general attention-orienting behaviour. Bilinguals who
use their languages frequently across different social contexts are thus not necessarily better switchers
or inhibitors, but may demonstrate an enhanced attention-orienting mechanism.

Evidence for this comes from a study towards the mechanisms underlying the Flanker task,
conducted by Ong et al. [65], using diffusion modeling. With this technique, they calculated whether
faster response times on the Flanker items are the result of suppressing conflicting information or
enhanced attentional control. They found that the bilingual group of older adults showed shorter
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non-decision times than the monolingual group on incongruent Flanker items, which suggests an
enhanced processing efficiency when faced with distracting information. Both groups performed on
a par on the other diffusion modeling measures which relate to inhibition, which led the authors to
conclude that a BA on the Flanker task is the result of an enhanced attentional control.

Recent theoretical re-evaluations of the processes at work during bilingual decision-making too
suggest that the advantage for bilinguals may be in the more general domain of attention selection [3].
Underlying the selection of the appropriate language is the constant monitoring of conflict, which
may be part of a more general, non-verbal attention or selection system, Bialystok argues ([3], p. 235).
Nonetheless, the WCST also involves focusing attention, yet not in the immediate presence of ‘noise’
or distracting information. Cautious interpretation of the found results is thus warranted as long as
we are unclear on what the cognitive tasks actually tap into (also see below).

Moreover, the interaction effect may also be observed as a result of the specific linguistic
environment. Recall the study on bilinguals in French-dominant Quebec and English-French bilingual
Ottawa, where the linguistic environment proved to be a more robust explanation for enhanced
executive control than bilingualism in itself [32]. As exposure to different languages in our group is
also relatively high—the Frisian language and Groninger and Drents dialects are omnipresent in the
provinces—it may well be that we observe not an effect of social language switching, but simply an
effect that culminates from the ability to use the different languages in the immediate environment.
This observation underscores the importance of reporting on the social norms and status of different
languages in populations, as pointed out by Surrain and Luk [34].

The PLS regression that we computed to answer the question of whether multilingualism could
have any explanatory power regarding better cognitive performance iterates the linear model on the
operationalisation of multilingualism in that more crude measures such as number of languages do not
predict much. Rather, more sensitives measures relating to language usage and proficiency combine
with wellbeing and personality traits, and are together informative of cognitive performance. The PLS
regression technique limits the degree of ‘gold-digging’ in the data to find patterns that in hindsight
can be explained by existing theories, something that Hartsuiker rightfully warns for [13]. Nonetheless,
even with such a diverse sample of variables the overall explanatory power of both models is pretty
low. This underscores the importance to establish a clear theory of the relation between language
and cognitive performance. Our findings regarding the operationalisations of multilingualism above
may be especially enlightening for this purpose when considering how language control modulates
cognitive control.

Beyond this finding, however, there are still gaps in the knowledge pertaining to exactly how
language engages executive functions. In line with De Bruin and Della-Sala [66], we advocate that
comparing groups of bi- and monolinguals should not form the foundation of such a framework,
but rather the characteristics of bilingualism, especially language usage patterns, following the
adaptive control hypothesis. However, we are still unsure as to how this task-specific executive
control (either inhibition, attention direction, or some other mechanism) transfers to more broader
domains of cognitive control, and whether a Flanker task and a WCST aptly measure these control
processes (also see [67]). Nonetheless, the observation that multilinguals who use their languages
often and in different contexts demonstrate slightly enhanced performance on the Flanker task, but not
the WCST suggests that language use, or the multilingual linguistic environment are contributing
factors in enhanced attention-direction. Whether this transfers to other executive functions or cognitive
domains cannot be ascertained, given the overall low significance of the linear regression models.

Limitations

There are a number of other explanations for the found (absence of) effects of multilingualism
on EF that warrant a cautious interpretation of the found results. The absence of an effect of the
‘knowledge’ variables associated with multilingualism may have emerged because the majority of
the participants report the maximum number of five languages they could list. These are not only



Brain Sci. 2018, 8, 92 23 of 27

the languages and/or dialects they use frequently, but also the languages that they have learned in
school but which they do not use as productively. This results in a population that is already highly
multilingual in terms of number of languages. Self-reported proficiency may also have biased the data.
In addition, it is likely that proficiency in language 2 and 3 is higher in general than in an average
population, as those people who responded to the questionnaire may well be ‘advanced’ speakers of
multiple languages, resulting in a self-selection bias (also see below).

