Cognition 149 (2016) 18-30

Contents lists available at ScienceDirect

Cognition

COGNITION

journal homepage: www.elsevier.com/locate/COGNIT

The effect of childhood bilectalism and multilingualism
on executive control

@ CrossMark

Kyriakos Antoniou **, Kleanthes K. Grohmann ", Maria Kambanaros ¢, Napoleon Katsos ®

2 Department of Theoretical and Applied Linguistics, University of Cambridge, Sidgwick Avenue, Cambridge CB3 9DA, United Kingdom
b Department of English Studies, University of Cyprus, 75 Kallipoleos, P.0. Box 20537, 1678 Nicosia, Cyprus
€ Department of Rehabilitation Sciences, Cyprus University of Technology, 15 Vragadinou, 3041 Limassol, Cyprus

ARTICLE INFO ABSTRACT

Article history:

Received 5 December 2014
Revised 8 November 2015
Accepted 2 December 2015

Several investigations report a positive effect of childhood bilingualism on executive control (EC). An
issue that has remained largely unexamined is the role of the typological distance between the languages
spoken by bilinguals. In the present study we focus on children who grow up with Cypriot Greek and
Standard Modern Greek, two closely related varieties that differ from each other on all levels of language
analysis (vocabulary, pronunciation, grammar). We compare the EC performance of such bilectal children
to that of English-Greek multilingual children in Cyprus and Standard Modern Greek-speaking monolin-
gual children in Greece. A principal component analysis on six indicators of EC revealed two distinct fac-
tors, which we interpreted as representing working memory and inhibition. Multilingual and bilectal
children exhibited an advantage over monolinguals that was evident across EC factors and emerged only
after statistically controlling for their lower language proficiency. These results demonstrate that similar
EC advantages as previously reported for ‘true’ bilingual speakers can be found in bilectal children, which
suggests that minimal typological distance between the varieties spoken by a child suffices to give rise to
advantages in EC. They further indicate that the effect of speaking more than one language or dialect on
EC performance is located across the EC system without a particular component being selectively
affected. This has implications for models of the locus of the bilingual advantage in EC performance.
Finally, they show that the emergence of EC advantages in bilinguals is moderated by the level of their
language proficiency.
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1. Background outcomes have been reported in this research: negative effects of
bilingualism on aspects of language development and positive
effects on domains of non-verbal cognitive functioning (Adesope

et al.,, 2010; Akhtar & Menjivar, 2012; Bialystok, Luk, Peets, &

1.1. Introduction

A growing body of research has recently focused on the relation
between bilingualism and the development of specific cognitive
systems, particularly language and executive control (henceforth,
EC) (see, among others, Adesope, Lavin, Thompson, &
Ungerleider, 2010; Akhtar & Menjivar, 2012; Barac, Bialystok,
Castro, & Sanchez, 2014; Bialystok, 2001; Bialystok, Craik, Green,
& Gollan, 2009; Genesee & Nicoladis, 2007; Grosjean & Li, 2013;
Hilchey & Klein, 2011; Kroll & Bialystok, 2013; Nicoladis, 2008;
Oller & Eilers, 2002; Paap, 2014; Siegal & Surian, 2012). Two main
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Yang, 2010; Nicoladis, 2008; Oller & Eilers, 2002). Regarding lan-
guage, the most widely-reported correlate of bilingualism is vocab-
ulary acquisition, with bilingual children typically exhibiting
smaller vocabularies in each of their languages than comparable
monolinguals. Non-linguistic cognitive correlates include an
enhancement of EC skills in bilingual children.

In the present study we compare the EC performance of bi-
dialectal or, rather, bilectal children (to use the term introduced
by Rowe & Grohmann, 2013) speaking Cypriot Greek and Standard
Modern Greek to that of multilingual and monolingual Greek-
speaking children. The linguistic profile of bilectal children as
speakers of two minimally distant (in terms of structural and lex-
ical similarity) and genetically related linguistic varieties, offers a
unique opportunity to address one of the pending questions in
the literature on the cognitive effects of bilingualism—namely,
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whether close typological proximity between the language pairs
spoken by bilinguals modulates these outcomes in any way.

1.2. The effect of bilingualism on EC

Bilingualism and its relation to non-linguistic cognitive func-
tioning has been one of the most active areas of research in the last
ten years (see Barac et al., 2014; Kroll & Bialystok, 2013). A widely
reported empirical finding of this research is an enhancement of EC
skills in bilingual children (e.g. Bialystok, 1999, 2011; Calvo &
Bialystok, 2014; Carlson & Meltzoff, 2008; Martin-Rhee &
Bialystok, 2008; Morales, Calvo, & Bialystok, 2013; Poarch & van
Hell, 2012; though see e.g. Duflabeitia et al., 2014; Hilchey &
Klein, 2011; Morton & Harper, 2007; Paap, 2014).

EC refers to a domain-general cognitive system in the prefrontal
cortex, which is critical for the flexibility and regulation of cognition
and goal-directed behavior (Best & Miller, 2010; Best, Miller, &
Jones, 2009). Even though there is no broad consensus regarding
its precise components and the degree to which they are related, a
widely accepted framework is that proposed by Miyake et al.
(2000). According to this account EC comprises three core cognitive
processes that are distinguishable but yet moderately interrelated
(the unity and diversity view): switching (the ability to flexibly switch
between rules, representations, or tasks), working memory' (the
ability to simultaneously maintain and manipulate task-relevant
information in mind), and inhibition (the ability to suppress dominant
or automatic responses and to resolve conflict by suppressing irrele-
vant information). Recently, Miyake and Friedman (2012) refined this
model by suggesting that there is no separable inhibition factor.

Bilingual advantages in EC performance have been observed
throughout the first years of life, for infants (Kovacs and Mehler,
2009), pre-schoolers (e.g. Carlson & Meltzoff, 2008; Yang, Yang, &
Lust, 2011), and school-aged children (e.g. de Abreu, Cruz-Santos,
Tourinho, Martin, & Bialystok, 2012). Advanced EC skills have been
hypothesized to (at least partly) underlie bilingual children’s supe-
rior performance in a wide variety of linguistic and, even more
importantly, non-linguistic tasks, demonstrating a generalized
bilingual cognitive advantage that extends beyond the linguistic
domain: the Simon task (e.g. Martin-Rhee & Bialystok, 2008;
Poarch & van Hell, 2012), the Attentional Networks task (e.g.
Yang et al., 2011), the Stroop task (e.g. Poulin-Dubois, Blaye,
Coutya, & Bialystok, 2011), the Dimensional Change Card Sort task
(Bialystok, 1999), false-belief and appearance-reality Theory of
Mind tasks (e.g. Bialystok & Senman, 2004; Goetz, 2003; Kovacs,
2008), and metalinguistic tasks where a distinction between form
and meaning must be made (Bialystok, 1988), to name but a few
examples. It is worth noting, however, that some researchers have
raised concerns about the very validity of these cognitive benefits
(e.g. Duiiabeitia et al., 2014; Morton & Harper, 2007; Paap, 2014;
Paap & Sawi, 2014; Paap, Johnson, and Sawi, 2014), though it is
not yet clearly understood why the effects do (not) appear in some
studies.

Earlier work (e.g. Bialystok, 2001; Bialystok et al., 2009) pro-
posed that the bilingual advantage in EC tasks is found in inhibi-
tion. However, subsequent researchers have considered
alternative explanations. Costa, Hernandez, Costa-Faidella, and
Sebastian-Gallés (2009) proposed that the bilingual advantage in
interference tasks might be better characterized in terms of an
enhanced executive system whose main responsibility is to moni-
tor for the presence of conflict. On the other hand, recent work by
Bialystok (2011) attributes the bilingual advantages to a better

1 Miyake et al. (2000) use the terms shifting and updating and monitoring of working
memory representations instead of switching and working memory, which are used
here. We use the latter set of terms because these are more commonly used in the
literature.

ability to coordinate or jointly recruit the different EC components
(see also Kroll & Bialystok, 2013).

1.3. The effect of typological similarity between the language pairs
spoken by bilinguals on EC

The available experimental evidence so far seems to support the
view that any combination of languages, irrespective of degree of
typological proximity, leads to EC benefits in bilinguals. In a
meta-analysis of studies on the cognitive correlates of bilingual-
ism, Adesope et al. (2010) reported that bilingualism had a statis-
tically detectable effect on a combined score of attention and
representation measures (including attentional control, problem-
solving, abstract, and symbolic representation measures), irrespec-
tive of the language pairs spoken by bilinguals (including language
pairs as diverse as English-French and English-Chinese). Their
conclusion is that any combination of languages (and thus any
degree of typological distance between two languages) can lead
to general cognitive advantages in bilinguals. A similar conclusion
was reached by Barac et al. (2014:13) in their critical review of the
literature on the cognitive development of preschool-aged bilin-
gual children (see also Barac & Bialystok, 2012).

