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Abstract

Whether speaking two or more languages (multilingualism) or dialects of one language
(bidialectalism) affect executive function (EF) is controversial. Theoretically, these effects may
depend on at least two conditions. First, the multilingual and bidialectal characteristics; particu-
larly, (second) language proficiency and the sociolinguistic context of language use (e.g., Green &
Abutalebi, 2013). Second, the EF aspects examined; specifically, recent accounts of the locus of the
multilingual effect propose a general EF effect rather than an impact on specific processes
(Bialystok, 2017). We compared 52 “monolingual” (with limited additional-language/dialect
experience), 79 bidialectal and 50 multilingual young adults in the diglossic context of Cyprus,
where bidialectalism is widespread and Cypriot and Standard Greek are used in different
everyday situations. Three EF processes were examined via seven tasks: inhibition, switching
and working memory (Miyake et al, 2000). We found better multilingual and bidialectal
performance in overall EF, an effect moderated by high (second) language proficiency.

1. Introduction

Multilingualism—the experience of regularly using more than one language—characterises most
of the world’s population today (Grosjean & Li, 2013). Undoubtedly, speaking multiple languages
confers various professional, cultural and social benefits; for instance, enhancing the opportun-
ities for employment, travel, cross-cultural communication and socialisation in an increasingly
interconnected, mobile and globalised world. However, what is currently controversial is the
claim that multilingualism leads to further positive effects on cognitive and brain functioning;
specifically, on executive function (EF) (e.g., Bialystok, 2017; de Bruin et al., 2021; Lehtonen et al.,
2018; Paap, 2019; Paap et al., 2015; Planckaert et al., 2023; Yurtsever et al., 2023; i.a.).

EFis a domain-general, non-verbal neurocognitive system that enables individuals to regulate
their thoughts and goal-directed behaviours. The term EF is generally used to refer to a collection
of neurocognitive processes (e.g., Miyake et al., 2000). Miyake et al. (2000) proposed an
influential theoretical model according to which EF consists of various cognitive processes that
are moderately related and partly independent. They originally identified three such processes,
even though their study was not a comprehensive examination of all possible different EF
processes: inhibition (the ability to ignore irrelevant information and suppress automatic
responses), shifting or task-switching (the skill of flexibly switching from one task or represen-
tation to another) and updating or working memory (the ability to monitor the contents of
working memory and update it based on relevance to a given task). To date, the Miyake et al.
(2000) model is still widely used; and the processes of inhibition, switching and working memory
remain some of (if not) the most commonly studied neurocognitive functions in the EF literature
(see in Karr et al., 2018), including multilingualism research. For example, most meta-analyses
on multilingualism and EF evaluate the evidence for at least one or all these three processes
because, theoretically, multilingual language use, in some way, draws on and, thus, practices each
of these functions (e.g., Gunnerud et al., 2020; Lehtonen et al., 2018; Lowe et al., 2021; Monnier
et al., 2022; Paap, 2019; Planckaert et al., 2023).

In general, multilingualism has been argued to positively affect (aspects of) EF because,
presumably, multilinguals need to constantly recruit EF during everyday communication to
restrict use to the intended language (e.g., Bialystok, 2017). The reason for this is the evidence
showing that, when multilinguals speak in one language, the non-relevant language(s) is(are)
never completely switched off (e.g., Kroll et al.,, 2012). Thus, the regular employment of EF for
effective language use in multilinguals results in a fortification of executive processes.

Currently, however, evidence for such a multilingual effect is inconsistent. From a theoretical
perspective, this effect may depend on at least two conditions. First, the specific multilingual
characteristics; particularly, (second) language proficiency level and the sociolinguistic context of
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language use (e.g., Green & Abutalebi, 2013). Second, the EF aspects
examined. For example, recent accounts of the multilingual effect
localise it in general EF facets but not in specific EF processes (e.g.,
Bialystok, 2017). In this context, our research aimed to further
investigate the multilingual EF effect through a theoretically driven
approach. First, we tested participants from a diglossic sociolin-
guistic context, where two different linguistic varieties—in our
study, Cypriot and Standard Modern Greek—are employed in
separate domains of daily life. Crucially, this is a sociolinguistic
situation where neurocognitive effects may be expected based on a
specific theoretical framework, the adaptive control hypothesis
(Green & Abutalebi, 2013). Second, we directly examined the role
of (second) language proficiency in the multilingual EF effect, an
aspect of multilingual experience that from a theoretical (and
empirical) perspective has been linked to EF (e.g., Lehtonen et al.,
2018, p. 395). Finally, we used Miyake et al.’s (2000) model to test
EF and to contrast different proposals about the cognitive locus of a
potential multilingual effect (e.g., Bialystok, 2017; Houtzager et al.,
2017; Santillan & Khurana, 2018). We were also interested in
examining whether a cognitive effect can be found in bidialectal
speakers, who regularly use two very similar, genetically related,
and to some degree mutually comprehensible dialects of the same
language (e.g., Antoniou et al., 2016; Antoniou & Milaki, 2021).
These effects were investigated by administering seven EF tasks to
three young-adult groups: participants with relatively limited
additional-language/dialect experience (“monolinguals”), bidialec-
tals and multilinguals.

1.1. Multilingualism and EF: the controversy

Early research provided strong evidence for a positive multilingual
effect on EF (e.g., Adesope et al., 2010). Moreover, within research
supporting the multilingual cognitive effect, there have been dif-
ferent proposals regarding the specific cognitive locus of such
impact. These can be summarised into two broad accounts. The
first view suggests that multilingualism selectively impacts specific
EF components, such as inhibition, switching and working memory
(e.g., Houtzager et al., 2017; Santillan & Khurana, 2018). An inhib-
ition effect, for example, may stem, based on Green’s (1998) model,
from multilinguals’ continuous experience in inhibiting the non-
relevant language when using the target language. The second view
suggests that multilingualism has a broader effect on the EF system,
influencing general aspects, such as executive attention (Bialystok,
2017). Executive attention refers to the ability to focus attention to
and maintain in memory information that is relevant to a task at
hand in the face of interference (Bialystok, 2017). Bialystok (2017)
suggests that it is trained in multilingual adults because of the
constant experience of handling conflict between two or more
jointly activated languages.

In the last decade, however, many studies failed to find evidence
for EF differences favouring multilinguals over monolinguals. This
holds for children, young, and older adults (e.g., Antén et al., 2016;
Gathercole et al., 2014; Nichols et al., 2020; Studenica et al., 2022).
Reflecting this, recent meta-analyses on the multilingual EF impact
across the lifespan typically report smaller effect sizes (see also
systematic reviews and quantitative analyses of, for example, Degir-
menci et al., 2022, for older adults; Grundy, 2020, for young adults;
Planckaert et al., 2023 and Yurtsever et al., 2023, for children).
These vary from small-to-moderate (e.g., Grundy & Timmer, 2017,
for working memory across the lifespan; Gunnerud et al., 2020, for
switching in children) to small (e.g., de Bruin et al., 2015, for
speakers across the lifespan; Donnelly et al., 2019, for inhibition,
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across the lifespan; Gunnerud et al., 2020, for overall EF in middle-
class children; Monnier et al., 2022, for working memory, across the
lifespan) or even null after publication bias correction (e.g., Lehto-
nen et al., 2018, for adults; Lowe et al., 2021, for children; see also
Paap, 2019, for speakers across the lifespan).

Conflicting results are similarly found in studies with multilin-
gual or bidialectal speakers of closely related languages or dialects,
across the lifespan. For instance, superior EF has been reported for
multilingual or bidialectal speakers of Spanish and Catalan (e.g.,
Costa et al., 2009, with young adults); Frisian and Dutch (e.g., Blom
etal,, 2017, with children; Houtzager et al., 2017, with older adults),
Sardinian and Italian (e.g., Garraffa et al., 2017, with adults); and
Cypriot Greek and Standard Modern Greek (Antoniou et al., 2016,
with children). The Ethnologue reports that the lexical overlap
between Spanish-Catalan and Sardinian-Italian is at 85%, while
for Cypriot Greek and Standard Modern Greek is in the range of
84%-92% (Eberhard et al., 2023). It further suggests that 85% is the
cut-off point for two linguistic varieties being dialects of the same
language. Similarly, Dyen et al. (1992) report that Frisian and
Dutch share 82.2% cognates, which is well above the authors’
70% suggested threshold for two linguistic varieties belonging to
the same language'. However, other studies failed to show better EF
performance for multilinguals or bidialectals who spoke very simi-
lar languages or dialects, such as English and varieties of Scottish
(e.g., Kirk et al,, 2014, with older adults; Ross & Melinger, 2017,
with children), West Flemish and Dutch (Veenstra et al., 2018, with
children); and Venetian and Italian (Scaltritti et al., 2017, with
young adults). Relatedly, two meta-analyses conclude that multi-
linguals’ pairs of spoken languages (hence, language proximity) do
not moderate the presence (Adesope et al., 2010, for participants
across the lifespan) or absence (Lehtonen et al., 2018, for adults) of a
multilingual EF effect.

