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Abstract

There is growing evidence that brain structure @ghitive performance can be moulded
from various forms of experience. Bilingualism seetm form such an experience, with
studies mainly showing a bilingual advantage ovenatinguals in executive control of
attention. This has been attributed to bilingudif€long practice in controlling two
simultaneously active languages while using onlg daring communication. However,
the problematic replicability of some of the maindings of relevant studies suggests
that a confounding factor may have influenced thesults. We suggest this could be the
socioeconomic status (SES) of the participantsclwvhias been inadequately controlled
for in the majority of those studies, despite emm=on SES'’s strong influences on the
cognitive system. Also, research has largely neégtethe possible effects of bilingualism
in the other two main attention functions, alertangd orienting. Four experiments were
designed to explore the bilingual effect in exegutattention, alerting and orienting, in
children, young and old adults, bilingual in Albaniand Greek or monolingual in Greek,
all of low SES. Several cognitive tasks were usedietect the bilingual effect. An
additional innovation of this investigation was taaguage-switching task we used as an
index of bilingual proficiency, to compensate foe tquestionable reliability of self-report
measures that have been used up to date for thmogmi This also enabled us to
determine what level of bilingual experience isuiegd to influence cognition and to
explore possible commonalities between the mechenismderlying bilingual language-
switching and executive attentional control. Owutes suggest that, when controlling for
SES and when bilinguals are balanced, there idirgbal effect in executive attention

and alerting. However it is weaker than what hagnbeuggested, as specific
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manipulations were required to detect it (i.e. wdlials with age-related cognitive

decline, under high working memory load).
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Introduction — The effect of bilingualism on attenion processes

Without language, we would not be able to camitate our emotions, ideas and
thoughts to our conspecifics. The peculiarity ofgaage is highlighted by the fact that it
is a uniguely human faculty (Reber & Reber, 20@%)also stated by the very word used
to characterize a human being in the Greek lang(@iageanthropos”), which means “the
one who utters speech”. It is thus unsurprising lraguage has long been the focus of
scientific endeavour, cognitive scientists beingeroeption.
1.1 The phenomenon of bilingualism and cognition

A language phenomenon of great interest toitiwg researchers is bilingualism.
Given the complex nature of bilingualism, the categation of a bilingual individual
depends on the definition of bilingualism a reskaraises (Gottardo & Grant, 2008).
The majority of research who has studied bilingraland cognition use a pragmatic
definition of bilingualism: It is the ability of person to be fluent in two languages
(Harley, 1995; Martin, 2006). The level of profioey in the two languages is central to
this definition and is directly influenced by thegitee to which one uses the two
languages in her everyday life, frequently termedanguage use” (e.g. Brown, Bown
& Eggett, 2009; Costa, Hernandez & Sebastian-Galg¢88; Garrat & Kelly, 2008).
Thus, according to this level-of-proficiency defian, a bilingual individual can be
classified as dominant bilinguali.e. being more proficient in one of the two laages)
or abalanced bilinguali.e. equally proficient in both languages) (Gatta& Grant,
2008; Reber & Reber, 2001).

A historical overview of the cognitive effeagbilingualism shows that it has been

the focus of research ever since the late 30’sgfbkel 1939, cited in Kolers & Paradis,
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1980). More recently it has also acquired a soolitipal dimension. That is, due to
fundamental changes in the social and politicahepeof the Western societies since the
70’s, whereby interactions among different peopkaag different languages is being
encouraged (Kolers & Paradis, 1980) as well astaltiee relatively recent advances in
communication technology, bilingualism is now calesed to be the universal norm
rather than the exception (Sebastian-Gallés & Ba&@dl; Segalowitz & Frenkiel-
Fishman, 2005; Siegal, Surian, Matsuo et al., 2010)

There has also been a political dimensiors$earch on the effects of bilingualism on
cognitive processes, emerging from consideratisrte &hether bilingual education
hampers or advances children’s cognitive developnitingualism has long suffered
criticism as to its claimed negative effects in thied of bilingual speakers. Viewpoints
such as that of Porter (1990), which claims thay&drs of research on bilingualism has
shown no vindication for promoting a bilingual datdum in schools, are ongoing.
Consequently, this has lead to voting anti-bilirlgua measures in the U.S. (Campbell,
2010; Secada, 1990) and has even created an Eongligimovement in the U.K.,
arguing for analogous legislation (Hornberger, 1990

Research evidence partially supports this yieith studies showing a bilingual
disadvantage in tasks of language processing oflaoguages (e.g. Gollan, Montoya, &
Werner, 2002; Ivanova & Costa, 2008; Rosselli t24100; for a review see Mindt,
Arentoft, Germano, D'Aquila, Scheiner, Pizzirussioal., 2008). For example, bilingual
adults show a reduced naming ability in naminggasknpared to monolinguals
(lIvanova & Costa, 2008). This bilingual disadvamtagems to be directly related to the

level of bilingual proficiency. This is suggestegisiudies showing that elderly balanced

18



Attention and Bilingualism Throughout Life

bilinguals perform worse in naming tasks than d@ntrbilinguals (Gollan et al. 2007).
The performance of elderly bilinguals in verbakfhey tasks is also weak compared to
their monolinguals counterparts (e.g. Gollan et2007). Additionally, bilingual children
seem to have smaller vocabulary size, both prodgei¢hliikoladis & Giovanni, 2000) and
receptive (Bialystok & Feng, 2009), when comparétth their monolingual peers.

However, there is a growing body of empirieaidence indicating a bilingual
advantage over monolinguals in several non-lingyisbgnitive tasks (Bialystok, 2006;
for a review see Bialystok & Craik, 2010; Bialyst@kaik, Green & Gollan, 2009;
Bialystok, Craik, Grady, Chau, Ishii, Gunji et &Q05; Bialystok & De Pape, 2009;
Bialystok & Martin, 2004; Colzato et al., 2008; @psHerndndez & Sebastian-Galles,
2008; Festman, Rodriguez-Fornells & Miinte, 2010nidedez, Costa, Fuentes, Vivas &
Sebastian-Gallés ,2010; Kharkhurin, 2010; Poulilds, Blaye, Coutya & Bialystok,
2011). Currently, by integrating all this evidenbelief consensus view that bilingualism
results in both non-linguistic benefits and lingigi€osts in cognition is starting to
emerge (for a review see Bialystok & Craik, 2010).
1.2 Bilingualism and executive control of attention

To illustrate this point, recent resednels shown that bilingualism has an effect on

executive control of attention. Specifically, bdunal individuals are able to avoid
interference of one language while actively enhagtihe other linguistic set during
communication in one language, which is very likielyoe a task that requires executive
control (Nardone et al., 2011). This is supportg@¥Wdence from models of bilingual
speech production, which demonstrate that in diatest word in the desired language to

be selected, the analogous competing words inttiex tanguage must be inhibited
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(Meuter & Allport, 1999; Costa, Santesteban & Ivemo02006; Kroll, Bobb &
Wondniecka, 2006; Kroll et al., 2008; Finkbeinenli@n & Caramazza, 2006).
According to models of bilingual lexical access $&o Miozzo, & Caramazza, 1999;
Dewaele, 2001; Gollan & Acenas, 2000; Green, 18a8ilisse, 1999) and to empirical
evidence (e.g., Colomé, 2001; Costa & Caramazé&);1@8sta, Miozzo, & Caramazza,
1999; van Heuven, Schriefers, Dijkstra & Hagoo®0®) both language representations
are active during communication in the bilinguahthi Therefore, this form of attentional
control is a prerequisite for a bilingual to comruate.

According to neurophysiological evidence frelactromagnetic brain studies,
bilinguals do not use a cognitive mechanism speadiff devoted to this goal, but rather
make use of a main executive control mechanismiwisicesponsible for alternating
between behavioral tasks (Nardone et al., 201%¢lectively attend to components of
the target language and inhibit the non-targetdagg, with the main cognitive functions
involved in this mechanism being executive contfcttention (i.e. activation of target
and suppression of distractor) (for a review sedlkt al., 2008). This is further
supported by neuropsychological and brain imagindiss, which have repeatedly
shown that a frontoparietal network involving trersblateral prefrontal cortex (DLPFC)
and the anterior cingulated cortex (ACC) modulatgnitive control (for a review see
Abutalebi & Green, 2008; Botvinick, Braver, Bar€arter & Cohen, 2001;Bunge,
Hazeltine, Scanlon, Rosen & Gabrieli, 2002; Dun&aDwen, 2000). That is, activation
of the DLPFC within a wider frontoparietal netwaskobserved in tasks of executive
control of attention, in conflict trials where gaalevant information must be selected

and distracting information must be inhibited sattthe appropriate response is produced
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(Luks et al., 2007; Luks et al., 2010; Kerns et2004; Weissman et al., 2004). More
relevant to the cognitive control required in tagktching, increased activation of this
network has been shown during switch trials ofrditba-shifting paradigms (Liston et
al., 2009; Liston et al., 2006). Similarly in bigjnals, the same neural circuit has been
suggested to be involved in language-switchin@disity in this region selectively
increases during switching between languages asseppo non-switching trials
(Abutalebi & Green, 2008; Chee, Soon & Ling LeeQ20Hernandez, Martinez &
Cohnert, 2000; Hernandez, Dapretto, Mazziotta & K@domer, 2001; Nardone et al.,
2011; Rodriguez-Fornells et al., 2002). In otherdgoit seems that a common neural
network, involving among others the DLPFC, medidteth executive attentional control
of goal-directed behavior, and the ability to switeetween two languages (Fabbro et al.,
2000; Kerns et al., 2004; Luks et al., 2007; Lukalg 2010; Nardone et al., 2011;
Rodriguez-Fornells et al., 2002; Weissman et 8042.

Consequently, neuroanatomical evidence offeurs for speculating that the benefit
of extensive exercise on the ability to shift betwéwo languages, acquired by bilinguals
(for a review see Kroll et al., 2008), may trangteother cognitive non-linguistic tasks
requiring executive control. Indeed, empirical @ride is consistent with this hypothesis
since several studies have shown that bilingua$atter than monolinguals at resolving
cognitive conflict in non-linguistic tasks (Bialydt & De Pape, 2009; Bialystok et al.,
2005; Bialystok & Martin, 2004; Bialystok & Senm&04; Costa, Hernandez &
Sebastian-Galles, 2008; Morton & Harper, 2007).

These initial observations have elicited & liri research to study what aspect of

executive control of attention is exactly influedd®y bilingualism: Is it that bilinguals
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are more proficient in actually inhibiting the ileeant information or are they more
efficient than monolinguals in enhancing the adtoraof the relevant language
representation? Evidence regarding this questiamisiguous; some studies (e.g., Levy,
McVeigh, Marful & Anderson, 2007; Philipp & KochPR9) have reported findings in
agreement with Green’s (1998) Inhibitory Controldabof bilingual speech production.
On the other hand, other findings (Costa, Santaste® Ivanova, 2006) support models
of language-specific lexical access of bilingu&le Bot, 1992; Grosjean, 1997; Paradis,
1989; Poulisse & Bongaerts, 1994), that bilingukleguage-selection mechanism
enhances activation only of the lexical represémntatrelevant to the target-language,
thus neglecting the distracting translation wondd eonsequently rendering inhibition of
those distractors unnecessary (see Costa, 20@5detailed discussion on this debate).
However, the inhibition hypothesis has receivederempirical support (Abutalebi &
Green, 2008; see for reviews Bialystok, 2009; Bitdk, Craik, Green & Gollan, 2009;
Meuter, 2005).

For instance, bilinguals show a superior irthily ability relative to monolinguals in a
variety of linguistic and non-linguistic tasks (Fean, Rodriguez-Fornells & Minte,
2010). Zied et al. (2004) employed a bilingual i@rf the Stroop task, in which
French-Arabic adult bilinguals were presented whihtypical colour-words conditions
(congruent, incongruent and neutral) in Frenciakriabic. They found that balanced
bilinguals performed equally well in both languagesions of the Stroop task. In
contrast, dominant bilinguals experienced moredtiaterference in the version of the
Stroop test which was written in their less-praatitanguage (L2), compared to that

written in L1. According to the authors, these evide support the positive relationship
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between level of bilingualism and the ability tsobse conflict, as the more balanced a
bilingual was, the more able he/she was to manipuke executive control functions
tapped by the Stroop test.

More direct evidence on a bilingual benefitrihibition come from studies of children
(for a review of developmental evidence see Biaks2001) and older adults (Bialystok,
Craik, Klein & Viswanathan, 2004; Bialystok, CraikLuk, 2008; Bialystok, Craik &
Ruocco, 2006; Meuter & Simmond, 2007). In thesegrgeps, the function of inhibition
is either immature (in children) or declining deecbgnitive aging (Bialystok et al.,
2009). However, in these studies bilingual childaad bilingual elderly were faster in
responding to trials tapping inhibition relativeth@ir monolingual peers, thus suggesting
a bilingual proficiency in this executive functidfor example, in a study using a
computerized version of the Stroop task, oldenfiials showed a smaller Stroop effect
relative to their monolingual counterparts, suppgra bilingual advantage in executive
control of attention. However, the magnitude of 8t®mop conflict was increased for
both monolinguals and bilinguals when comparingrtherformance to that of younger
participants, thus underscoring the aforementiatesdining inhibitory ability of older
adults (Bilaystok, Craik & Luk, 2008).

This bilingual benefit in executive controlattention is not limited to the Stroop task,
as it has been also demonstrated by a differertictaiask, involving inhibition of
distractors, the Attentional Network Task (ANT).@osta and colleagues, a reduced
flanker effect was reported for bilingual young kslas compared to monolinguals
(Costa, Hernandez & Sebastian-Galles, 2008). Aattatiy, bilinguals’ advantage in

inhibitory control has been demonstrated by studgdsg other non-linguistic tasks, such
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as the Simon arrow task which involves conflictiestn the orientation of a target arrow
and its position (Bialystok, 2006; Bialystok & CkaP010; Bialystok, Craik, Klein &
Viswanathan, 2004; Bialystok et al., 2005; Bialys€De Pape, 2009). The authors
found a smaller Simon effect in the bilinguals tigkato the monolinguals, either young
(Bialystok, 2006; Bialystok et al., 2004; Bialystekal., 2005; Bialystok & De Pape,
2009) or old adults (Bialystok et al., 2004).

Developmental evidence also indicates a hih@dvantage in executive control of
attention. Specifically, in metalinguistic taskdirtgual children performed better than
monolingual children in tasks requiring focusingeation on the relevant information
and ignoring the distracting information (e.g. gutogy that anomalous sentences such as
“Apples grow on noses” are grammatically correpwever both bilingual and
monolingual children performed equally in taskg tlh@ only on grammar knowledge
(Bialystok, 1986; Cromdal, 1999). Additionallysearch has shown that the ability to
solve problems involving conflicting informationdeveloped earlier in bilingual than in
monolingual children. For example, in the dimenalarthange card sort task (Zelazo,
Frye & Rapus, 1996), children are asked to soet @fscoloured-shapes cards according
to one dimension (e.g. color) and then re-sort theoording to the other dimension (e.g.
shape). Typically, children as young as 3 or 4 yeddl continue to sort by the old rule
for some trials after the rule changes, even thdabgh are able to correctly state the new
rule that they are supposed to sort by. This drasrbeen attributed to children’s
difficulty in ignoring the previously relevant feaes of the stimulus, and not simply to a
difficulty in grasping or remembering the new r{Baalystok, 2009). Clearly then, this

task requires effective control of attention tosiecessfully completed and bilingual
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children have been shown to solve this executiveérob“problem” earlier than their
monolingual peers (Bialystok, 1999; Bialystok & Mar 2004). Such a bilingual
advantage in executive attention has also beeml motz reversing ambiguous figures
task (Bialystok & Shapero, 2005) as well as in Tiged Mind tasks (Bialystok &
Senman, 2004). Additionally, bilingual children se® outperform monolinguals in the
trials of the Simon task involving conflict resatnt (Martin-Rhee & Bialystok, 2008).
Regarding the “more inhibition or more activat debate, relevant developmental
research offers more support for the inhibitiondtyesis. For example, in the study of
Carlson and Meltzoff (2008), a battery of executieatrol tasks were employed to test
monolingual and bilingual kindergarten children dipetween 4 and 6 years. The
majority of these tasks specifically tapped inhdsitof attention. These were the
Advanced Dimensional Change Card Sort task (Adwi@CS; Zelazo et al., 1996),
thought to involve Perceptual inhibition (Frye, @Zsbd & Palfai, 1995; Siegal, Matsuo &
Pond, 2010; Zelazo, Frye & Rapus, 1996; Zelazo |&iiFrye & Marcovitch, 2003),
Visually Cued Recall (Zelazo, Jacques, Burack &¥F8002) also tapping Perceptual
inhibition, Simon Says (Strommen, 1973) tapping@®ase inhibition and the child
version of the Attentional Networks Task (ANT; Raegt al., 2004) involving Distractor
and Response inhibition. Results showed a bilingaakfit in executive functions and
specifically in inhibitory control. That is, usirigctor analysis, the EF tasks were divided
into those tapping on Conflict inhibition and thasmsitive to Delay inhibition. Bilingual
children generally outperformed monolinguals orsthtasks that loaded onto Conflict
inhibition (i.e. advanced DCCS, Visually Cued Récalthough not in all conflict tasks

such as the ANT and the “Simon says” tasks. Thieoas attributed this lack of a
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bilingual effect in the “Simon says” and the ANTthe specificity of the bilingual
advantage: Since these two tasks involve Respoidgition, they proposed that the
bilingual experience may enhance the ability tabithnterfering stimuli though not
incorrect responses (Carlson & Meltzoff, 2008).

Despite these numerous studies reportingragoidl benefit in executive control of
attention with different tasks, it must be stresed the specificity of this bilingual
effect is yet to be defined as it seems to bediliffito replicate several basic findings
“such as the reduced Simon effect in bilinguals ee(Bialystok et al., 2004, for positive
evidence based on group differences of severalredsf milliseconds and Bialystok,
Martin, & Viswanathan, 2005, and Bialystok, 2004, failures to replicate)” (Colzato et
al., 2008, p. 302).

1.3 Is there a bilingual effect beyond the ExecuterControl network of Attention?

Given that bilingualism exerts some kind dfuance on the executive attentional
network, is there a reason to believe that theiateand the orienting networks of
attention may also be influenced by this factor8dech with monolinguals shows that
different attentional functions do influence eathen (Hernandez et al., 2010). Studies
by Callejas and collaborators (Callejas, LupiafieEu&lela, 2004; Callejas, Lupiéfiez,
Funes & Tudela, 2005), combining a conflict-resiolntask (to assess the executive
attention network) with visual cues (to assesotienting network) and auditory cues (to
assess the alerting network), have demonstratédifieen some trials requiring conflict
resolution were preceded by an alerting signalctidlict effect was larger (i.e. there
was a slower RT to resolve conflict and hence séhectarget correctly) compared to the

conflict effect in trials not preceded by an alegtcue (Callejas, Lupiafiez & Tudela,
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2004; Callejas et al., 2005). Thus, the alertintgvoek directly affected the operations of
the executive attention network.