The results of the studies conducted by Costa, Hernandez, and
Sebastian-Gallés (2008), Costa et al. (2009), Garbin et al. (2010),
Hernandez, Costa, Fuentes, Vivas, and Sebastian-Gallés (2010),
and Hernandez, Martin, Barcel6, and Costa (2013) lend weight to
the expectation that even bilectal speakers might show advantages
in their EC skills. These studies compared the EC performance of
Spanish-Catalan bilingual adults to that of Spanish monolinguals.
Spanish and Catalan are two closely related Romance languages
with a high degree of similarity on all levels (see Appendix B in
Costa, Hernandez, & Sebastian-Gallés, 2008). As an indication of
the lexical proximity between the two languages, Costa et al.
(2008) report that 70% of the translation equivalents in the two
languages could be considered cognates. Similarly, Ethnologue
reports a lexical similarity of 85% between the two languages,
exactly on the cut-off point for two varieties being dialects of the
same language (Lewis, Fennig, & Gary, 2014; see Dialects under
the Catalan language entry).”

Costa et al. (2008) administered the adult version of the Atten-
tional Networks Task (henceforth, ANT) and reported a bilingual
advantage in the efficiency of two attentional networks: alerting
and EC (Costa et al., 2008:82). Hernandez et al. (2010) found a
bilingual advantage in EC using a Stroop-like task but no differ-
ences between bilinguals and monolinguals in the alerting atten-
tional component using a visual cueing task. In a subsequent
study, Costa et al. (2009) further explored the bilinguals’ superior
performance in the ANT and found a bilingual advantage in overall
reaction times only in the high-monitoring versions of the task.
The authors argue that their results indicate a positive bilingual
effect on monitoring skills.

Garbin et al. (2010) administered a non-verbal switching test
and reported that bilingual adults exhibited a significantly smaller
switching cost than monolinguals that was evident in both accu-
racy and reaction times. In three subsequent experiments, how-
ever, Hernandez et al. (2013) failed to replicate the bilingual
advantage in switching using various (more or less demanding)
versions of a switching task. Rather, they reported a bilingual

2 According to Ethnologue, “the percentage of lexical similarity between two
linguistic varieties is determined by comparing a set of standardized wordlists and
counting those forms that show similarity in both form and meaning. Percentages
higher than 85% usually indicate a speech variant that is likely a dialect of the
language with which it is being compared. Unlike intelligibility, lexical similarity is
bidirectional or reciprocal.” (Lewis et al., 2014; see Dialects in the section Language
Information). It is not clear, however, why this percentage of lexical similarity is
suggested as the cut-off point for distinguishing between dialects and languages.
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advantage only in the restart cost (experiment 1) and in overall
reaction time performance (experiment 2). Hernandez et al.
(2013) suggest that this pattern of results is consistent with a bilin-
gual advantage in reactivating the relevant task-set and/or
monitoring.

Overall, these studies—though conducted with adult partici-
pants and inconclusive with regards to the locus of the bilingual
advantage in EC tasks—offer some preliminary evidence that an
advantage in EC can be found even for bilinguals who speak two
grammatically and lexically close languages. In the next section
we briefly describe the socio-linguistic context in Greek-speaking
Cyprus from where our sample of bilectal and multilingual chil-
dren was drawn for the purposes of the study in this paper.

1.4. The (socio-)linguistic context in Greek-speaking Cyprus and the
relation between Cypriot Greek and Standard Modern Greek

The sociolinguistic context in Greek-speaking Cyprus has been
described as one of diglossia with the local vernacular,
Cypriot Greek (henceforth, CG), acting as the low variety and
Standard Modern Greek (henceforth, SMG), forming the high
variety (Arvaniti, 2010; Rowe & Grohmann, 2013; but see Auer,
2005; Karyolemou, 2006). CG is a non-standardized, non-
orthographically-codified dialect of Greek (Arvaniti, 2010;
Newton, 1972). SMG is the official, constitutionally recognized lan-
guage of the Republic of Cyprus and it is also the language spoken
by Hellenic Greeks in the Republic of Greece. The former variety is
natively and naturalistically acquired by Greek Cypriot children,
while the latter is acquired sequentially and mainly through formal
education.

The diglossic character of the sociolinguistic situation in Cyprus
implies that the two varieties enjoy strict functional separation,
with each variety associated with different and seldom overlap-
ping domains of use and everyday situations. CG is used in infor-
mal settings and everyday face-to-face interactions, while SMG is
employed in formal situations—particularly in writing, public
speech, and administration—and it is the main language used in
the media. SMG is also by law the language of instruction in all
state schools.

The close typological similarity between CG and SMG can be
operationalized as a function of three parameters: genetic relation
as established by the traditional comparative method, lexical simi-
larity, and mutual intelligibility. Concerning the first, CG and SMG
are part of the Greek language family of Indo-European languages,
Greek being an isolated group with no close relatives within the
Indo-European languages (Lewis et al., 2014, under Classification
in the Greek Language entry; see also Lyovin, 1997). Concerning
the second, Ethnologue reports a lexical similarity of 84-93%
between the two varieties (Lewis et al.,, 2014, under Dialects in
the Greek Language entry; see also Newton, 1972:111f;
Terkourafi, 2005:316). This is not to suggest that the two varieties
do not exhibit differences (for additional discussion, see also
Grohmann & Leivada, 2012; Terkourafi, 2005).

In terms of intelligibility, Greek Cypriots can readily understand
SMG speakers due to their continuous exposure to SMG. Some
degree of intelligibility is arguably present on the part of SMG
speakers with some varieties of CG being more intelligible to them
than others; Joseph (2010) describes mutual intelligibility as asym-
metrical. CG is not a homogeneous language variety but it, too,
shows internal language variability, ranging from basilectal local
varieties (also called village speech by Newton, 1972, and Arvaniti,
2010) to an acrolectal urban variety (town speech in Newton,
1972, and Arvaniti, 2010). In fact, recent studies on the contempo-
rary use of CG have argued that the latter variety has evolved into a
pan-Cyprian CG variety—a CG koiné that is rid of more local, more
infrequent variety features, is more heavily influenced by SMG,

and is considered by Greek Cypriots to be “the Cypriot variety par
excellence” (Karyolemou & Pavlou, 2001:119).

Arguably, all three parameters suggest very close typological
similarity between CG and SMG. In fact, when we take into account
that our participants are speakers of the pan-Cyprian CG variety, it
is likely that the lexical similarity will be at the highest margins
within the range given by Ethnologue (84-93%).

1.5. The present study

In this study a bilectal, a multilingual, and a monolingual group
of children—all speakers of Greek—were administered a battery of
EC tests. The similarities between the two varieties of Greek that
were reviewed in the previous section make it likely that the bilec-
tal children in the current study speak the most closely related
varieties that have been investigated up to date. The comparison
between multilingual and monolingual participants provides an
opportunity to corroborate previously reported effects of speaking
more than one language. Moreover, the contrast between bilectals
and monolinguals enables us to examine the effect of bilectalism
on executive functioning. In addition, the inclusion of multiple
EC measures allows for the identification of potential component
factors of the EC system and for the testing of different proposals
regarding the locus of the bilingual® advantage in EC performance.

Finally, socioeconomic status, non-verbal fluid intelligence, and
language proficiency were measured because these are factors that
have been found in the literature to correlate with EC and can
potentially confound the results of studies comparing bilingual
and monolingual populations (for socioeconomic status, see e.g.
Morton & Harper, 2007; for non-verbal fluid intelligence, see e.g.
Unsworth, Fukuda, Awh, & Vogel, 2014; for language proficiency,
see e.g. Carlson & Meltzoff, 2008). That said, contrasting the perfor-
mance of bilectal and monolingual children allows for the control
of various other factors that have been linked to bilingualism
and/or cognitive performance. First, both the bilectal and monolin-
gual children in this study come from local indigenous families (in
Cyprus and Greece, respectively) with no immigration history.
Additionally, factors such as cultural background or language of
education are controlled by default because the two groups were
recruited from countries that differ minimally in these respects
(for a substantiation of this claim, see Antoniou, 2014).

2. Method
2.1. Participants

Participants consisted of 64 bilectal children (speakers of CG
and SMG; 32 boys and 32 girls, aged 4;5-12;2, mean age 7;8, SD
1;6 years), 47 multilingual children (bilectal in CG and SMG, also
speakers of English and in some cases an additional language; 24
boys and 23 girls; ages 5;0-11;5, mean age 7;8, SD 1;8 years),
and 25 monolingual children (speakers of SMG only; 15 boys and
10 girls, aged 6;2-9, mean age 7;4, SD 0;9 years).

The multilingual children were recruited from private schools
in the Republic of Cyprus. The schools offered English-speaking
programs in accordance with the national curriculum of the United
Kingdom. In these schools SMG was offered as a separate subject
and all multilingual children were taught SMG for six hours per
week. Eleven children in the multilingual group were exposed to
additional language(s) at home besides Greek (CG, SMG) and
English.

3 Here and in the remainder of the article, we use the terms bilingual and
bilingualism broadly, to encompass individuals who speak any number of additional
languages.
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In the bilectal group, 36 children were recruited from a private
primary school, eight from a private nursery school, and the
remaining 20 from a local public primary school. All of these
schools offered traditional Greek-speaking programs with limited
exposure to a second language. None of the children included in
the analyses had any exposure to or use of a language other than
Greek at home.