To explain why some studies find a positive multilingual effect
while others do not, researchers have discussed various factors (e.g.,
Antoniou, 2023; Bialystok, 2017; de Bruin et al., 2021; Kroll &
Bialystok, 2013; Lehtonen et al., 2018; Luk et al,, 2020; Paap,
2019; i.a., for extensive discussion). First, confounding variables,
such as culture, socioeconomic and immigration status, are one
concern because multilingualism research is often conducted by
comparing (naturally occurring) groups of monolinguals and mul-
tilinguals. A related issue is over-control. Deliberately matching the
comparison groups on (or statistically adjusting for) measures of
fluid intelligence or attention, for instance, might mask a multilin-
gual effect on EF because these constructs share a significant
amount of variance with and might be considered inherent parts
of EF. Working memory capacity, for example, shares 50%—-80%
variance with fluid intelligence at the latent level (Shipstead &
Engle, 2018). To reflect this, fluid intelligence scores have been
sometimes used as dependent measures tapping into EF rather than
as background variables that need to be controlled for (e.g., de
Abreu et al., 2012).

'Mutual intelligibility is the most commonly used and, perhaps, the most
complete measure for distinguishing language pairs from dialect pairs (e.g.,
Tamburelli, 2021). However, a major, practical problem with this criterion is
that objective mutual intelligibility measures are simply not available for many
pairs of linguistic varieties, including Cypriot and Standard Modern Greek.
Thus, the next best available criterion is lexical similarity. Importantly, lexical
similarity is a major determinant of mutual intelligibility, with the two measures
exhibiting substantial, though not perfect correlations (>.6; e.g., Gooskens & van
Heuven, 2021; Tang & van Heuven, 2015; Wichmann, 2020).
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Second, the specific characteristics of multilinguals possibly play
arole. The adaptive control hypothesis (Green & Abutalebi, 2013),
for example, proposes that different sociolinguistic environments
place different demands on multilinguals’ EF skills. Drawing on this
framework, it may be predicted that multilingual EF effects are
found only in single-language or dual-language contexts, where
multilinguals use a separate language in different situations of
everyday life or with different interlocutors, respectively. This is
because multiple EF processes are required for the management of
two languages in both a single- (processes such as goal mainten-
ance, monitoring, and interference suppression) and a dual-
language context (goal maintenance, monitoring, interference sup-
pression, salient cue detection, selective response inhibition, task
engagement and disengagement), even though a dual-language
environment places higher and more widespread demands on the
EF network.

Language proficiency is another aspect of multilingual experi-
ence that is possibly relevant to EF. At the performance level, EF
tasks often require subjects to draw on verbal abilities, even though
EF is a non-verbal system. This potentially disadvantages (some)
multilinguals when performing EF tasks because multilinguals
often exhibit lower language performance (e.g., slower lexical
access, smaller vocabularies) relative to monolinguals, at least
under certain conditions (e.g., when sequential multilinguals are
tested in their second language; Bylund et al., 2023). Furthermore,
higher proficiency in (the) additional language(s) might pose more
demands on and, in turn, more practice of EF during daily com-
munication for multilinguals. For example, higher second-language
(L2) proficiency means that individuals have translation equivalent
words in two languages for a greater number of lexical concepts.
Moreover, high L2 proficiency possibly translates into stronger and
more automatic L2 activation compared to low L2 proficiency. In
turn, these two considerations suggest more frequent and higher
competition between the two languages and, possibly, greater and
more frequent EF involvement and training during communication
(see Lehtonen et al., 2018, p. 395; Monnier et al., 2022, p. 2232, for
similar suggestions at a theoretical level). Finally, an L2 proficiency
role may be predicted from neural models that suggest brain
adaptations, some of which possibly contribute to domain-general
cognition, at high multilingual experience or expertise, including
high L2 mastery (e.g., Grundy et al., 2017; Pliatsikas, 2020).

Third, the use of difference scores to measure EF has been
criticised for various reasons (e.g., Draheim et al, 2019). The
interference effect, for example, is a difference score thought to
reflect inhibition and is often calculated in EF tasks, such as the
Flanker or Stroop tests (see, e.g., Figures S1 and S2 of Appendix S1,
Supplementary Materials Online), by subtracting mean reaction
time for congruent or neutral trials from average reaction time for
the more difficult, thus, slower incongruent trials. On the one hand,
difference scores are useful measures because they isolate EF pro-
cessing (from other processes such as, for example, processing
speed) by subtracting performance in a no or less EF-demanding
condition (which, for example, more strongly reflects processing
speed) from a (more) EF-demanding condition (which more heav-
ily draws on EF). On the other hand, however, they often show poor
reliability. In turn, low reliability decreases statistical power. Relat-
edly, difference scores from separate tasks which supposedly tap
into the same EF process often show weak correlations with each
other, indicating low convergent validity. This casts doubt on
whether these scores tap into the same process of interest. More-
over, different types of trials in inhibition and switching tasks (e.g.,
switch and repeat trials) are usually intermixed in the same block.
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This means that even congruent and repeat trials in mixed blocks
involve EF-related processes (e.g., see in Antoniou, 2023; Draheim
et al.,, 2019). Thus, difference scores based on these trials remove
EF-related variance. Finally, difference scores are almost always
based on reaction times (RTs). However, RT measures (whether
mean RT for critical, correct trials or RT difference scores) may be
problematic in the presence of speed-accuracy trade-offs (Draheim
et al,, 2019) — when slow RTs (worse performance) are related to
higher accuracy (better performance) or the inverse (faster RTs
linked to lower accuracy). For instance, speed-accuracy trade-offs
might occur because participants strategically slow their responses
to achieve higher accuracy in a task. In this case, however, RT
measures are misleading or at least incomplete measures of cogni-
tive ability.

Finally, studies on the multilingual effect often take place in the
absence of a clear theory about what EF is and how multilingualism
influences this system (e.g., de Bruin et al., 2021). Research that is
guided by theory results in increased power to detect a true effect
because, for instance, the experimenter will use tasks that are more
likely, from a theoretical perspective, to reveal this effect. Also, it
leads to a decreased possibility to find a false effect because analyses
will be restricted only to theoretically relevant measures.

1.2. The present study

In this context, our study compared multilingual, bidialectal and
“monolingual” young adults in the sociolinguistic context of Greek-
speaking Cyprus. We focused on a young-adult sample to examine
whether past findings with children in the same context (Antoniou
et al., 2016) extend to this age group. Cyprus is characterised by
diglossia, with most native Greek Cypriots being bidialectal; that is,
they typically acquire and use from an early age two Greek dialects
in different situations of everyday life. Cypriot Greek (CG) is
natively acquired and used for daily oral communication, while
Standard Modern Greek (SMG) is mainly learnt through formal
education, it is the language of school instruction and literacys; it is
used by the media and for formal, public, and official situations
(e.g., Antoniou et al, 2016; Antoniou & Katsos, 2017). Thus,
theoretically, the diglossic context in Greek-speaking Cyprus
resembles a single-language context, as described by the adaptive
control hypothesis (Green & Abutalebi, 2013).