Additionally, when a visual cue indicated theget's location before target onset, a
smaller conflict effect was observed (i.e. thereenaster RTs to resolve conflict and
thus select the target) compared to trials whezevtbual cue preceding the target was
presented in the opposite location of the upcortanget-stimulus. Thus, the orienting
network can also modulate the function of the etieelattention network. Finally, a
larger orienting effect was elicited in trials wlky an alerting auditory cue preceded the
visual orienting cue, in comparison to trials rmotalving an alerting cue. Thus the
efficiency of the orienting network was directlyfluenced by the alerting network
(Callejas et al., 2004, 2005; Fuentes & Campoy8200

That is, these findings suggest that thesesthedworks do not function totally
independent from each other. Therefore, it mayhbethe changes in the function of the
executive network produced by the bilingual expeecan also influence the function
of the other two attentional networks, orientingl aterting (Hernandez et al., 2010).
1.4 Bilingualism and the Alerting network of Attention

The term alerting refers to the ability to devedoq maintain sensitivity to
external stimulation, in an effort to prepare foogessing high-priority events (Posner &
Boies, 1971; Posner & Petersen, 1990). Behavitudies typically measure alertness
with Reaction Time (RT) tasks, involving trials tvia warning cue before target onset
and trials with no warning cue. The consistentifigdn such tasks is that faster RT are

observed in trials with a warning cue relative B iR trials with no warning cue
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preceding target onset (e.g. Fan, McCandliss, SanfRez, & Posner, 2002; Posner,
1978; Posner & Boies, 1971; Posner & Petersen,)1990
To the best of our knowledge, only 2 sgaqCosta, Hernandez & Sebastian-

Galles, 2008; Costa et al., 2009) have testeddksilple influences of bilingualism on
the alerting network of attention, with contradictiresults. In both studies which
investigated the possible effect of bilingualismtba alerting function (Costa, Hernandez
& Sebastian-Galles, 2008; Costa et al., 2009)Attentional Networks Task (ANT; Fan
et al., 2002) was used. In the 2008 study, Coddacaltaborators reported a larger
magnitude of the alerting effect in bilingual aduielative to monolinguals. That is,
although both language groups benefitted from tamimg cue, bilinguals responded
faster than monolinguals in trials with the preseatan alerting cue. Thus, there appears
to be a modulating effect of bilingualism on therihg network of attention. However in
the later study (Costa et al., 2009), alertingrddtiappear to be modulated by
bilingualism as monolinguals and bilinguals werealy facilitated by the alerting cue.
No explanation was offered by the authors to ret@micese conflicting findings. Thus
more research is needed to conclude whether bdirgga influence or not the alerting
network of attention.
1.5 Bilingualism and the Orienting network of Attertion

The evidence of an influence of bilingualismwsuospatial attention is both limited
and inconsistent (Colzato et al., 2008; Costa.e2@D8; Hernandez et al., 2010), and has
also produced mixed results. In two (Colzato et24108; Hernandez et al., 2010) out of
the three studies investigating orienting in biliagadults, the authors employed the

same task: an inhibition-of-return task, in whidrtcipants had to make an orientation
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discrimination response to a line target that caypear in a previously cued or uncued
location. The cue was not predictive of the logatid the target. The results of Colzato et
al. (2008) were rather complicated: They foundg)gsected, a facilitation effect in the
short cue-target interval, but only for the mongtial group. Also, as expected when the
cue-target interval was long (700 ms) responsestiwere slower for targets at the cued
location relative to the uncued location, the intioin of return (IOR) effect, but this
effect was only significant for the bilingual pafpants. An explanation from the authors
was that perhaps bilingualism improves, or stremgglone’s inhibitory ability; therefore,
when a stimulus starts to be processed, bothtitoity and inhibitory effects are elicited
and the null facilitation effect of bilinguals is& result of their stronger inhibition ability
which cancels out any cueing-facilitation effecttadt point. On the contrary, given that
in longer cue-target intervals the facilitationesff decays, bilinguals’ stronger inhibition
ability becomes apparent when time lapses henck¥tReeffect in long cue-target
intervals found only in the bilingual group. Howeyveo explanation was offered as to
why an IOR effect was not observed in their morgpliad group.

Hernandez et al. (2010) failed to replicaesthfindings, as IOR and cueing
facilitation effects were evident and identical bmth monolingual and bilingual
speakers. Based on these findings and on the mredlie third study which used a
different task to look at possible bilingual infhees in orienting of attention and
specifically in cueing-facilitation (Costa et &008), where the magnitude of such an
effect was again identical for both language grotjgsnandez et al. (2010) concluded
that bilingualism most probably does not modulaterding of attention and that the

results of Colzato and colleagues were not accduteby the authors.
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We suggest that, among other factors, theohgjee participants in Costa et al. (2008)
and Hernandez et al. (2010) could have maskedsilpe difference in orienting as a
function of language experience. That is, develagaleevidence argue for age-
improvements in orienting of attention (Mezzaca#i#)4), as older children in that
study were more facilitated by an orienting cuentilaunger ones in the ANT. Thus, it
could be that the participants of Costa et al. 8@hd Hernandez et al. (2010), due to
their young age, performed at ceiling in the olilegtask and this led to a Type Il Error.
This however does not account for the differenes/ben the language groups in the
Colzato et al. (2008) study. Nevertheless, thigdesapen the possibility of detecting
influences of bilingualism in orienting in childrewhere there still is room for
improvements in attention. Therefore, given thenwistent findings regarding a
bilingual effect in orienting in adults and thetfélzat, to our knowledge at least, there is
no study on the possible bilingual effects in otireg of children, further exploring a
possible effect of bilingualism on the orientingeational network is considered essential
for better explaining the relationship betweenngialism and attentional networks, in
both adults and children.

However, a question still remains as to wimatid¢ account for the discrepancies in the
aforementioned (Colzato et al., 2008; Hernande#. e2010) findings. It is not the task
employed, as it was identical in both studies. @aube then, that differences between
the samples have led to different results? Reggrage, all participants were in early
adulthood, with a mean age of about 21 years. Mogoals were all Spanish and not
functionally fluent in an L2, as measured by selfrinistered questionnaires on language

use, although all had taken foreign language cswuasschool mostly. Additionally, all
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bilinguals in those studies were balanced in L1 lah@roficiency and use, as evident by
the same self-rated questionnaires. Moreover,wasetaken to match participants for
general intelligence. The role of socioeconomitustdSES) of the participants as a
possible confounding though seems to have beehooked, and this is described in
more detail below.
1.6 The role of Socioeconomic Status, culture arnevel of bilingualism in studies of
a Bilingual Effect on Cognition

As mentioned earlier, according to severahaust (Morton & Harper, 2007; Colzato
et al., 2008) the replicability of studies showagilingual effect on attention processes
is problematic, as many of them yield inconsistargven contradicting results.
Crucially, in most of these studies the SES le¥¢he participants differed as a function
of language group (i.e. bilinguals or monolingualsSES was not measured or
described (e.g. Bialystok, 1999; Bialystok, 198gp&riment 1; Bialystok & Martin,
2004; Bialystok & Senman, 2004, Experiment 2; Bs&bk & Shapero, 2005; Costa et al.,
2008; Hérnandez et al., 2010). Similarly, in depetental studies of the cognitive effects
of bilingualism, the participants have not beenlweltched on SES. More specifically
the bilingual children in some of these studies M@eem to be of a higher SES than
their monolingual peers. For example, accordiniyléoton and Harper (2007), the
bilingual children in many studies (e.g. Bialystd®99; Bialystok, 1986, Experiment 1;
Bialystok & Martin, 2004; Bialystok & Senman, 20@xperiment 2; Bialystok &
Shapero, 2005; Bialystok & Viswanathan, 2009) apenfimmigrant Canadian families
whereas the monolingual children come from non-igrant Canadian families. In turn,

due to the Canadian immigration policy for whictoay academic achievement is highly
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appreciated, Canadian immigrants have a higheageezducation level than non-
immigrants (PCEIP; Statistics Canada, 2003a). Aaltgily, testing middle or high SES
individuals instead of low SES leaves open theipdig that the effects which emerge
are exaggerated from SES influences in cognition.

To what extent does SES influence measuresgfitive control in studies of
bilingualism? SES has been shown to have a profoupdct on the performance of both
monolinguals and bilinguals on cognitive tasks.(€grlson & Melzoff, 2008;
Mezzacappa, 2004). Low SES seems to have a negatpaet on executive function,
particularly on attention-related processes. Smadif, the home environment (i.e. the
availability of sources of stimulation, includingys, parent-child interaction, and
maternal sensitivity) exerts important influencesloe development and later
performance of basic cognitive functions, one ofolths executive attention (Glick,
Bates & Yabiku, 2009; Lipina & Colombo, 2009; foreview see Magnuson & Duncan,
2006).

Additionally, the quality of both the home ath@ school environments, which widely
differ according to SES, predicts performance aikddhat tap attention processes such
as sustained attention and inhibition (Nationatitate of Child Health and Human
Development and Early Child Care Research Netw20R?). As for the three main
attentional networks, alerting, orienting, execetattention, Mezzacappa (2004) has
demonstrated that under high-monitoring conditicim¢&dren of higher SES were superior
in speed and accuracy in tasks tapping these #tteation functions, compared to
children of low SES. Thus, it could be hypothesiteat the variability of findings in

research into the bilingual advantage in attentnoght be at least partially attributed to a
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lack of control for the SES of the participantsat&td more strongly, it may even be the
case that the reported bilingual benefit in exeeutiontrol of attention is attenuated once
SES is balanced between the participant groups, the study of Morton and Harper
(2007).

Therefore, we considered that careful cordf@ES in all the experiments included in
this thesis was crucial. Hence, despite the mufigstisionality and complexity of the SES
construct (for a review see Hackman & Farah, 20@8)made an effort to adopt a
definition that included the basic SES determinagdsication and occupation (Braveman
et al., 2005; Duncan & Magnuson, 2003; Krieger et1®97), as it has been shown that
each of these components reflects a different agp&ES. Specifically in the Greek
literature, level of education and parental edocain the case of minors (Petridou et al.,
1994, 1995, 1996, 1997; Kouri et al., 1995; Laskaal., 2000; Mergoupis, 2001;
Kyriopoulos et al., 2002; Xidea-Kikemeni et al. 020, and type of occupation
(Madianos & Stefanis, 1992; Laskari et 2000; Mergoupis, 2001) have been widely
used to assess individual SES.

Based on past studies claiming to have udable and valid SES measures (Abedi,
Lord & Plummer, 1997; Brown, Bown & Eggett, 2009<ta, Hernandez & Sebastian-
Galles, 2008; Garrat & Kelly, 2008; Gullberg & Irfdey, 2003; Portocarrero et al.,
2007), we designed a self-reported questionnaiiehwhcluded items on education
level, type of occupation and position in occupatibhese provided a combined SES
score that categorized the participants as of foigddle or high SES. Similar
categorizations of SES according to Occupation Tgpg Natsiopoulou & Melissa-

Halikiopoulou, 2009) and Education Level (e.g. Beneet al., 2000) have been
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repeatedly used by many researchers in Greek saifiptea review see Economou &
Nikolaou, 2005). Unfortunately we could not dirgatheasure the other main SES
determinant, income, because piloting of the SE&some showed that especially
bilingual adult participants found the item on ine@disturbing.

Culture is another social variable influencaognitive functions (for a review see
Markus & Kitayama, 1991). For example, Chinese ghiesl children seem to have
superior executive functioning (EF) abilities asnpared to children from Western
cultures. One explanation for this difference iniEEhat Chinese culture values and
encourages impulse control, which in turn is a@iEF characteristic (Chen et al.,
1998; Ho, 1994; Sabbagh et al., 2006; Wu, 1996¢réistingly, the bilingual participants
in many of the studies of Bialystok and colleaguggsorting a bilingual benefit in
attention were Chinese or Cantonese, though indlodé/ English individuals in their
monolingual groups (Bialystok, 2006; Bialystok & Nia, 2004; Bialystok & Senman,
2004; Bialystok et al., 2005;).

Thus, it could be that the results on a buagoroficiency in control of attention
reported in those studies are contaminated bydh&ipants’ culture, as also suggested
by Carlson and Melzoff (2008). To address thisessuthe experiments of the present
thesis we tried to balance out any cultural effegtencluding only participants from
collectivist cultures (from Northern Greece and &ilka; Eupedia, 2012).

The level of bilingual experience is anothretbr that has been largely neglected in
studies of the cognitive effects of bilingualismvéh that bilingualism is an experience
and that experience modifies the cortical centarslved in it (for a review see

Bialystok, Craik & Luk, 2012), the level of expenize (i.e. for how long and how often a
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bilingual uses a second language) in bilingualisay mvell influence its effects in the
related cognitive functions (Bialystok, 2009). Tioée of experience in language
switching and executive control is also emphaskre@osta (2005), who argues that
increasing experience in switching between two laggs may actually change the very
nature of language control, with dominant bilinguasing inhibition mechanisms more
and balanced bilinguals relying less on such itbrgifunctions and more on a more
general selection mechanism for effective contfdéhoguages, possibly involving other
executive control functions.

A question here arises as to which functio@cty could be involved in this “general
selection mechanism”. The most obvious answerasttiese could be the two other main
functions under the umbrella of the executive adrtonstruct: working memory and set-
shifting (Miyake et al., 2000), as has been presipsuggested (Bialystok, Craik &
Ruocco, 2006). Therefore, if lifelong bilingualisnvolves and hence trains these three
functions, we could expect balanced bilingualsxceéin tasks tapping a combination of
these functions. On the contrary, perhaps lessriexme in language-switching would be
reflected in an advantage in just one of thesetfons. In other words, differences in
bilingual experience may have contributed to tHfedéntial behavioral outcomes
previously reported. Empirical evidence suppors thew, with dominant bilinguals
excelling in tasks of control of attention (e.gnmerical Stroop: Hernandez et al., 2010;
flanker task: Costa, Hernandez & Sebastian-Ga2@88) and more balanced ones
outperforming monolinguals in tasks not tappingoeize attention only, but attentional
control in combination to working memory (Simonkallartin-Rhee & Bialystok,

2008), or attention shifting and cognitive flexityil(card-sort game: Bialystok & Martin,
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2004, appearance-reality task: Bialystok & Senn2@@4; a version of an anti-saccade
task: Bialystok & Viswanathan, 2009). For exampieBialystok et al. (2004) a bilingual
advantage was present not only for trials involéxgcutive control of attention but also
(a) for trials that tapped working memory, (b) foals assessing a combination of
attentional control and working memory abilitiesign) for trials in blocks where
frequent response-set switching was required. Itapty, the bilinguals of that study
were reported to be balanced in dual-languageTiss . suggests that perhaps this
combination of executive control functions closedgembles the bilingual experience, as
apart from inhibiting the irrelevant linguistic sehile using the target language, a
bilingual also keeps simultaneously two separaiguiistic sets active in mind, but also
switches between these linguistic sets accordinigeg@nvironmental stimuli triggering
either L1 or L2 use, hence the bilingual advaniaggtentional control as well as
working memory and set-switching.

An additional example is by Costa and Sanbest€2004b), who have showed that
balanced bilinguals, as opposed to dominant orees] not to rely on an inhibition
mechanism to switch between linguistic sets as thake use of a qualitatively different
selection mechanism for effective language-switgh8imilarly, increasing skill in a
second language has been empirically related tcomements in more general executive
control abilities, specifically involving the funahs of executive control of attention,
attention shifting and monitoring tapped by a liisgia attention-shifting task
(Segalowitz & Frenkiel-Fishman, 2005). That isJduling the alternated runs procedure,
bilinguals of various proficiency levels were pnetsal either with time-related adverbs

(present and past) or with conjunctions (causalrardcausal) in two languages and had
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to categorize them accordingly. Results showedttigmore skilled one was in L2, the
faster the attention-shifts in the switching triafghe above categorization task.

These evidence points to two research dinestibirstly, more research is required to
further specify whether bilingualism confers anaabage in attentional control alone or
in more general executive abilities, given the fediamount of studies investigating this.
Secondly, the mechanisms underlying this bilingaitdct, if any, need to be further
investigated and specifically whether it is thdlgki language-switching that is related to
the so-called “bilingual advantage” in executivadtions. Hence, apart from an
exclusively attention task, in the third experimehthis thesis we also included a task
assessing more general executive functions whialsesrelevant to the bilingual
experience: The Scalar Implicatures (SI) task. Tds& requires flexible shifts between
the semantic and pragmatic linguistic meaning ef@ence (Katsos & Bishop, 2011).
Considering that switching between two languages adquires flexible attention
shifting between the two linguistic representatiansa way the Sl task resembles the
bilingual experience. The evidence on a bilingn#lence on Sl is scarce and shows that
bilingual children outperform monolinguals in S¢ka (Siegal, Matsuo & Pond, 2007;
Slabakova, 2009). However, none of the above stuthee used a task to empirically
relate the bilingual skill of language-switchingtlvthe pragmatic competence of
bilinguals. To complement for this limitation, weployed a version of Meuter and
Allport’s (1999) numerical language-switching taskjich can be considered as an index
of the bilingual skill of switching between two gjnistic sets.

An additional reason of including this taskaihthe experiments described herein was

to address the following issue: Although proficigtit language-switching is likely to be

37



Attention and Bilingualism Throughout Life

an important factor in the cognitive performancditihguals, in the majority of relevant
studies a self-report measure was used to defiweblatanced the bilinguals participants
were (e.g. (e.g. Costa, Hernandez & Sebastian-§&@08; Garrat & Kelly, 2008;
Portocarrero et al., 2007). Such an approach isl@matic, due to existing criticisms
regarding the subjectivity of such measures (fievéew see Mindt et al., 2008). Thus,
the language-switching task of Meuter and Allpd@99) we employed was intended to
be a more objective measure of bilingualism. Acoaydo the asymmetrical switch-cost
hypothesis first proposed by Meuter and Allportq@p during switching between two
languages, an asymmetrical switch-cost is elicitedn the respondent is required to
switch back to L1. That is, it takes longer to shiback to the dominant L1 than to L2.
This has been attributed to inhibition that is ieggito suppress L1 while
communicating in L2. This inhibition is thoughtlte large due to L1 dominance, and as
a consequence persists after switching back t@’hérefore, the amount of this
asymmetrical switch-cost is determined by, ancetdl, the dominance level of each
language. Thus, we would expect RT for trials swiig back to L1 to be longer than RT
for L2 switch trials if the participants were dorait bilinguals. On the other hand, if a
bilingual is balanced, no such asymmetrical switokt should be observed.

Finally, considering that the manifestatiofhshe bilingual advantage could differ
according to the number of years a bilingual hantssvitching between two languages,
and that this number increases with the passatymef we used a lifespan approach in
the studies of this thesis, to see whether thesyaae has been using two languages and
thus one’s proficiency in language-switching infiaes the nature of the bilingual effect.

Additionally, this lifespan approach was adoptedaose we were interested in whether
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the “bilingual advantage” in the attention systensalient enough to be detected in
young adults, who are at the peak of their atteaficapacities, or whether it is more
subtle and therefore can be only detected in agpeserexecutive functions are either
immature (in children) or declining (in older adyl{for a review see Craik & Bialystok,
2006). This difference in the effectiveness of exee functions due to age could be
another possible source of variability in the @rgtognitive studies of bilingualism and
hence was considered important to investigate.
1.7 Research Aims

Given the strong influence of SES on perforogamn cognitive tasks, in addition to
the fact that numerous studies of bilingualismfe@s on cognition have either failed to
control for SES or have included middle to high Sagples (e.g., university students),
both of which could have contaminated their resittshe following four experiments
we investigated the efficiency of the three atmmtetworks of bilinguals, in bilingual
and monolingual younger and older adults as wethdldren, with low SES. As a
measure of the three main attentional networksAtd€ task (adult ANT; Fan et al.,
2002) was chosen, which includes manipulationstyaall three attention systems.

Age was considered to be another importabfacontributing to the mixed results on
bilingualism and attention. To control for a po$siteiling effect in cognitive tasks due
to the age of young adults included in numerousteng studies of bilingualism, we
examined age groups from childhood to late adulthdmother reason for this lifespan
approach was to investigate whether the magnit@itteedbilingual effect in cognition is
influenced by the amount of practice in languagéehung which, in early bilinguals,

should increase with increasing age.

39



Attention and Bilingualism Throughout Life

In order to assess proficiency in languagdetwng, or level of bilingual skill, we
used a version of Meuter and Allport’s (1999) nuicerlanguage-switching task. This
task was also used as a more valid index of larggpagficiency in bilingual individuals
(Costa & Santesteban, 2004; Meuter & Allport, 19@9ative to the self-reported
guestionnaires on language use that have beerupgeddate. This measure, in
combination to the results from the attention taskay also allow us to detect possible
relations between level of expertise in languaggeting and the main attention
functions, in this way further isolating the possibffects of bilingualism in attention.
Finally, we aimed at specifying whether bilingualipenefits attention functions alone or
in addition to other executive control functionggls as working memory and shifting.
For this reason, we also included the Sl taskXpeament 3) and a version of the Simon
task (in experiment 4) which allowed us to measxecutive attention by

simultaneously manipulating working memory load.
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Chapter 2
The attentional processes of adults bilingual in Adanian and Greek when
controlling for sociocultural influences.

Abstract
Evidence shows that in order to communicate effitye bilinguals engage daily in

language-control to suppress intrusions from tretévant language. This can be viewed
as a form of cognitive training of the functionwatved, which seems to generalize to
non-linguistic tasks of executive control of atient often called a *“bilingual
advantage”. However, past findings on such a dpiad advantage in adults are difficult
to replicate. We suggest that this can be attribuie inefficient control of the
socioeconomic status (SES) of the participanthiasé studies. Also, evidence on such a
bilingual training effect in all main functions dttention is scarce. In addition, a
Reaction Time task was used as an index of bilihguaficiency, as opposed to self-
reported measures used by previous studies. Resudtged a null effect of bilingualism
in the main attention functions when controlling ES. The implications of these
findings are discussed.

2.1. Introduction
Throughout the years, research has tendedlicate that bilinguals are worse in

several tasks of language processing compared nolinguals (for a review see Mindt,
Arentoft, Germano, D'Aquila, Scheiner, Pizzirussoal., 2008). For example, bilingual
adults perform worse than monolinguals in namisggathus showing a disadvantage in
lexical competence (lvanova & Costa, 2008). Thisioed naming proficiency seems to
be a direct consequence of bilingualism, as eldslgnced bilinguals have been shown

to perform worse in haming tasks than dominanhgials (Gollan et al. 2007). Elderly
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bilinguals have also shown weaknesses in verbahéiy tasks compared to monolinguals
(e.g. Gollan et al., 2007). Additionally, bilinguhildren seem to have smaller
productive (Nikoladis & Giovanni, 2000) as wellr@septive vocabulary (Bialystok &
Feng, 2008) than their monolingual peers.