The monolingual children were recruited from a private pri-
mary school in Athens, Greece. The language of instruction at the
school was exclusively SMG. The parents were all monolingual
SMG speakers who indicated speaking solely SMG to their children
at home.

2.2. Materials and procedure

The same battery of tests was administered to every child in
two sessions taking approximately 50-60 min each with the
exception that the monolingual children and 17 of the bilectal chil-
dren were additionally given the Peabody Picture Receptive Vocab-
ulary Test (monolinguals in SMG and bilectals in CG) at the end of
the second session. The same bilectal children who took the Pea-
body Picture Vocabulary Test (PPVT) in CG also received the PPVT
and a language comprehension test in SMG in a third session.
Additional tests were given as part of another study.

2.2.1. Socioeconomic status and language background questionnaire

This questionnaire was an adaptation of and included elements
from three questionnaires developed by other researchers: the
Alberta Language Environment Questionnaire (ALEQ; Paradis,
2011), the Alberta Language Development Questionnaire (ALDeQ;
Paradis, Emmerzael, & Duncan, 2010), and the Family Affluence
Scale (Currie, Elton, Todd, & Platt, 1997).

In addition to information regarding the age of onset of expo-
sure to each language and language use/input in certain specified
situations, the questionnaire included items about the child’s date
of birth, gender, and the child’s and parents’ places of birth, among
other details. It also required the parents to indicate whether their
child had any educational, language, or other developmental
difficulties.

Finally, the questionnaire requested information about the fam-
ily’s socioeconomic status via three measures: the Family Affluence
Scale (henceforth, FAS) and the levels of maternal and paternal
education. The FAS was administered as a measure of the family’s
wealth. Parents were also asked to indicate their level of education.
There were four choices that corresponded to the highest level of
education completed (numbers in parentheses indicate how each
level was scored): junior high school (Gymnasium) (1), senior high
school (Lyceum) (2), other professional training (3), and higher
(post-secondary) education (4).

2.2.2. Language measures

2.2.2.1. Comprehension test. This was part of a novel conversational
test designed to examine children’s ability to comprehend prag-
matically implied meanings (henceforth, implicatures). The com-
plete implicatures test was administered for the needs of another
study (see Antoniou, 2014, for a more detailed description of the
task). There were 15 test items, six practice items, and 48 filler
items comprising a total of 69 trials. Participants’ performance in
the filler items, where no implicature was required for accurate
responding, was taken as a measure of their language comprehen-
sion skills.

Items in this test were divided into three sections: a picture-
selection and an act-out part administered using Microsoft Power-
Point software, and a binary judgment sub-test administered using
the E-prime psychology software. All bilectal and multilingual chil-

dren took the test in CG while the monolinguals received it in SMG.
Seventeen of the bilectal children took the test in SMG as well. In
both cases the items were pre-recorded by native speakers.

In the picture-selection part, items required the understanding
of short stories about a young male character named George. After
hearing the pre-recorded story, the children were presented with
two pictures and had to select the picture that showed how the
story likely ended. Another three filler items had exactly the same
format; however, in these cases, after listening to the target story,
the children were presented with three pictures instead of two.
The last three filler items from this section had a sentence-to-
picture-matching format. Participants heard a pre-recorded sen-
tence, they were then presented with two pictures, and were asked
to select the one that matched the description.

Thirty additional (three practice and 27 test) items came from
an action-based task (adapted from Pouscoulous, Noveck,
Politzer, & Bastide, 2007) and involved the understanding of short
sentences using the quantifiers some, all, and none (e.g. Some of the
boxes have turtles). In this test the children were presented with
Microsoft PowerPoint slides showing five boxes and a selection
of animals (five elephants, five turtles, five dolphins, and five hip-
popotamuses). They were instructed that they would hear a voice
describing the display and that they had to make the display match
the description by using the mouse. Finally, another 23 items (two
practice, 21 test) came from a binary judgment task that again
required the understanding of short sentences using the quanti-
fiers some, all, and none (e.g. There are stars on all of the cards). Par-
ticipants were asked to decide whether a sentence was a correct or
an incorrect description (by pressing a green- or a red-labeled key
on the keyboard, respectively) of a visual display that included five
cards depicting various items (stars, squares, or rings).

A total comprehension score was calculated for each child in the
following way: scores in the filler items of each sub-test (picture-
selection, act-out, binary judgment part) were transformed into z
scores and the average of the three z scores was taken.

2.2.2.2. Peabody picture vocabulary test-revised (Dunn & Dunn, 1981)
(henceforth, PPVT). A SMG version of the task adapted from English
was administered as a test of receptive vocabulary. The test was
further adapted to and recorded in CG by the first author, who is
a native CG speaker. The adaptations in the CG version were min-
imal and included phonetic changes in the pronunciation of words
(e.g. the SMG word | ¢eri], meaning hand, was pronounced in CG as
['feri] or the SMG word [ 'krikos], meaning link, was pronounced
with a geminate [k] as ['krik:os]) and also the substitution of
SMG words with the corresponding CG words in cases where the
SMG word was not part of the vocabulary used by Greek Cypriots
or in cases where a more widely-used CG word existed (e.g. the
word ['roda], meaning tire, which is used mainly by native SMG
speakers, was substituted with the word [tro'xo0s], which is used
by both CG and SMG native speakers). This test was administered
only to the monolingual children and a subset of 17 bilectal chil-
dren. The former group of children received the task in SMG while
the latter in both CG and SMG.

2.2.2.3. Word finding vocabulary test (henceforth, WFVT) (Renfrew,
1995). The standardized Greek version (Vogindroukas, Protopapas,
& Sideridis, 2009) of the test was administered to assess expressive
vocabulary. For the bilectal and multilingual children words in
both CG and SMG were accepted as correct.

2.2.3. Working memory tests
2.2.3.1. The Backward Digit Span task (Wechsler, 1949) (henceforth,
BDST). The backward version of the Digit Span task was
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administered as a test of working memory. We further included
two practice trials with a string of two digits before the actual test.

2.2.3.2. The Corsi Blocks task. This was an online computerized
version of the Corsi Blocks task (Corsi, 1973). This test, as well as
the Color-Shape and Soccer tasks (see below), were developed
online by Ellefson et al. (2011-2014). It was administered as a
measure of visuo-spatial WM. The forward and backward parts
of the test were administered separately with the forward
condition always administered first. In each trial participants were
presented with a display of nine boxes. In the forward condition, a
blue circle appeared sequentially in a number of boxes and
participants were instructed to click on the boxes where the circle
had appeared and in the same order. The same happened in the
backward condition but this time participants were instructed to
click on the boxes where the circle had appeared in reverse order.
Both conditions started with a trial where a circle appeared
sequentially in two boxes. The number of circle appearances
increased by one after every second trial (the highest level for for-
ward condition was nine boxes while, for backward condition, it
was seven boxes). There were two practice items with a sequence
of two boxes in each condition. One point was awarded for each
successful trial.

2.2.4. Inhibition tests

2.24.1. The Soccer task. This was an online Stop-Signal task
(adapted from Logan, 1994). In each trial the children were pre-
sented with displays showing two soccer pitches. They were
instructed to press the right arrow key on the keyboard when a
ball appeared on the right pitch and the left arrow key when the
ball appeared on the left pitch. Participants had to respond as
quickly and as accurately as possible. In approximately 20% of
the trials a whistle was heard. When hearing the whistle, children
had to stop and not press any buttons until the next display
appeared.

There were three sets of 36 trials that included equal numbers
of stimuli with the ball on the left-hand and right-hand sides. Dur-
ing each set about 20% of the trials were stop trials (i.e. a whistle
was heard) while the rest were go trials. There were also 10 prac-
tice items. At least two of these 10 practice cases were stop trials. In
stop items the time interval between the presentation of a stimulus
and the emission of the stop signal cue varied depending on the
participant’s performance. This procedure ensured that partici-
pants would correctly inhibit a response approximately 50% of
the time. When the time interval increased, it was more difficult
to correctly suppress a response. Thus, if a participant was per-
forming well in stop trials, the time interval increased until a mis-
take was made. If the participant’s performance was poor, the
delay period decreased. The main dependent variable was the Stop
Signal Reaction Time (henceforth, SSRT). This was calculated by
subtracting the average delay period from the average reaction
time (henceforth RT) of responses in the go trials.

2.2.4.2. The Simon task (Simon, 1969). In this computerized test par-
ticipants were asked to press the right arrow key on the keyboard if
a red square appeared on the screen and the left arrow key if a
green square was displayed. In congruent trials the square was
presented at the same side as the correct key while, in incongruent
trials, it appeared on the side opposite to the correct key. In neutral
trials the square was displayed at the center of the screen. The task
included two blocks of trials presented in a fixed order. In the first
block 24 congruent and 24 incongruent items were randomly
intermixed whereas the second block included 48 neutral trials.
In both blocks, test trials were preceded by eight practice items.
The difference in mean RTs between correct responses in

congruent and incongruent trials (Simon effect) was taken as the
main indicator of children’s inhibition skills.