*Given a fair consensus that the sociolinguistic context in Greek-speaking
Cyprus is still in some way diglossic (e.g., Arvaniti, 2010; Papapavlou & Pavlou,
1998; Rowe & Grohmann, 2013; Tsiplakou, 2014), our assumption is that, at
least theoretically, the two linguistic varieties are used in separate domains of
daily life. However, we acknowledge that in reality and practically, the situation
may be more complicated. First, the very high similarity of the two linguistic
varieties makes it hard to determine what counts as “true” mixing (in the sense of
combining, at the performance level, elements from two distinct underlying
codes in the same utterance) because, for example, many linguistic elements
belong to both varieties (e.g., Tsiplakou, 2009). Relatedly, it has been argued that
CG consists of a varietal (or register) continuum that includes less standard-like
features at one end and more standard-like characteristics at the other end (e.g.,
Tsiplakou, 2014; Tsiplakou et al., 2022). The latter CG form (often called a
pancypriot koiné; e.g., Tsiplakou, 2014) is naturally more mixed, even though it
is still distinct from and in diglossic relationship with SMG (as spoken in Cyprus;
e.g., Tsiplakou, 2014). Thus, there is a lot of “mixing” when using a higher,
formal register of CG (e.g., Tsiplakou, 2014). However, this probably reflects a
single, mixed underlying linguistic system (the CG koiné) rather than “true”
mixing at the performance level (e.g., Tsiplakou et al., 2022). Second, diglossia in
Cyprus suggests that, in theory, there is no frequent switching between CG and
SMG, from one utterance to another based on the listener, during daily oral
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In this research, we predicted better multilingual EF perform-
ance that would also be evident in bidialectals. First, bidialectals
were recruited from a diglossic sociolinguistic context, where multi-
lingual EF effects might be expected based on the adaptive control
hypothesis. The same applies to multilinguals most of who spoke
CG and SMG in addition to a non-Greek language. This prediction
is further reinforced by a previous study with children in Cyprus
showing that both multilinguals and bidialectals had better EF skills
than monolinguals (Antoniou et al., 2016). We stress, however, that
we did not intend to examine the prediction, based on the adaptive
control hypothesis, that different types of contexts (e.g., single-
language, dual-language) may have a quantitatively and/or quali-
tatively different effect on EF. We only predicted that, because
multilinguals and bidialectals functioned linguistically in a diglos-
sic, single-language context, they would show (some degree of)
better EF performance than “monolinguals”. Second, some experi-
mental evidence suggests that there is overlap, at least partial, in the
language control processes used by multilingual and bidialectal
speakers (e.g., Kirk et al., 2018; but see, e.g., Melinger, 2018). Third,
to reiterate, two meta-analyses conclude that multilinguals’ pairs of
spoken languages (hence, language proximity) do not impact the
multilingual cognitive effect (Adesope et al., 2010; Lehtonen et al.,
2018). The last two considerations suggest that, if a positive multi-
lingual effect were found, a similar effect should manifest in bidia-
lectals.

We were also interested in adjudicating between the two broad
accounts regarding the cognitive locus of the multilingual effect
(if found). To achieve this, data from seven cognitive tasks (eight
measures) were analysed using the EF model of Miyake et al.
(2000)°. Thus, if multilingualism has a broader effect on EF, we
expected to find group differences in overall EF performance.
However, if multilingualism has a selective impact on EF, we
expected to find group differences only in one specific EF process.

Finally, we aimed to examine whether certain conditions, par-
ticularly (second) language proficiency, might affect the emergence
of the multilingual EF effect. We directly examined the effect of
SMG vocabulary proficiency because SMG was the language of
testing and was also an additional language for bidialectals and
for most multilinguals. This impact was investigated in two ways.
First, through a statistical analysis on EF that, besides the Group
factor (multilinguals, bidialectals and “monolinguals”), included
SMG vocabulary proficiency as a predictor variable (see also
Section S9 of Appendix S1, Supplementary Materials Online).
Second, through a further analysis that compared the EF perform-
ance of two groups matched in SMG vocabulary and other back-
ground variables: “multilinguals” (comprised of both multilingual
and bidialectal participants) and “monolinguals” (see e.g., Papas-
tergiou et al., 2023, for a similar approach). The results of these two

communication, at least in conversations among Greek Cypriots (phonetics
being the main, reliable indicator of CG-SMG switching, according to Tsipla-
kou, 2009). However, switching between CG and SMG has been observed in at
least some situations. For example, in classroom settings, Greek-Cypriot
teachers often use SMG for the “lesson proper” and CG for discourse acts
outside this purpose (for instance, for restoring order, telling students off,
joking; e.g., Tsiplakou et al., 2022). Another example is conversations in which
both Greek-Cypriot and Hellenic Greek interlocutors are involved.

*We did not wish to enter the debate on the nature and structure of EF; and to
evaluate different models so as to establish which one best represents the
organisation of the EF system. Rather, taking an a priori, theoretical approach,
we used a specific, influential, and widely employed EF model to analyse our
EF data.
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analyses in combination could provide evidence that the multilin-
gual and bidialectal EF effect is found in those multilinguals and
bidialectals with high, (approximately) similar to monolinguals
(second) language proficiency.

2. Method
2.1. Participants

Participants were 50 multilinguals (35 females; aged 18-35 years,
mean age 22.5, SD 3.9 years), 79 bidialectals (54 females; aged 17—
37 years, mean age 21.6, SD 3.6 years), and 52 “monolinguals”
(42 females; aged 1838 years, mean age 22.6, SD 4 years). All
participants lived in Cyprus at the time of testing and were speakers
of SMG. Participants’ language experience (with CG, SMG, English,
and any other language specified by the participants) was further
examined through a Language Background and Socioeconomic
Status Questionnaire (see in Appendix S2, Supplementary Mater-
ials Online)*. This inquired (among other topics) about (1) age of
onset of exposure to/use of each language/dialect (one item for each
language/dialect); (2) general use of each language/dialect, at the
production and exposure level, on a scale from 0 — never to 4 —
always, in various situations of past and present-day life; specific-
ally, with mother, father, first two siblings, among parents, at school
and university education (preschool, primary, junior and senior
high school, undergraduate, master’s and doctoral level), with
friends, for reading, for computer and internet use, and for watch-
ing television (21 total items for each language/dialect); and
(3) language/dialect proficiency on a scale from 0 — no proficiency
to 4 — very good proficiency (one item for each language/dialect).
General use for each language/dialect was calculated by taking the
average of each participant’s responses from the 21 items (those
applicable to each participant) asking for the information in (2).
This score reflected both the participants’ history of overall use and
current general use of each language/dialect in production and
exposure. Detailed information on participants’ language charac-
teristics can be found in Section S1 and Table S1 of Appendix S1,
Supplementary Materials Online (SMO).

Multilinguals reported experience with various non-Greek lan-
guages including English, Turkish, Russian, Romanian, Swedish,
German, French, Spanish, Arabic, Polish, Tagalog, Armenian,
Albanian, Bulgarian, Georgian, Serbo-Croatian, Dutch and Fili-
pino. Bidialectals were native Greek Cypriots who spoke CG and
SMG, while “monolinguals” were Hellenic Greeks who came to
Cyprus for work or studies.

At the group level, bidialectals and “monolinguals” indicated
some experience with non-Greek languages. “Monolinguals”, as a
group, further had some limited CG experience given that they lived
in Cyprus at the time of testing (see Section S1 of Appendix SI,
SMO). In general, however, multilinguals and bidialectals had, on
average, substantially higher and earlier additional-language or

‘A very short pre-screening questionnaire was also given to participants
before testing. This asked for the following information: age, gender, place of
birth (for participants, their mother and father), mother’s and father’s native
language, language of instruction at high school, whether participants were
studying or had studied a subject related to languages (e.g., English literature),
whether they generally used a language other than Greek (CG and SMG) during
everyday communication, whether they had colour blindness (or difficulty to see
differences in colour), vision difficulty (e.g., wear glasses), hearing difficulty,
difficulty in reading or writing, record of epileptic seizure, or other difficulties
(e.g., attention deficit hyperactivity disorder, autism spectrum disorder).
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dialect experience than “monolinguals” who had relatively low
experience with additional languages or dialects (Table S1). Overall,
self-reported proficiency in SMG (language of testing) was, on
average, very high for all groups. Moreover, multilinguals self-
reported a significantly earlier age of onset of exposure to/use of,
more overall use of, and higher proficiency in non-Greek languages
compared to both bidialectals and “monolinguals” (who did not
differ from each other). Multilinguals also self-reported a signifi-
cantly earlier age of starting to be exposed to/use, and higher overall
use of and proficiency in CG than “monolinguals”. This suggests
that multilinguals, as a group, were also bidialectal to some degree.
Finally, bidialectals had significantly higher CG proficiency and
use, and an earlier age of starting to be exposed to/use CG than
multilinguals and “monolinguals”, attesting to their bidialectalism.

2.2. Materials and procedure

The authors assert that all procedures contributing to this work
comply with the ethical standards of the relevant national and
institutional committees on human experimentation and with the
Helsinki Declaration of 1975, as revised in 2008. Participants were
administered the following tasks (in SMG): the Flanker (e.g., Fan
et al., 2002) and Stroop tasks (see e.g., Unsworth et al., 2012) for
inhibition; the Colour-Shape (e.g., Friedman et al, 2008) and
Number-Letter tasks (e.g., Karayanidis et al., 2010) for switching;
the forward and backward Corsi Blocks (Mueller & Piper, 2014),
N-Back (e.g., Jaeggi et al., 2010), and Rotation Span (Foster et al,,
2015) tasks for working memory; the Matrix Reasoning sub-test of
the Wechsler Abbreviated Scale of Intelligence for non-verbal fluid
intelligence (WASIL; Wechsler, 1999); and the Mill Hill vocabulary
test (Raven et al., 1997). The Flanker, Stroop, Colour-Shape,
Number-Letter, and N-Back tasks were designed with E-Prime
software (Schneider et al., 2012). Schematic illustrations of these
tasks are presented in Figures SI1-S5 in Section S2 of
Appendix S1, SMO.