Given the subjectivity with which we measure proficiency we do not rule out an effect of
proficiency found in other studies. However, measuring proficiency is notoriously difficult and
interpretation in degree of bi- or multilingualism is inherently flawed [68]. Can there be a ‘cut off’
point at which someone with a certain level of proficiency is considered more multilingual than others?
The absence of an effect of proficiency in this study, we therefore argue, can most solidly be explained
by the lack of variation/differentiation in proficiency scores.

Self-reports come with inherent shortcomings. Participants may be more or less optimistic in
judging their language abilities, also depending on their personal motivation to participate in the study.
A self-selected test population is always biased. The majority of the participants likely participated
because they consider themselves multilingual language users and have a positive attitude towards
using their languages (which we explicitly asked in the questionnaire). They may be proud speakers of
minority languages and/or dialects. By approaching multilingualism from an ‘inclusive’ perspective,
meaning that it is more important whether someone speaks/uses multiple languages than their
relative degree of proficiency in these languages, some participants may have listed their knowledge
of languages in which they have a very basic proficiency and which they sparsely use, whereas others
have listed only those languages which they frequently use. These differential interpretations we
have tried to keep in check by being as detailed as possible in our questionnaire and asking not only
questions on knowledge of languages but also usage patterns. Furthermore, as referenced in the
materials section, participants completed the questionnaire in an online environment, which already
selects those participants with computer skills. A small minority of the participants completed the
questionnaire by means of a face-to-face interview. Because we have tried to match the conditions of
the interview procedure as closely as possible with the online questionnaire, and because the ‘interview
participant’ sample was so small, we do not expect any qualitative differences in the results to occur
because of these different modes of data collection. Nonetheless, the reliability of the data can only be
warranted by performing replication studies with different populations.

5. Conclusions

Multilingualism is a life-experience that, when different languages are used frequently in different
contexts, can contribute to enhanced attention control. In a larger model with multiple experiences
added, not the number of languages but the degree of proficiency in especially the L2 and L3 and
the use of the L2 across different social contexts are predictive of cognitive effects. This strengthens
the argument that multilingualism may be one of the contributing factors to enhanced cognitive
performance, but the strength of contribution varies per individual and covaries with personality and
wellbeing measures, as well as with education. We observed these effects in a very specific population
of (motivated) older multilinguals with diverse language/dialect backgrounds. Future research should
replicate this study with other bilingual populations.

This study crucially contributes to the debate surrounding BA’s, by highlighting that we
should move away from knowledge-based operationalisations of multilingualism and conduct more
fine-grained, individual analyses based on language usage. After all, language is first and foremost a
vehicle for communication, something which always happens in context and in interaction. Singling
out language effects in carefully controlled experiments is therefore likely to yield artificial results that
cannot be translated to real-life language use contexts.



Brain Sci. 2018, 8, 92 24 of 27

Supplementary Materials: The dataset that has been used for this paper is available online in DataverseNL.
hdl:10411/IHBPDH

Author Contributions: A.P., M.K. and K.d.B. conceived and designed the experiments; A.P. performed the
experiments, A.P. and M.K. analysed the data. A.P. and M.K. wrote most of the paper. K.d.B. and M.K. provided
feedback along the way.

Funding: This research received no external funding.

Acknowledgments: This work is not supported by any funding.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

The following abbreviations are used in this manuscript:

BA Bilingual advantage
L1 First language
L2 Second language
L3 Third language
PLS Partial Least Squares (regression)
NA missing values

References

1. Maguire, E.A.; Gadian, D.G.; Johnsrude, I.S.; Good, C.D.; Ashburner, J.; Frackowiak, R.S.J.; Frith, C.D.
Navigation-related structural change in the hippocampi of taxi drivers. Proc. Natl. Acad. Sci. USA 2000,
97, 4398–4403. [CrossRef] [PubMed]

2. Chobert, J.; Besson, M. Musical Expertise and Second Language Learning. Brain Scie. 2013, 3, 923–940.
[CrossRef] [PubMed]

3. Bialystok, E.; Grundy, J.G. Science does not disengage. Cognition 2018, 170, 330–333. [CrossRef] [PubMed]
4. Miyake, A.; Friedman, N.P.; Emerson, M.J.; Witzki, A.H.; Howerter, A.; Wager, T.D. The unity and diversity

of executive functions and their contributions to complex “Frontal Lobe” tasks: A latent variable analysis.
Cogn. Psychol. 2000, 41, 49–100. [CrossRef] [PubMed]