More recent evidence though, supports a hihgdvantage in non-linguistic
cognitive tasks (e.g. Bialystok, 2006; for a revéesee Bialystok & Craik, 2010;
Bialystok, Craik, Green & Gollan, 2009; FestmandRguez-Fornells & Miinte, 2010;
Hernandez, Costa, Fuentes, Vivas & Sebastian-6a@0; Kharkhurin, 2010; Poulin-
Dubois, Blaye, Coutya & Bialystok, 2011). For exdenphe performance of bilingual
adults has been repeatedly found to be superitiatoof monolinguals in various tasks
involving executive control of attention, such las Stroop task (Zied et al., 2004), the
Attentional Networks Task (Costa et al., 2009), $imon arrow task (Bialystok & De
Pape, 2009) and the Attentional Blink task (Colz8&@o, van den Wildenberg, Paolieri,
Nieuwenhuis, La Heij et al., 2008). Additional seslsupport a bilingual advantage in
cognitive control over monolinguals throughout lifeesspan (for a review see Bialystok,
2009).

How is bilingualism related to control of atte®n? According to empirical evidence
(e.g., Colomé, 2001; Costa & Caramaza, 1999; Cbéitezo, & Caramazza, 1999; van
Heuven, Schriefers, Dijkstra & Hagoort, 2008) amdbitingual lexical access models
(Costa, Miozzo, & Caramazza, 1999; Dewaele, 20@lla@ & Acenas, 2000; Green,
1998; Poulisse, 1999), both languages are activie whly one of them is being actually
used when a bilingual individual is communicatifgr the bilingual then to achieve

fluent communication in the target language, hersbst resist intrusions from the non-

42



Attention and Bilingualism Throughout Life

relevant language. In essence then, it is arguedi(feview see Bialystok, 2009) that
bilingualism constitutes a life-long “cognitive iméng” in controlling the two linguistic
sets.

The cognitive function most relevant to thehhbvior is executive control of attention,
involving the enhancement of activation of the ¢éargfimulus (or target language in the
case of bilingualism) and the supression of thgatiing information (or of the currently
irrelevant language), to achieve efficient selectib the target (for a review see Posner
& Rothbart, 2007). A question that remains to bewasred is whether bilinguals, to
achieve target-language production, either actithgdarget language or suppress the
non-target language or both. Significant efforteehbeen made to address this issue,
with some evidence for each viewpoint (for a dethdliscussion on this debate see
Costa, 2005).

Converging neuroimaging evidence suggestrtiuat possibly inhibition is the
cognitive function associated with having commafdnd hence using, more than one
language. That is, inhibition seems to be the rhaiction modulated by the dorsolateral
prefrontal cortex (DLPFC) which, along with the Anbr Cingulate Cortex, constitute
the control network responsible for bilingual langa-switching (e.g. Abutalebi &
Green, 2007; Chee, Soon & Ling Lee, 2003; Hernan2l@@9; Hernandez, Dapretto &
Bookheimer, 2001). In turn, the same control nekwssed in every task requiring
cognitive control of attention (for a review seeuddlebi & Green, 2008) and specifically
inhibition, hence the bilingual benefit in non-lingtic tasks tapping inhibition (Green,

1998).
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Given the mutual influence of the executivateal of attention function with the
other two main attention functions, those of atgrtand orienting (Callejas, Lupiafiez &
Tudela, 2004; Callejas, Lupiafiez, Funes & Tudel®52 Hernandez et al., 2010), it
could be that the effects of bilingualism generaliz those two attention processes as
well. To our knowledge, only two studies have irigeged the possible modulation of
either alerting and/or orienting by bilingualismo&a, Hernandez & Sebastian-Gallés,
2008 for executive, alerting and orienting attemtionctions; Hernandez et al., 2010 for
the executive and the orienting functions), wh@seiits are mixed. This underlines the
need to further explore the workings of all theethmain attention networks (i.e.
executive attentional control, alertness and omngniPosner & Petersen, 1990) under the
influence of bilingualism (Hernandez et al., 2010).

Specifically, Costa, Hernandez and Sebastialfe&(2008) investigated the possible
influences of bilingualism in all three main atientnetworks. They employed the
Attentional Networks Task (ANT; Fan et al., 200@) this purpose, in a sample of 100
monolingual and 100 bilingual university studemigh a mean age of 22 years. The
ANT is a reaction time task, whereby the participarpresented with 5 arrows and is
asked to respond to the direction of the centravaby pressing the analogous mouse
button. With relevant manipulations, the ANT inahsdrials tapping the executive
control of attention, the alerting and the oriegtiretworks. In that study, bilinguals
outperformed (i.e. responded faster than) monoéitgjin both conflict resolution trials
and in alerting trials. Thus, it was concluded thagsibly the bilingual advantage in
executive attention may extend to the alerting fimmc However, there was no difference

between monolinguals and bilinguals on trials essgrienting of attention.
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In the study of Hernandez et al.’s (2010),iad¢lae performance of bilingual and
monolingual university students with a mean ageloyears old was compared. The
tasks differed from those of Costa and colleag@8g) in that Hernandez and
colleagues used a visual cueing paradigm to measigting effects and a numerical
version of the famous Stroop task for executiverdaibn (Stroop, 1935). They found no
between-group differences in attentional orientimgh similar cueing facilitation and
Inhibition of Return (IOR) effects observed in botlonolingual and bilinguals in the
visual-cueing task. However in the Stroop tasknguals responded faster than
monolinguals in trials involving incongruent stimuience requiring conflict resolution.

Contrary to the findings of Costa, Hernandea Sebastian-Gallés (2008) though,
there was also a bilingual benefit in Stroop-faation effects; that is, bilinguals were
more aided by congruent cues and hence responsied fia congruent Stroop trials than
their monolingual counterparts. Put differentlyhaligh both studies investigated the two
elements of executive attention, the cueing fatibh and inhibition effects, only one
revealed a bilingual benefit in both effects. Thuseems that there is an advantage
conferred by bilingualism in executive control deation, though its nature remains to
be determined.

The results of Colzato et al. (2008) whichtcadict those of Hernandez et al. (2010)
further emphasize the need to disentangle thefgpeffects of bilingualism in attention.
In their study, Colzato and colleagues (2008) eygidhe same visual-cueing task as
Hernandez et al. (2010), again in university biliagand monolingual students. Unlike
the findings of Hernandez et al. (2010), theirmgjlial participants demonstrated a

stronger IOR effect than the monolinguals and shibmeefacilitation from spatial cues.
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Although all three studies included participantthwiery similar demographic
characteristics and used either similar or idehteesks, their results are largely
inconclusive. This agrees with the statement thalication of bilingual effects in
attention is sometimes “notoriously difficult” (Calto et al., 2008, p.302).

To our view, a possible explanation for théserepancies is that the majority of the
studies conducted so far on the effect of bilingualon attention have not controlled
sufficiently for the influences of non-linguisticaasures such as socio-economic status
(SES) (i.e. either have not matched their partitipen SES or have included middle or
high-SES individuals), that could provide an altive interpretation of the bilingual
advantage (Morton & Harper, 2007). That is, inttivee aforementioned studies,
participants were university students, thus propabimiddle-to-high SES. This suggests
that there could always be the possibility thatrthesults were confounded by the effects
of SES on cognition. Similarly, the majority of dites on the cognitive effects of
bilingualism have either included university undadyates (e.g. Bialystok, 2006;
Festman, Rodriguez-Fornells & Minte, 2010; Kharkinu2010) or have not measured
SES at all (e.g. Bialystok et al., 2005; BialysikDePape, 2009; Zied et al., 2004).
However, given the important influences of SEShim éxecutive system and especially in
attention (for a review see Magnuson & Duncan, 200 hard to disentangle the SES
effects from those of bilingualism using these sasp

Studies showing superior performance of higlseopposed to lower SES individuals
in tasks of executive control of attention (Mezzguas 2004) serve to further support this
claim. More importantly there is some evidenceutolimited due to the small sample

size of that study (N=12 in each language groupgssting that the bilingual benefit in
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executive control is indeed attenuated by low S#&8{on & Harper, 2007).
Specifically, the performance of bilingual and mimgual children aged from 6 to7
years was compared in the Simon task, assessiegtesecontrol of attention
(Bilaystok, Craik, Klein & Viswanathan, 2004). TB&ES (based on a parental report
guestionnaire), non-verbal intelligence, age awcdptve vocabulary of their participants
was matched between the language groups. Thegeafgitved no differences between
monolinguals and bilinguals in the Simon task, thuggesting that when the participants
are matched for SES, the bilingual effect in attentisappears (Morton & Harper,
2007). Therefore, before conclusively suggestirag there is a bilingual benefit on
attention, SES should be taken into consideration.

The aim of the present study is (a) to ingzge the three attention networks in
bilingual and monolingual adults, (b) while contirag) for the SES factor. For this
purpose, the ANT was chosen (adult ANT; Fan e2802) claimed to validly and
reliably assess the three networks of attentian (@ueda et al., 2005).

Another innovation, as compared to previousliss on bilingualism, is the measure
of level of bilingualism (proficiency in switchingetween the two languages) we have
employed. Most studies of the bilingual effect agmition (e.g. Costa, Herndndez &
Sebastian-Gallés, 2006; Garrat & Kelly, 2008; Paatcero et al., 2007) have used self-
report questionnaires to quantify bilingualism. Her, according to the review of
Mindt et al. (2008), these measures are subjettitiee point that their findings should
be interpreted with caution. Thus, we employed aenabjective measure of bilingual

skill, the numerical language-switching task (MeweAllport, 1999).
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The logic in using this task was as follows:uté and Allport (1999) were the first to
demonstrate that the processes of language swgtamipilinguals are fundamentally
similar to non-linguistic processes of task-switghiThat is, Reaction Times (RT) are
longer for switch than non-switch trials and masportantly, when the bilingual
participant is required to switch back to L1 (tlee dominant language) from L2 (i.e. the
non-dominant one), an asymmetrical switch-coslicited (i.e. larger RT cost than for
switching from L2 to L1), attributed to more inHilbn that is required to suppress the
dominant language than the non-dominant one. fndase, inhibition persists to the
switch trial and consequently results to the asytrioa switch-cost.

However, when the respondent is a balanc&twgbil — and when, therefore, neither
language is dominant —, the asymmetrical switch-sogbolished. Subsequent studies
(e.g. Costa & Santesteban, 2004) support the mbsstof these findings. Thus it seems
that the magnitude of the asymmetrical switch-aost language-switching task depends
on the dominance level of each language (Verhoal. e2009). Therefore, a language-
switching task serves as an index of bilingual isiehcy, expecting less balanced
bilinguals to show a larger asymmetrical switcht¢ban the more balanced ones. In
addition, data from such a language-switching taglombination to data from an
attention task could serve to better understan@stiaet manner in which attention
functions are used by bilinguals to manage bilih¢araguage-switching, in this way
further elucidating the mechanisms underlying tiiedual advantage (Siegal, Surian,

Matsuo, Geraci, lozzi, Okumura et al., 2010).

Summing up, in-line with previous findingsgeBialystok et al., 2008; Costa,

Hernandez & Sebastian-Gallés 2008; Hernandez,&Cdl0), we predicted that
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bilinguals will resolve conflicting information merefficiently than monolinguals (less
interference from incongruent information). Additadly we predicted that, in line with
other studies (Bialystok, 2006; Costa, Hernandexefastian-Gallés, 2008; Hernandez et
al., 2010), there will be a bilingual advantagenonitoring processes. In the context of
the ANT task, this means that bilinguals will bermaided by an alerting cue (i.e. RT in
alerting-cue trials will be faster than RT in noeduials) than monolinguals. Finally, no
differences among bilinguals and monolinguals &dhenting effect were predicted, in-
line with previous research (Costa, Hernandez &aStén-Gallés 2008; Hernandez et
al., 2010).
2.2. Method
Participants

A self-reported questionnaire, designed tessSES and linguistic background, was
used to gain more detailed information on the pgrdints’ SES level and Language
background (see Appendix D), which is describeerlathe bilingual group included 22
adults (7 males, 15 females) bilingual in Greek Alimhnian, with low SES. Their ages
ranged from 18 to 48 years old (M=31.23, SD= 9I8e monolingual group included 20
adults (8 males, 12 females) monolingual in Grediq were matched on SES to the
bilingual group. Their ages ranged from 18 to 6argeld (M= 40.35, SD= 14.25).
Additionally, 17 adults (6 males, 12 females) mamglial in Greek, with a middle SES
level and a minimum skill in a second language egtias the middle-SES group. Their
age ranged from 19 to 61 years old (M= 36.71, SP54).

Bilingual volunteers were recruited from dagle near Thessaloniki and from Athens

by word of mouth and from an Albanian associatioithessaloniki after a personal
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contact with the main researcher. Monolinguals weceuited from the experimenter’s
environment and an adult’s night school in Thesski@fter official contact of the main
researcher. Written informed consent (see AppeBilixas obtained from all
participants.

Material and Procedure

Each participant was tested individually, in a ¢que®m. A short description of the study,
by withholding the exact aims to avoid demand cttarsstics, was firstly given,
followed by the informed consent. The demographitd language background
guestionnaire were then be filled in by the pgpaait, with the experimenter present so
that any misunderstood question can be explaineel.ifitelligence measures followed
(Raven’s SPM; WAIS-III Vocabulary test).

Furthermore, the computerized tasks were agddlanguage-switching as the
measure of level of bilingualism; the ANT task) rBoth tasks, instructions were given
orally and in written, and the participants wenreegi enough time to ask for any possible
clarifications. The order of task administrationsi@unterbalanced for all participants.
Testing lasted approximately 90 minutes for the afiaguals and 105 minutes for the
bilinguals.

Demographics and Language background questionnaire

This questionnaire was based on previous esusfi bilingualism and its hypothesized
effect on cognitive processes, which have demawestiia reliably and validly measure
these demographic and linguistic aspects (Abedil KGoPlummer, 1997; Brown, Bown

& Eggett, 2009; Costa, Hernandez & Sebastian-Galg88; Garrat & Kelly, 2008;
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Gullberg & Indefrey, 2003; Portocarrero et al., 2ZD0rhe questions were translated from
English into Greek.

The SES section of the questionnaire inclutieds on education level, type of
occupation and position in occupation (see AppeRjlibSimilar categorizations of
Occupation Type (e.g. Natsiopoulou & Melissa-Halgoulou, 2009) and Education
Level (e.g. Benetou et al., 2000) have been regbatsed by many researchers to assess
SES level in Greek samples (for a review see EcownognNikolaou, 2005). The
demographics section included questions on thegegeler and nationality of the
respondent. Questions on the language backgroutig séspondent were also included
(see Appendix F).

Differences between Language groups in SES levelnguage Use & Language Skill
SES level

A one-way between-subjects ANOVA with SES leagthe dependent variable and
Language group as the between-subjects factoralev¢hat SES level differed
significantly as a function of Language Grot§4, 60)= 5.316p=.008,12= .926].
According to planned t-tests, the middle-SES grdp 7.89, SD= 2.31) had
significantly higher SES level than the monoling(ME 5.9, SD=1.71) and the bilingual
groups (M= 6.41, SD=1.82p= .008. There were no significant differences irf8SE
between the monolingual and bilingual groups.

Second Language Use

An ANOVA with Language Use scores as the ddpahvariable and Language

Group as the between-subjects factor, showed ggnifdifferences in frequency of use

of an L2 according to Language Group affiliatiof(g, 60)= 662.301p< .00001 2=
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.959]. Specifically, bilinguals (M= 4.91, SD= 0.2%)ported using a second language far
more frequently than the middle-SES (M= 0.58, SIB5Pand the monolingual group
(M=0.25, SD= 0.15), p< .00001. The differences leetwthe monolinguals and the
mixed group were not significant, due to the mirieposure in an L2 of the middle-
SES group.

Second Language Skill

Scores of L2 Language Skill were submitted tme-way ANOVA, with Language
Group as the between-subjects factor. Significdférdnces between the Language
Groups in L2 skill were indicated(2, 60)= 68.154p< .00001 2= .705]. According to
planned t-tests, monolinguals (M= 0.2, SD= 0.19) asignificantly lower skill in a
second language compared to both bilinguals (M3,43D= 0.82) and the middle-SES
group (M= 2.65, SD= 1.58), p< .00001. Additionaliye middle-SES group had a
significantly lower second language skill thanrmgials, p< .00001.

In sum, the monolinguals and the bilingualshef present study were did not differ
from each other in SES whereas the middle-SES gn@gpof significantly higher SES.
Bilinguals used a second language far more fredyuentheir everyday lives than the
monolinguals and the middle-SES group, with the otioguals essentially reporting not
using an L2. Also bilinguals reported having a mbayher proficiency in a second
language than the other two groups, with monolifgyteporting almost zero L2
proficiency, although the middle-SES group repottetdave a minimum L2 skill.
Additionally (see Table 2.3 in Appendix FyJthough most bilinguals were not

“simultaneous bilinguals” (i.e. exposed in L2 a 8ame age as in L1), they had been
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exposed to an L2 (Greek) at least from adolescandéhad received formal and informal
lessons in L2 for a considerable amount of years.
Intelligence and Vocabulary measures

In bilingual studies, it is essential to mapahticipants for IQ (e.g. Colzato et al.,
2008). Importantly, a widely used measure of ilgetice has not yet been standardized
for the Albanian population (e.g. Wasserman e8I00; Zimmerman et al., 2006). Thus,
following previous studies of the bilingual effent attention processes (Bialystok &
Martin, 2004; Colzato et al., 2008; Treccani, Aiigfaorace & Della Salla, 2009),
Raven’s Standard Progressive Matrices (SPM; ReM@38) was used to measure general
intelligence in adults. Raven’s Progressive Matrisea widely applied (Raven, 2000)
and considered a relatively culture-free, reliad valid measure of Spearman’s g
(Raven, 2000; Wicherts et al., 2010).

Secondly, as an indicator of vocabulary pieficy, the expressive Vocabulary
subtest of the Weschler Adult Intelligence Scakssion 11l (WAIS-11I; 1997) was
administered in both languages (i.e. Albanian anekl). The WAIS has been widely
used and standardized for the Greek population l@koglou, 1998), though not for
Albanians. To partially compensate for this limiat a psychologist of Albanian
nationality scored the bilingual participants oa tibanian vocabulary test, from their
recorded answers.

Computerized tasks
Both the ANT and the Language-switching task wéspldyed on a 15 inches laptop

screen using the E-Prime 1.1 (2002) software.
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The ANT task

The ANT was adopted from Fan et al. (2002 fikation point was a cross (+). The
target was an arrow, pointing either left or righite target was always presented
centrally (see Figure 2.1), either alone (neutral)tor flanked by four identical arrows
according to the condition (congruent or incongtugal). There were 4 cue conditions

(see Figure 2.2).

a——— ——

b —m————

C. >«

Fig. 2.1.The target (a) neutral condition, (b) flanked bgohgruent flankers and (c) flanked by 4
incongruent flankers.

Each of the 12 following conditions was equallyresgented during the task: 4 cue-
conditions (central cue, double cue, spatial cog;ue) x 3 flanker conditions

(congruent, incongruent, neutral). Response lagsn@&T) and accuracy (errors) were
recorded. For a depiction of a typical trial seguifé 2. Completion time was
approximately 25min. The experiment included 24fica trials, providing feedback to
the participant, and three experimental blocks ®rials each without feedback. In
total, 288 experimental trials were presented. Eaahwas a combination of one of the 4
cueing conditions (central cue, alerting-sound spatial cue, no cue) with one of the 3
flanker conditions (congruent, incongruent, nejti@hd was presented 24 times (8 times

in each block). Presentation order of trials wasloenized.

54



Attention and Bilingualism Throughout Life

Fixation

Cue condition {e.g. spatial)

+

400 to 1600ms

150ms

T 450ms

Cue Conditlons 1600ms/until response

L *

* + -

Spatialcue  Central cue Double cue No cue

Fig. 2.2. Example trial of the ANT task.

The Language-switching task
This task was based on that of Meuter and Allpt®©Q). The target stimuli were Arabic

digits (1-9). The background was either a GreekroAlbanian flag (depending on the
condition) serving as the language cue (i.e. prechparticipants to read the digit in
either language) (see Figure 2.3). A microphoneneoted to a voice key, was used to
respond to the target.

Participants were instructed to read alouddig& on the screen in the language
suggested by the language-cue (flag). They wereugaged to respond as quickly and
accurately as possible.

Generation of digits was random, with the tation that no number could be
presented twice in a row. Trials were of two tygé3:non-switch trials, where the
language of response was the same as in the pseviali(70% of total trials), and (2)

switch trials, where the language of response wéereht than the language used in the
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preceding trial (30% of total trials). Half of tkevitch and non-switch trials required a
response in L1 and half in L2.