The tests were administered in two sessions. One session
included the Stroop, Colour-Shape, Corsi Blocks, Rotation Span
tasks and the WASI test in five orders, each starting with a
different task. The Mill Hill vocabulary test was always adminis-
tered last in this session. The other session included the Flanker,
Number-Letter and N-Back tasks in three orders, each starting
with a different task. In this session, we also recorded participants’
electrophysiological responses (EEG), but these measures are not
reported here.

2.2.1. Language background and socioeconomic status
questionnaire

An English version of this questionnaire is given in Appendix S2,
SMO. Besides asking for information on participants’ language
experience (see Section 2.1), the questionnaire also included items
regarding the participants’ age, gender and education level (from
0 = no university studies to 3 = awarded or pursuing a doctorate
degree), among other questions. Moreover, it included three meas-
ures of socioeconomic status (SES): Family Affluence Scale (FAS;
highest score = 9; Boyce et al., 2006) and maternal and paternal
education levels (from 1 = primary education to 5 = doctoral-level
education).

2.2.2. Flanker task

Participants saw a single or five arrows. They were instructed to
focus on the direction (left or right) of the (centre) arrow and
respond (as fast and accurately as possible) by pressing one of
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two buttons on a game controller. In the congruent condition,
the Flanker arrows pointed in the same direction as the centre
arrow. For incongruent trials, the Flanker arrows pointed in the
opposite direction relative to the centre arrow. Finally, under the
neutral condition, only one arrow appeared. There were four blocks
of trials: a practice block with 24 trials (eight for each condition) and
three test blocks (presented in random order) with 96 trials each
(32 trials for each condition, presented randomly).

2.2.3. Stroop task

Participants saw a colour word (“BLUE”, “RED” and “GREEN” in
SMG) or a string of asterisks (e.g., *****) in blue, red or green font
colour. They had to respond (as fast and accurately as possible) by
pressing one of three buttons on a response box depending on the
print colour of the word stimulus. There were three test versions,
each with different button-colour associations. In the congruent
condition, the colour word matched its print colour (e.g., “GREEN”
in green colour), while, for incongruent trials, the colour word was
incompatible with its font colour (e.g., “BLUE” in red colour).
Finally, in the neutral condition, a string of asterisks was presented.
The task included a practice block with 18 trials (six for each
condition) and two test blocks (presented randomly) with 108 trials
each (36 trials for each condition, presented randomly).

2.2.4. Colour-Shape task

Participants initially saw a cue (the letter “Z” or “Y”) and, with the
cue on display, a triangle or circle in a green or red square then
appeared. Based on the cue, they had to decide about the shape
(whether the shape was a triangle or a circle; shape task) or the
colour (whether the colour was red or green; colour task) of the
target stimulus by pressing (as fast and accurately as possible) one
of two buttons on a game controller. There were two test versions,
each with a different cue-task, button-shape and button-colour
association.

In pure blocks, participants had to focus either on the colour or
shape only. Mixed blocks included repeat (repeat the task of the
previous trial) and switch trials (switch to the other task compared
to the previous trial). There were three practice and four test blocks.
Practice blocks included two pure blocks (pure colour and pure
shape, with 24 trials each) and one mixed block (with 11 repeat and
12 switch trials or the other way around). Test blocks consisted of a
pure colour, a pure shape, and two mixed blocks presented in
random order. There were 24 trials in each pure block and 24 switch
and 23 repeat trials (or the reverse) in each mixed block. Trials
within pure blocks appeared in random order. Mixed block trials
appeared in a pseudo-randomised order such that there were no
more than three consecutive repeat or switch trials.

2.2.5. Number-Letter task
Participants were initially presented with a cue (green, blue, red or
orange square) and, with the cue on display, a target number-letter
(e.g., “6A”) or letter-number pair (e.g., “I7”) then appeared. We
used the letters “E”, “I”, “A”, “K”, “M” and “T” and the numbers “3”,
“5”, “7”, “2”, “4”, and “6”. Based on the cue, participants had to
decide whether the number was odd or even (number task) or
whether the letter was a vowel or a consonant (letter task) by
pressing (as fast and accurately as possible) one of two buttons
on a game controller. There were two test versions, each with a
different cue-task, button-letter and button-number association.
In pure blocks, participants had to focus either on the letter or on
the number only. Mixed blocks consisted of switch and repeat trials.
There were three practice blocks and six test blocks. Practice blocks
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included two pure blocks (pure letter and pure number, with
36 trials each) and a mixed block (with 35 repeat and 36 switch
trials or the other way around). Test blocks included a pure letter, a
pure number, and four mixed blocks presented in random order.
Test pure blocks included 72 trials each (presented randomly),
while test mixed blocks included 35 switch and 36 repeat trials
(or the reverse). Trials within mixed blocks appeared in a pseudo-
randomised order such that there were no more than three con-
secutive repeat or switch trials.

2.2.6. Corsi Blocks task

We used the (forward and backward versions) of the Corsi Blocks
task from the Psychology Experiment Building Language (PEBL)
battery but adapted for use with Greek-speaking participants. Each
sub-test (forward, backward), started with a trial of two and could
continue up to trials of nine to-be-remembered boxes. There could
be 18 total trials, two for each sequence length (e.g., two trials for the
sequence length of two to-be-recalled boxes). Each sub-test was
discontinued after two consecutive erroneous trials on the same
sequence length.

2.2.7. N-Back task

Participants were presented with a series of (difficult-to-describe)
visual images. Under each condition (2-back, 3-back and 4-back),
they had to decide whether the image currently on display was
identical or not to an image presented # (2, 3 or 4) positions before,
by pressing (as fast and accurately as possible) one of two buttons
on a game controller. There were two test versions, each with a
different button-task (identical or not) association. Participants
performed three practice blocks (2-back, 3-back and 4-back) and
12 test blocks (four for each n level). The 2-back blocks always
appeared first and the 4-back condition last. Blocks within each
condition were randomly presented.

Target trials were those where, depending on the condition
(2-back, 3-back and 4-back), the current stimulus matched a
stimulus that appeared n positions earlier. Blocks included
sequences of 22, 23, or 24 stimuli (under the 2-back, 3-back and
4-back conditions, respectively). Test blocks included a total of
72 target trials, six within each block.

2.2.8. Rotation Span task

We adapted (for use with Greek-speaking participants) the short-
ened version of the Rotation Span task. For each trial, participants
had to keep in mind and then recall a sequence of arrows that were
either long or short and pointed in one of eight directions. Before
each arrow in the sequence, they had to decide whether a (rotated)
letter (the Greek letters “B”, “n”, “t”, “i”) was in a mirror image or
not (distractor task). The number of arrows to remember ranged
from two to five. There were 12 trials, three for each sequence
length, in three blocks. Each block included one trial from each
sequence length, appearing in random order. There was no time
limit for responding in the recall phase of each trial. However, in the
instructions, participants’ mean RT was calculated while practicing
the distractor part of the test. Participants were then instructed that,
during the main task, they had to keep a high accuracy in the
distractor task (= 85%); and that if their response for a distractor
letter was slower than their practice mean RT, the letter would
automatically disappear and their response for that letter would be
coded as erroneous. In fact, for the distractor letters, the test allowed
responses within 2.5 standard deviations of participants’ practice
mean RT.
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2.2.9. WASI Matrix Reasoning test

This was used as a test of non-verbal fluid intelligence (Tourva &
Spanoudis, 2020; Wechsler, 1999). For each item (35 test items),
participants saw a matrix from which a piece was missing. They had
to find the missing piece from five possible choices. We measured
participants’ accuracy out of a maximum possible score of 35.

2.2.10. Mill Hill vocabulary scale

In the Definitions sub-test, participants had to write down, using
SMG, the meaning of 44 SMG words. Responses were coded as
correct if they (1) roughly described the correct meaning of the
target word; and/or (2) correctly used the target word in a phrase
or sentence in a way that indicated knowledge of its meaning;
and/or (3) included a synonym or a related word which showed
knowledge of the target word’s meaning (e.g., “neighbour” for the
target word “near”). Responses were coded as incorrect if know-
ledge of the target word’s meaning was shown by using CG. All
responses were scored by two independent raters. Participants’
score in this sub-test was calculated as the average of the two
coder’s scores (each coder score reflecting participants’ accuracy
out of a maximum of 44).

In the multiple-choice sub-test, participants were given another
set of 44 SMG target words and were required to choose the word
(out of six options) whose meaning was more related to the target
word. We measured participants’ accuracy out of a maximum
possible score of 44.