5. Kroll, J.F.; Bialystok, E. Understanding the Consequences of Bilingualism for Language Processing and
Cognition. J. Cogn. Psychol. 2013, 25. [CrossRef] [PubMed]

6. Bialystok, E.; Craik, F.I.M. Cognitive and Linguistic Processing in the Bilingual Mind. Curr. Dir. Psychol. Sci.
2010, 19, 19–23. [CrossRef]

7. Bialystok, E.; Craik, F.I.M.; Klein, R.; Viswanathan, M. Bilingualism, Aging, and Cognitive Control: Evidence
From the Simon Task. Psychol. Aging 2004, 19, 290–303. [CrossRef] [PubMed]

8. Bialystok, E.; Craik, F.I.; Freedman, M. Bilingualism as a protection against the onset of symptoms of
dementia. Neuropsychologia 2007, 45, 459–464. [CrossRef] [PubMed]

9. Paap, K.R.; Johnson, H.A.; Sawi, O. Are bilingual advantages dependent upon specific tasks or specific
bilingual experiences? J. Cogn. Psychol. 2014, 26, 615–639. [CrossRef]

10. Hilchey, M.; Klein, R. Are there bilingual advantages on nonlinguistic interference tasks? Implications for
the plasticity of executive control processes. Psychon. Bull. Rev. 2011, 18, 625–658. [CrossRef] [PubMed]

11. Hilchey, M.; Saint-Aubin, J.; Klein, R. Does bilingual exercise enhance cognitive fitness in traditional
non-linguistic executive processing tasks? In The Cambridge Handbook of Bilingual Processing; Schwieter, J., Ed.;
Cambridge University Press: Cambridge, UK, 2015.

12. Paap, K.R.; Johnson, H.A.; Sawi, O. Bilingual advantages in executive functioning either do not exist or are
restricted to very specific and undetermined circumstances. Cortex 2015, 69, 265–278. [CrossRef] [PubMed]

13. Hartsuiker, R.J. Why it is pointless to ask under which specific circumstances the bilingual advantage occurs.
Cortex 2015, 73, 336–337. [CrossRef] [PubMed]

14. Klaus, J.; Lemhöfer, K.; Schriefers, H. The second language interferes with picture naming in the
first language: Evidence for L2 activation during L1 production. Lang. Cogn. Neurosci. 2018,
doi:10.1080/23273798.2018.1430837. [CrossRef]

http://dx.doi.org/10.1073/pnas.070039597
http://www.ncbi.nlm.nih.gov/pubmed/10716738
http://dx.doi.org/10.3390/brainsci3020923
http://www.ncbi.nlm.nih.gov/pubmed/24961431
http://dx.doi.org/10.1016/j.cognition.2017.10.019
http://www.ncbi.nlm.nih.gov/pubmed/29089087
http://dx.doi.org/10.1006/cogp.1999.0734
http://www.ncbi.nlm.nih.gov/pubmed/10945922
http://dx.doi.org/10.1080/20445911.2013.799170
http://www.ncbi.nlm.nih.gov/pubmed/24223260
http://dx.doi.org/10.1177/0963721409358571
http://dx.doi.org/10.1037/0882-7974.19.2.290
http://www.ncbi.nlm.nih.gov/pubmed/15222822
http://dx.doi.org/10.1016/j.neuropsychologia.2006.10.009
http://www.ncbi.nlm.nih.gov/pubmed/17125807
http://dx.doi.org/10.1080/20445911.2014.944914
http://dx.doi.org/10.3758/s13423-011-0116-7
http://www.ncbi.nlm.nih.gov/pubmed/21674283
http://dx.doi.org/10.1016/j.cortex.2015.04.014
http://www.ncbi.nlm.nih.gov/pubmed/26048659
http://dx.doi.org/10.1016/j.cortex.2015.07.018
http://www.ncbi.nlm.nih.gov/pubmed/26303278
http://dx.doi.org/10.1080/23273798.2018.1430837


Brain Sci. 2018, 8, 92 25 of 27

15. Calabria, M.; Hernandez, M.; Branzi, F.M.; Costa, A. Qualitative Differences between Bilingual Language
Control and Executive Control: Evidence from Task-Switching. Front. Psychol. 2012, 2, 399. [CrossRef]
[PubMed]