Each trial lasted until response to targettaednext trial onset took place 400ms after
response (triggering of voice-key). An example ofdd-switch and 1 switch-trial is

depicted in Figure 2.3. Response latencies (RTgwezorded by the software.

Switch trial

Non-switch

|—¢

TIME

Fig. 2.3. Examples of a non-switch and a switch trial in thaguage-switching task

2.3 Results
Intelligence and Language measures
Raven’'s SPM

Following previous studies (Treccani, Argygrace & Della Salla, 2009; see also
Wasserman et al., 2003; Zimmerman et al., 200@gptication of Raven’s SPM in an
Albanian sample), and due to lack of Albanian nofonghis test, we used participants’

raw scores on the Raven’s SPM test to make congperisetween the three language

groups in general intelligence, entering these ttataone-way ANOVA with Language
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group as the between-subjects factor (monolindpilghgual and mixed groups). The
ANOVA yielded a marginally significant main effeat general intelligence between the
language groups[1, 56)= 2.929, p=.062]. According to planned tadsetween the
Language groups, the middle-SES group (M=47.29, 80%) scored significantly
higher in the Raven’s SPM test than the biling&ls40.65, SD= 7.41)(35)= 2.594,
p=.014. No other differences in the Raven’s scoeashed significancgs> .05.
WAIS Vocabulary subscale

Participants’ raw scores on the WAIS Vocabpkubscale (in Greek) were analyzed
with a one-way ANOVA, comparing the three languggeups. The analysis revealed a
significant main effect of language grouf(2, 56)= 16.453, p<.00001]. Planned t-tests
showed that bilinguals (M= 29.05, SD= 16.41) scagaificantly lower than both the
monolinguals (M= 41.55, SD= 7.8Q§38)= 3.077 p= .004, and the middle-SES group
(M= 49.94, SD= 5.54)(35)= 5.004p< .00001, in the Greek version of this verbal
ability test. Moreover, monolinguals scored sigrafitly lower than the middle-SES
group,t(35)= 3.709p= .001.

The result of significantly lower WAIS ¥oscores of the bilinguals compared to
the other two language groups is not surprisinig. ih agreement with relevant
developmental studies, demonstrating that the &itingual child has a smaller
vocabulary in one of his/her two languages and alsmvocabulary in each language
individually when compared to that of a monoling(eab. Ben-Zeev, 1977; Bialystok,
1988; Nicoladis & Genesee, 1997; Umbel, Pearsomdrelez & Ollie, 1992), as is the
case with bilingual adults (Portocarrero, BurrighatDonovick, 2007). According to the

literature, this could be a confounding factor sinocabulary measures have been found
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to correlate with measures of executive functionmghildren (Carlson & Moses, 2001;
Carlson et al., 2002). Although there is no rebresearch on direct relations between
vocabulary size and the performance of bilinguallisdn non-verbal tasks of executive
control, an interaction has been found betweenaedivocabulary and verbal tasks of
control in bilingual individuals (Bialystok, Crak Luk, 2008). Therefore, there could be
a possibility for lower vocabulary scores to confdwith performance on the cognitive
tasks we employed. For this reason, in a follovdagondary analysis of the attention
networks as a function of Language group, we cedattie total WAIS Vocabulary
scores, as in Carlson and Meltzoff (2008).
The ANT task
Error analysis

A 3 x 4 x 3 mixed ANOVA was used to analyzewacy scores, with Flanker type
(congruent, incongruent, neutral) and Cue type lftiguno, central, spatial) as the within-
subjects factors and Language group (monolingulaigbal and mixed) as the between-
subjects factor. The main effects of Cue typ€[ 324)= 2.809p= .041,,4%= .049] and of
Flanker type (2, 324)= 11.929%< .00001 /2= .181] were significant. The only
significant interaction was that between Cue type Rlanker typeH(6, 324)= 2.302p=
.034,72=.041]. Most relevant to this study, there washezia main effect of Language
group nor an interaction involving this factor, srehowing comparable correct
performance between the groups (monolinguals 97, 88%guals 95.35%, middle-SES

97.87%).
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Response Times analysis

Data from 2 bilinguals were eliminated from the lgg& as outliers (RTs above
800ms). Thus, the latencies and error rates oflZ@bals, 20 monolinguals and 17
middle-SES adults were analyzed. According to Raal.€2002) and Rueda et al. (2004),
the Conflict effect, reflecting executive contrdlaitention, was calculated by subtracting
mean RT in congruent trials from mean RT in incoegt trials. To obtain the Alerting
effect, reflecting the alerting attention functionean RT in double-cue trials were
subtracted from mean RT in no-cue trials. Finathygalculate the Orienting effect,
reflecting the orienting network of attention, wegacted mean RT in spatial-cue trials
(i.e. trials were the cue was either above or bdiration) from mean RT in central-cue
trials.

A 3 x 4 x 3 mixed ANOVA was used for the ialtanalysis of mean correct RTs, with
Flanker (congruent, incongruent, neutral) and @pe {double, no, central, spatial) as
the within-subjects factors and Language group @hogual, bilingual and middle-SES)
as the between-subjects factor (see Table 2.ligrfisant main effect of Flanker was
indicated, F(2, 106)= 30.155< .00001 5?= .363], with RTs in the Incongruent
condition (M= 725.30, SD= 154.38) being signifidgrdilower than for the Congruent
(M=602.72, SD= 135.90) and Neutral (M= 590.06, SI28.30) conditiongy< .00001.
Thus, a Conflict effect was revealed for all papEmts. Also RTs for the Congruent

condition were significantly slower compared to Neutral conditionp< .00001.
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Table 2.1.Means and (Standard Deviations) of RT in millisedofor each Language group.

Language Warning
group cue

Flanker

Central cue Double cue No cue Spatial cue

609.23 597.03 632.71 576.61

Monolinguals (108.13) (103.54) (100.49) (98.07)

. 693.88 65125  687.98  639.13
Congruent  Bilinguals 19524y (160.41) (164.24)  (167.88)

528.64 518.51 552.36 498.38

middle-SES (92.92) (84.23) (82.46) (90.38)

Voroinauas 74982 72524 7263 660.37

9 (113.97) (111.75) (114.89)  (107.16)
-~ 81440 82306 82643  758.12
Incongruent  Bilinguals 19559y (182.63)  (190.61)  (184.57)

661.83 642.75 661.18 593.89

middle-SES  13099)  (113.19) (112.86)  (121.57)
onolinaus 58768 58699 6028  570.30

g (95.13)  (95.33)  (86.63)  (90.66)

-~ 66539 64451 66921 62571

Neutral  Bilingual 1874 (169)  (159.43)  (159.96)
dlesgs 53276 51605 54811  490.24

(89.42) (97.93) (76.16) (83.22)

A main effect of Cue type was also evideR{3][ 159)= 6.395p< .00001 2= .108].
That is, latencies for the Spatial-cue trials (M}¥686, SD= 135.92) were significantly
faster than for the Central-cue trials (M= 653.8B= 143.78)p< .00001, thus indicating
an Orienting effect for all participants. This waso true when comparing performance
in the Spatial-cue to the Double-cue (M= 637.8773[36.33) p< .00001, and to the No-

cue trials (M= 659.98, SD= 133.56)< .00001. Additionally, RTs for the Double-cue
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trials were significantly faster than for the Noeduials,p< .00001, revealing the
presence of an Alerting effect. Also, participamsponded significantly faster in the
Double-cue compared to the Central-cue trigds,00001.

The interaction of Cue type by Flanker by Laage group was also significarfe(12,
318)= 1.848p= .040,47%= .065]. To further investigate this interactiore wonducted four
separate 3 x 3 ANOVAs, one for each cueing conditiath Flanker (congruent,
incongruent, neutral) as the within-subjects faatod Language group (monolinguals,
bilinguals, middle-SES) as the between-subject®fa¢he analysis showed that
Language group interacted with Flanker only inEroeible-cueing condition, with a
magnitude of marginal significancB(f, 56)= 2.210p= .073,5#?= .076]. According to
Bonferroni post-hoc tests, the middle-SES groupaaded significantly faster relative to
the bilinguals in all Flanker conditions when theeavas Doubleps< .05. Nevertheless,
the above interaction can be attributed to thesla@pnflict effect (RT for Incongruent —
RT for Congruent trials) of the bilingual group (M%1.81, SD= 90.80) compared to
both the monolingual (M= 128.21, SD= 76.76) andrthédle-SES groups (M= 124.24,
SD= 49.15) under the Double-cueing condition.

Because the age range of the participantsmases in order to control for possible
Age effects in our results we then conducted a3:8 mixed ANCOVA with Flanker
(congruent, incongruent, neutral) and Cue type lftgyuno, central, spatial) as the within-
subjects factors, Language group (monolingualngilal and middle-SES) as the
between-subjects factor and Age as the covaridte differences in the pattern of the
results previously found were limited: firstly, theagnitude of the cueing effect was

reduced to marginal significancé(B, 159)= 2.299p= .080,7%= .042]. According to
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Bonferroni post-hoc comparisons, this is attributethe significantly slower responses
of all participants to the Central-cue trials (M4&9%6103, SD= 143.78) compared to all
other cueing conditionf@s< .00001. However no other differences betweennguei
effects reached significangas< .05. This suggests that Age fluctuations may acttor
the ANT cueing effects reported in this experiemaditonally, a significant main effect
of Language group emergeé(2, 53)= 9.525p< .00001 /2= .264]. Bonferroni post-hoc
tests revealed that this effect is attributed todterall significantly slower responses of
the bilingual group (M= 727.03, SD= 174.42) complaieethe monolinguals (M= 619.28,
SD=102.15)p=.021, and the middle-SES group (M= 559.85, SDA3)/p< .00001.
There were no other differences in the patterrestiits compared to the main analysis.
Finally, to control for a possible confoundieifect of lower vocabulary scores of the
bilingual group on their performance in the ANTdescribed earlier, and especially in
the trials tapping executive attention, we furtbenducted a 3 x 4 x 3 mixed ANCOVA,
with Flanker type (congruent, incongruent, neutaailjl Cue type (double, no, central,
spatial) as the within-subjects factors, Language!g (monolingual, bilingual and
middle-SES) as the between-subjects factor and Wtk scores as the covariate. The
same main effects of Cueing and Flanker were rededlhe difference with the previous
main ANOVA was that no interaction reached sigifice in this analysis.
Detailed assessment of the 3 attentional networks

(a) The executive network of attention (Conflict eff¢ct

For the Conflict effect, a 2x3 mixed ANOVA svaonducted, with Flanker type
(Incongruent and Congruent trials) as the withibjscts factor and Language group

(monolinguals, bilinguals and middle-SES) as thevben-subjects factor. The analysis
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yielded a significant main effect of Flank&i(1, 54)= 214.064p<.00001 4?= .799], with
RTs for incongruent trials (M= 714.17, SD= 129.64)ng slower than for congruent
trials (M= 593.28, SD=110.24). Thus, a conflidieef was indicated for all participants.
There was also a significant main effect ofdiaage groupH(1, 54)= 6.494p=.003,
n?=.194], with the middle-SES group being signifittafiaster overall (M= 581.99, SD=
101.20) than bilinguals (M= 707.67, SD= 121.6§%,.002, in responding to either
congruent or incongruent trials (see Figure 2.4 ihteraction of interest though,

among the Language groups and the Flanker conddidmot reach significance.

1000 -congruent
+* Hincongruent

200
500

400

Mean RT (ms)

2007

monolingual bilingual middle-SES

Language Group

Fig. 2.4.Performance in Congruent and Incongruent triald jpaguage groug. sig. at p< 0.05.
Bars represent SE.

To investigate the effect of SES in our oMesaimple, we conducted a 2 (Flanker
type: congruent & incongruent) x 3 (Language groupnolinguals, bilinguals, mixed)
mixed ANCOVA with SES as the covariate. The patt#rresults remained identical as
before controlling for SES.

(b) The alerting network of attention

Data were submitted to a 2 x 3 ANOVA, with Gendition (no-cue and double-cue

trials) as the within-subjects factor and Languagrip (monolinguals, bilinguals and
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middle-SES) as the between-subjects factor. Amalysmean RTs showed a significant
main effect of Language group(fL, 54)= 5.681p=.006,12= .174]. Bilinguals were
slower (M= 682.88, SD= 115.81) to respond thamtiddle-SES group (M= 571.62,
SD=90.42) (see Figure 2.5). The main effect of Gamdition was also significanE(1,
54)= 36.025p< .00001 2= .400], with participants responding faster in bledcue trials
(M= 620.806, SD= 110.68) than in no-cue trials (B#4.35, SD= 109.1). Thus, an
alerting effect was indicated as all participanesevfacilitated by an alerting cue. The
interaction between Cue and Language group dideamh statistical significance. When
repeating the same analysis but with SES as tharied®, the only difference in the
results that emerged was that the cueing effeapgsared, thus suggesting that SES
fluctuations may have accounted for the previosgyificant cueing-facilitation effect

of the Alrting cue.

u |® double
500
+* Cno

600

400

Mean RT (ms)

200

monolingual bilingual middle-SES

Language Group

Fig. 2.5.Performance of all Language groups in trials regmeg the Alerting function of
attention* sig. at p<0.05.Bars represent SE.

(c) The orienting network of attention
A 2x3 mixed ANOVA was used, with Cue (centat spatial) as the within-subjects

factor and Language group (monolinguals, bilingaad mixed) as the between-subjects
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factor. A significant main effect of Cue was rexezhJF(1, 54)= 107.328p<.00001 s2=
.665], with responses in trials with a central, fgiormative, cue being slower (M=
639.53, SD= 113.98) than responses in trials wipadial cue (M= 596.05, SD= 113.22),
thus indicating an orienting effect independentafiguage groups. The main effect of
the Language group factor was also signific&fl | 54)= 6.082p= .004,,?= .184], as

the middle-SES group were faster in responding 84$.44, SD= 98.5) than the
bilingual participants (M= 667.57, SD= 115.31) ($égure 2.6). However middle-SES
and monolinguals did not differ significantly inetbe cue conditions. The interaction
among Cue and Language group was not significaheriWve repeated the same

analysis with SES as the covariate, the patteresaflts was identical.

B central
1.000 [ spatial
*
800
= 600
[+ 4 T
= 1
©
S 400
200
o
monolingual  bilingual middle-SES

Language Group

Fig. 2.6.Performance of all Language groups in trials regméeg the orienting function of
attention* sig. at p<0.05.Bars represent SE.

Language-switching task

Data from 18 bilinguals were analyzed, asr2igpants did not complete this task.
Mean RTs from the Language-switching task were sitibdito a 2x2 within-subjects
ANOVA, with Trial Type (switch and non-switch) afidial Language (Albanian and

Greek) as the within-subjects factors. There wsigj@ificant main effect of Trial Type,
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[F(1, 17)= 49.295p< .00001 5= .727], with faster RT in non-switch (M= 754.1 DS
165.43) compared to switch trials (M= 841.318, SIB6.35). No other main effect was
significant. There was no significant interactia@tween Trial Type and Trial Language.
Paired t-tests showed that RTs in trials switclirogh L2 to L1 were not significantly
different from RT in trials switching from L1 to L2ut differently, an asymmetrical
switch-cost was not observed, which suggests ltigabilinguals included in this study
were balanced bilinguals.

The Language-switching task may be used tavbether the mechanisms used for
switching between languages is similar to thosel is@on-linguistic tasks involving
executive attention. Thus, we reasoned that thedasid detect possible relationships
between language-switching and resolving conflgctiformation as indicated by the
ANT. Specifically, we wanted to see whether thetshiwvcost assymetry (SCA) that arises
when switching between languages (i.e. the absatetn RT to switch back to L2
minus the absolute mean RT to switch back to L1)ld/de correlated to the Conflict
effect from the ANT. Additionally, given that thieree main attention functions are
interrelated (Callejas, Lupiafiez & Tudela, 2004li€jas, Lupiafiez, Funes & Tudela,
2005; Hernandez et al., 2010), we speculated tagbencorrelations will emerge
between the Conflict, the Alerting and the Oriegtéifects.

To test for these assumptions, we submittecShA, the Conflict, the Alerting and
the Orienting effects to a correlation analysiglgipg the Bonferroni correction to
adjust the significance level for multiple comparis (see Table 2.2). Alerting was
significantly and negatively correlated with Oriiegy, r(18)= -.569 p= .009, showing

that the more facilitated the participants wererfran alerting cue, the slower they were
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to respond to an Orienting cue. This suggestsAteating had a negative consequence
on the Orienting attention function. Conflict wast melated to SCA. This was the case
even when controlling for SES.

Table 2.2.Inter-correlations for measures of SCA, Conflicikerting and Orienting.

Conflict Alerting Orienting SES
SCA -.376 .080 .040 144
Conflict -.209 .164 .032
Alerting -.569* 177
Orienting -.133
controlling for SES
SCA -.386 .060 -.013
Conflict -.202 .210
Alerting -.622*

* sig. at p< 0.013 (Bonferroni correction)
2.4 Discussion

The main aim of this study was to determinetibr there is a bilingual effect in the
three main attention functions of adults when adhirg for the influences of SES. The
expected bilingual advantage in monitoring procesegas not found, since the magnitude
of the alerting effect did not differ among langeagoups. This contradicts the results of
several studies (Bialystok, 2006, Costa, HernamaezSebastian-Gallés, 2008;
Hernandez et al., 2010). The groups were not mdtfdreSES in those studies and their
participants seemed to be of middle-to-higher St68;ever all our bilingual and
monolingual participants were of low SES. Thusotild be the case that, as suggested by
Morton and Harper (2007), matching the groups 8 %nd especially including
bilinguals of low SES attenuates the so-calledfgilal advantage” in the alerting
function of attention.

Regarding the executive attention networkndpualism did not seem to directly
modulate this attentional system either, sincerthgnitude of the conflict effect did not

differ significantly as a function of language gpoTrhis is in contrast to the results of
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numerous studies (e.g. for a review see Bialysta@. £2009; Costa, Hernandez &
Sebastian-Gallés 2008; Hernandez et al., 2010.cthikl be attributed again to the low
SES of our bilingual participants. Most importantlye fact that the middle-SES group
outperformed the other two groups, of low SEShmftrials involving the two main
aspects of executive control of attention (i.e.fdwlitation effect in the Congruent trials
and the inhibition effect in the Incongruent trjadsiggests the effect of SES on executive
attention.

Alternatively, this speed advantage of the meelES group in trials of executive
control of attention could be interpreted in thenfie of a general response-speed effect of
SES in computerized tasks, as it was also obsemédr all cueing conditions. That is, it
is possible that low SES individuals have poorengoter skills than middle SES people,
given the typically manual nature of low SES ocdigue. If that is the case, then it may
be that the SES differences in our sample inclufferdnces in computer familiarity. In
support of such a view, computer familiarity is tigbt likely to influence performance in
computerized cognitive tasks (e.g. Bialystok, 2a8étnandez et al., 2010). Previous
research has shown a general speed-advantagengtibik in tasks of executive control,
in both Congruent and Incongruent trials, and hebated it to an increased efficiency
of bilinguals in responding to conditions requiricantrol of attention (Bialystok, Craik,
Klein & Viswanathan, 2004; Bialystok, Martin & Vissathan, 2005). However,
bilinguals and monolinguals were neither matche®sIeS in these studies, nor of low
SES. Thus, it could be that this speed-of-respadsantage reported there reflects the

confounding effect of SES and not a beneficialuefice of bilingualism.
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With regards to bottom-up orienting of attentibilingualism did not play a role as all
language groups showed a quite similar orientifgcefThis provides further evidence
to support the view that bilingualism does not matstimuli-driven orienting of visual
attention (Costa, Herndndez & Sebastian-Gallésg;288rnandez et al., 2010).

Despite the absence of a bilingual advantagled main attention networks, it seems
that bilingualism modulated the interactions betwiese networks and specifically
between Alerting and Executive Control of attentidhat is, under the Double-cueing
condition which elicits alerting, bilinguals showadonflict effect of a larger magnitude
(i.e. they were slower to resolve conflict) relatto the other groups. This could be
interpreted either as a negative or as a posibmsequence of bilingualism. On the one
hand, one could suggest that this shows the itybilibilinguals to flexibly make use of
two attention networks simultaneously, Alerting d&bdecutive Control of attention, in
contrast to the monolinguals. On the other hand,shutting-down of the Executive
attentional Control network in the presence of &rtfg cue in bilinguals could serve
an adaptive role: According to neuroimaging evidefallejas, Lupiafiez & Tudela,
2004; Callejas, Lupiafez, Funes & Tudela, 2005nBedez et al., 2010; Fuentes, Vivas
Langley, Chen, & Gonzales-Salinas, 2011) undetradss conditons, the right frontal
cortex (which is part of the alertness networlddtivated while the anterior cingulated
(which is part of the executive attention netwaskjleactivated. The adaptive value of
this inhibitory connection between Alerting and Extve Control of attention could be
that in this way, the system prioritizes the detecof the upcoming stimulus (which is
the role of the Alerting system) instead of furteagaging in the elaborate procressing of

that stimulus (the role of Executive Control okation) with the danger of missing a
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possible threat that will follow. However, furth@search is needed to establish the
functional role of this inhibitory relationship eten these main attention networks.