2.2.5. Switching test

2.2.5.1. The Color-Shape task. In each item of this online test partic-
ipants were presented with a display that contained several simul-
taneous stimuli. The first was the target figure at the center of the
display. This could be either a triangle or a circle and either blue or
red. Second, two small figures were shown at the bottom of the
display—one at the left and one at the right. Similarly, these figures
could be either a triangle or a circle and were either red or blue.
Finally, a cue was presented at the top of the display. When the
cue was comprised of two small green Xs, the children had to select
the small figure that matched the big figure for color (the color
game) and when it was made up of two small squares, they had
to match by shape (the shape game). They were required to
respond by pressing either the right or left arrow key on the key-
board. The children had to respond as quickly and as accurately
as possible.

The experiment included four blocks of 32 trials which appeared
in random order: a pure color and a pure shape block, and two
mixed blocks. The two mixed blocks included switches between
the two games every two trials. Repeat trials occurred when chil-
dren repeated the same game as in the previous item while switch
trials occurred when participants changed to a different game than
the one in the previous trial. Furthermore, half of the test cases in
each block were congruent trials and half were incongruent trials.
Incongruent items occurred when the shape (in the color game)
or the color (in the shape game) of the correct small figure was dif-
ferent from the shape or the color of the target figure.

The switching cost, calculated by subtracting mean RTs in cor-
rect repeat trials from mean RTs in correct switch items in the
mixed blocks, was taken as the main indicator of children’s switch-
ing skills.

2.2.6. Fluid intelligence test

2.2.6.1. The WASI matrix reasoning test (Wechsler, 1999) (henceforth,
1Q). This task was administered as a test of participants’ non-
verbal fluid intelligence.

3. Results”
3.1. Preliminary analyses

3.1.1. Outlier analysis

For the RT-based measures only RTs from correct responses
were analyzed. Also, to prevent extreme RTs from influencing par-
ticipants’ mean RT scores, the following trimming procedure was
performed (cf. Miyake et al., 2000): first, the overall distribution
of RTs in each task was inspected and lower and upper bound
RTs for each task were established. Then, every value that exceeded
these criteria was substituted with these. The lower and upper
bound RTs in this trimming procedure for each task were as fol-
lows: 400 and 6000 ms for the Color-Shape task and 200 and
2500 ms for the Simon task.”

3.1.2. Executive control components

Measures from each of the five EC tests were submitted to a
principal component analysis (henceforth, PCA). The analysis was
conducted on the whole sample of participants. The following six
dependent measures from each task (shown in parentheses) were

4 The raw dataset can be found at https://osf.io/w7gqm/.
5 For the mean RTs in go trials of the Soccer task, the untrimmed RTs were used
(Logan, 1994).


https://osf.io/w7gqm/
https://www.researchgate.net/publication/12374714_The_Unity_and_Diversity_of_Executive_Functions_and_Their_Contributions_to_Complex_'Frontal_Lobe'_Tasks_A_Latent_Variable_Analysis?el=1_x_8&enrichId=rgreq-14f08e64febcb2bed3dc107b3631bf17-XXX&enrichSource=Y292ZXJQYWdlOzI4OTY4NTQ2NTtBUzozMTk0ODQ1ODAwNDA3MDVAMTQ1MzE4MjQ2Nzg2MQ==
https://www.researchgate.net/publication/34859733_Human_Memory_and_the_Medial_Temporal_Region_of_the_Brain?el=1_x_8&enrichId=rgreq-14f08e64febcb2bed3dc107b3631bf17-XXX&enrichSource=Y292ZXJQYWdlOzI4OTY4NTQ2NTtBUzozMTk0ODQ1ODAwNDA3MDVAMTQ1MzE4MjQ2Nzg2MQ==
https://www.researchgate.net/publication/17374286_Reactions_toward_Source_of_Stimulation?el=1_x_8&enrichId=rgreq-14f08e64febcb2bed3dc107b3631bf17-XXX&enrichSource=Y292ZXJQYWdlOzI4OTY4NTQ2NTtBUzozMTk0ODQ1ODAwNDA3MDVAMTQ1MzE4MjQ2Nzg2MQ==
https://www.researchgate.net/publication/232595830_On_the_Ability_to_Inhibit_Thought_and_Action_A_User's_Guide_to_the_Stop_Signal_Paradigm?el=1_x_8&enrichId=rgreq-14f08e64febcb2bed3dc107b3631bf17-XXX&enrichSource=Y292ZXJQYWdlOzI4OTY4NTQ2NTtBUzozMTk0ODQ1ODAwNDA3MDVAMTQ1MzE4MjQ2Nzg2MQ==

K. Antoniou et al./Cognition 149 (2016) 18-30 23

entered into the analysis: Simon effect (Simon task), switch cost
(Color-Shape task), sum of correctly recalled trials in the BDST,
sum of correctly recalled trials in the forward® and backward con-
ditions of the Corsi Blocks task, and the SSRT (Soccer task).

A PCA was conducted on the six dependent measures with
orthogonal rotation (varimax). The analysis indicated that two
components had eigenvalues over Kaiser’s criterion of 1 and in
combination explained 51.67% of the variance. Table 1 summarizes
the PCA results including the factor loadings after rotation. Partic-
ipants’ scores in the forward and backward conditions of the Corsi
Blocks task, and in the BDST clustered on the first component,
which we interpreted as representing the Working Memory aspect
of EC. The switch cost, Simon effect, and SSRT measures, on the
other hand, loaded on the second component, which we inter-
preted as representing the Inhibition aspect of EC.

3.1.3. Composite scores

Following the PCA, separate composite scores were computed
from the individual WM and Inhibition measures. This allowed
us to (1) obtain more reliable and robust indicators of the two EC
components, (2) increase the power of the experiment by including
more participants since an overall composite score was calculated
for a child even if s/he had missing data in any of the EC tasks (see
Carlson & Meltzoff, 2008), and (3) decrease the dependent vari-
ables and therefore the risk of type I error, which becomes higher
when performing multiple separate comparisons on the dependent
measures of each EC task individually.

The composite scores were calculated for each participant by
transforming them into z scores and then averaging the partici-
pants’ scores in the relevant measures (see Calvo & Bialystok,
2014; Carlson & Meltzoff, 2008). Before computing the Inhibition
score, the Simon effect, switch cost, and SSRT scores were reversed
scored by multiplying with —1, so that for all measures a higher
score indicated better performance.

Finally, in order to reduce the number of control variables
entered into the various analyses, composite scores were created
(in the same way as above) for background variables that are con-
ceptually related and significantly correlated with each other.
Thus, WFVT score-Greek’ and language comprehension score-
Greek (in CG for bilectals and multilinguals and in SMG for monolin-
guals) were collapsed into a single score indicating general language
ability in Greek (henceforth, general language ability-1). This score
was used in comparison 1 of the Main Results section. Similarly, in
the sample of children who also took the PPVT, the PPVT score-
Greek (indicating performance in the CG version of the PPVT for
bilectals and in the SMG version for monolinguals) and the general
language ability score-1 were again collapsed into a new single indi-
cator of language ability in Greek (henceforth, general language
ability-2). This language score was used only in comparison 2 of
the Main Results section in order to exert a more reliable statistical
control on children’s language proficiency in Greek. Furthermore,
bilectal children’s scores in the SMG version of the PPVT and the lan-
guage comprehension test were combined into a single measure

8 Morales et al. (2013), Blom, Kiintay, Messer, Verhagen, and Leseman (2014), and
Calvo and Bialystok (2014) employed a similar test to the Corsi Blocks task—the Frog
Matrices Task in the first two studies and the Dot matrix task in the third. Morales
et al. (2013) and Calvo and Bialystok (2014) used participants’ scores from the
forward condition as a measure of WM and found a bilingual advantage in overall
performance—i.e. in both the forward and backward conditions—of their test. Blom
et al. (2014) reported a bilingual advantage in the forward condition of their task.
Both Morales et al. (2013:195) and Blom et al. (2014:115) argue that that the
sequential presentation of stimuli requires EC even in the forward condition of visuo-
spatial working memory tests such as the Corsi Blocks task (see also the references
cited in the two papers for more evidence in support to this view).

7 We collapse the distinction between CG and SMG and call the score, expressive
vocabulary-Greek, because, in the expressive vocabulary test, words from both
varieties were accepted as correct when testing multilingual and bilectal children.

Table 1
Summary results of exploratory factor analysis on the six executive control measures.

Measure Rotated factor loadings
Factor 1: Working memory  Factor 2: Inhibition
Corsi forward accuracy .807 .066
Corsi backward accuracy .739 210
BDST accuracy 744 —.094
Simon effect .099 .692
Switch cost .092 —.668
SSRT 374 457
Eigenvalues 1.909 1.191
% of variance 31.821 19.852

Note 1: Factor loadings above .40 appear in bold.