16. Marian, V.; Blumenfeld, H.K.; Kaushanskaya, M. The Language Experience and Proficiency Questionnaire
(LEAP-Q): Assessing Language Profiles in Bilinguals and Multilinguals. J. Speech Lang. Hear. Res. 2007,
50, 940–967. [CrossRef]

17. Van Assche, E.; Duyck, W.; Gollan, T.H. Whole-language and item-specific control in bilingual language
production. J. Exp. Psychol. Learn. Mem. Cogn. 2013, 39, 1781–1792. [CrossRef] [PubMed]

18. Paap, K.R.; Greenberg, Z.I. There is no coherent evidence for a bilingual advantage in executive processing.
Cogn. Psychol. 2013, 66, 232–258. [CrossRef] [PubMed]

19. Friedman, N.P. Research on individual differences in executive functions. Linguist. Approaches Biling. 2016,
6, 535–548. [CrossRef] [PubMed]

20. Ihle, A.; Oris, M.; Fagot, D.; Kliegel, M. The relation of the number of languages spoken to performance in
different cognitive abilities in old age. J. Clin. Exp. Neuropsychol. 2016, 38, 1103–1114. [CrossRef] [PubMed]

21. Kave, G.; Eyal, N.; Shorek, A.; Cohen-Mansfield, J. Multilingualism and cognitive state in the oldest old.
Psychol. Aging 2008, 23, 70–78. [CrossRef] [PubMed]

22. Kousaie, S.; Taler, V. The bilingual advantage: Elusive but worth the effort? Cortex 2015, 73, 338–339.
[CrossRef] [PubMed]

23. Luk, G.; Bialystok, E. Bilingualism is not a categorical variable: Interaction between language proficiency
and usage. J. Cogn. Psychol. 2013, 25, 605–621. [CrossRef] [PubMed]

24. Cooper, R.L. Two Contextualized Measures of Degree of Bilingualism. Mod. Lang. J. 1969, 53, 172–178.
25. Grosjean, F. Studying bilinguals: Methodological and conceptual issues. Biling. Lang. Cogn. 1998, 1, 131–149.

[CrossRef]
26. Green, D.W.; Abutalebi, J. Language control in bilinguals: The adaptive control hypothesis. J. Cogn. Psychol.

2013, 25, 515–530. [CrossRef] [PubMed]
27. Macnamara, B.N.; Conway, A.R.A. Novel evidence in support of the bilingual advantage: Influences of task

demands and experience on cognitive control and working memory. Psychon. Bull. Rev. 2014, 21, 520–525.
[CrossRef] [PubMed]

28. Prior, A.; Gollan, T.H. Good language-switchers are good task-switchers: Evidence from Spanish-English
and Mandarin-English bilinguals. J. Int. Neuropsychol. Soc. 2011, 17, 682–691. [CrossRef] [PubMed]

29. Verreyt, N.; Woumans, E.; Vandelanotte, D.; Szmalec, A.; Duyck, W. The influence of language-switching
experience on the bilingual executive control advantage. Biling. Lang. Cogn. 2016, 19, 181–190. [CrossRef]

30. Woumans, E.; Ceuleers, E.; Van der Linden, L.; Szmalec, A.; Duyck, W. Verbal and nonverbal cognitive
control in bilinguals and interpreters. J. Exp. Psychol. Learn. Mem. Cogn. 2015, 41, 1579–1586. [CrossRef]
[PubMed]

31. De Bot, K. The future of the bilingual advantage. In Future Research Directions for Applied Linguistics;
Pfenninger, S., Navracsics, J., Eds.; Second Language Acquisition, Multilingual Matters: Bristol, UK, 2017;
pp. 15–32.

32. Kousaie, S.; Sheppard, C.; Lemieux, M.; Monetta, L.; Taler, V. Executive function and bilingualism in young
and older adults. Front. Behav. Neurosci. 2014, 8, 250. [CrossRef] [PubMed]

33. Bak, T. Cooking pasta in La Paz. Ling. Approaches Biling. 2016, 6, 699–717. [CrossRef]
34. Surrain, S.; Luk, G. Describing bilinguals: A systematic review of labels and descriptions used in the

literature between 2005–2015. Biling. Lang. Cogn. 2017. [CrossRef]
35. Valian, V. Putting together bilingualism and executive function. Ling. Approaches Biling. 2016, 6, 565–574.