A secondary aim of this study was to asenguage-switching task as a more
objective measure of bilingual skill compared tt-sgports. As suggested by the
guestionnaire on Language background, the biliregogthis study were balanced. This
was further supported by the Language-switchinkg, tas which response latencies to
switch to L1 did not differ from those requiredswitch to L2. Thus, an asymmetrical
switch-cost was not observed. Therefore, we caglysabnclude that the bilingual
participants of the present study were indeed lsaldnData from the language-switching
task were also used to see whether the mechanssdga switch between languages are
related to those used to resolve non-verbal cdimanformation. The results did not
support this assumption. However, an interestirgatiee relationship emerged between
the alerting and the orienting attention functioss;h that under alerting conditions the
Orienting effect was smaller. This penalizing effetcthe Alerting on the Orienting
attention network is opposite to that previouslyated (Callejas, Lupiafiez & Tudela,
2004; Callejas, Lupiafnez, Funes & Tudela, 2005nkee& Campoy, 2008).
Unfortunately, no plausible explanation for our tadicting findings can be offered at
this point.

The effects that Age had in our results shaldd be mentioned. That is, when we
conducted the main RT analysis with Age as the ate results showed slower RT of
the bilinguals relative to the other two groupsvadl as cueing effects of only marginal
significance. This suggests that when controllimg&ge, bilingualism seems to

modulate overall task performance in the ANT byt down bilinguals’ responses
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thus showing a penalizing bilingual effect. In dddh, it seems that the attentional cueing
effects are influenced by age, as previously regbftee Mezzacappa, 2004 for
developmental evidence on age influences on the aff&cts). Thus, in orser to

minimize such extraneous influences on the resiittsture studies on attention and
bilingualism, it may be wise to limit the age rargjeheir participants.

A limitation of the present study is its ratlsenall sample size. Power analysis
indicated that we should aim for a power estim&t@. @b, and that level of power would
require a total sample size of 66 participantdelad, we included 57 participants. Given
that our results clearly contradict those of nurasrother studies on the effect of
bilingualism on attention, and that this is thetftime that all 3 attention functions are
measured in adult bilinguals with low SES, we cdasit important for future studies to
increase their sample size.

Another limitation was that the Raven SPMwad#l as of any other widely used
measure of general intelligence has not been stdized for the Albanian population
(e.g. Wasserman et al., 2003; Zimmerman et al.§R0he fact that the middle-SES
group scored higher than the bilinguals in the R&vtest, could be attributed to the
marked differences between these groups in SE§ Evéhe effect of SES on Raven’s
scores has been acknowledged in the past (RavBivs Z03).

Regarding the differences found between aljlege groups in vocabulary, as
measured by the WAIS Vocabulary test- Greek andiilim versions, this is an expected
finding in studies on bilingualism (PortocarrerajrBght, & Donovick, 2007). However,
research suggests that performance in executivieotdasks in children (Carlson &

Moses, 2001; Carlson et al., 2002) and in vertsldgt@af executive control in adults
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(Bialystok, Craik & Luk, 2008) is directly related vocabulary size. Therefore, we
covaried the WAIS Vocabulary scores on our mainaRalyses to control for any
possible effect of decreased vocabulary of oungilal participants.

Concluding, with this experiment we have shdanthe first time that SES may
attenuate the so-called “bilingual effect” in dtee main attention functions and have
also provided a demonstration of the effect of 8B$hese functions. A next step could
be to test bilingual and monolingual children aISES with the same tasks, adapted for
children, to see whether the “bilingual effect” attention is attenuated by low SES also
in children, who have been exposed to a low SE8@mwent for considerably less years
than adults have. This could offer a lifespan ttaey of the “bilingual effect” on the

three main attention processes.
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Chapter 3
The attentional processes of children bilingual irAlbanian and Greek, of low
socioeconomic status.
Abstract

Recent research shows that bilingual children seetme more proficient in resolving
cognitive conflict relative to their monolingual gys. Their constant need to control two
linguistic sets has been suggested to accountiemilingual advantage. However, the
replicability of such findings has been question&bor control of participants’
socioeconomic status (SES) may account for thisoAthe possible influences of
bilingualism in the alerting and orienting attemtifunctions have not been studied up to
date. Two experiments are reported, in which lov&Stilingual and monolingual
children were included. In both experiments, theeAtional Networks Task (ANT) was
used to assess the there main attention functibokhilklren, executive control, alerting
and orienting. A language-switching task was alstvoduced as a more objective
measure of bilingual proficiency relative to pastnself-reports that previous studies
have used. This also served to reveal possibléaetabetween the mechanisms used to
control bilingual children’s attention and thosed$o switch between two linguistic sets.
The results of the first experiment showed no maiituh of the main attention functions
of low-SES children by bilingualism and further gegted that a task more relevant to
the bilingual experience of language-switching mayeal the bilingual effect in
cognition. Thus, in the second experiment the $céfaplicatures task was also
employed. No differences between monolingual atidduial children were indicated in

any task. However, a subtle bilingual effect wasesbed in bilinguals’ ability to resolve
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conflict. Finally, some interesting relationshipstween the main attention networks were
observed.

3.1. Introduction
A bilingual advantage in non-linguistic cogvét tasks has often been reported in

adults, specifically in tasks involving cognitivertrol processes (e.g. Bialystok, 2006;
Bialystok & Craik, 2010; Bialystok et al., 2005;aystok et al., 2009; Bialystok & De
Pape, 2009; Colzato et al., 2008; Costa, Hernd&deebastian-Gallés, 2008; Fernandes
et al., 2007; Festman, Rodriguez-Fornells & Mug@,0; Hernandez et al., 2010;
Kharkhurin, 2010). Thus, a question arises as tetldr bilingualism influences
cognitive functions of the developing mind in a g@gmmanner as those of a developed
one.

For instance, one may predict that the bilalgifect in children may be greater than
in adults since the former are not at the peake@if icognitive control abilities (for a
review see Craik & Bialystok, 2006). Thus, the latkilingual effect on executive
control of attention previously reported in yourtylh samples (e.g, Bialystok, Martin &
Viswanathan, 2005) could be attributed partly teeging effect. Ceiling effects are
known to lead to Type Il errors, by reducing theiatace in the dependent variable,
hence masking the possible effect of the indepanderable (Cramer & Howitt, 2005),
in this case of bilingualism. A similar argumenshmeen put forward in studies looking
at bilingualism in old adults who are also notheg bptimal level of their executive
attention capabilities (Craik & Bialystok, 2006i. this case, the bilingual benefit may
function as a buffer against cognitive declinelgedy bilinguals.

Several studies indeed have reported bettéorp@ance on tasks specifically

involving executive control of attention in bilinglchildren as compared to their
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monolingual peers (e.g. Bialystok, 1999; Bialyst®®10; Bialystok & Martin, 2004;
Bialystok & Shapero, 2005; Carlson & Meltzoff, 2008artin-Rhee & Bialystok, 2008;
Poulin-Dubois et al., 2011). The main explanationthis bilingual benefit in non-
linguistic tasks of executive control of attentiamthat the control mechanisms used for
effective language-switching are the ones geneteldd in any task requiring control of
attention. This is confirmed by neuroimaging dattowilingual participants (Abutalebi
& Green, 2007; for a review see 2008; Chee, Soding Lee, 2003; Hernandez, 2009;
Hernandez, Dapretto & Bookheimer, 2001), demonatgdhat a frontal network, and
specifically the dorsolateral prefrontal cortex @HC) and the Anterior Cingulate cortex
(ACC), is the main brain structure modulating laagerswitching but also non-linguistic
executive control of attention and task-switching.

Using a metaphor, if we assume that contraltEntion is executed by a muscle, this
muscle is well trained by the bilingual experiedceing the exercise of language-
switching and hence performance in any other egenvhich uses this muscle (e.g.
exercises involving attention shifting, inhibitiof distractors etc., such as a flanker task
or the Simon task) is also enhanced. In this sdnkeguals go through a lifetime of
training in using selective attention, involvindnihition of irrelevant and activation of
relevant information (Neill, 1977), which seemgymeralize to other non-linguistic
tasks taping on executive control of attention.

Why is attentional control involved in langeagwitching? According to models of
bilingual lexical access (Costa, Miozzo, & Caranaa2999; Dewaele, 2001; Gollan &
Acenas, 2000; Green, 1998; Poulisse, 1999) anthpirigal evidence (e.g., Colomé,

2001; Costa & Caramazza, 1999; Costa, Miozzo, &afazza, 1999; van Heuven,
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Schriefers, Dijkstra and Hagoort, 2008) it is nowdely accepted that both languages are
active in the bilingual mind while only one is bginsed. Consequently, in order to
effectively communicate in one language, executivarol of the linguistic sets is
necessary, so that the irrelevant-to-the-currentecd language is inhibited and does not
interfere with response selection processes. Homtbeee is some controversy regarding
whether this bilingual control of languages actpadiquires inhibition of the irrelevant
language, as argued by Green’s (1998) Inhibitorgtf@d model and by relevant studies
(e.g., Levy, McVeigh, Marful, & Anderson, 2007; kpp & Koch, 2009), or simply

more activation of the target language, in-linenwitodels of bilingual lexical access (De
Bot, 1992; Grosjean, 1997; Paradis, 1989; PoulsBengaerts, 1994) and with other
empirical evidence (Costa, Santesteban, & lvan®986; see Costa, 2005 for a detailed
discussion on this debate).

Although there is evidence to support botlwgi¢Costa, 2005), the inhibition
hypothesis has received more empirical supportirfstance, studies have shown that
words from the inappropriate-for-the-context langgianay intrude speech in bilinguals
(Bialystok, Craik, Green & Gollan, 2009). Theseusions may be explained in terms of
a failure of attentional control, and support tleeah of inhibition to keep the non relevant
language from interfering with speech. Interesgmngiese intrusions have been reported
mostly in bilingual children (Bialystok, 2001) anttl adults (Sandoval, 2010). Again, in
agreement with the inhibition hypothesis of biliagaontrol, evidence supports that
executive control, and specifically inhibition,net as efficient in these two populations
due to a later developmental maturation and dewlitteage of the neural networks

subserving these processes (Craik & Crady, 2006@nbnd, 2002; Raz, 2000).
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Further evidence in favor of the inhibitionpoghesis come from Carlson and
Meltzoff (2008), who used a battery of executivatcol tasks to test monolingual and
bilingual kindergarten children aged from 4.8 t8 gears. Most of these tasks, beyond
measuring executive functions in general, tappedifipally inhibition of attention.
These were the Advanced Dimensional Change Catd&dr (Advanced DCCS; Zelazo
et al., 1996), probably involving Perceptual inhidmn (Frye, Zelazo & Palfai, 1995;
Siegal, Matsuo & Pond, 2010; Zelazo, Frye & Rafj996; Zelazo, Miller, Frye &
Marcovitch, 2003), Visually Cued Recall (Zelazosqlaes, Burack & Frye, 2002) also
involving Perceptual inhibition mostly , Simon Sd$irommen, 1973) tapping Response
inhibition and the child version of the Attentioridétworks Task (ANT; Rueda et al.,
2004) involving Distractor and Response inhibition.

Results showed a bilingual benefit in exeaufinctions and specifically in resolving
conflict. That is, using factor analysis, the Eskeawere divided into those tapping on
conflict and those sensitive to delay of gratificat Then, two composite scores were
computed, one for conflict and one for delay scoBdsngual children outperformed
monolinguals in the composite for conflict, althbuwpt in all tasks tapping inhibition
such as the ANT and the “Simon says” tasks. This taken as evidence on the
specificity of the bilingual benefit, claiming thlllingual experience may enhance the
ability to inhibit misleading stimuli, not incorreesponses as in the ANT and the
“Simon says” (Carlson & Meltzoff, 2008). Howevengse findings should be cautiously
interpreted, as the sample size of the bilingualigrwas quite small (N= 12 children).
Most importantly, as also stressed by the authbesgroups were not balanced in

sociodemographic correlates of cognitive functinohsas socioeconomic status (SES).
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Unfortunately, in most of the studies repaytabilingual advantage of children in
cognitive control, SES was not properly measurecbotrolled for (Bialystok, 1986,
Experiment 1 & 2; Bialystok, 1988; 1999; Bialyst&kMartin, 2004; Bialystok &
Senman, 2004, Experiment 2; Bialystok & Shaper©520This is an important
shortcoming since there is evidence (Morton & Har@807) suggesting that SES may
account for the bilingual effect specifically oneextive control of attention.

Morton and Harper (2007) conducted ontheffew studies to investigate the
bilingual effect on executive attention by matchihg participants for (low) SES. They
employed the Simon conflict task in 6 to 7 yearsplthonolinguals and bilinguals, and
matched their participants on SES (based on a f@meport questionnaire), non-verbal
intelligence, age and receptive vocabulary. Thaastfound the typical Simon effect,
response times were faster for congruent triaks Igthation of the stimulus was
congruent with the location of the key responskitinee to incongruent (the location of
the stimulus and the response key were incompgtile there was not an interaction
with the Language group (monolinguals vs. bilingyal

The authors concluded that, given the crunflences of SES on the development of
the attentionBakeman & Adamson, 1984; Landry & Chapieski, 1988yer et al.,

2002; Kochanskat al, 2000), that previous studies arguing for angilial benefit in
control of attention have not considered the SE8lIlef their participants (Bialystok,
1988, 1999, 2001; Bialystok & Martin, 2004; Bialykt& Senman, 2004; Bialystok &
Shapero, 2005; Martin & Bialystok, 2003), and ttietir study involved only low-SES
children and found no bilingual effect in attentiomost probably it is the lack of control

for SES influences (either by not matching theipigrénts for SES or by including
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middle or high-SES individuals) that can be accedribr the previously reported
“bilingual advantage”.

The profound impact an environmental factamhsas SES can have not only on
executive attention, but also on other functionatténtion (for a review see Magnuson
& Duncan, 2006) in children has been demonstrayeshiother study conducted by
Mezzacappa (2004). Mezzacappa showed that undemmigitoring conditions, children
of higher SES were superior in speed and accuratasks tapping executive control,
alerting and orienting of attention, compared tibdrbn of low SES.

All these findings together suggest that tiiedual advantage reported in many
studies with children, and adults, may have acgtuallected an SES effect, since
bilingual participants have usually a higher SE&. é&xample, according to Morton and
Harper (2007), the bilingual children in the majpof these studies (e.g. Bialystok,
1999; Bialystok, 1986, Experiment 1; Bialystok & Ma, 2004; Bialystok & Senman,
2004, Experiment 2; Bialystok & Shapero, 2005; {abk & Viswanathan, 2009) are
from immigrant Canadian families whereas the mamplal children come from non-
immigrant Canadian families. In turn, due to then&@#an immigration policy, according
to which academic achievement is a basic requirgn@@nadian immigrants have a
higher education level than the vast majority afi4rmmigrants according to the 2003
Report of the Pan-Canadian Education Indicatorgi@arome (PCEIP; Statistics Canada,
2003a). In support of this suggestion, we found tihe bilingual advantage was not
observed in a sample of bilingual and monolinguakilts when we matched the groups
for SES. Actually, our bilingual participants webeeek-Albanians immigrant with a low

SES (Experiment 1).
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Another factor that has been generally negleictastiudies of bilingualism is
bilingual proficiency (in switching between langeay If bilingualism is seen as an
experience, its effect on the cognitive system vally depending of the level of
experience, that is how often the individual useth languages and need to exert control
(Bialystok, 2009). In most of these studies it hasn assumed, based on self-report
measures, that participants were fully bilinguald ased both languages regularly (e.g.
Garrat & Kelly, 2008). However, the subjectivity sich self-report measures may
seriously undermine their reliability (for a reviege Mindt et al., 2008). This may be
particularly important in young children who hawa neceived substantial formal
education, and thus may use mainly one language {ee language that is used mostly
at home). In order to address this issue in thegmtestudy we employed an objective
measure of bilingualism, the amount of asymmetyhercost between switching from
one language to the other. According to the asymoa¢switch-cost hypothesis first
proposed by Meuter and Allport (1999), the magretofithe asymmetrical switch-cost
elicited in a language-switching task when the oesient is required to switch back to
L1, depends on the dominance level of each langudges, we would expect RT for
trials switching back to L1 (in this case Albanian)oe longer than RT for L2 switch-
trials if the participants were dominant bilingual the other hand, should our bilingual
participants be balanced, no such asymmetricatbvabst should be observed.

The importance of level of bilingual switchipgoficiency is further underscored by
Costa (2005), arguing that increasing experien@mitching between two languages
may actually change the very nature of languagé&ralomMore specifically, the more

balanced a bilingual is, the less the need toarlinhibition mechanisms to control the
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two language representations; instead, probablgra general selection mechanism
which is more language-related is used. Neurointadata showing that differential
levels of bilingual experience are reflected irfefiént increases in brain’s grey matter in
the left inferior parietal cortex (Mechelli et &2004) further underline the crucial role of
amounts of experience in modifying bilingual belvaviVe considered this to be an
additional reason for including a more objectiveaswge of bilingual proficiency, but
also for the mixed findings regarding researchhendognitive effects of bilingualism.

That is, in some studies (Bialystok & Mart?904; Bialystok & Senman, 2004;
Martin-Rhee & Bialystok, 2009; Morton & Harper, 2Z0Qhildren seem to be balanced
bilinguals. However, other researchers seem to lmeoheded dominant bilinguals (e.g.
Bialystok & De Pape, 2009; Hernandez et al., 20IBgse differences in language
proficiency may have contributed to the differehi@havioral outcomes in the tasks
used, with dominant bilinguals excelling in taskgontrol of attention (e.g. numerical
Stroop and visual cueing task: Hernandez et aLQPand more balanced ones
outperforming monolinguals in tasks tapping moreegal executive control processes,
involving attentional control as well as working mary (Simon task: Martin-Rhee &
Bialystok, 2008), or attention shifting and cogvetiflexibility (card-sort game: Bialystok
& Martin, 2004; appearance-reality task: Bialys&ISenman, 2004; a version of an anti-
saccade task: Bialystok & Viswanathan, 2009).

Thus, we reasoned that in order to disentangkether bilingualism confers an
advantage in attentional control alone or in maeayal executive abilities, and whether
this is related to the level of switching-proficgsn we also included a task assessing

more general executive functions which is relevarihe bilingual experience: The
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Scalar Implicatures (SI) task. This task requitesilble shifts of attention between the
semantic and pragmatic linguistic meaning of aesgs#. In addition, properly computing
a scalar implicature seems to also involve Worlkitegmory (De Neys & Schaeken,
2007). Considering that switching between two laggs also requires flexible attention
shifting between the two linguistic representatiand that WM is one of the main EF
components (Miyake, Friedman, Emerson, Witzky, Hogre Wager, 2000), in a way
the Sl task resembles the bilingual experienceveaslhence included in Experiment 2.

To sum up, in the present study we aimed\edstigating the effect of bilingualism on
attention and related executive functions in cleifdof a low SES. We also investigated
the relationship between bilingual proficiency dhe nature of the bilingual effect.

Experiment 1

A bilingual advantage on executive controatiéntion in children has often been
reported (e.g. Bialystok, 1999; Bialystok, 2010alBstok & Martin, 2004, Bialystok &
Sapiro, 2005; Carlson & Meltzoff, 2008; Martin-Rh&dialystok, 2008; Poulin-Dubois
et al., 2011). Although our results of our previexperiment involving low SES adults
contradicted these findings, we assumed that lirgbal benefit in performance will be
more salient in childhood than adulthood, thus joted that bilingual children of low
SES will resolve conflicting information faster ththeir monolingual peers of equally
low SES .

Given the lack of previous empirical evidewcethe alerting function of bilingual
children, and the strong influence of SES on thesliging alerting system
(Mezzacappa, 2004), we predicted that there wihd®ilingual advantage in monitoring

processes once SES effects are eliminated. Irdhgefof the ANT task, this means that
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low SES bilinguals will be equally aided by an #@hey cue (i.e. RT in alerting-cue trials
will be faster than RT in no-cue trials) as low SB8nolinguals.
Again we lack previous evidence on the orientimacfion of bilingual children. Thus, in
line with the evidence on the devastating effe€lew SES on children’s orienting
ability (Mezzacappa, 2004), we predicted that theiliebe no differences among
bilinguals and monolinguals of low SES in the ofileq effect.
3.2. Method
Participants

Inclusion criteria were a signed parental eo$orm, age between 6 and 12 years,
coming from a low SES parental background (as ddfiny the Demographics and
Language Background questionnaire, see Appendia Epymal general 1Q score (as
defined by the Raven’s CPM) for the monolingual €krehildren and a matched score
for the bilingual Albanian children given the lacknorms for the Albanian population
(Wasserman et al., 2003; Zimmerman et al., 20G8%reek ethnicity and speaking only
Greek at home and at school (for monolingual chitjlior of Albanian ethnicity,
speaking Albanian and Greek approximately equallnveryday life and being exposed
in the two languages from at least 2 years of ageléfined by the Language
Background questionnaire). Also, bilingual childtead to be able to count from one to
nine in both Greek and Albanian.