Note 2: Corsi forward = forward condition of the Corsi Blocks task, Corsi back-
ward = backward condition of the Corsi Blocks task, BDST = Backward Digit Span
Task, SSRT = Stop Signal Reaction Time.

(language ability-SMG). This allowed to test whether EC perfor-
mance in bilectals was affected by their language proficiency in their
second, non-native variety. Finally, maternal level of education,
paternal level of education, and FAS score were also collapsed into
a single measure indicating socioeconomic status (SES).

Before comparing the performance of the three groups, the cor-
relations between the EC scores (WM, Inhibition composite scores)
and the various background measures (SES, IQ, age, general lan-
guage ability-1, and general language ability-2) were examined.
The correlations between these variables, besides the general lan-
guage ability-2 score, were based on the whole sample of partici-
pants in this study. The correlations with the general language
ability-2 score were based on the sample of 42 children who also
took the PPVT. These correlations are presented in Table 2.

3.2. Main analyses

Comparisons between the three groups were performed in two
stages. In the first stage the performance of all groups of children
was compared to each other (multilinguals versus bilectals versus
monolinguals). To this end, the three groups were matched in age
by excluding from the analyses all multilingual and bilectal chil-
dren who were above nine years or below six years of age.

In the second stage the performance of a subset of 17 bilectal
children was compared to that of the monolingual group. All these
children were also administered a receptive vocabulary test
(PPVT). The receptive vocabulary test was given to the 17 bilectal
children in order to test whether exercising a more rigid statistical
control over children’s language skills would reveal or increase
potential bilectal advantages in EC, since both composite EC mea-
sures significantly and positively correlated with language ability
(see Table 2) and bilectal children were (possibly) disadvantaged
in language proficiency relative to monolinguals.

Moreover, the two groups in this second set of analyses were
equivalent in several background variables (age, gender, 1Q, SES,
language comprehension in Greek, ethnicity/culture, language of
education, and immigration history). Thus, in the case that signifi-
cant differences in favor of bilectals were to emerge, that, would
provide more confidence for the interpretation that the relevant
factor affecting EC performance is children’s multilingualism/bilec-
talism and not any other hidden cognitive or socio-demographic
factor.

Each comparison stage had the following structure. First, the
groups were contrasted on the various background measures.
Then, analyses were performed comparing the language groups
in the EC composite measures (WM and Inhibition). Between-
group analyses on the EC composite scores were conducted with
the following variables included as covariates: (1) any background
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Table 2

Bivariate correlations between the two composite EC measures (WM and Inhibition) and control background variables.

WM Inhibition Age Gender 1Q SES General language ability-1
Inhibition 28"
Age 627 29
Gender .01 —.02 —.03
1Q 58" 29" 57 -.01
SES .00 .15 —.06 —-.01 .04
General language ability-1 44 27 53 -.03 .38 .08
General language ability-2 49 1 48 17 .09 .06 94

Note: WM = Working memory composite score, Inhibition = Inhibition composite score, Age = participants’ age in years, 1Q = score in the WASI matrix reasoning test,
SES = Socioeconomic status composite score, General language ability-1 = general language ability composite score (without the PPVT-Greek included in its calculation),
General language ability-2 = general language ability composite score (with the PPVT-Greek score included in its calculation).

* Correlation is significant at the 0.05 level (2-tailed).
™ Correlation is significant at the 0.01 level (2-tailed).

measures for which statistically significant differences were found
between the groups compared and (2) any background factors that
significantly correlated with the dependent variables. This enabled
us to (a) to partial out the influence of any of the background vari-
ables on the outcome variables and thus to obtain a purer measure
of the effect of interest (language group) and (b) to ensure that any
group differences on the background variables were not responsi-
ble for the presence or absence of any group differences on the
dependent measures.®

3.2.1. Comparison 1: multilinguals versus bilectals versus
monolinguals (matched in age)

3.2.1.1. Participants. In the following analyses the performance of
44 bilectal children (21 boys and 23 girls; ages 6;3-9, mean age
7;6, SD 0;9 years), 26 multilinguals (15 boys and 11 girls; ages
6;2-9, mean age 7;7, SD 0;9 years), and 25 monolinguals (15 boys
and 10 girls; ages 6;2-9, mean age 7;4, SD 0;9 years) was
compared.

3.2.1.2. Background measures. Table 3 reports information about
multilinguals’ language exposure and use based on the Language
Background Questionnaire. Background characteristics of the three
groups are presented in Table 4.

The three groups did not differ statistically in age (F(2, 92)
=0.696, p >.05), gender (F(2,92)=0.587, p >.05), or language com-
prehension-Greek (in CG for bilectals and multilinguals, and in
SMG for monolinguals; F(2,92) = 0.319, p > .05). Nevertheless, there
were significant differences in SES (F(2, 89)=9.622, p <.05) and IQ
(F(2, 92)=3.377, p < .05, partial #*=.07). Regarding the effect of
language group on SES, post hoc pairwise comparisons with Bonfer-
roni correction showed only a significant difference between bilec-
tals and multilinguals in that bilectal children were of a lower SES
than multilinguals (p < .05). Turning to the effect of language group

8 See Field (2013:486) and also Huitema (2011), who note that the independence of
the covariate and the experimental effect is not a statistical requirement. When the
covariate and the treatment effect are correlated, however, there are cases where the
ANCOVA might be biased (e.g. lead to a type I error). Bias in ANCOVA might arise
when two groups are known and/or are experimentally found to differ on the
covariate but the measure used to tap into the confounding variable is not a reliable
indicator of that variable (i.e. includes measurement error) (see e.g. Reichardt, 1979,
who also describes other sources of bias in ANCOVA that are not relevant here). This
situation will lead to an under-adjustment of differences between the two groups.
Nevertheless, when bias in the ANCOVA is due to the unreliability of the covariate
measure, including the covariate into the analysis is generally better than not
including it at all. The inclusion of the covariate will lead to some partial—but possibly
not complete—adjustment of differences between the two groups on the covariate
(see also Huitema, 2011; Miller & Chapman, 2001; Reichardt, 1979; Zinbarg, Suzuki,
Uliaszek, & Lewis, 2010, for elaborate discussions of these issues). We will return to
this briefly in Section 4, where we discuss the issue of confounding factors in our
study.

Table 3
Language characteristics of the multilingual group based on the Language Background
Questionnaire in comparison 1.

Group n AoO  AoO CG En SMG DoBE
CG En Home Home
Multilinguals 26 Mean 1.9 9.9 2.6 2.5 2 6

(SD) (46) (206) (09) (09) (0.9) (=2)

Note: n =number, SD = Standard Deviation, AoO CG = Age (in months) of onset of
exposure to Cypriot Greek, AoO En = Age (in months) of onset of exposure to Eng-
lish, CG Home = amount of exposure to/use of Cypriot Greek at home (maximum
score: 4), En Home = amount of exposure to/use of English at home (maximum
score: 4), SMG =total amount of exposure tofuse of Standard Modern Greek
(maximum score: 4), DoBB = Degree of balanced exposure to/use of CG and English
(range from O to 1, with 1 indicating more balanced exposure to/use of two
languages).

on IQ, post hoc pairwise comparisons with Bonferroni correction
applied, showed only a multilingual advantage over monolinguals
(p <.05).

Finally, an ANOVA on vocabulary scores with Group (multilin-
guals versus bilectals versus monolinguals) as a between-
subjects factor revealed a significant effect of language group (F
(2,92)=44.183, p < .05, partial #? =.5). Post-hoc pairwise compar-
isons with Bonferroni correction for multiple comparisons revealed
that multilinguals had a significantly lower vocabulary score than
both bilectals and monolinguals, and that bilectals performed sig-
nificantly worse than monolinguals (all ps <.05).

3.2.1.3. Executive control measures. Descriptive statistics for various
RT and accuracy measures from each EC task, and for the EC com-
posite scores in this comparison are reported by language group in
Tables 5a and 5b. The tables also provide the results of between-
group analyses on these measures. Here we only report the
between-group comparisons for the EC composite scores.

The WM and Inhibition composite scores significantly corre-
lated with IQ, general language ability-1, and age (see Table 2). A
2 x 3 (EC: WM versus Inhibition by Group: multilinguals versus
bilectals versus monolinguals) mixed ANCOVA was conducted
with EC as a within-subjects factor, Group as a between-subjects
factor and IQ, general language ability-1, age, and SES as covariates.
The results of this analysis were as follows. First, the effect of
Group was significant (F(2, 84)=3.271, p <.05, partial #*=.07),
indicating significantly higher EC performance for multilinguals
relative to monolinguals (p < .05, Bonferroni correction applied)
and no significant differences between the other groups (all
ps > .05, Bonferroni correction applied). Second, the Group x EC
interaction was not significant (F(2, 84) = 0.744, p > .05), suggesting
that the multilingual advantage in EC was not specific to WM or
Inhibition.
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Table 4
Descriptive statistics (means and standard deviations) on background measures (raw values) in comparison 1 by language group.
Group n Age FAS LoPE LoME 1Q LC-Greek WEFVT-Greek
Bilectals 44 Mean 7;6 6 3 32 13.8 0.08 324
(SD) (0;9) (1.9) (1) (0.8) (6.5) (0.7) (5.2)
Multilinguals 26 Mean 7.7 6.9 3.8 4 16.4 0.17 19.8
(SD) (0;9) (1.8) (0.6) (0) (7.5) (0.5) (10.8)
Monolinguals 25 Mean 7.4 5.6 3.6 3.7 11.8 0.17 37.8
(SD) (0;9) (1.5) (0.8) (0.6) (5) (0.4) (4.9)

Note: n = number, SD = Standard Deviation, Age = participants’ age in years, IQ = score in the WASI matrix reasoning test, LC-Greek = score in the language comprehension
test-Greek (taken in CG by bilectals and multilinguals and in SMG by monolinguals), FAS = score in the Family Affluence Scale, LoPE = Level of Parental Education,
LoME = Level of Maternal Education, WFVT-Greek = score in the Word Finding expressive Vocabulary Test (taken in Greek).