[CrossRef]
36. Bak, T. The impact of bilingualism on cognitive aging and dementia: Finding a path through a forest of

confounding variables. Aging Biling. 2016, 6, 205–226. [CrossRef]
37. Baum, S.; Titone, D. Moving toward a neuroplasticity view of bilingualism, executive control, and aging.

Appl. Psycholing. 2014, 35, 857–894. [CrossRef]
38. Valian, V. Bilingualism and cognition. Biling. Lang. Cogn. 2015, 18, 3–24. [CrossRef]
39. Qualtrics. Provo, UT, USA, Available online: http://qualtrics.com (accessed on 1 September 2017).
40. Kirk, N.W.; Kempe, V.; Scott-Brown, K.C.; Philipp, A.; Declerck, M. Can monolinguals be like bilinguals?

Evidence from dialect switching. Cognition 2018, 170, 164–178. [CrossRef] [PubMed]

http://dx.doi.org/10.3389/fpsyg.2011.00399
http://www.ncbi.nlm.nih.gov/pubmed/22275905
http://dx.doi.org/10.1044/1092-4388(2007/067)
http://dx.doi.org/10.1037/a0032859
http://www.ncbi.nlm.nih.gov/pubmed/23647380
http://dx.doi.org/10.1016/j.cogpsych.2012.12.002
http://www.ncbi.nlm.nih.gov/pubmed/23370226
http://dx.doi.org/10.1075/lab.15041.fri
http://www.ncbi.nlm.nih.gov/pubmed/28018494
http://dx.doi.org/10.1080/13803395.2016.1197184
http://www.ncbi.nlm.nih.gov/pubmed/27350393
http://dx.doi.org/10.1037/0882-7974.23.1.70
http://www.ncbi.nlm.nih.gov/pubmed/18361656
http://dx.doi.org/10.1016/j.cortex.2015.07.019
http://www.ncbi.nlm.nih.gov/pubmed/26282445
http://dx.doi.org/10.1080/20445911.2013.795574
http://www.ncbi.nlm.nih.gov/pubmed/24073327
http://dx.doi.org/10.1017/S136672899800025X
http://dx.doi.org/10.1080/20445911.2013.796377
http://www.ncbi.nlm.nih.gov/pubmed/25077013
http://dx.doi.org/10.3758/s13423-013-0524-y
http://www.ncbi.nlm.nih.gov/pubmed/24092496
http://dx.doi.org/10.1017/S1355617711000580
http://www.ncbi.nlm.nih.gov/pubmed/22882810
http://dx.doi.org/10.1017/S1366728914000352
http://dx.doi.org/10.1037/xlm0000107
http://www.ncbi.nlm.nih.gov/pubmed/25689001
http://dx.doi.org/10.3389/fnbeh.2014.00250
http://www.ncbi.nlm.nih.gov/pubmed/25120442
http://dx.doi.org/10.1075/lab.16002.bak
http://dx.doi.org/10.1017/S1366728917000682
http://dx.doi.org/10.1075/lab.15044.val
http://dx.doi.org/10.1075/lab.15002.bak
http://dx.doi.org/10.1017/S0142716414000174
http://dx.doi.org/10.1017/S1366728914000522
http://qualtrics.com
http://dx.doi.org/10.1016/j.cognition.2017.10.001
http://www.ncbi.nlm.nih.gov/pubmed/29024916


Brain Sci. 2018, 8, 92 26 of 27

41. Rodriguez-Fornells, A.; Kramer, U.M.; Lorenzo-Seva, U.; Festman, J.; Munte, T.F. Self-assessment of
individual differences in language switching. Front. Psychol. 2011, 2, 388. [CrossRef] [PubMed]

42. Lutomski, J.E.; Baars, M.A.E.; Schalk, B.W.M.; Boter, H.; Buurman, B.M.; Elzen, W.P.J.d.; Jansen, A.P.D.;
Kempen, G.I.J.M.; Steunenberg, B.; Steyerberg, E.W.; et al. The Development of the Older Persons and
Informal Caregivers Survey Minimum DataSet (TOPICS-MDS): A Large-Scale Data Sharing Initiative.
PLoS ONE 2013, 8, e81673. [CrossRef] [PubMed]

43. Gosling, S.; Rentfrow, P.; Swann, W. A very brief measure of the big five personality domains. J. Res. Personal.
2003, 37, 504–528. [CrossRef]