Although 32 bilingual children were tested,yodata from 26 bilingual children were
included in the analysis, because 2 children caotcexecute the Language-switching
task (they reported they could not name the nurmémahlbanian, although both their

parents and siblings were Albanian and the childvere born in Albania), one child fell
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ill during the experiment and did not want to coetplthe tasks on a subsequent day and
3 were of middle SES. Thus, the bilingual grouguded 26 children (16 males, 10
females) bilingual in Greek and Albanian, with ISES.

In the monolingual group, 34 children werdially tested. The data from 10 children
were excluded from the analysis because 8 werarofldle SES and 2 did not complete
all the tasks. Thus, the monolingual group condisfe24 children (6 males, 18 females)
monolingual in Greek, who were matched on SESédilngual group. Mean age for
the bilingual group was 9 years 3 months and femtlonolinguals it was 9 years 4
months (see Table 3.1).

A self-report questionnaire (see Appendixdesigned to assess SES and linguistic
background, was used to gain more detailed infaonain the participants’ SES level
and Language background (see Appendix G for thglage background of the
participants). This, along with a short informatsireet and a printed consent form were
included in a research envelope and disseminatalll ¢bildren of appropriate ages.

All children were recruited from two publichemls in the center of Thessaloniki.
When all research envelopes were collected, cmldidgo had provided the researcher
with a signed parental consent form were arrangdxttested. In total, out of 203
children, 52 provided a signed consent form (sepefdix C). From these children, 15
were excluded due to advanced age (12 years oitd® aould not be contacted as the
parents did not write their own or their child’srmaon the consent form.

As an incentive, children participants weneegi 2 colourful pencils after completing

the experimental tasks (one in the middle of theeeinental procedure and one at the
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end). Additionally, they were informed that all theéata will be compared to each other
for speed and accuracy.

For a summary of participants’ ages, SES lanel mean scores on the two tests used
to match participants on general intelligence aedba&l ability, described below, see
Table 3.1. Independent t-tests analyses of Age,I&&S Greek WISC Vocabulary
scores and Raven’s CPM scores, confirmed that éingliage groups did not differ
significantly in any of these variables. Thus,paltticipants were well matched for age,
SES level, verbal ability and general intelligence.

Table 3.1.Summary of participants’ ages, SES level, WISCaltdary and Raven’'s CPM raw
scores in the monolingual (n= 24) and bilingualup® (n =26) in Experiment 2.

Monolingual Bilingual t-values
M (SD) M (SD)
9.43 (1.46) 9.28 (1.57)
Age (in years) Min age 6 Min age 7 t(46)= .325p> .05
Max age 11 Max age 11.5
5.27 (1.2) 4.85 (1.1)
Min SES 3 Min SES 3 _

SES Max SES 7 Max SES 7 (46)= 1.271p> .05
G-WISC Voc* 25.44 (12.03) 19.88 (8.76) t(46)= 1.779p> .05
A-WISC Voc* 21.38 (7.64)

Raven's CPM 28.27 (6.27) 26.23 (5.92) t(46)= 1.160p> .05

* G-WISC Voc. = raw scores on the Geek version of Y8C Vocabulary subscale
* A-WISC Voc. = raw scores on the Albanian versiorof WISC Vocabulary subscale
SES: 2 to 7= low SES, 8 to12= middle SE&3= high SES

Material

Given that it is essential to match particigaor general intelligence in bilingual
studies (e.g. Colzato et al., 2008), we used theeRa Coloured Progressive Matrices
(CPM; Raven, Court & Raven, 1990) for childrentiois purpose and the expressive
Vocabulary subtest of the Weschler Intelligence&ta Children-version Il (WISC-

[lI; 1991) to match bilingual and monolingual chidgth on verbal ability, in both Greek
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and Albanian (translated by a psychologist of Albarorigin with excellent command of

the Greek language).

Demographics and Language background questionnaire

For a detailed description of monolinguals aichguals in SES level, Language Use
& Language Skill, see Appendix G. Level of SES weorded through the
Demographics and Language Background question(saeAppendix E). This measure
was designed according to similar questionnaired us previous studies on the
cognitive effects of bilingualism (Abedi, Lord &thmer, 1997; Brown, Bown &

Eggett, 2009; Costa, Hernandez & Sebastian-Ga&R83; Garrat & Kelly, 2008;

Gullberg & Indefrey, 2003; Portocarrero et al., 2D0-or bilingual parents, the questions
were translated from Greek to Albanian by a nafilEnian psychologist, proficient in
Greek. According to Delgado et al. (1999), thenggion such a questionnaire do not
seem to be influenced by the language of the iiaoisded.

The parental educational level and occupatistadus were assessed, of both parents,
as indicators of familial SES. The total scoresrfrihese sections were then divided by
two, to obtain a mean final SES score. In detaigdsess SES, we asked each parent on
his/her education level, type of occupation andgjeeposition in that occupation. The
total SES score of the respondent (2 to 7= low $8812= middle SES13= high SES)
was the sum of scores on one item on educational énd on three items on
occupational status. Similarly, Type-of-Occupatferg. Natsiopoulou & Melissa-
Halikiopoulou, 2009) and Education Level (e.g. Beneet al., 2000) have been
repeatedly used to measure SES of Greek particjtonta review see Economou &

Nikolaou, 2005).
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In addition, there was a section on the deeqaigics of each child, including items on
his/her age, gender and nationality. Moreover gheas a section on the language
background of the participating child. In this seet we included items on the spoken
languages, age of arrival of the child in Greeceeal$ as age of exposure to Greek, the
years (if any) of formal education in Greek and¢batext and frequency of use of the
Greek (L2) language (from 0= never use L2 to 4=eday). Finally, we included four
items assessing perceived language proficiencya@ked parents to rate on a 5-point
Likert scale the reading, writing, comprehensiod pronunciation abilities of the
child),as previous research has demonstrated thertence of assessing language
proficiency in all these four modalities separat@ty a review see Mindt et al., 2008).

Computerized tasks

Both the ANT Child and the Language-switching taste displayed on a 15-inch
monitor of a laptop PC, using E-Prime 1.1 (200Z)veare. The experiments were
created with the E-Prime 1.1 (2002) software aspaases were recorded via the
computer mouse (ANT task) or a voice key (Languagéching task).

The ANT (Child version)

A Child version of the ANT task was adopted froratthsed for adults (Rueda et al.,
2004), and used to assess the three main attdotiotions. It was identical to the adult
version of the ANT, with the only difference in teeémuli used. That is, instead of
arrows as target and flankers, yellow fish weredysee Figure 3.1). Moreover, on
response, auditory feedback was automatically gexi/(“whohooooo” for correct

responses and a “beep” for incorrect ones).
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Fig. 3.1. Examples of the stimuli (flanker conditions) usedhie ANT Child task, (a) the left-
target neutral condition, (b) the right-target melitondition, (c) the congruent flanker condition
and (d) the incongruent flanker condition (figudmpted from Mezzacappa, 2004).

The child placed her/his two fingers on the mousttdns (left and right). All children
were verbally instructed that they had to feedhthwegry fish that would be appearing on
screen as soon as possible, by pushing eitheetftherlthe right mouse-button, according
to the orientation of that fish. After that, thaldren were told that sometimes the fish
would be appearing alone and sometimes it woulsMbmming with other fish; in such a
case, they were told to focus on the central figth aress the button corresponding to that
fish’s orientation only, so as to feed it (for atample trial see Figure 3.2). Finally, all

children were instructed to fixate at the centvedtion point at all times.

Attention Networks Subtractions:

Alerting: RT for No Cue — RT for Double Cue trials
Orienting: RT for Central Cue — RT for Spatial Cue trials
Conflict: RT for Incongruent — RT for Congruent trials

Congruent

Incongruent

8 Neutral

Fixation ¢

400 ~ 1600 ms e v
150 ms +

450 ms o
T RT < 1700 ms

2000 ms
1000 ms

- *
) o g +
*

No cuc Central cuc Double cue Spatial cue

Fig. 3.2.Example trial and all cueing and flanker conditiofshe ANT task, Child version
(figure adopted from Rueda et al., 2004).

88



Attention and Bilingualism Throughout Life

As soon as the participants showed clear underisiguodl the instructions, the practice
trials began. The experimenter was present thrautghe procedure, but gave feedback
and encouraged the child only during the practiedst The experiment included 24
practice trials, providing feedback to the partify and three experimental blocks with
96 trials each without feedback. In total, 288 expental trials were presented. Each
trial was a combination of one of the 4 cueing ¢boids (central cue, alerting-sound cue,
spatial cue, no cue) with one of the 3 flanker ¢omas (congruent, incongruent, neutral),
and was presented 24 times (8 times in each bl&ckxentation order of trials was
randomized.
The Language-switching task

Children were instructed to respond (i.e. relaadid the digit on the screen) in the
language suggested by the language-cue (flag;igaee3.3). They were encouraged to
respond as quickly and accurately as possible.&aphone, connected to a voice key,

was used to respond to the target.

Fig. 3.3.Examples of the stimuli used as language-cuesithdmguage-switching task.

The design of this task was adapted for yathilgiren. Specifically, the experiment

was divided in one short practice block of 18 sriahd two longer experimental blocks of
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36 trials each. Digits were presented in short eeges (“lists”) from 1to 9, in a
sequential manner. Four such lists were presenteddh experimental block. Only
switch trials (i.e. trials where the language afp@nse, either L1 or L2, was different
than the language used in the preceding trial) wiladed. In each block, half of the
trials (18) required a response in L1 and the ramgihalf (18) in L2. Thus each
language, either Greek or Albanian, was equallyasgnted (36 trials in L1 and 36 trials
in L2).

A welcoming message was initially displayedlidwed by 2 training lists, after which
the experiment began. Task duration was approxlgnate 7 minutes. Each trial lasted
until response to target and the next trial onseit place 400ms after response
(triggering of voice-key).

Procedure

After the study was approved by the Greek MinistirfEducation and Lifelong
Learning, the principals of several public schaw¢se informed of the study. Two
schools agreed to participate. All teachers ofeérsxhools were informed about the
study. After that a research envelope, includisgnall information sheet which did not
reveal the exact aims of the study, a printed aarnfeem sheet and the Demographics
and Language Background questionnaire, was dissgeaino all children. The teachers
were kindly asked to remind the children to giveitheir parents and then bring it back
to the teacher.

Only children who returned the consent forgmed by one parent and the Language
Background questionnaire completed by one parerd tested. Each child was tested

individually in a quiet classroom of his/her schawi a laptop PC.

90



Attention and Bilingualism Throughout Life

The order of task administration was counteraed for all participants.
For example, testing began with the intelligenca arcabulary measures (Raven’s
CPM; WISC-IIl Vocabulary test), followed by the cpuoterized tasks were executed
(language-switching as the measure of level ohgilalism; the ANT Child). For both
these tasks, instructions were given orally byetkgerimenter and presented on the

computer screen in written.

3.3. Results

The ANT Child task

The latencies and error rates of 26 bilingua 24 monolingual children were
analyzed. According to Fan et al. (2002) and Rugda. (2004), the Conflict effect,
reflecting the executive attention function, wakgkated by subtracting mean RT in
congruent trials from mean RT in incongruent tridlg obtain the Alerting effect,
reflecting the alerting attention function, mean iRTouble-cue trials were subtracted
from mean RT in no-cue trials. Finally, to calcel#éiie Orienting effect, reflecting the
orienting network of attention, we subtracted mB3nin spatial-cue trials (i.e. trials
were the cue was either above or below fixatioojfimean RT in central-cue trials.
Error analysis

A 3 x 4 x 2 mixed ANOVA was used to analyzeam@ccuracy scores, with Flanker
type (congruent, incongruent, neutral) and Cue {gpeble, no, central, spatial) as the
within-subjects factors and Language group (momgpolah and bilingual) as the between-
subjects factor. No main effects or interactiorchesl statistical significance. Thus the
percentage of correct responses was comparable&etive groups (monolinguals

98.31%, bilinguals 97.01%).
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Response Times analysis

A 3 x 4 x 2 mixed ANOVA was used to analyzeameorrect RTs, with Flanker type
(congruent, incongruent, neutral) and Cue type lftyuno, central, spatial) as the within-
subjects factors and Language group (monolingudlbédmgual) as the between-subjects
factor (see Table 3.2). A significant main effecEtanker type was indicated; (2,
276)= 134.693p< .00001 2= .745]. Bonferroni post-hoc tests indicated thask the
Incongruent condition (M= 750.58, SD= 159.83) wagnificantly slower than for the
Congruent (M= 672.16, SD= 143.37) and Neutral (M6.66, SD= 137.62) conditions,
p< .00001. Thus, a Conflict effect was revealedalbparticipants. In addition, RT for
Congruent trials were significantly slower than floe neutral trialsp< .00001.

A main effect of Cue type was also evideR{3[ 276)= 76.797p< .00001 ;2= .625].
According to Bonferroni post-hoc tests, RTs for 8patial-cue trials (M= 651.56, SD=
143.48) were significantly faster than for the Galatue trials (M= 695.58, SD= 154.72),
p< .00001, thus indicating an Orienting effect. Addially, RTs for the Double-cue
trials (M= 668.93, SD= 139.45) were significanthsfer than for the No-cue trials (M=
743.14, SD= 150.09p< .00001, revealing the presence of an AlertingaffThe
interaction between Flanker and Cue type did nathesignificance.

Table 3.2.Means and (Standard Deviations) of RT in millisetofor each Language group.

Flanker type Language Cue type
group

No cue Central cue Double cue Spatial cuglean
Flanker

Congruent  Monolinguals 707.71 657.15 632.88 609.07 649.18
(143.32) (151.79) (159.18) (157.69) (137.12)

Bilinguals 752.63 694.15 665.79 657.91 694.31
(152.80) (143.97) (120.10) (119.13) (121.24)

Incongruent Monolinguals 764.22 727.07 708.85 688.10 722.44
(154.39) (182.00) (181.20) (181.20) (154.49)

Bilinguals 818.73 785.79 757.83 754.07 774.42
(145.74) (152.27) (126.87) (150.71) (133.20)
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Neutral Monolinguals 699.83 642.12 609.33 659.16 625.26
(173.61) (178.84) (132.69) (117.54) (134.67)
Bilinguals 715.71 667.20 638.88 631.03 659.69
(131.81) (122.20) (119.39) (125.82) (110.43)
Mean Monolinguals 721.37 669.61 648.64 623.23
Cueing (142.99) (152.75) (139.50) (136.87)
Bilinguals 763.85 715.94 681.86 674.88
(130.89) (126.72) (111.90) (119.18)

As many cognitive functions, especially exeiprocesses, are still sensitive to
changes during childhood (e.g. Carlson, 2003),agedrange of our sample was rather
broad from 6 to 11 years old, we further submittesidata to a 3 x 4 x 2 mixed
ANCOVA with Flanker type (congruent, incongruengéutral) and Cue type (double, no,
central, spatial) as the within-subjects factoemduage group (monolingual and
bilingual) as the between-subjects factor and Agytha covariate. The main effects of
Cue, F(3, 270)= 3.032p= .032,42= .063] and FlankerH(2, 270)= 15.042p< .00001,
n?=.251] were again significant after controlling fbe effects of age, both following the
same pattern mentioned above. Thus, a Conflicglaring and an Orienting effect were
evident for all participants, regardless of age.

Additionally, a significant interaction betwe€ue type and Flanker type was
revealed, [F(6, 270)= 3.035p= .007,72= .063], after controlling for the effect of Age.
This interaction was further investigated usinghpked comparisons to compare RTs for
Incongruent versus Congruent and for IncongruersgugeNeutral Flanking conditions,
both representing the Conflict effect (Fan et2002), for each Cueing condition
(central, double, no and spatial cueing).

This analysis showed that all participant®he=d conflict faster when the alerting or
orienting attention systems were not also engaagedyident by the significantly smaller

Conflict effect in the No-cueing conditiops .005, compared to all other Cue-type
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conditions. Although this finding seems rather sisipg, it fits well with previous

evidence which argue for the mutual influence eftliree main attention networks

(Callejas, Lupiafiez & Tudela, 2004; Callejas, Liiga Funes & Tudela, 2005; Fan et

al., 2005). More specifically, according to Farakt(2005), no-cue trials are low in

alertness hence elicit larger RTs. This longer timeespond facilitates conflict

resolution, most likely by allowing more time foxexutive attention processes to control

responses, hence the smaller Conflict effect oleskirv No-cue trials.

Notably, even after controlling for age, thenguage group factor did not reach

significance neither interacted with any of theestfactors. As this contradicts previous

findings, specifically regarding a “bilingual adg# effect” on executive attention in

children (e.g. Bialystok, 1999; Bialystok, 2010aBsstok & Martin, 2004; Bialystok &

Saphero, 2005; Carlson & Meltzoff, 2008; Martin-RI& Bialystok, 2008; Poulin-

Dubois et al., 2011), we further analyzed the @lat@ach attention network separately

(see Table 3.3).

Table 3.3.Summary of performance of both Language grouplserANT Child task (mean
correct RT measured in milliseconds). The tabtivigled by the different conditions required to
calculate performance in each main attention nétwor

Flanker Condition

Monolinguals (N= 22)

M (SD)

Bilinguals (N= 26)

M (SD)

Incongruent 721.88 (167) 779.36 (137.28)
Congruent 651.47 (148.21) 692.35 (128.17)
Conflict Effect 70.41* 87.01*
Monolinguals (N= 22) Bilinguals (N= 26)
Cue Condition M (SD) M (SD)

No Cue 723.81 (153.31) 762.12 (137.75)
Double Cue 650.07 (151.23) 687.05 (115.5)
Alerting Effect 73.74* 75.07*
Monolinguals (N= 22) Bilinguals (N= 26)
Cue Condition M (SD) M (SD)

Central Cue
Spatial Cue
Orienting Effect

675.05 (165.06)
622.36 (148.54)
52.69*

714.51 (133.04)
681.15 (124.57)
33.36*

* sig. at p<0.05
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Detailed assessment of the 3 attentional networks

(a) The executive network of attention (Conflictfe€t)

For the Conflict effect, we collapsed the datd calculated the conflict effect for
each participant (RT Incongruent — RT Congruemtd, @onducted t-tests to compare the
Bilinguals vs. Monolinguals. A non-significant teerety,p> .05, for bilinguals to show a

larger conflict effect than the monolinguals wasetved (see Figure 3.4).
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Fig. 3.4.The mean Conflict effect (RT for Incongruent — RF €ongruent trials) for bilinguals
(N=26) and monolinguals (N= 24). Bars represent SE

(b) The alerting network of attention
Data were collapsed for Flanker type and thetihg effect was calculated (RT No-
cue — RT Double-cue). According to independenststbetween the language groups,

the Alerting function was not modulated by bilingsia (see Figure 3.5).
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Fig. 3.5.The mean Alerting effect (RT for No-cue — RT forule-cue trials) for bilinguals and
monolinguals. Bars represent SE.

(c) The orienting network of attention

Data were collapsed for Flanker type and ther@@ing effect (RT Central-cue — RT
Spatial-cue) was calculated. Orienting was thenpared between monolingual and
bilingual children using an independent t-testir8jialism did not modulate the
orienting attention function, as the orienting effeas similar for both bilinguals and

monolinguals (see Figure 3.6).
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Fig. 3.6.The mean orienting effect (RT in Central-cue — RBpatial-cue trials) for
monolinguals and bilinguals. Bars represent SE.
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Language-switching task

Mean RTs in the Language-switching task weadyaed by paired t-tests, comparing
response latencies to switch to L1 (Albanian) wébponse latencies to switch to L2
(Greek). Results showed that mean RTs to switck tsatl (M= 1375.34, SD= 738.45)
were significantly slower than those required tatawto L2 (M= 1078.56, SD= 454.11),
t(24)= 3.608p= .001.

As the standard deviations of the mean langnsagtching RTs were quite high, a
square-root transformation was subsequently usadrnoalize the distribution of scores.
These transformed data were again submitted teahme analysis, which showed the
same pattern of results. That is, again mean R$wiich back to L1 (M= 36.013, SD=
9.013) were significantly longer than to switchLédb (M= 32.41, SD= 6.29)}(24)=
3.765,p= .001. Thus, an asymmetrical switch-cost was fledeflaom the analyses of
both transformed and non-transformed data, liketlydating the existence of proactive
inhibition when switching back to L1. This suggetiat the bilingual children in this
experiment were dominant bilinguals, contradictimg parental statements in the
Language background questionnaire claiming thatkiidren were balanced in using
two languages.