Table 5a
Descriptive statistics (means and standard deviations) on the EC dependent measures (raw values) in comparison 1 by language group. Results of between-group ANCOVAs on
these measures are also reported.

Task Measure Bilectals (n = 44) Multilinguals Monolinguals F Effect size partial n?
(n=22) (n=25)
Mean SD Mean SD Mean SD

WM -0.03 0.7 0.21 0.7 -0.29 0.8 2.634° .06
Inhibition 0.13 0.6 0.20 0.5 -0.1 0.6 1.640° .04

Simon task RTs incongruent 1147.7 322 924.3 176.9 1073.6 3154 6.290° 13
RTs congruent 1033.9 287.9 866.7 185.6 986 296.6 3.683° .08
RTs center 960.2 219.6 818.8 176.7 903.3 207.8 4.511° 1
% correct incongruent 89.4 113 88 9.6 92.2 7.6 0.268" .01
% correct congruent 97.3 3.8 95.2 7.2 96.8 5.7 0.157° .00
% correct center 93.5 7.4 93.6 4.8 93.7 5.7 0.373° .01
Simon effect 1138 160 57.7 88.8 87.6 1259 2.373° .05

Soccer task RTs go 1278 348 1238.8 305 13719 481.2 0.241° .01
Delay 490 166.1 468.9 165.4 491.5 164.4 0.03° .00
SSRT 787.6 248.3 769.9 212.5 880.3 458.5 0.280° .01
% correct stop 69.9 12.2 69.2 14.5 69.8 16.1 0.120° .00

Note: n = number, SD = Standard Deviation, WM = Working Memory composite score, Inhibition = Inhibition composite score, BDST = Backward Digit Span Task, RT = Reaction
Time, incongruent = incongruent trials, congruent = congruent trials, center = center trials, go = go trials, stop = stop trials, SSRT = Stop Signal Reaction Time, Delay = delay
between presentation of visual stimulus and stop signal auditory stimulus in the Soccer task, % correct = percentage of accurate responses.

" p<.05.

¢ F ratio resulting from an ANCOVA with age, IQ, SES, and general language ability-1 as covariates.

b F ratio resulting from an ANCOVA with IQ, SES, and general language ability-1 as covariates.

¢ Degrees of freedom for the error term range from 80 to 85 depending on how many covariates were included in the analysis and missing values.

Table 5b
Descriptive statistics (means and standard deviations) on the EC dependent measures (raw values) in comparison 1 by language group. Results of between-group ANCOVAs on
these measures are also reported.

Task Measure Bilectals (n = 44) Multilinguals Monolinguals F Effect size partial 5?
(n=22) (n=25)
Mean SD Mean SD Mean SD
Color-Shape task RTs repeat (mixed blocks) 2596.3 877.6 2504.9 659.1 2498.3 789.8 0.076° .00
RTs switch 2525.3 854.5 2516 667.8 2632.4 780.1 0.402° .01
% correct repeat (mixed blocks) 85.5 10.8 85.9 11 844 12 0.333° .01
% correct switch 82 12.2 83.3 133 81 9.8 0.532° .01
Switch cost -71.1 324.5 111 360.7 134.2 341.2 3.897" .09
BDST n correct trials 4 1.2 4.5 14 3.8 1.2 0.662° .02
Corsi Blocks task Forward n correct trials 6.1 1.9 6.5 1.2 5.4 2 3.048° .07
Backward n correct 5 1.8 53 1.8 4.6 2.1 0.887° .02

Note: n=number, SD = Standard Deviation, RT = Reaction Time, repeat = repeat trials, switch = switch trials, BDST = Backward Digit Span Task, % correct = percentage of
accurate responses, Forward = Forward condition, Backward = backward condition.

" p<.05.

2 F ratio resulting from an ANCOVA with age, 1Q, SES, and general language ability-1 as covariates.

b F ratio resulting from an ANCOVA with IQ, SES, and general language ability-1 as covariates.

¢ Degrees of freedom for the error term range from 82 to 85 depending on how many covariates were included in the analysis and missing values.

3.2.14. Is the effect of multilingualism on overall EC performance multilingualism (as evident in the between-group analysis on 1Q),
mediated by IQ skills?. EC performance significantly correlated with and IQ significantly and positively correlated with both EC measures.
multilingualism (as evident in the between-group analysis on the This pattern of correlations makes plausible a scenario according to
two EC composite measures), IQ also significantly correlated with which multilinguals’ advanced EC skills were mediated by their
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superior IQ performance (see Field, 2013:408-423). In order to fur-
ther explore this possibility a mediation analysis was conducted.

The multilingual EC advantage was found in overall EC perfor-
mance and thus an overall EC composite score was entered as
the dependent variable in the mediation analysis. This overall EC
composite score was calculated by averaging participants’ (z trans-
formed) scores in the six main indicators of EC performance. Lan-
guage group (multilinguals versus monolinguals) was included in
the analysis as an independent variable, IQ as a potential mediator,
and age, language ability-1, and SES as covariates.

Results indicated a non-significant indirect effect of
multilingualism on overall EC performance through IQ
(b=-0.0226, Bias Corrected and Accelerated confidence intervals
(—0.0961, 0.0082)), suggesting that no mediation was present. On
the other hand, the direct effect of language group on overall EC
performance was significant even when IQ was included in the
analysis as a predictor (t(44)=—2.1934, p <.05). Thus, there was
a significant effect of multilingualism (with multilinguals outper-
forming monolinguals) on overall EC performance that could not
be explained in terms of IQ.

3.2.2. Comparison 2: bilectals versus monolinguals

The analyses in this section give the opportunity to test for dif-
ferences in EC between bilectals and monolinguals when more reli-
ably controlling for general language ability. Both the WM and
Inhibition composite scores significantly and positively correlated
with language ability in Greek (see Table 2) and bilectal children
exhibited lower performance in a measure of language proficiency
targeting expressive vocabulary. This raises the possibility that a
bilectal advantage over monolinguals can indeed be found if chil-
dren’s language proficiency in Greek is more rigidly controlled.
This more reliable measure of children’s language proficiency
was obtained by creating a composite score (general language
ability-2) from three individual language measures: language
comprehension, expressive vocabulary (WFVT), and receptive
vocabulary (PPVT).

3.2.2.1. Participants. In the following analyses, 17 bilectal children
(10 boys and 7 girls; ages 6;3-9, mean age 7;6, SD 0;9 years) and
25 monolingual children (15 boys and 10 girls; ages 6;2-9, mean
age 7;4, SD 0;9 years) were included.

3.2.2.2. Background measures. Information about the background
characteristics of each language group is reported in Table 6. The
two groups did not differ in age (t(40) = 0.868, p >.05), gender (t
(40) = —.074, p > .05), language comprehension-Greek (when bilec-
tals took the test in CG and monolinguals in SMG: t(40) = —0.483,
p>.05), 1Q (t(40) = 1.246, p > .05), or SES (t(38)=—1.373, p >.05).
However, bilectal children had a significantly lower expressive
vocabulary score (t(40)=—4.365, p <.05). Similarly, a between-
group analysis on receptive vocabulary scores when each group
took the PPVT in their native variety (bilectals in CG and
monolinguals in SMG) revealed a significant effect of Group in that

Table 7
Descriptive statistics (means and standard deviations) on the EC dependent measures
(raw values) in comparison 2 by language group.

Measure Bilectals (n=17) Monolinguals
(n=25)
Mean SD Mean SD
WM 0.04 0.7 -0.29 0.8
Inhibition 0.12 0.7 -0.1 0.6

Note: n=number, SD =Standard Deviation, WM = Working Memory composite
score, Inhibition = Inhibition composite score.

monolingual children out-performed bilectal children (t(40)
=-2212,p<.05,r=.3)

3.2.2.3. Executive control measures. Mean scores and standard devi-
ations for the two EC composite measures by language group for
this analysis are reported in Table 7. A 2 x 2 (EC: WM versus Inhi-
bition by Group: bilectals versus monolinguals) mixed ANCOVA
with EC as a within-subjects factor, Group as a between-subjects
factor and IQ, general language ability-2, and age as covariates
revealed a significant effect of Group (F(1, 37) = 8.186, p < .05, par-
tial #%=.18) in that bilectal children outperformed monolinguals.
The Group x EC interaction was not significant (F(1, 37)=0.593,
p >.05). This demonstrates that, like the multilingual advantage,
the bilectal advantage is found across the EC system and is not
specific to a single EC component.