3. Results
3.1. Preliminary analyses

3.1.1. Measures

For EF, the main analyses included the following eight target
measures: mean RT for correct responses for incongruent trials in
the Flanker and Stroop tasks (for inhibition), mean RT for correct
responses for switch trials in the Colour-Shape and Number-Letter
tasks (for switching), the partial score from each of the forward and
backward Corsi Blocks task and the Rotation Span task (e.g., Foster
etal.,, 2015); and the proportion of correct target trials in the N-Back
test (for working memory). The partial score is the sum of items
(boxes in the Corsi and arrows in the Rotation Span task) recalled
correctly and in the correct order across trials (maximum score of
88 for 18 total possible trials in each Corsi sub-test and 42 for
12 trials in the Rotation Span task). For the Mill Hill Definitions
sub-test, the two independent coders’ scoring showed an intraclass
correlation coefficient of 0.94.

For the inhibition and switching tasks, we used mean RT's in the
critical incongruent and switch conditions (henceforth, target RT
measures) because of the various issues surrounding RT difference
scores. Moreover, as illustrated in Table S2 (Appendix S1, SMO),
these target RT measures from each task showed negative correl-
ations with accuracy in the same condition and task, suggesting no
speed-accuracy trade-offs. Additionally, and more importantly,
even though mean RTs for incongruent and switch trials reflect
both EF processing and basic processing speed, our experimental
design could test and exclude the possibility that a multilingual/
bidialectal effect, if found, were due to the latter cognitive compo-
nent rather than to EF; particularly, if a Group effect on overall EF
or in a single specific component (e.g., inhibition) were found, then
this would, simultaneously, provide evidence against the alternative
explanation that the group difference lies in basic processing speed.
This is because processing speed is a common aspect of the RT
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Table 1. Bivariate correlations between the target executive function measures
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Stroop RT Flanker RT NL RT CSRT N-Back Corsi For. Corsi Back. RS
Flanker RT 0.37**
NL RT 0.56"* 0.40"*
CS RT 0.41** 0.22** 0.56"*
N-Back —0.23** —0.20" —0.29** —0.19*
Corsi For. —0.30"* —0.25"* —0.23** —0.18"* 0.24**
Corsi Back. —0.31** —0.25"* —0.28"* —0.21** 0.32** 0.38"**
RS —0.25"* —0.16" —0.32** —0.32** 0.26"* 0.34** 0.46™*

*Correlation is significant at the 0.05 level (two-tailed).
**Correlation is significant at the 0.01 level (two-tailed).

Note: RT =mean reaction times for correct trials; Stroop RT = RT for incongruent trials in the Stroop task; Flanker RT = RT for incongruent trials in the Flanker task; NL RT = RT for switch trials in the
Number-Letter task; CS RT = RT for switch trials in the Colour-Shape task; Corsi For. = partial score in the forward Corsi Blocks task; Corsi Back. = partial score in the backward Corsi Blocks task; RS

= partial score in the Rotation Span task.

measures for both the inhibition and switching component scores.
Thus, the alternative explanation would predict a Group by Com-
ponent interaction in the direction of a Group effect in both RT
components but not in only one RT component or in overall
EF. Relatedly, overall EF performance reflects the common variance
between the target RT and the accuracy EF measures. Thus, it
cannot reflect simple processing speed (McVay & Kane, 2012,
p. 308)°.

In any case, in Appendix S1 of the SMO (Sections S5, S6, and S8),
we further take up the issue of RT difference scores. We investigate
more closely if and the conditions under which RT EF measures —
target RT and, especially, difference scores — show higher and/or
adequate reliability and convergent validity. We stress, however,
that this was only an exploratory investigation in this study. We had
strong, a priori reasons to avoid the use of RT difference scores
(Draheim et al., 2019). However, we examine and compare the
psychometric properties (reliability and convergent validity) for all
RT EF measures — target RT and RT difference scores — because we
wanted to further empirically motivate why we used the target RT
EF measures (mean RT in critical EF conditions) over (some) RT
difference scores; and because these properties have been suggested
to limit past research on EF in general and on the cognitive effects of
multilingualism in particular (e.g., Draheim et al., 2019). Also, this
exploratory investigation could provide preliminary results to guide
further, dedicated research on the topic. Finally, based on these
reliability and convergent validity results for the difference scores,
we report additional (group and other) analyses in Appendix S1 of
the SMO, with EF composite scores that used difference scores.
These analyses provide a further, complementary test of the alter-
native explanation that a potential multilingual/bidialectal effect
lies in processing speed. This is because those difference scores that
do not suffer from the limitations outlined in the Introduction
better isolate and reflect EF processes (see Sections S5, S6, and S8
of Appendix S1, SMO).

>0f course, processing speed is known to correlate with and, indeed, may be
considered a component of EF; for instance, it may reflect the common aspect of
EF in the Miyake et al. (2000) model (see e.g., in Friedman et al., 2008), even
though not all researchers and empirical evidence support this hypothesis (e.g.,
Friedman et al,, 2008). In this study, we wanted to exclude the possibility that
results may reflect an effect on processing speed because, to our knowledge,
different accounts regarding the cognitive locus of a multilingual effect typically
do not consider simple processing speed as a cognitive component that is
impacted by multilingualism.
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Data were missing for various reasons, including participants
completing only one of two sessions (five bidialectals, five
“monolinguals”), experiment error (e.g., a test was not adminis-
tered) or, for the RT measures, the participant had (close to) 0%
(< 5%) accuracy in the relevant task condition (one multilingual in
the Stroop, two multilinguals in the Colour-Shape, and one
“monolingual” in the Flanker task). These data were treated as
“unavailable” (=“non-responses”) for that particular test for each
participant. However, for each participant, we retained and used
their data from the rest of their completed tasks. No other data
removal or trimming procedure was applied to the data (Zhou &
Krott, 2016).

Descriptive statistics for accuracy and/or RT by EF task and
condition, across the three groups, can be found in Table S3 of
Appendix S1 in the SMO. Table 1 shows the correlations between
the target EF measures and Table S4 (Appendix S1, SMO) reports
their reliabilities. Overall, the inhibition and switching tests
showed the expected condition effect for RT, in that incongruent
and switch trials were significantly slower than the other types of
trials within the same task. Moreover, all target measures showed
reliabilities close to or above Cronbach’s a = 0.8. Correlations
between target measures tapping into the same cognitive function
were in the small-to-moderate range and all statistically signifi-
cant.

3.1.2. Confirmatory factor analysis

A Confirmatory factor analysis (CFA) was conducted on
z-transformed (and, for switching and inhibition, reverse-
scored) measures from each EF task using R version 4.0.3 (R Core
Team, 2020) and the package lavaan (Rosseel, 2012). Results from
this CFA are displayed in Figure 1. This CFA indicates that the
three-factor structure provided an excellent fit to the EF data (Hu &
Bentler, 1999): *(17, n = 165) = 17.17, p > 0.05, */df = 1.01. Fit
indices were as follows: CFI = 0.999, NNFI = 0.999 and RMSEA
value = 0.008 (90% confidence interval 0.00-0.07). Moreover, there
were significant moderate-to-large correlations between the three
factors.

3.1.3. Composite scores

Composite scores were calculated as follows. First, each separate
target score from the Flanker, Stroop, Colour-Shape and
Number-Letter tasks was reverse-scored by multiplying with
—1 so that for all target measures a higher value indicated better
performance. Then, for each individual variable, we transformed
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Figure 1. The fitted three-factor structure of executive function.

Note. Numbers at the centre of large, single-headed arrows show factor loadings.
Numbers at the back ends of the small arrows indicate error terms. Numbers at the
centre of double-headed arrows are correlation coefficients. All numbers are
standardised values. Paths are all statistically significant, p <0.01. The Flanker,
Stroop, Colour-Shape and Number-Letter target measures were reverse-scored
(before the CFA) by multiplying with —1.

participants’ scores for the entire sample into z scores. Finally, we
averaged the relevant z-transformed measures for each con-
struct. The following composite scores were created: working
memory (based on Corsi forward and backward, N-Back and
Rotation Span target measures), inhibition (from Flanker and
Stroop target RT scores), switching (from Colour-Shape and
Number-Letter target RT measures), vocabulary in SMG (from
the definitions and multiple-choice parts of the Mill Hill test)
and SES (based on FAS score, maternal and paternal education
level).

3.1.4. Background variables

Descriptive statistics by group and group comparisons on back-
ground variables are presented in Table 2. There were significant
group differences only in SMG vocabulary (as expected) in that
“monolinguals” had a higher score than the other two groups; and
bidialectals exhibited higher performance than multilinguals.

3.2. Main analyses

Table 3 presents descriptive statistics for the target EF measures by
Group, EF component and EF task.