Since the overall performance of the partiotpan the switching task suggests that
our bilingual participants are not balanced, wedtmted further analyses to investigate
the relationship between cognitive performance stwdes on bilingualism from the
Language Switching task and the Language Backgrquedtionnaire. For example, it

has been suggested that several characteristmbngfualism, such as age of exposure in

97



Attention and Bilingualism Throughout Life

L2, L2 skill, frequency of use of L2, may influenb#ingual language-switching
(Abultalebi & Green, 2008).

We subtracted mean RTs to switch to L2 fronamBTs to switch to L1, which
provided us with a score of the switch-cost asymyngtg., a score of 0 would mean that
the participant is fully balanced). Out of 26 bgual children, 16 responded slower when
required to switch back to Albanian than to Grebls suggesting that these children had
Albanian as L1, though the opposite was true focHi@iren, thus implying that they had
Greek as L1, from a cognitive perspective that is.

We then entered this Switch Cost Asymmetryaide (SCA) to a correlation analysis
along with the Conflict, Alerting and Orienting eétts provided by the ANT Child task.
We expected that Switch Cost would positively dateewith the Conflict effect. As the
standard deviations of the SCA variable were vegi,hwe used a square root

transformation in all data to normalize the digitibn (see Table 3.4).

Table 3.4. Means and SDs for the original and transformed itataded in the analyses of the
Language Switching task.

Non-transformed data Transformed data
M (SD) M (SD)
Switch Cost
Asymmetry (SCA) 306.44 (389.60) 14.20 (10.45)
Conflict 87.01 (42.55) 9.10 (2.16)
Alerting 75.08 (43.05) 8.25 (2.70)
Orienting 33.36 (38.33) 10.04 (2.13)

The significance level was adjusted with tlemrroni correction for multiple
comparisons (alpha level= 0.013). Contrary to aedjction (see Table 3.5), the analysis
did not yield any correlation between SCA and tloaflict effect. Moreover, although
the Alerting and the Orienting effects were alsbnetated to SCA, the analysis revealed

an interesting relationship between two attentibeces. Specifically, Alerting was
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related to the Orienting effeei{(;24)= .995p< .00001, thus further supporting a mutual
influence between the attention processes refldnpatiese effects.

As highlighted earlier, age seems to be aromapt factor influencing the
performance of children in cognitive tasks. Thus,a@nducted the same correlation
analysis by controlling for the Age variable. Imstingly, this revealed a marginally
significant correlation between SC and Conflio23)= .425p= .017 (see Figure 3.7).
The previous correlation among Alerting and Oriegtiemained identical after

controlling for Agef(23)=.995 p< .00001.
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Fig. 3.7.The marginal correlation between Switch Cost (S@) the Conflict effect, both
reflecting the executive control of attention fuant after controlling for Age.

As mentioned in the Introduction of this clap8ES is an important non-linguistic
factor which influences attention processes anda@alby executive attention, to the
degree that it may account for the bilingual agdigffect in attention found by previous
studies that had not effectively controlled fostiaariable. For this reason, the same

correlational analysis was again conducted, althawayv controlling for SES. This did
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not change the initial pattern of results, as #ationship between Alerting and
Orienting remained the san¢23)= .995p< .00001. No other correlations reached
statistical significance.

Table 3.5.Inter-correlations for measures of SCA, Confliderting and Orienting before and
after partialling out Age and SES.

Conflict ~ Alerting Orienting A9¢  SES

Switch Cost
Asymmetry .378 .034 .035 -.004 .392
(SCA)
Conflict .326 .301 -415 .326
Alerting .995*% -.068 144
Orienting -.047 .153
controlling for Age
SCA 425* .035 .036
Conflict . 329 311
Alerting .995**
controlling for SES
SCA .287 -.024 -.028
Conflict .298 .269
Alerting .995**

*sig. at the 0.02 level
** 5ig. at the 0.01 level (Bonferroni correction foruttiple comparisons)

Finally, to reveal any possible relationsHyg$ween various aspects of bilingualism
(L2 Skill, L2 Frequency of Use, Age of Exposurd.) with the SCA and/or the
Conflict effect, we submitted these variables toaelation analysis, with Bonferroni
correction for multiple comparisons (alpha level®1). Contrary to our expectations, the

results (see Table 3.6) did not show any correidtigtween Frequency of L2 Use and
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SCA or the Conflict effect. Also, Age of Exposureli2 was not related to any of the
other variables. However, as predicted, L2 Skilkwagatively related to the Conflict
effect,r(24)=-.491p= .011. That is, the more skilled a bilingual id&, the easier it is
for her to resolve conflicting information of a rbnguistic nature as the magnitude of
the Conflict effect decreases. This supports amenels the findings of Segalowitz and
Frenkiel-Fishman (2005) who showed that L2 skillekated and can also predict
performance on an attention-shifting task.

This relationship between Conflict and L2 S#itl not change after controlling for
the effects of Age or SES.

Table 3.6.Inter-correlations for measures of SCA, Confliequency of L2 Use, Age of
Exposure in L2 and L2 Skill.

Age of
. Frequency -
Conflict of L2 Use E>.<posure L2 Skill
inL2
SCA .378 .053 .018 -.255
Conflict .090 -.103 -.491**
Frequency )
of L2 Use .042 .025
Age of
Exposure .020
in L2
controlling for Age
SCA 425 .050 .010 -.261
Conflict 247 161 -.476*
Frequency
of L2 Use -.145 -.074
Age of
Exposure -.075
in L2
controlling for SES

SCA .278 -.140 .091 -.235
Conflict -.060 -.053 - 487**
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Frequency

of L2 Use 127 .021
Age of

Exposure .003
in L2

*sig. at the 0.02 level
** 5ig. at the 0.01 level (Bonferroni correction foruttiple comparisons)

3.4. Discussion

Our evidence partially confirmed our hypotlesgpecifically, and contrary to our
predictions, there was no difference in confligalation (Incongruent vs Congruent
trials) between bilingual and monolingual childa@riow SES. As expected though,
bilingualism did not modulate the alerting and ¢iieenting functions of attention.
Another interesting finding of the present expenimgas the interaction between the
Cueing and the Flanker factors. A previous studi whildren using the ANT Child
(Rueda et al., 2004) did not yield such an intéoactattributing it either to the sample
size or to other factors such as size of displayisaral angle. However, this interaction is
in-line with the findings with young adults (Fanatt, 2002). That is, we found that the
conflict effect was significantly smaller for theoMueing condition, in relation to the
other conditions with spatial or temporal cues.réheay be two explanations for this
interaction. When a cue is temporal or spatidjewe suggests that the network in
charge of attentional control is disconnected s thrget detection is prioritized and
maximized. This argument is supported by neuroimgdiata showing an interaction
(excitatory and inhibitory connections) betweenattentional networks (Callejas,
Lupiafez & Tudela, 2004; Callejas, Lupiafiez, Fuadaidela, 2005, Hernandez et al.,
2010; Fuentes, Vivasangley, Chen, & Gonzales-Salinas, 2011). Spedificavhen

participants are in an alertness state studies $tamen that the right frontal cortex
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(which is part of the alertness network) is actdaivhile the anterior cingulated (which
is part of the executive attention network) is deated. This could explain why when
the target appears in the incongruent trials gpgids may take longer to resolve the
conflict relative to a state of low alertness (ne) Importantly, the present findings
suggest that attentional networks interact in ecbiddsimilarly to adults.

The lack of a bilingualism effect on executateention is in disagreement with
previous studies that showed a bilingual advantage monolinguals in tasks of
attentional control (e.g. Bialystok, 2006; Bialysi& Craik, 2010; Bialystok et al., 2005;
Bialystok et al., 2009; Bialystok & De Pape, 200@jzato et al., 2008; Costa, Hernandez
& Sebastian-Galles, 2008; Fernandes et al., 2083th#an, Rodriguez-Fornells & Minte,
2010; Hernandez et al., 2010; Kharkhurin, 2010;lirddubois et al., 2011). One of the
main differences between all these previous stuahesthe current one is a careful
control of SES. That is, in the majority of resdmaon a bilingual effect on cognition,
there is an SES- mismatch between the groupsegrdtticipants are of middle or
higher-SES, or SES has not been measured at attgM& Harper, 2007). In fact, it has
been assumed in several of these studies thagjbdirand monolingual children had the
same SES because they were recruited from the samoels and/or lived in the same
neighborhoods (Bialystok, 2009). This argument wlaarly disconfirmed in our study,
since we had to exclude 11 participants that hiaiglzer SES than the sample included in
the study although they were recruited from theesaomool and lived in the same
neighborhoods. This stresses the need to carehdbsure and control for SES in studies
investigating the bilingual effects in cognitioneWuggest that the bilingual advantage in

previous studies has probably been exaggeratedcbgfaund effect of SES on cognitive
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function (for a review see Magnuson & Duncan, 2(M6ézzacappa, 2004; Morton and
Harper, 2007).

Another potential explanation for the lackeffiect of bilingualism could be that our
sample of bilinguals did not consist of balancdohuals as shown by the Language
Switching task. It is important to notice that fiveling of the Language Switching task
was not in agreement with the self-report measarth{s case parental report) which is
the only measure used so far in studies of bilihgoeto assess proficiency in language
2.

In order to address the research questiolwfrhuch experience in bilingualism may
be needed for a benefit effect on cognition, wedemted correlation analyses between
the SCA and the effects from the ANT task and foarsignificant positive correlation
between SCA and the magnitude of the Conflict ¢ff@ben controlled for the age
factor. So although we did not find an effect dintgualism when comparing
monolinguals and bilinguals, and although our glials were not balanced, the
correlation suggests that there is a relationsatpréen dominance of the first language
(how strongly activated both languages are) andtfiléy to resolve the conflict.

To further specify the mechanisms underlyimghilingual influence in cognition, we
additionally assumed that if a relationship emergedveen the conflict bilinguals
experience in resolving incongruent information andther characteristic of
bilingualism, such as L2 skill (i.e. how well oresads, writes, comprehends and speaks in
L2), which is not directly related to inhibitiorhis could suggest that it is not inhibition
per séthat is trained by the bilingual experience, as difficult to conceive a link

between inhibition of irrelevant information and &Rill, but maybe it is the fact of being
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bilingual in more general that trains and hencerawes one’s executive attention ability.
Thus, we predicted L2 skill to be negatively rethte the Conflict effect, indicating that
the more skilled one is in a second language, soméffluences her executive attention
ability. This was confirmed by our results, witigtmer proficiency in L2 being related to
faster resolution of conflict.

These findings agree with previous claims réigg a main executive control
mechanism responsible for all tasks requiring ciggmicontrol, which seem to be trained
not only by the bilingual experience of lifelongnuage-switching (e.g. Bialystok, 1999;
Bialystok, 2010; Bialystok & Martin, 2004; Bialys&t& Shapero, 2005; Carlson &
Meltzoff, 2008; Martin-Rhee & Bialystok, 2008; PouDubois et al., 2011), but more
generally by becoming skilled in a second langualgieh involves more general
executive functions (Segalowitz & Frenkiel-Fishma@05), hence the relationships of
SCA and of L2 Skill with conflict resolution.

To sum up, in this study we have shown thatiehting the confound effect of SES
may attenuate the so-called “bilingual effect” inthe three main attention functions in
children. However, this by no means suggestshtitiagualism does not have any effect
on attention processes. This is further supponjeithé positive correlation between SCA
and the magnitude of the conflict effect, and thgative relationship between L2 Skill
and Conflict. These two relationships suggestttr@imore balanced a bilingual is (the
more experienced in switching between the two laggs and generally the more skilled
in L2), the faster she/he is in resolving conftigtinformation.

To conclusively determine whether bilingualisrodulates attention or not, we

suggest using a larger sample of again low SESiohahls, however with attention tasks
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that are more linguistic in nature and that tapergeneral executive attention processes.
This will offer a more thorough investigation ofvadilingualism may influence the
mechanisms of attentional control in the develogind the developed mind of a
bilingual individual.
Experiment 2
Attentional processes and pragmatic competence obyng children bilingual in

Albanian and Greek, of a low socioeconomic status.

3.5 Introduction

Experiment 1 found no bilingual benefit ovesmolinguals when the effects of SES
on cognition are carefully controlled for. Howevthis clearly goes against the results of
numerous other studies on the cognitive effectslofgualism (e.g. Bialystok, 1999;
Bialystok, 2010; Bialystok & Martin, 2004; Bialydt& Shapero, 2005; Carlson &
Meltzoff, 2008; Costa, Herndndez & Sebastian-G&#38; Hernandez et al., 2010;
Martin-Rhee & Bialystok, 2008; Poulin-Dubois et,@&011). Furthermore, according to
Bialystok (2009), there remains the possibilityttthee effects of SES and bilingualism
are independent. For these reasons, further extionrat a possible bilingual effect on
attention is warranted. Moreover, the results giegdment 1 indicated that there may be
cognitive effects of bilingualism, however lesseal than expected and may exert an
influence not in control of attention solely, bntmore general executive functions as
well.

To test this hypothesis, in the present expent we included a task of a linguistic
nature which involves more general executive comtibdities and mainly shifting

attention between linguistic representations and #¥id hence resembles the bilingual
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experience of language switching: The Scalar-Inalice task (Sl), described in detail
below. In order to respond correctly in the Sl tasie must flexibly shift attention from
the semantic to the pragmatic meaning of a sentgfatsos & Bishop, 2011) and
simultaneously hold in mind the stronger, alten@scalar term of the scale used in that
sentence, hence the WM demands put in this tasiN@s & Schaeken, 2007). In turn,
cognitive flexibility ability has been shown to sha&ommon neural substrates with
executive control of attention and specifically #islity to perceptually inhibit
distractors (Armbruster, Ueltzhoffer, Basten & Feb, 2012). Thus, we believe that the
Sl task is a suitable linguistic task to assess-gfossibly- advanced inhibition ability of
bilinguals.

Scalar implicatures constitute the best-knoype of pragmatic inference (Papafragou
& Musolino, 2003). A comprehensive framework ofgraatic inference was firstly
proposed by Grice (1989). According to Grice, fdinguistic message to be correctly
understood, the listener must derive the inferéat@ng with the literal meaning of that
message. For the implicit information of that mgesto be effectively communicated, a
conversation must be a cooperative process govémwnéslir Maxims, or pragmatic
rules. That is, the message of the speaker must) lstncere (maxim duality), (b)
informative (maxim ofQuantity), (c) relevant to the conversation’s topic (maxim
Relevancgand (d) phrased in an appropriate manner (maxkiltamnel). By following
these rules, the possible inferences that candwerdirom the message are narrowed
down to the most logical and hence correct oneslating any one of these maxims may

create a variety of linguistic effects, such ag&urts, 2010).
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An example of Sl by violating the Gricean Maxof Quantityis the following:
Consider the phras&ome cats are black'This violates the maxim d@uantity, or
informativeness, as the speaker, instead of wgrttie whole message, used a weak item
(somé of a set of ordered alternativesotne; most; a)| called a scale, to imply that the
strongest item of that scale is not tra#;(Siegal, Matsuo & Pond, 2007), hence the term
Scalar Implicatures. Given that the speaker hdsvield the maxims, thus her message
was phrased appropriately and included sincerenrdton, the listener holds that the
weaker ternsomewas used because the speaker did not have endogmation to
sincerely claim the strongesll. Thus,all does not hold for this statement, or in other
words the message perceivedN®t all cats are black”.

Very few studies have investigated bilingualsinfluence on Sl. However, those
studies have showed that bilingual children outenfmonolinguals in Sl tasks (Siegal,
Matsuo & Pond, 2007; Slabakova, 2009). The limitathber of studies looking at the
influences of bilingualism in pragmatic competemrcenore general (i.e. violation of
Grecian maxims, not just Sl; Siegal, Surian, Matgeeraci, lozzi, Okumura et al., 2010;
Siegal, lozii & Surian, 2009; Surian, Tedodli & §&, 2010) have also pointed to a
bilingual advantage. However, none of the abovdistuhave sufficiently controlled for
the confound of SES, by either matching their paréints for SES level or including
low-SES individuals or —ideally- both.

In addition, we aimed at narrowing the agegeato 6-7 year olds in this Experiment.
Rueda and colleagues have shown that the attehtietv@orks develop until at least the
age of 7 years old (Rueda, Rothbart, Maccandlssgc@nanno & Posner, 2005), and in

Experiment 1 we found that the relationship betw®€i and conflict emerged only
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when we controlled for age. So we wanted to furtheestigate the effect of bilingualism
on attention by eliminating the fluctuation in perhance with age. Finally, in younger
ages the bilingual effect in attention may be mewiglent since it is around this time
where children make a change in the developmeatake of attention as developmental
research on monolinguals suggests (Guasti etGf15)2and thus bilingual children may
be ahead of monolingual children.

Based on the findings from Experiment 1, wpest the performance of bilingual and
monolingual children to be similar in the ANT taslowever, we expect that the
bilingual children will outperform monolingual chilen in the Sl task, although this
effect may be weakened in our sample since thécpgmamts are matched for SES, hence
limiting any SES influences to the minimum. Finallye expect the switch-cost
asymmetry to be related to the children’s abilityésolve conflict in the ANT, to their
L2 Skill and to the bilingual children’s pragmatiompetence.

3.6 Method
Participants

Inclusion criteria were identical to Experinhdnexcept from the age range which
was reduced to 6 until 8 years of age. All childwesre recruited from 3 public schools in
the outskirts of Xanthi, a provincial town in nagth Greece. After the study was
approved by the Greek Ministry of Education ancldhg Learning, the directors of the
aforementioned schools were contacted, who weoerméd about the study by the
researcher in person. A research envelope waglieseminated to all children of the
ages of interest, including a small informationeshehich did not reveal the exact aims

of the study, a consent form sheet (see Appendan@)the Demographics and Language
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background questionnaire (see Appendix E). Thehtxaowere kindly asked to remind
the children to give it to their parents and thengpit back to the teacher.

When all research envelopes were collectetirelm who had provided the researcher
with a signed parental consent form were arrangdxttested. As an incentive, child
participants were given 1 colorful pencil and 1 péer completing the experimental
tasks (one in the middle of the experimental prace@nd one at the end). In total, out of
97 children, 88 provided a signed consent formwaeck initially screened, out of which
60 were included in the analysis.

For the monolingual group, 50 monolingual dreh were initially tested. Two were
excluded because they did not wish to completthaltasks and 16 were excluded
because they came from middle to high SES famitk@paounds. Thus, 32 children were
finally included in the monolingual group (14 bo{s%, girls); they all were monolingual
in Greek and of a low SES family background (seleld8.7).

In the bilingual group, out of the 38 childneho were initially screened, 5 were
excluded because they could not count in Greekpenause she could not count in
Albanian and 4 because they came from extremelydB8 family backgrounds (e.qg.
complete absence of parental education), whicindidnatch the characteristics of the
rest of the sample. Thus, 28 children were finedbjuded in the bilingual group (13
boys, 15 girls); they all were bilingual in GreekdaAlbanian and of a low SES (see

Table 1for demographic data, and data on gendasdligence and verbal ability).
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Table 3.7.Summary of participants’ ages, SES level, WISCaladary raw scores and Raven'’s
CPM raw scores and differences between the mon@ing= 32) and bilingual groups (n =28)

in Experiment 3.

Monolingual Bilingual t-values
M (SD) M (SD)
6.44 (0.82) 6.77 (0.56)
Age (in years) Min age 6 Min age 6 t(58)= 1.773p> .05
Max age 7.7 Max age 7.8
3.09 (0.52) 2.89 (0.67)
Min SES 2 Min SES 2 _
SES Max SES 4 Max SES 4 (58)= 1.309p> .05
Mean Parental Years _
f Education 9.05 (1.81) 8.36 (2.02) t(58)= 1.397p> .05
G-WISC Voc. raw 11.13 (4.93) 10.75 (5.41)  t(58)= 0.281p> .05
scores
paired-comparison
with WISC VocGR
A-WISC Vaoc. raw 11.57 (4.06) scores of
scores .
= monolinguals:
t(27)= 1.630p> .05
Ravens CPM raw 20.13 (6.38) 20.00 (4.64)  (58)= 0.086p> .05

scores

* G-WISC Voc. = raw scores on the Geek version of Y8C expressive Vocabulary subscale
* A-WISC Voc. = raw scores on the Albanian versiorof WISC expressive Vocabulary
subscale

SES: 2 to 7= low SES, 8 to12= middle SE83= high SES

As shown in Table 3.7 above, according to jpahelent t-tests between the language
groups, children in both groups were well matchedafje, SES, expressive vocabulary
and general intelligence. As Parental Years of Btiao has been suggested to be a
leading factor within the SES construct (Davis-Ke2005), influencing children’s
cognitive abilities especially in low-SES environmte (Rowe, Jacobson & van den Oord,

1999), we further investigated whether bilinguadl amonolingual children differed in
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mean Parental Years of Education. According tandependent t-test, both groups were
well matched on this variable as well (see Tabrg. 3.