Finally, correlational analyses indicated that the overall WM
score in bilectal children significantly correlated with PPVT perfor-
mance in SMG (i.e. their second, non-native dialect; r = .74, p(two-
tailed) <.05)) and with the overall language ability-SMG score
(r=.69, p(two-tailed) <.05). Bilectal children’s overall inhibition
score, on the other hand, did not significantly correlate with any
of the language measures in SMG (r =.32, p(two-tailed) > .05 for
PPVT-SMG and r=.23, p(two-tailed)>.05 for overall language
ability-SMG).

3.2.3. Power of statistical analyses for the effect of group in
comparisons 1 and 2

Some of the comparisons reported in the previous sections
involve relatively small numbers of participants, and this may give
rise to concerns about the sufficiency of the power of the design.
Following the recommendation of O'Keefe (2007) that after-the-
fact power calculations should be conducted on an effect size of
independent interest rather than on the effect size observed in a
given study (see also Sun, Pan, & Wang, 2011), we calculated the
power of our between-group statistical tests on EC to detect a large
effect size. This is the magnitude of the bilingualism effect on a
combined measure of abstract and symbolic representation, atten-
tional control, and problem solving reported in the meta-analysis
of Adesope et al. (2010). These power calculations indicated that
the first comparison had a power of .93 for the main effect of Group

Table 6
Descriptive statistics (means and standard deviations) on background measures (raw values) in comparison 2 by language group.
Group n Age FAS LoPE LoME 1Q LC-Greek WEFVT-Greek PPVT-Greek
Bilectals 17 Mean 7;6 5.9 3 33 14.1 0.1 30.6 95
(SD) (0;9) (2) (1.1) (1) (7.3) (0.4) (5.6) (16.4)
Monolinguals 25 Mean 7:4 5.6 3.6 3.7 11.8 0.17 37.8 106.4
(SD) (0;9) (1.5) (0.8) (0.6) (5) (0.4) 49 (16.5)

Note: n=number, SD = Standard Deviation, Age = Age in years, FAS = score in the Family Affluence Scale, LoPE = Level of Parental Education, LOME = Level of Maternal
Education, IQ = score in the WASI matrix reasoning test, LC-Greek = score in the language comprehension test-Greek (taken in CG by bilectals and in SMG by monolinguals),
WEFVT-Greek = score in the Word Finding expressive Vocabulary Test (taken in Greek), PPVT-Greek = score in Peabody Picture receptive Vocabulary Test (taken in CG by

bilectals and in SMG by monolinguals).
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(for a three by two mixed ANOVA with a total sample of 95 chil-
dren) and the second comparison had a power of .7 (for a two by
two mixed ANOVA with a total sample of 42 participants and
unequal-sized groups). Thus, the second comparison had a power
close to but below the recommended level of .8 (Cohen, 1988).
Nevertheless, these power calculations do not take into account
two aspects of our statistical analyses that are known to have a
positive effect on power. The first is the use of ANCOVA which
allows removing the effect of factors that correlate with the depen-
dent measure of interest (and, hence, reduces error variance and
improves the relationship between Group and the dependent vari-
able). The second is the measurement of the EC construct through
multiple indicators that leads to more reliable estimates of this
cognitive component (Cohen, 1988:535-542; Rushton, Brainerd,
& Pressley, 1983).

Regarding the first aspect, in our study we identified and mea-
sured four factors that are known in the literature to affect EC per-
formance: language ability, SES, IQ, and age (see e.g. Carlson &
Meltzoff, 2008; Morton & Harper, 2007; Unsworth et al., 2014).
Focusing on the second comparison (whose power was found to
be close to but below the acceptable limit for a large effect size),
a regression analysis of language ability-2, 1Q, and age (the factors
included in the between-group analysis as covariates) on the over-
all EC composite score showed that these three variables
accounted collectively for 29% of the total variance in the depen-
dent measure. Using the formula in Cohen (1988:540-541), this
means that an ANCOVA comparison with these three factors as
covariates would need only 71% of participants to achieve a power
of .8 compared to a comparison without these variables covaried.
In essence, this means a gain of 16 participants, which brings the
power level of the second comparison in this study to .84. This
meets and surpasses the required level of .8.

We would expect, however, that the above estimates of power
are even higher. When multiple measures of a cognitive compo-
nent are extracted from different tasks and these measures show
some degree of convergent validity and are combined into a single
indicator of that component, variance idiosyncratic to each task is
averaged out and general variance accumulates (see Carlson, 2003;
Rushton et al., 1983). This leaves a less biased, more stable, more
reliable, and purer estimator of the relevant component (Rushton
et al, 1983) and achieves “more psychometric precision”
(Carlson, 2003:142). This reduction in error in the dependent mea-
sure and consequent increase in reliability is also salutary for
power as noted by Cohen (1988:537; see also references therein).

4. Discussion

Previous research has documented positive associations
between childhood bilingualism and executive control in that bilin-
gual children outperform monolinguals in EC tasks (e.g. Akhtar &
Menjivar, 2012; Barac et al., 2014; Bialystok et al., 2010). The princi-
pal goal of this study was to examine the effect of close typological
similarity between the varieties spoken by children on this outcome.
We aimed to achieve this by testing whether the widely-reported
bilingual advantage in EC can also be found in bilectal children
speaking two linguistic varieties (Cypriot Greek and Standard Mod-
ern Greek) that are genetically related, show a high degree of lexical
and structural overlap, and are considered to be dialects of the same
language (Greek). There were several major and minor results of this
study and these are discussed in the following sections.

4.1. The components of EC (as emerging in the current study)

A principal component analysis on six indicators of EC ability
revealed two distinct factors that were moderately correlated

and were interpreted as representing the Inhibition and WM
aspects of the EC construct. These results are roughly compatible
with the EC model proposed by Miyake et al. (2000) for adults.
Even though the analysis in this study included a measure of
switching and this score did not load on a separate third factor—
the switching aspect of EC—this result is not necessarily inconsis-
tent with Miyake et al.’s (2000) framework. This is because the
mixed blocks of the Color-Shape task posed demands not only on
children’s switching skills but also on their inhibitory capacity.’
Besides switching from one game to another, about half of the switch
trials required children to ignore irrelevant information in order to
achieve accurate performance (see description of task in Sec-
tion 2.2.5). Thus, it is no surprise that the switching cost measure
loaded on the Inhibition factor along with the other two inhibition
scores (Simon effect and SSRT).

Finally, the results of the PCA in this study suggest that the EC
indices extracted from the various tasks showed some degree of
convergent validity and were credible indicators of the domain-
general cognitive skills they were supposed to measure—the WM
and Inhibition aspects of EC.

4.2. The effects of childhood multilingualism and bilectalism on EC

The experimental investigation in this paper offered an oppor-
tunity to assess the generality of the reported effects of bilingual-
ism on EC by testing two new, previously unstudied groups of
children—English-Greek multilingual and CG-SMG bilectal chil-
dren—in the diglossic society of Cyprus. This study presented some
strengths relative to previous research. First, the PCA results docu-
mented that the various EC scores were valid measures of the tar-
get EC aspects. Additionally, valid and reliable indicators of each EC
component were obtained by forming composite scores from sev-
eral measures that clustered on each factor. This increased the
power of the experiment to detect potential differences between
the different language groups.

Indeed, consistently with previous reports (Bialystok, 1999;
Blom et al., 2014; Carlson & Meltzoff, 2008), multilinguals exhib-
ited superior EC performance relative to monolinguals after statis-
tically controlling for a number of background factors (IQ, SES,
general language ability in Greek, and age). The multilingual
advantage was found across EC components and could not be
attributed to a specific EC factor. This finding, however, was condi-
tional on multilinguals’ language proficiency. The positive effect of
multilingualism on EC was clearly significant only when statisti-
cally adjusting for multilingual children’s lower language skills
(as well as for differences in other background variables) (for sim-
ilar results, see also Bialystok, 1999; Blom et al., 2014; Carlson &
Meltzoff, 2008).

The novel and most important contribution of this study, how-
ever, is that it showed that these positive multilingual effects on EC
extend to children speaking two closely related dialects of the
same language. As predicted, bilectal children outscored their
monolingual peers in EC performance and did not differ from
multilinguals. Nevertheless, the bilectal effect was somewhat
weaker than the multilingual advantage and attained statistical
significance only after covarying in the analysis a more robust
and reliable measure of children’s verbal capacity. Similar to
multilinguals, this advantage was evident across the EC system
without a specific EC component being selectively affected.

It is important to emphasize that superior EC performance in
bilectals relative to monolinguals was detected only after statisti-
cally adjusting for differences between the two groups in language

9 In addition to any demands that a switching test by its very nature poses on
participants’ inhibition skills (see e.g. Garon, Bryson, & Smith, 2008).
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abilities. This, in turn poses some limits to the generalizability of
this finding suggesting that the bilectal (just like the multilingual)
EC advantage can be found only once bilectal children’s weaker
language knowledge is controlled.