To examine the multilingual and bidialectal effect on EF, we
performed linear mixed-effects model analyses in RStudio (R Core
Team, 2020) using the me4 package (Bates et al., 2015). We used
linear mixed-effect model analyses to account for the sample size
imbalance between groups. For all analyses, we attempted to specify
the maximal random-effects structure, but random slopes were
eventually dropped because models including them were uniden-
tifiable (Barr et al., 2013).

In all analyses, the first model included Group (I = “monolinguals”,
2 =Dbidialectals, 3 = multilinguals) as a between-subjects factor, EF as a
within-subjects factor (I = inhibition, 2 = switching, 3 = working
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memory), their interaction, and by-subject random intercepts. The
dependent measure was the composite score, with each participant
having three data points: one score for each of inhibition, switching
and working memory. Statistical significance for the Group effect
and the Group by Component interaction that were of interest in
this study was determined through model comparison (using like-
lihood ratio tests), whereby two models that differed in only one
aspect (e.g., fixed effect of interest) were compared (Barr et al,
2013). In all analyses, the Group by Component interaction was
dropped from the initial comparison model if it was non-
significant, so that to examine the Group effect. Any continuous
variables that were not already z-transformed because of the way
they were constructed (SMG vocabulary, SES) were also z-
standardised (Age)°. In the case that model comparisons indicated
statistically significant results for the Group factor, we performed
post-hoc comparisons with the multcomp package (Hothorn et al.,
2016) to establish which groups (multilinguals, bidialectals) dif-
fered from “monolinguals”; specifically, we used Dunnett’s test to
compare multilinguals and bidialectals to “monolinguals”; and the
default single-step method to correct for multiple comparisons.

The first analysis (with Group, Component, and the Group by
Component interaction) showed no significant results (Group by
Component interaction: y*(4, n = 181) = 3.75, p > 0.05; Group
effect: y*(2, n = 181) = 3.95, p > 0.05). To examine whether the
Group effect depends on SMG vocabulary proficiency, two
further analyses were conducted. First, we included SMG
vocabulary in the comparison models. From an interpretation
perspective, this analysis examines the Group effect when SMG
vocabulary is held constant at a fixed value for all participants;
that is, it examines the Group effect when, because of covary-
ing SMG vocabulary, neither Group nor EF is related to SMG
vocabulary (e.g., Cohen et al., 2002; see also Miller & Chap-
man, 2001, for a discussion in the context of Analysis of
Covariance). In this respect, results can be interpreted as
indicating the effect of Group when the three comparison
groups have (approximately) similar SMG vocabulary profi-
ciency. Section S9 of Appendix S1 (SMO) further discusses
regression analysis and the interpretation of its results when a
covariate is related to the Group factor.

This analysis showed a non-significant Group by Component
interaction ()(2(4, n=179) = 3.61, p > 0.05) but a significant Group
effect ()°(2, n = 179) = 9.03, p = 0.011), in the direction of higher
multilingual and bidialectal EF performance (estimate = 0.39,
SE = 0.14, z value = 2.75, p = 0.011 and estimate = 0.31, SE = 0.12,
z value = 2.61, p = 0.017, respectively)’. Table S7 (Appendix S1,
SMO) further presents the results from the initial comparison
model in the analysis for the Group effect (with only SMG vocabu-
lary covaried).

To further examine the role of SMG proficiency, we used
propensity score matching to form a group of “multilinguals”
who were matched to the “monolingual” group in SMG vocabulary
and the other background variables (gender, SES, age, education).
We did not match for fluid intelligence, because, to reiterate, EF and
fluid intelligence are inherently related at a conceptual and empir-
ical level (see Introduction). Thus, when examining the Group effect
on EF, matching our groups on fluid intelligence or statistically

“We note that a z-standardised variable is also mean-centred (e.g., Field,
2013).

"Results were similar, in terms of statistical significance, when the other
background variables (gender, SES, age and education) were covaried in the
analyses.
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Table 2. Descriptive statistics (means and standard deviations) for background variables by language group

“Monolinguals” (n = 52) Bidialectals (n =79) Multilinguals (n = 50) Statistic

Mean (SD) Mean (SD) Mean (SD)
Gender 42 female 54 female 35 female 2(2,n=181) =2.61, p >0.05
Age 22.6 (4) 21.6 (3.6) 22.5 (3.9) F(2, 163) = 1.47, p >0.05

Education level

9 postgraduate

9 postgraduate

11 postgraduate

2(2,n=181) = 2.65, p >0.05

0 no degree

0 no degree

2 no degree

Fisher’s exact test, p >0.05

43 undergraduate

70 undergraduate

37 undergraduate

5 master’s 7 master’s 10 master’s
4 doctoral 2 doctoral 1 doctoral
SES —0.08 (0.7) —0.03 (0.7) 0.12 (0.8) F(2, 169) = 1.02, p >0.05
SMG vocabulary 0.54 (0.51) 0.004 (0.6) —0.54 (1.3) F(2, 176) = 21.5, p <0.001
Mult. < Monol.
Mult. < Bid.
Monol. > Bid.
WASI 27.02 (4.3) 28.1 (3.07) 27.6 (3.6) F(2, 174) = 1.37, p >0.05

Note: SD = Standard Deviation; SES = Socioeconomic Status composite score; SMG vocabulary = Standard Modern Greek vocabulary composite score; WASI = Matrix Reasoning test from the
Wechsler Abbreviated Scale of Intelligence; Mult. = Multilinguals; Bid. = Bidialectals; Monol. = “Monolinguals”; > = group on the left has a significantly higher score than the group on the right

(Bonferroni correction applied); < = group on the left has a significantly lower score than the group on the right (Bonferroni correction applied).

adjusting for fluid intelligence by including it as a predictor in a
regression analysis would amount to partly matching the groups on
EF aspects; and removing part of the EF measure that we were
actually interested in explaining (see also Section S9 of
Appendix S1, SMO).

Matching was performed using the Matchit package
(Ho et al., 2011) in RStudio. Multilinguals and bidialectals were
treated as one group to ensure that the matched samples had the
maximum number of participants (for increased statistical
power) and because both groups exhibited a statistically signifi-
cant EF effect in the previous analysis. Also, descriptively, the
size of the raw multilingual and bidialectal effects on overall EF
were approximately similar: standardised mean difference
(Cohen’s d) = 0.35 and 0.32, respectively (Table 3; see also
Table S9 of Appendix S1, SMO). We used the optimal matching
algorithm and 1:1 matching (with “multilinguals” as control and
“monolinguals” as the treatment group). To match the two
groups for missing data, we used the missing indicator approach
(Rosenbaum, 2010).

The resulting matched samples included 52 “multilinguals”
(34 bidialectals; 39 female; aged 17-36 years, mean age 22.2, SD
4.3 years) and 52 “monolinguals™® (42 female; aged 18-38 years,
mean age 22.6, SD 3.96 years). Overall, there were no significant
differences between the matched samples in any background factor,
including SMG vocabulary and fluid intelligence (Table 4).

Table 5 presents descriptive statistics for the composite EF
scores for the matched samples. All matching variables (SMG
vocabulary, gender, SES, age, education) were covaried in the
group analyses to account for potential residual imbalance after
matching (e.g., Stuart & Rubin, 2008). Comparison models
showed a non-significant Group by Component interaction
(A2, n=97) = 0.011, p > 0.05) but a significant Group effect
A, n = 97) = 6.75, p = 0.009) in the direction of higher

8The group samples in the following analyses, however, were slightly smaller
(e.g., 49 “multilinguals”, 48 “monolinguals”, for the group effect on EF) because
of missing values for some covariates.
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“multilingual” EF performance. The “multilingual” effect in this
analysis remained significant even when not covarying SMG
vocabulary (Xz(l, n = 97) = 538, p = 0.02). Table S8
(Appendix S1, SMO) further presents the results from the initial
comparison model in the analysis with the matched samples for
the Group effect (with SMG vocabulary and all other back-
ground variables covaried).

Finally, Tables S12 and S13 (Appendix S1, SMO) report further
correlational analyses between the EF measures and various
multilingual and bidialectal experiences measured continuously
across groups. Table S12 shows the correlations with English- and
other-language experience (age of onset of exposure/use, overall
use, and proficiency, as measured with the self-report question-
naire) across all participants, while Table S13 presents the correl-
ations with SMG experience (age of onset of exposure/use and
overall use, as measured with the questionnaire; and SMG profi-
ciency measured with the vocabulary test) across multilinguals
and bidialectals. These analyses, however, were only exploratory
in nature and complementary to the group comparisons because
our original and main aim was to examine the multilingual and
bidialectal impact by comparing groups; and to investigate
whether such potential group effect depends specifically on
SMG vocabulary proficiency.