44. Fratiglioni, L.; Paillard-Borg, S.; Winblad, B. An active and socially integrated lifestyle in late life might
protect against dementia. Lancet Neurol. 2004, 3, 343–353. [CrossRef]

45. Hanna-Pladdy, B.; MacKay, A. The relation between instrumental musical activity and cognitive aging.
Neuropsychology 2011, 25, 378–386. [CrossRef] [PubMed]

46. Bixby, W.R.; Spalding, T.W.; Haufler, A.J.; Deeny, S.P.; Mahlow, P.T.; Zimmerman, J.B.; Hatfield, B.D.
The unique relation of physical activity to executive function in older men and women. Med. Sci. Sports Exerc.
2007, 39, 1408–1416. [CrossRef] [PubMed]

47. Terracciano, A.; Iacono, D.; O’Brien, R.J.; Troncoso, J.C.; An, Y.; Sutin, A.R.; Ferrucci, L.; Zonderman, A.B.;
Resnick, S.M. Personality and resilience to Alzheimer’s disease neuropathology: A prospective autopsy
study. Neurobiol. Aging 2013, 34, 1045–1050. [CrossRef] [PubMed]

48. Terracciano, A.; Stephan, Y.; Luchetti, M.; Albanese, E.; Sutin, A.R. Personality traits and risk of cognitive
impairment and dementia. J. Psychiatr. Res. 2017, 89, 22–27. [CrossRef] [PubMed]

49. James, B.D.; Wilson, R.S.; Barnes, L.L.; Bennett, D.A. Late-life social activity and cognitive decline in old age.
J. Int. Neuropsychol. Soc. 2011, 17, 998–1005. [CrossRef] [PubMed]

50. Nijholt, W.; Jager-Wittenaar, H.; Visser, M.; van der Schans, C.P.; Hobbelen, J.S.M. Are a Healthy Diet
and Physical Activity Synergistically Associated with Cognitive Functioning in Older Adults? J. Nutr.
Health Aging 2016, 20, 525–532. [CrossRef] [PubMed]

51. Wang, H.X.; Xu, W.; Pei, J.J. Leisure activities, cognition and dementia. Biochim. Biophys. Acta 2012,
1822, 482–491. [CrossRef] [PubMed]

52. RStudio Team. RStudio: Integrated Development Environment for R; RStudio, Inc.: Boston, MA, USA, 2016.
53. Pot, A. Multilingualism and Cognitive Performance. Available online: http://hdl.handle.net/10411/

IHBPDH (accessed on 18 May 2018).
54. Stoet, G. PsyToolkit—A software package for programming psychological experiments using Linux.

Behav. Res. Methods 2010, 42, 1096–1104. [CrossRef] [PubMed]
55. Eriksen, B.A.; Eriksen, C.W. Effects of noise letters upon the identification of a target letter in a nonsearch

task. Percept. Psychophys. 1974, 16, 143–149. [CrossRef]
56. Grant, D.A.; Berg, E.A. A behavioral analysis of degree of reinforcement and ease of shifting to new responses

in a Weigl-type card-sorting problem. J. Exp. Psychol. 1948, 38, 404–411. [CrossRef] [PubMed]
57. Corsi, P. Human memory and the medial temporal region of the brain. Disse. Abstr. Int. 1972, 34, 819B.
58. Zhou, B.; Krott, A. Data trimming procedure can eliminate bilingual cognitive advantage. Psychon. Bull. Rev.

2016, 23, 1221–1230. [CrossRef] [PubMed]
59. Abdi, H. Partial Least Squares (PLS) Regression. In Encyclopedia of Social Sciences Research Methods;

Lewis-Beck, M., Bryman, A., Futing, T., Eds.; Sage Publications: Thousand Oaks, CA, USA, 2003; p. 7.
60. Mevik, B.H.; Wehrens, R. The pls Package: Principal Component and Partial Least Squares Regression in R.

J. Stat. Softw. 2007, 18, 1–24. [CrossRef]
61. Heaton, R.; Chelune, G.; Talley, J.; Kay, G.; Curtiss, G. Wisconsin Card Sorting Test Manual Revised and Expanded;

Psychological Assessment Resources: Lutz, FL, USA, 1993.
62. Schroeder, S.R.; Marian, V. Cognitive consequences of trilingualism. Int. J. Biling. 2017, 21, 754–773.