In qualitative terms, the effects of bilectalism and multilingual-
ism were, in general, quite similar. For both the bilectal and the
multilingual group, superior performance was found across the
EC system, with no EC component specifically affected, and only
after partialing out the effect of verbal proficiency. It should be
noted, however, that this study was not designed and could not
directly answer the question of whether the effect of bilectalism
is quantitatively similar to that of bilingualism. This is because
our multilingual group consisted of children who were bilectal to
some extent (although not to the same extent as the purely bilectal
group) and included some children who spoke an additional lan-
guage besides Greek (CG, SMG) and English. Thus, it is up to future
research to establish whether the effect of speaking a second dia-
lect differs quantitatively from that of ‘pure’ bilingualism.

4.3. The locus of the bilingual/bilectal advantage in EC performance

Another goal of this study was to test different proposals
regarding the cognitive locus of the EC performance advantage in
bilinguals. The results of this study indicated a multilingual/bilec-
tal advantage over monolinguals that was evident across the EC
system but not in a specific EC component (WM or Inhibition).
Thus, in general, these results provide support to the EC coordina-
tion account according to which the bilingual advantage in EC per-
formance is founded upon an enhanced general EC system, without
an individual component appearing as decisive (Bialystok, 2011).

4.4. The role of confounding factors

In the present investigation extra care was taken in order to
control for several variables that correlate with bilingualism and/
or that affect cognitive performance by matching the groups on
the relevant variables and/or by measuring these variables and
excluding them as potential confounds via statistical procedures.
Ethnicity, culture, and immigration status were controlled by
default given the groups of children compared (see Section 1.5).

Socioeconomic status was carefully measured in the two stud-
ies and was statistically controlled in the group comparisons
where appropriate. Three different indicators of SES were aggre-
gated into a single composite measure of SES. Hence, it seems rea-
sonable to assume that this composite score precisely and reliably
measured this socio-demographic facet and that the ANCOVA led
to appropriate adjustments of differences between the three
groups. Furthermore, in contrast to previous reports (see e.g.
Calvo & Bialystok, 2014), SES was not found to significantly corre-
late with EC performance in this study. In addition, significant dif-
ferences in SES were found only between the multilingual and
bilectal children. Hence, in the critical comparisons between mul-
tilingual and monolingual children, and between bilectal and
monolingual children that tested for the effects of main interest,
the groups were of comparable SES.

The possibility that the multilingual advantage in EC was due to
multilinguals’ superior performance in IQ relative to monolinguals
can be excluded on several grounds. First, IQ was covaried in all the
between-group analyses on EC. According to Miller and Chapman
(2001:45) the application of ANCOVA is unproblematic when the
between-group differences on the covariate do not reflect true
population differences but can be attributed to chance. A review
of the literature reveals that there is no expectation for a bilingual
advantage in non-verbal fluid intelligence and the majority of stud-
ies that tested this aspect of cognition in bilingual and monolingual
children reported a null bilingual effect (see Barac et al., 2014; but

see Marzecova, Asanowicz, Krivd, & Wodniecka, 2013; Tao,
Marzecova, Taft, Asanowicz, & Wodniecka, 2011). This raises the
possibility that the positive effect of multilingualism on IQ in this
study was not a true effect and was due to chance.

But even if the multilingual advantage in IQ performance is a
true effect does this pose any statistical challenges on the results
in this study? Our answer is again no and different arguments
can be offered to ground this response depending on one’s expla-
nation for why such a benefit in IQ performance is found in multi-
linguals. If one takes the view that the multilingual advantage in
the WASI matrix reasoning test was due to multilinguals’ enhanced
EC skills, then the results reported in this study indicating a multi-
lingual/bilectal EC advantage are not actually challenged but in fact
reinforced. Such an explanation would justify treating IQ as an EC
measure (see e.g. Carlson and Meltzoff (2008) who explicitly fol-
lowed this approach; Miller and Chapman (2001:47) who seem
to suggest it; Carlson and Meltzoff (2008:288) and Shelton,
Elliott, Matthews, Hill, and Gouvier (2010:814) who suggest that
performance in nonverbal fluid intelligence tests possibly draws
on aspects of EC; and Salthouse (2010) and Paap and Sawi (2014)
who raise the possibility that EC and fluid intelligence are not sep-
arable cognitive constructs). This in turn would lead to even larger
effects of multilingualism/bilectalism on overall EC skill.

But what if the multilingual advantage in IQ performance is in
non-verbal fluid intelligence per se and is not mediated by multi-
linguals’ superior EC ability? First, there is no basis on which to
expect such an advantage and, to our knowledge, no such a
hypothesis has been offered in the literature. Second, even if this
scenario were true, this would be an intriguing possibility that
would be in line with the overall position of many researchers
about bilingualism and its cognitive effects—i.e. that bilingualism
has broader consequences for non-linguistic cognition.

More importantly, however, this possibility does not in any way
challenge our conclusion that multilingualism/bilectalism have
independent effects on EC. To begin with, even though only a single
test of IQ was administered in this study, we can be fairly certain
that the score obtained was a reliable and psychometrically precise
measure of non-verbal fluid intelligence and thus that appropriate
adjustment for between-group differences were made in the
ANCOVA. First, the WASI matrix reasoning test is part of a
widely-used test whose psychometric characteristics have been
investigated and established. For participants’ scores in the matrix
reasoning test, Wechsler (1999) reports split-half reliability of .96
and test-retest reliability of .72 for the age range in this sample.
Second, we also calculated the internal consistency of this test
based on the sample of children recruited in the current study.
Split-half reliability for the IQ score in our study was .95, which
is quite high (see Field, 2013:715). Moreover, the possibility that
the multilingual advantage in EC was due to multilinguals’ superior
performance in IQ relative to monolinguals was further excluded
by conducting a mediation analysis on overall EC performance.
This analysis clearly indicated that there was a positive effect of
multilingualism on overall EC ability that was not mediated and
could not be explained by multilinguals’ superior performance in
the fluid intelligence test.

Finally, in the second comparison of the current study, bilectal
and monolingual groups were compared that did not statistically
differ in terms of either SES or fluid intelligence performance. Yet
significant differences between the two groups were obtained in
EC skills after controlling for language proficiency.

5. Conclusion
Overall, the present findings suggest that bilectalism and

multilingualism lead to qualitatively similar advantages in EC
ability. This is a first step toward establishing that advantages in


https://www.researchgate.net/publication/259490059_Independent_effects_of_bilingualism_and_socioeconomic_status_on_language_ability_and_executive_functioning?el=1_x_8&enrichId=rgreq-14f08e64febcb2bed3dc107b3631bf17-XXX&enrichSource=Y292ZXJQYWdlOzI4OTY4NTQ2NTtBUzozMTk0ODQ1ODAwNDA3MDVAMTQ1MzE4MjQ2Nzg2MQ==
https://www.researchgate.net/publication/260163469_The_Cognitive_Development_of_Young_Dual_Language_Learners_A_Critical_Review?el=1_x_8&enrichId=rgreq-14f08e64febcb2bed3dc107b3631bf17-XXX&enrichSource=Y292ZXJQYWdlOzI4OTY4NTQ2NTtBUzozMTk0ODQ1ODAwNDA3MDVAMTQ1MzE4MjQ2Nzg2MQ==
https://www.researchgate.net/publication/51451878_The_Efficiency_of_Attentional_Networks_in_Early_and_Late_Bilinguals_The_Role_of_Age_of_Acquisition?el=1_x_8&enrichId=rgreq-14f08e64febcb2bed3dc107b3631bf17-XXX&enrichSource=Y292ZXJQYWdlOzI4OTY4NTQ2NTtBUzozMTk0ODQ1ODAwNDA3MDVAMTQ1MzE4MjQ2Nzg2MQ==
https://www.researchgate.net/publication/51451878_The_Efficiency_of_Attentional_Networks_in_Early_and_Late_Bilinguals_The_Role_of_Age_of_Acquisition?el=1_x_8&enrichId=rgreq-14f08e64febcb2bed3dc107b3631bf17-XXX&enrichSource=Y292ZXJQYWdlOzI4OTY4NTQ2NTtBUzozMTk0ODQ1ODAwNDA3MDVAMTQ1MzE4MjQ2Nzg2MQ==

K. Antoniou et al./Cognition 149 (2016) 18-30 29

non-linguistic EC performance arise irrespective of whether one
speaks two different and unrelated languages (such as English
and Chinese) or two closely related languages or varieties with a
high degree of grammatical and lexical similarity (such as Spanish
and Italian, Catalan and Italian, or, indeed, Standard Modern Greek
and Cypriot Greek). Having said that, an outstanding question is
whether the advantages evidenced in bilectal children are as pro-
nounced as those exhibited by bilingual children and further
research may reveal that while typological distance is not impli-
cated in whether an advantage in EC will arise, it may modulate
the size of the advantage.
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