There were significant small correlations only between self-
reported English proficiency and the Inhibition scores
(Spearman’s p = 0.22, p(two-tailed) < 0.05, for Inhibition based
on target RT measures; Spearman’s p = 0.22, p(two-tailed) < 0.05,
for Inhibition based on a target RT and a difference score); and
between age of onset of exposure to/use of English and the Inhib-
ition score based on the target RT measures (Spearman’sp = — 0.17,
p(two-tailed) = 0.049). Significant correlations indicated better
inhibition with increased English experience.

4. Discussion

This study investigated whether multilingualism and bidialectalism
have a positive effect on EF. EF was examined through eight
measures from seven tasks (approximately 463 critical trials per
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Table 3. Descriptive statistics (raw values) for target executive function measures by Group, executive function component, and executive function task

“Monolinguals”

Bidialectals

Multilinguals

Mean difference: Unstandardised
[95% Cls], Standardised [95% Cls]

Task Measure Mean [95% Cls] Mean [95% Cls] Mean [95% Cls]
Inhibition* —0.17 [—0.41, 0.06] 0.02 [—0.16, 0.20] 0.11[-0.13,0.35] Mult.-Monol.:0.29 [—0.05, 0.62], 0.33 [—0.06, 0.73]
Mult.-Bid.:0.09 [—0.20, 0.38], 0.11 [—0.25, 0.47]
Bid.-Monol.:0.19 [—0.097, 0.49], 0.23 [—0.12, 0.59]
Switching1 —0.16 [—0.35, 0.04] 0.13[-0.06,0.31] —0.03[-0.33,0.27] Mult-Monol.:0.12 [—0.23, 0.48], 0.13 [—0.26, 0.53]
Mult.-Bid.: —0.16 [—0.49, 0.17], —0.17 [—0.53, 0.19]
Bid.-Monol.:0.28 [0.002, 0.56], 0.35 [0.00, 0.72]
Working Memory —0.13 [-0.33, 0.07] 0.01 [—0.15, 0.17] 0.10 [—0.08, 0.29] Mult.-Monol.:0.24 [—0.04, 0.51], 0.34 [—0.05, 0.74]
Mult.-Bid.:0.09 [—0.16, 0.34], 0.13 [—0.22, 0.49]
Bid.-Monol.:0.14 [—0.11, 0.40], 0.20 [—0.15, 0.56]
Executive Function® —0.15[—0.32, 0.02] 0.04 [—0.10, 0.17] 0.07 [-0.11,0.26] Mult.-Monol.:0.22 [—0.03, 0.47], 0.35 [—0.04, 0.75]
Mult.-Bid.:0.03 [—0.19, 0.26], 0.05 [—0.31, 0.41]
Bid.-Monol.:0.19 [—0.02, 0.41], 0.32 [—0.03, 0.68]
Stroop Incongruent RT 842 [790, 894] 814 [774, 854] 794 [737, 850]
Incongruent Acc. 0.95 [0.92, 0.99] 0.96 [0.95, 0.97] 0.95 [0.92, 0.98]
Congruent RT 716 [675, 757] 692 [663, 721] 671 [634, 709]
Congruent Acc. 0.98 [0.97, 0.99] 0.98 [0.98, 0.99] 0.97 [0.94, 0.997]
Neutral RT 719 [683, 756] 695 [667, 722] 686 [649, 724]
Neutral Acc. 0.98 [0.97, 0.98] 0.98 [0.97, 0.98] 0.96 [0.93, 0.99]
Flanker Incongruent RT 623 [595, 651] 601 [578, 623] 597 [569, 624]

Incongruent Acc.

0.98 [0.97, 0.99]

0.97 [0.96, 0.98]

0.97 [0.97, 0.98]

Congruent RT

559 [535, 583]

545 [526, 565]

537 [516, 559]

Congruent Acc.

0.99 [0.99, 0.996]

0.99 [0.99, 0.995]

0.99 [0.99, 0.99]

Neutral RT 545 [525, 565] 531 [513, 548] 524 [504, 544]
Neutral Acc. 0.99 [0.98, 0.99] 0.99 [0.98, 0.99] 0.99 [0.99, 0.99]
Colour-Shape  Switch RT 1882 [1778,1985] 1645 [1556,1735] 1838 [1681, 1994]
Switch Acc. 0.87 [0.82, 0.92] 0.88 [0.85, 0.91] 0.87 [0.83, 0.91]
Repeat RT 1365 [1268,1463] 1201 [1126,1276] 1196 [1098, 1293]
Repeat Acc. 0.899 [0.85, 0.95] 0.91 [0.88, 0.95] 0.91 [0.87, 0.95]
Pure RT 1008 [925, 1090] 932 [850, 1014] 869 [779, 959]
Pure Acc. 0.92 [0.87, 0.97] 0.92 [0.88, 0.96] 0.91 [0.86, 0.97]
Number-Letter  Switch RT 1253 [1151,1356] 1237 [1147,1327] 1202 [1069, 1335]
Switch Acc. 0.93[0.896,0.96]  0.92[0.899,0.93]  0.91[0.86, 0.94]
Repeat RT 1089 [1000, 1177] 1012 [941, 1083] 993 [875, 1110]
Repeat Acc. 0.94 [0.91, 0.97] 0.94 [0.92, 0.95] 0.94 [0.91, 0.96]
Pure RT 775 [728, 822] 733 [700, 767] 729 [668, 790]
Pure Acc. 0.98 [0.97, 0.98] 0.95 [0.93, 0.97] 0.95 [0.92, 0.98]

Corsi Forward

Partial score

41.9 [38, 45.6]

44 (412, 46.8]

47.1 [43.5, 50.7]

Corsi Backward

Partial score

452 [42.2, 48.2]

46.7 [43.9, 49.4]

48 [44.6, 51.4]

Rotation Span

Partial score

24.8 [22.5, 27.1]

25.9 [24.4, 27.4]

26.3 [24.3, 28.3]

Distractor Acc.

0.91 [0.88, 0.94]

0.92 [0.90, 0.94]

0.92 [0.89, 0.94]

N-Back

Target Acc.

0.52 [0.48, 0.56]

0.55 [0.52, 0.59]

0.54 [0.496, 0.59]

Lure Acc.

0.71 [0.68, 0.74]

0.73 [0.71, 0.76]

0.697 [0.66, 0.74]

Non-target Acc.

0.84 [0.82, 0.87]

0.87 [0.85, 0.89]

0.83 [0.798, 0.87]

Note: Cls = Confidence Intervals; Acc. = Proportion correct; Mult. = Multilinguals; Bid. = Bidialectals; Monol. = “Monolinguals”.
*Composite scores were calculated from the reverse-scored (multiplied with —1) and z-transformed individual target measures (from the inhibition and switching tasks) so that a higher value
indicates better performance. The executive function composite score was calculated by averaging all individual z-transformed (and reverse-scored where appropriate) target executive function
measures (see also section Composite Scores). The latter score was not used in the main analyses. It is reported here for descriptive purposes because group differences between multilinguals,
bidialectals, and “monolinguals” were found across the three executive function components (=in overall executive function); and this helps quantify the magnitude of the raw group differences
across executive function processes (=in overall executive function).
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Table 4. Descriptive statistics (means and standard deviations) for background
variables for the matched samples

“Monolinguals” “Multilinguals” Statistic
Mean (SD) Mean (SD)
Gender 42 Female 39 Female 2,
n=104)=0.50,
p >0.05
Age 22.6 (3.96) 222 (43) F(1,101) = 0.31,
p >0.05)
Education level 9 Postgraduate 9 Postgraduate £(1,n=104)=0,
p >0.05
0 no degree 1 No degree Fisher’s exact
test, p >0.05
43 Undergraduate 42 Undergraduate
5 Master’s 7 Master’s
4 Doctoral 2 Doctoral
SES —0.08 (0.7) 0.06 (0.6) F(1,95) =1.11,
p >0.05
SMG vocabulary 0.54 (0.51) 0.44 (0.45) F(1,101) = 1.15,
p >0.05
WASI 27.02 (4.3) 27.8 (3.5) F(1,99) = 1.06,
p >0.05

Note: SD = Standard Deviation; SES = Socioeconomic Status composite score; SMG vocabulary
= Standard Modern Greek vocabulary composite score; WASI = Matrix Reasoning test from the
Wechsler Abbreviated Scale of Intelligence.