[CrossRef] [PubMed]
63. Yow, W.Q.; Li, X. Balanced bilingualism and early age of second language acquisition as the underlying

mechanisms of a bilingual executive control advantage: Why variations in bilingual experiences matter.
Front. Psychol. 2015, 6. [CrossRef] [PubMed]

64. Houtzager, N. Bilingual Advantages in Middle-Aged and Elderly Populations. PhD Thesis, University of
Groningen, Groningen, The Netherlands, 2015.

http://dx.doi.org/10.3389/fpsyg.2011.00388
http://www.ncbi.nlm.nih.gov/pubmed/22291668
http://dx.doi.org/10.1371/journal.pone.0081673
http://www.ncbi.nlm.nih.gov/pubmed/24324716
http://dx.doi.org/10.1016/S0092-6566(03)00046-1
http://dx.doi.org/10.1016/S1474-4422(04)00767-7
http://dx.doi.org/10.1037/a0021895
http://www.ncbi.nlm.nih.gov/pubmed/21463047
http://dx.doi.org/10.1249/mss.0b013e31806ad708
http://www.ncbi.nlm.nih.gov/pubmed/17762375
http://dx.doi.org/10.1016/j.neurobiolaging.2012.08.008
http://www.ncbi.nlm.nih.gov/pubmed/23040035
http://dx.doi.org/10.1016/j.jpsychires.2017.01.011
http://www.ncbi.nlm.nih.gov/pubmed/28153642
http://dx.doi.org/10.1017/S1355617711000531
http://www.ncbi.nlm.nih.gov/pubmed/22040898
http://dx.doi.org/10.1007/s12603-015-0610-0
http://www.ncbi.nlm.nih.gov/pubmed/27102791
http://dx.doi.org/10.1016/j.bbadis.2011.09.002
http://www.ncbi.nlm.nih.gov/pubmed/21930203
http://hdl.handle.net/10411/IHBPDH
http://hdl.handle.net/10411/IHBPDH
http://dx.doi.org/10.3758/BRM.42.4.1096
http://www.ncbi.nlm.nih.gov/pubmed/21139177
http://dx.doi.org/10.3758/BF03203267
http://dx.doi.org/10.1037/h0059831
http://www.ncbi.nlm.nih.gov/pubmed/18874598
http://dx.doi.org/10.3758/s13423-015-0981-6
http://www.ncbi.nlm.nih.gov/pubmed/26608692
http://dx.doi.org/10.18637/jss.v018.i02
http://dx.doi.org/10.1177/1367006916637288
http://www.ncbi.nlm.nih.gov/pubmed/29151803
http://dx.doi.org/10.3389/fpsyg.2015.00164
http://www.ncbi.nlm.nih.gov/pubmed/25767451


Brain Sci. 2018, 8, 92 27 of 27

65. Ong, G.; Sewell, D.K.; Weekes, B.; McKague, M.; Abutalebi, J. A diffusion model approach to analysing the
bilingual advantage for the Flanker task: The role of attentional control processes. J. Neurolinguist. 2017,
43, 28–38. [CrossRef]

66. De Bruin, A.; Della Sala, S. The importance of language use when studying the neuroanatomical basis of
bilingualism. Lang. Cogn. Neurosci. 2016, 31, 335–339. [CrossRef]

67. De Bruin, A.; Bak, T.H.; Della Sala, S. Examining the effects of active versus inactive bilingualism on
executive control in a carefully matched non-immigrant sample. J. Mem. Lang. 2015, 85, 15–26. [CrossRef]

68. Carter, T.J.; Dunning, D. Faulty Self-Assessment: Why Evaluating One’s Own Competence Is an Intrinsically
Difficult Task. Soc. Personal. Psychol. Compass 2008, 2, 346–360. [CrossRef]

c© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.jneuroling.2016.08.002
http://dx.doi.org/10.1080/23273798.2015.1082608
http://dx.doi.org/10.1016/j.jml.2015.07.001
http://dx.doi.org/10.1111/j.1751-9004.2007.00031.x
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction
	Cognitive Control
	What Is Bilingualism?
	This Study

	Methods and Materials
	Participants
	Multilingualism in the Northern Netherlands
	The background questionnaire
	Data Transformation

	Cognitive Tasks
	Flanker Task
	Wisconsin Card Sorting Task
	Statistical Analyses


	Results
	Descriptives
	Static Variables of Multilingualism
	Multilingualism in Usage-Contexts
	PLS Regression Model

	Discussion
	Conclusions
	References