Table 5. Descriptive statistics for the composite executive function scores for
the matched samples

IMean difference:
Unstandardised

[95% Cls],
1“Monolinguals” 1“Multilinguals” Standardised
(n=52) (n=52) [95% Cls]

Mean [95% Cls] Mean [95% Cls]

Inhibition®  —0.17 [—0.41, 0.06] 0.11 [—0.11,0.33]  Mult.-Monol.:0.28
[—0.04, 0.60], 0.34
[—0.04, 0.74]
Switchingl —0.16 [—0.35,0.04] 0.10[-0.13,0.33]  Mult.-Monol.:0.26
[—0.04, 0.56], 0.33
[—0.05, 0.73]
Working —0.13 [—0.33,0.07] 0.11 [—0.09,0.30]  Mult.-Monol.:0.24
Memory [—0.04, 0.52], 0.33
[—0.05, 0.73]
Executive —0.15[-0.32,0.02] 0.10[-0.06,0.27]  Mult.-Monol.:0.26
Function® [0.02, 0.50], 0.42

[0.03, 0.82]

Note: Cls = Confidence Intervals; Mult. = “Multilinguals” (multilinguals and bidialectals); Monol.
= “Monolinguals”.

*Composite scores were calculated from the reverse-scored (multiplied with —1) and z-
transformed individual target measures (from the inhibition and switching tasks) so that a
higher value indicates better performance. The executive function composite score was
calculated by averaging all individual z-transformed (and reverse-scored as appropriate)
target executive function measures (see also section Composite Scores). The latter score was
not used in the main analyses. It is reported here for descriptive purposes because group
differences between “multilinguals” and “monolinguals” were found across the three
executive function components (=in overall executive function); and this helps quantify the
magnitude of the raw group differences across executive function processes (=in overall
executive function).
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participant’). Moreover, we analysed EF with three processes
(inhibition, switching and working memory) using the theoretical
model of Miyake et al. (2000) according to which executive pro-
cesses are moderately related but partly separable.

First, we found some evidence for better EF in multilinguals and
bidialectals; specifically, in the analysis that covaried SMG vocabu-
lary proficiency. Second, in the same analysis, both the multilingual
and bidialectal effects were evident in overall EF. Equally, an effect
on overall EF was found in the analysis with the matched
“multilingual” (including both multilingual and bidialectal partici-
pants) and “monolingual” groups. These findings support accounts
that suggest that multilingualism affects general aspects of the EF
system rather than specific EF processes (e.g., Bialystok, 2017).
Furthermore, the raw multilingual and bidialectal effects on overall
EF were descriptively similar in size (Table 3 and Table S9 of
Appendix S1, SMO). These results suggest that the EF effect is
quantitatively (in size) and qualitatively (in terms of EF aspects
impacted) similar for multilingual speakers of completely different
languages and bidialectal speakers of very similar dialects.

Additionally, group differences in EF were evident only when
covarying in the group comparison analysis or when matching
groups of “multilinguals” (multilinguals and bidialectals) and
“monolinguals” on SMG vocabulary proficiency. Our interpret-
ation is that better EF is evident in multilinguals and bidialectals
with high vocabulary proficiency. EF tasks often rely on verbal
abilities, despite EF being a non-verbal cognitive system. Hence,
multilinguals and bidialectals with high proficiency in the language
of testing might better cope with these verbal demands at
the performance level and exhibit superior EF. Moreover, multi-
linguals and bidialectals with high vocabulary in an additional-
language/dialect possibly experience more competition from the
non-relevant language/dialect when communicating. This greater
interference possibly occurs because high L2 multilinguals and
bidialectals have more translation equivalent words in their two
languages/dialects and/or because their L2 is more automatically
and strongly activated. In turn, this might lead to more frequent,
greater demands on and, consequently, more training of EF (see
Lehtonen et al,, 2018, p. 395; Monnier et al.,, 2022, p. 2232, for
similar suggestions at a theoretical level).

The group differences in our study could not be explained by the
most discussed confounding variables in the literature. First, gen-
der, SES, age and education were directly measured and excluded as
potential confounds. For immigration status, both the multilingual
and “monolingual” groups included participants with an immi-
grant background, yet multilinguals outperformed “monolinguals”.
Finally, cultural differences between bidialectals and
“monolinguals” were minimal: Cyprus and Greece are in very close
geographic proximity and have strong historic, ethnic, religious,
political, economic, and cultural ties. Yet, again, a bidialectal cog-
nitive effect emerged.

That said, because of the cross-sectional nature of the present
study, our conclusion that multilingualism and bidialectalism have
a positive effect on EF hinges entirely on the assumption that there
are no other hidden confounds. Our results cannot be explained by
the most-cited possible confounds but this list may not be exhaust-
ive (e.g., Paap, 2019). Thus, we consider our conclusion as the best
available interpretation of our results, given our hypotheses and the
background factors examined. However, directly controlling for a

"We say approximately because, for the Corsi Blocks test, there was a
discontinue rule. Thus, not all items were presented to all participants.
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larger number of background variables or employing alternative
experimental methods, such as longitudinal research, would argu-
ably make a stronger case for a positive multilingual and bidialectal
EF effect (e.g., Antoniou, 2023).

A second limitation of our study is that, due to its focus on young
adults, unavoidably, “monolinguals” as a group had some
additional-language and dialect experience; and, similarly, bidia-
lectals, on average, had some experience with languages other than
the two Greek dialects. Relatedly, this research mainly aimed to
examine the multilingual and bidialectal effects by comparing
groups of multilinguals, bidialectals and “monolinguals”. As a
result, certain aspects of multilingual/bidialectal experience, par-
ticularly proficiency in additional languages (apart from SMG),
were only crudely and unreliably measured through a single, self-
report questionnaire item. Thus, the correlations between these
specific multilingual/bidialectal experiences (measured continu-
ously, across groups) and EF were only exploratory in nature and
results should be taken with caution. That said, it is important to
note that all self-report questionnaire scores (age of onset of expos-
ure/use, overall use, proficiency) were sensitive enough to reveal
group differences in multilingual/bidialectal experience in the
expected direction; specifically, multilinguals had more additional-
language experience than both bidialectals and “monolinguals™;
and bidialectals had more CG experience than the other two groups
(and equal to “monolinguals” additional-language experience). The
only exception was self-reported SMG proficiency for which
(almost) ceiling responses were given by the vast majority of
participants. Crucially, however, SMG proficiency was further
measured through a direct vocabulary test; and group differences
were obtained with this measure, again, in an expected direction.
Additionally, the self-report English proficiency score (along with
age of onset of exposure to/use of English) did show a positive
correlation with the Inhibition composite score, in line with a
multilingual effect.

A third limitation is that two of our EF tasks (Stroop and
Number-Letter) required, to some degree, verbal processing.
Thus, it is ambiguous from our results whether the role of SMG
vocabulary in the emergence of the multilingual and bidialectal
effects is due to the verbal demands of some EF tasks, given that
multilinguals and bidialectals exhibited lower performance in the
language of testing (SMG); or whether it reflects a positive mod-
ulatory effect of increased L2 (SMG) proficiency. Finally, it is
unclear whether our findings for the multilingual/bidialectal
(group or continuous) effects would be different, particularly, in
terms of effect size and/or cognitive locus, had we (1) used differ-
ent participant samples with no (if at all possible) or more limited
additional-language experience for bidialectals; or with no or
more limited additional-language and additional-dialect experi-
ence for “monolinguals”; (2) used more reliable and fine-grained
measures of additional-language proficiency (for languages
besides SMG); and (3) employed exclusively non-verbal EF tasks.
It is reassuring, however, that despite these limitations our results
revealed multilingual and bidialectal effects in the hypothesised
directions.

Many studies failed to find evidence for better EF in multi-
linguals (e.g., Paap, 2019). One interpretation of these null results is
that the multilingual cognitive effect does not generalise to all
multilinguals and/or under all conditions. In this study, we identi-
fied vocabulary proficiency as one specific aspect of multilingual
experience that moderates the multilingual effect. Moreover, the
sociolinguistic context of language use possibly makes a difference.
Our study took place in the diglossic, single-language context of
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Greek-speaking Cyprus, where CG and SMG are widely used, each
in a separate domain of daily life. This sociolinguistic situation, as
well as dual-language environments, in which multilinguals use a
separate language and frequently switch but do not mix languages
based on the interlocutor, are two contexts that, theoretically, might
lead to multilingual effects on EF (drawing on Green & Abutalebi,
2013). Cyprus is also characterised by widespread bidialectalism,
given that the vast majority of the native Greek-speaking popula-
tion learns from a young age and speaks both CG and SMG. Thus,
while it is not possible from this study to generalise results beyond
the Cypriot context, a hypothesis for future research is that the
multilingual effect might be evident in environments characterised
by widespread multilingualism and separation of language use but
might not manifest in other sociolinguistic situations (e.g., Costa
et al., 2009; Green & Abutalebi, 2013).

Supplementary material. To view supplementary material for this article,
please visit http://doi.org/10.1017/S1366728924000506.
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