Information on the language background ofgheicipants of both groups were
recorded with the Language Background questionnBiliegual children, as opposed to
their monolingual counterparts, were skilled ireasd language, exposed to an L2 early
on and generally differed widely in all the otheét tharacteristics from the monolinguals
(see Appendix H).

Material and Procedure

The experimental procedure was identical to Expenind, with the addition of the Sl
task.

Demographics and Language background questionnaire

This measure was identical to that used in Experirhe

The Language-switching task

This task was identical to Experiment 1.

The Scalar Implicatures task

A version of Papafragou and Musolino (2003) Sl task used, which has been shown to
be appropriate for measuring pragmatic competeh&reek children. Unfortunately,
due to the experiemnter’s lack of knowledge ofAltganian language, the task was
administered only in Greek. Two types of scalesewesed: (a) a scale with terms of
guantity (i.e.all, some in Greekola, merika)and (b) a scale with initiation/finalization
terms (i.estart, finish;in Greekarxise, teliosg Thus, the children were tested on how
they interpret two types of scalar ternmome, startThese terms were presented in the

following sentences:
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(1) Someof the horses jumped over the fence

(2) The girlstartedmaking the puzzle.

However, the actual videotaped stories that wezsgated were truthfully described by
the stronger term of each scale:

(3) All of the horses jumped over the fence

(4) The girlfinishedmaking the puzzle.

For example, in the story for sentence (1), acpuallhorses managed to jump over the
fence. Thus sentence (1), although partially tisipragmatically infelicitous for
describing that story, as it implies that not atdes jumped over the fence. Instead,
sentence (3) should have been used. If a chilécthyrinterprets this implicature then,
she/he should respond that (1) was not a good arisweescribing the corresponding
story and add, when asked, that expression (3)diawe been used instead. The same
logic underlies the other statement. Thus, we eegabat if a child was sensitive to the
scalar implicatures used in statements (1) ands@/he would respond that all these
statements are not a good way to describe theestatiere (3) and (4) are depicted.

A hand puppet (“Mr. Frog”), manipulated by the espenter, was introduced to the
child. The training phase was as follows: The mippas presented with a toy tree. The
experimenter then asked the puppet “What is thisAvivg?” and the puppet replied “It is
atree”. Then, the experimenter asked the childi‘®ar. Frog reply well?” After that, the
puppet was shown a toy pig and when asked, iteeplt is a dog”. If the child could not
provide a correct response when asked, the expetémsgaid “Mr. Frog did not say that

very well. This is a pig”. These training scenanere used to ensure that children
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would critically consider the puppet’s statementslécide whether what it said was true
or not, instead of assuming that everything Mr.g=says was only true or false.

After that, the testing phase begun. Childvene presented with video-taped
scenarios, whereby the puppet Mr. Frog was watctupg completing a task (see Table
3.8). The procedure followed was identical to ttaning phase, with the exceptions that
the stories were played on the video and that edldack was given on the child’s
responses for the test trials. The experimenter“®ow, shall we watch some stories
and see whether Mr. Frog replies well?”. The vides then played, showing one of the
stories described in Table 2. After the completdd depicted task, the video was
stopped and the experimenter asked Mr. Frog whiideght happened in that story.
The puppet answered using the terms describedudle Paand the children were then
asked whether he replied well. Scores of corresgarses were 0 (wrong reply) or 1
(correct reply) and were manually recorded by ttieeementer. Also, in case the child
replied that the puppet did not reply well, theealative answer he/she provided as a
“good” answer was manually recorded by the expearniere

Table 3.8.Test trials: Description of stories depicted ia thdeo for the Sl task and Puppet’s
statements that the children will be asked to judge

Scalar terms Story showed on video Puppet's statements
All horses jumped over the log. Sohmses jumped over the log.
{IaII, SO”?E All rabbits went in the house. Somabbits went in the house.
{ola, merikg All dinosaurs ate trees. Somlieosaurs ate trees.
All playmobils bought dogs. Soméaymobils bought dogs.
The tiger finishegainting the The tiger startegainting the
balloons. balloons.
The tiger finishegutting the cars The tiger _startegutting the cars into
start, finis . ”.“0.”?9 bag. . . _the bag. .
{:{arxise ':elliot?sya The little girl finishedmaking the The little girl startednaking the
’ puzzle. puzzle.
The little girl finishedeating her

food. The little girl starteceating her food.
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As can be clearly seen from Table 3.9, all teatdnvere designed to elicit a “No”
response from the child. Thus, in order to balamde'Yes” and “No” responses, as well
as to ensure that the child could correctly acoepéject the puppet’s statements,
especially when these statements were accuratemtests of the story depicted (thus
eliciting a “Yes” response), control trials wers@included in the task (see Table 3.9).
Each control trial was presented after each tedt(in the order described in Tables 3.8
and 3.9).

Table 3.9.Control trials:Description of videotaped stories along with thalagous puppet’s
statements.

Scalar terms Story depicted Puppet’s statements
The tiger bought somef the .

balloons. The tiger bought somigalloons.
{all, somé The strong ms;gl;ﬂedﬂm the The strong man lifted sontmgs.

Donald found some of the animals. Donald found sanmimals.

Donald played with somef the cars. Donald played with soers.

Donald_startegbutting the pens into Donald_startegbutting the pens into
the pencil-case. the pencil-case.

Donald startedtleaning the table. 5414 startedleaning the table.

The little girl started painting the  The little girl started painting the
picture. picture.
The little girl starteddrinking water.  The little girl startedrinking water.

{start, finish

The ANT Child task

This task was the same as in Experiment h thi¢ difference that instead of a double
asterisk, we included an auditory high-frequenaetof a short duration as the Alerting
cue. This change was made to enable more indepeassgssment of the three attention
networks (Callejas, Lupiafiez & Tudela, 2004). Tisapreviously we used the same
variable (i.e. an asterisk) manipulated differettlyassess the Orienting (i.e. an asterisk

presented to the subsequent target location) anAldrting networks (i.e. a double
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asterisk presented above and below fixation). Hamneas the Alerting and Orienting
attention functions in our previous experiment wasgelated, we wanted to measure the
possible mutual influence of these attentional@fenore reliably in the present study,
hence used an auditory Alerting cue, following €jak, Lupiafiez and Tudela (2004).
3.7 Results
The ANT Child task
Error analysis

A 3 x 4 x 2 mixed ANOVA was used to analyzeam@ccuracy scores, with Flanker
type (congruent, incongruent, neutral) and Cue {gfegting-cue, no, central, spatial) as
the within-subjects factors and Language group @hogual and bilingual) as the
between-subjects factor. There was a significanh mfect of flanker F(2, 116)=
17.335,p< .0001 %= .230]. Post-hoc Bonferroni showed that accuraaghée
Incongruent condition (M= 0.91, SD= 0.13) was digantly lower than in the
Congruent (M= 0.96, SD= 0.08), and the Neutralk&rconditions (M= 0.96, SD=
0.07),ps< .0001. However, there was no significant diffeebetween the congruent
and the neutral condition. There was also a sicamfi main effect of cue type; (3,
174)= 3.196p= .025,#2= .052]. According to a Bonferroni post-hoc comgpan, there
was a borderline effect of accuracy for the algrine trials (M= 0.950, SD= 0.09) to be
higher than the central-cue trials (M= 0.929, SD29), p= .054. The main effect of
Language group was not significant, neither intedaevith any of the other factors. Thus
the percentage of correct responses was compdrefeen the groups (monolinguals

93.86%, bilinguals 94.21%).
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Response Times analysis

A 3 x 4 x 2 mixed ANOVA was used to analyzeameorrect RTs, with Flanker
(congruent, incongruent, neutral) and Cue (alerting central, spatial) as the within-
subjects factors and Language group (monolingudlbédmgual) as the between-subjects
factor (see Table 3.10). There was a significanhratiect of Flanker,f(2, 116)=
121.180p< .00001 /2= .676]. According to Bonferroni post-hoc companspRTSs in
the Incongruent condition (M= 899.195, SD= 144 .w#)e significantly slower than for
the Congruent (M= 808.405, SD= 144.87), and Ne(la 778.37, SD= 139.50)
conditions ps< .00001. Also, RTs for Congruent trials were digantly slower than for
the neutral trialsp< .0001.

The main effect of Cue type was also signiftc§F(3, 174)= 38.216p< .0001 %=
.397]. According to Bonferroni post-hoc tests, Rdisthe Central-cue trials (M=
832.607, SD= 147.28) were significantly faster tharthe No-cue trials (M= 874.62,
SD= 134.92)p< .00001. Additionally, RTs for the Central-cuealsi were significantly
slower than for the Spatial-cue trials (M= 791.8B= 147.69)p< .0001, revealing the
presence of an Orienting effect. Also, RTs forAtherting-cue trials (M= 815.47, SD=
143.78) were significantly faster than for the Needrials,p< .0001, thus indicating an
Alerting effect. However, it took significantly Iger for participants to respond in
Alerting-cue compared to Spatial-cue trigds,.050. Finally, RTs for the No-cue trials
were significantly slower compared to RTs for thatgal-cue trialsp< .0001.

Table 3.10.Means and (Standard Deviations) of RT in millisedas a function of Flanker and
Cue condition for each language group.

Flanker Language
type group Cue type
No cue Central Alerting Spatial cue Mean
cue cue Flanker
Congruent  Monolinguals 868.26 830.05 806.97 770.43 818.93
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(158.60)  (164.02)  (165.45)  (193.86)  (153.45)
Bilinguals  855.23  786.90 790.76 758.64 797.88
(137.28)  (139.97) (145.83) (160.78)  (136.32)

Incongruent Monolinguals 937.46 908.48 909.64 878.03 908.40
(144.13) (156.85) (162.53) (159.57) (145.96)

Bilinguals 920.57 898.02 887.81 853.54 889.99
(138.49) (165.17) (151.24) (159.44) (145.29)

Neutral Monolinguals 845.36 795.73 746.83 766.52 788.61
(156.18)  (164.01)  (151.35)  (167.73)  (152.33)
Bilinguals  820.88  776.46 750.80 724.40 768.14
(126.34)  (145.11)  (130.20)  (142.05)  (125.11)
Mean Monolinguals 883.69  844.75 821.15 804.99
Cueing (143.74)  (154.04)  (154.84)  (152.37)
Bilinguals  865.56  820.46 809.79 778.86
(125.99)  (140.83)  (132.57)  (143.63)

There was also a significant interaction betw€ue and Flanker-(6, 348)= 2.555,
p=.020,,%= .042]. To further investigate this interactiome tScheffe post-hoc was used
to compare RTs for Incongruent versus Congruenf@nihcongruent versus Neutral
Flanking conditions, both representing the Con#iect (Fan et al., 2002), in each
Cueing condition (central, alerting, no and spatiading). Results showed that, similar to
Experiment 1, conflict was resolved faster wherthegithe alerting nor the orienting
systems were involved, as evident by the smallggmitade of the conflict effect in the
No-cueing compared to the conflict in all otheriogeconditionsp< .05. This further
supports the inter-communication between the thram attention networks previously
proposed (Callejas, Lupiafiez & Tudela, 2004; Catlef upiadfiez, Funes & Tudela, 2005;
Fan et al., 2005).

Detailed assessment of the 3 attentional networks
Each Network score (conflict, alerting, and oriegjiwas submitted to an independent t-
test analysis. Similar to our previous experimeggults showed no significant

differences between the Language groups for atiyasie effects (see Figure 3.8).

118



Attention and Bilingualism Throughout Life

Language
120 group

@ monolingual
M bilingual

100

S0

G0

mean RT (ms)

40

Orienting Alerting Conflict

Fig. 3.8.The attention effects, reflecting the three maiardton networks, did not differ between
the Language groups. Bars represent SE.

The Scalar Implicatures (SI) task

To analyze the Scalar Implicatures task, vilevieed the procedure reported by
Siegal, Matsuo and Pond (2007) who also testeditimgual effect on a version of the Sl
task first designed by Papafragou and Musolino 8200he number of correct responses
in the test trials of the Sl task was the dependanéble (i.e. number of “No” responses
of the child when asked if the puppet describedvttieo-taped situation well). The
planned t-tests analyses did not show any sigmifidéference between bilinguals and
monolinguals in the Sl tasps> .05 (see Table 3.11). We also asked whetheratreat
responses between bilinguals and monolingualsrdifen each scal@ll-someandstart-
finish),and hence conducted a 2 (scale type) by 2 (langgragg) mixed ANOVA (see
Table 3.16). There was a significant main effectadle type,f(1, 56)= 14.966p<
.00001 2= .211]. According to Bonferroni post-hoc companispit was more difficult
for all children to respond correctly to teert-finishthan to theall-somescale,

p<.00001. There was neither a main effect nor amaot®n involving the Language

group.
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In order to ensure that when a child gavereecb“no” response in the Sl task, he/she
was actually shifting attention to the oppositdacterm that should have been used (e.g.
“all” instead of‘'some”), and following the procedure of Papafragou anddiino
(2003), children were also asked to provide jusdiions for their negative answers.
These were recorded during the task. Justificaticere then separated in two categories:
(a) correct ones, invoking the stronger scalar t@nm. “thatall of the horses jumped
over the fence”) and (b) irrelevant ones, wherecthikl gave a justification not related to
Sl for his/her negative answer (e.g. “thaeehorses jumped over the fence”). We then
compared the number of correct justifications betwihe language groups. Again, the
analysis showed no significant differences betweenolingual and bilingual children
(see Table 3.11).

Table 3.11.Summary of performance of both Language grouplsarS| task.

Score Group M (SD) p-value
monolinguals 6.69 (4.53)

correct response bilinguals 5.54 (4.77) 342

correct resp. monolinguals 3.87 (2.53) 641
Some/All bilinguals 3.15 (2.61) '

correct resp. monolinguals 2.58 (2.25) 940
Start/Finish bilinguals 2.30 (2.76) '

correct monolinguals 1.48 (2.10) 734
justification bilinguals 1.30 (2.07) '

The Language-switching task

Mean correct RT of all 28 bilingual childrenthe Language-switching (LS) task
were analyzed by paired t-tests, comparing resplatsecies to switch to L1 (Albanian)
with response latencies to switch to L2 (Greek)}e @&halysis yielded an asymmetrical
switch-cost, with RT to switch back to Albanian (M982.90, SD= 999.94) being
significantly longer than RT to switch back to Gtgbl= 1524.66, SD= 726.52)27)=

2.657,p=.013. This indicates that our bilingual particigmwere dominant in L1, despite
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the parental self-reports stating an equal amouuase of the two languages in the
children’s daily lives (see Table 22 frequency of use”).

To further test for a relationship betweermnigibal skill and cognitive performance,
we conducted Pearson correlation with Age and SEShmwere then partialled out, the
SCA scores and the Attentional Networks scores,canckct responses in Sl. The level
of significance was adjusted according to the Bonofe correction, to control for
multiple comparisons. SCA was negatively relatedde [r(27)= -.505p= .007], such
that the younger the child, the larger the asymigatswitch-cost. The SCA was
significantly correlated with Conflict only aftereacontrolled for SES(27)= .466p=
.014]. However, when we controlled for Age, thilt®nship disappearedi25)= .355,
p=.081. Results are shown in Table 3.12 below.

Table 3.12.Inter-correlations for measures of Switch Costmfict, Alerting, Orienting, Sl
correct responses, SES and age.

Conflict  Alerting Orienting Sl correct SES Age
responses
SCA .466 -.128 -.064 -.103 -014  -.505*
Conflict -.141 -.027 225 -.142 -.360
Alerting .026 -.182 .072 211
Orienting .254 11 420
SES 217
controlling for SES
SCA A67* -.119 -.094 -111
Conflict -.078 -.088 .163
Alerting 112 -.132
Orienting .208
controlling for Age
SCA .355 -.012 .169 -.019
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Conflict -.003 .075 .248
Alerting .022 -.179
Orienting 144

* significant at the 0.01 level (Bonferroni correion)

Finally, we entered the data from the LanguBgekground questionnaire (Age of L2
acquisition, Frequency of L2 Use, L2 Skill) alonghwthe SI scores and the three
attention effects from the ANT Child into a cort@a analysis. Results showed no
significant relationships between these varial#gsn when we controlled for Age or
SES.

3.8 Discussion

Our previous experiment found no effects of bilialggm in attention. Importantly we
matched the groups for low-SES, a confound fattat lhas been neglected in most
studies on bilingualism. In this experiment we utgd younger children, whose
cognitive capacities are still developing, sinceum previous study we included a rather
wide age range, and there had been qualitativerdiftes in their attentional function. In
addition, we included a task more relevant to thire of bilingual language-switching.

Interestingly, the pattern of results from estment 1 was repeated: The performance
of bilinguals and monolinguals in the ANT Childsassing the three main attention
functions, did not differ, thus again suggestinaf tAES possibly attenuated the “bilingual
effect” in attention over monolinguals, in agreemeith Morton and Harper (2007).

Most important, and contrary to our expectation#dual and monolingual children did
not differ in the Sl task. That is, in our study did not find a bilingual effect on

pragmatic competence, which is in contradictiorhviito previous studies that reported
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bilingual additive effect in drawing scalar implicees (see Siegal, Matsuo & Pond, 2007
for developmental evidence; see Slabakova, 2018vidence with adult L2 learners).

As in Experiment 1, we also found a significeorrelation between the SCA and the
magnitude of the conflict effect but only when wantrolled for the influence of SES.
This suggests that the mechanisms used to coatrglbige switching and executive
attention are at least partly common, though agberocultural factors such as those
reflected by SES may also play a role.

Contrary to our previous results in Experimkmind those of previous studies
(Callejas, Lupiafiez & Tudela, 2004; Callejas, Ligiza Funes & Tudela, 2005), the
analysis did not yield any relationships betweenttiree attention networks. However,
this finding is consistent with work by Posner &uales (1971), Posner and Petersen
(1990) and Fan et al. (2005), who argue for thecan@al and functional independence
of the three attention networks. It may be thag ttutheir young age, the children
involved in this experiment recruited different rdunechanisms to provide the required
responses than the ones involved in Experimerd I5 the case when comparing
children and adults (Bunge, Dudukovic, Thomasaal.e2002), which could explain the
null relationships between the three attention néet& reported now. This may also
explain why when we controlled for the influenceAafe, the relationship between SCA
and Conflict disappeared.

Moreover, Age was significantly related to &hiCost, that is, the younger the child
the longer it took him/her to switch between thegiaages. This finding could be
interpreted in two different ways. According to Mewu& Allport (1999) a switch cost

asymmetry reflects a greater activation of Languggehich means that the person is
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dominant in one language. It may be that young#édrem, who have less exposure to
formal education, are less balanced bilinguals sethey use mostly the language
spoken at home, hence the more SCA. Alternativietyay be that younger children are
less able to inhibit the most dominant languagd, sirow more asymmetry in the cost.
Consequently this relationship may reflect a maiomeof the neural networks
responsible for inhibition and attention contrar(f review see Bronson, 2002; Carlson,
2003; Rueda et al., 2004).

In conclusion, in this experiment bilinguadamonolingual young children of low
SES were tested in linguistic and non-linguistie@xive tasks. To our knowledge, this
was the first study to demonstrate no effect ahgualism in both types of tasks when
SES, general 1Q, and vocabulary ability were wedteched between the participant
groups. Replicating these results while takingehastors into account would serve to
further support the main argument made by thisamdgrevious experiment: That low-
SES may indeed attenuate the so-called bilinguadrastdge in attention over
monolinguals, and executive functions overall, esdly in young ages where one’s
cognitive capacities have not peaked yet.

3.9 General Discussion

The aim of this study was twofold: To see wieetthere is a bilingual effect in all
three main attention networks and generally in ettee control of children and to
investigate the possible relations between thadpiial experience and attention effects
once the participants are SES-matched and of lo@&{8t#el. The most striking finding
was that bilingual children of low SES did not diffrom their monolingual peers of the

same SES level in any of the three main attentioctfons (executive, alertness, and
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orienting). Furthermore, bilingual and monolingahildren of the same low SES did not
differ in a linguistic task that resembles moresely the bilingual experience, the Sl task.

Given that bilinguals intensively train in arage-switching, suggested to involve
executive control of attention among other funcéicend the inter-communication
between the main attention systems, why didn’twes-trained ability generalize to the
linguistic executive control task or to the nonglinistic executive attention task but also
to the other two main attention functions assesisegresent study?

This lack of a bilingualism effect on execaetiattention opposes previous findings
that showed a bilingual advantage over monolinguredasks of attentional control (e.qg.
Bialystok, 2006; Bialystok & Craik, 2010; Bialystei al., 2005; Bialystok et al., 2009;
Bialystok & De Pape, 2009; Colzato et al., 2008st@pHernandez & Sebastian-Galles,
2008; Fernandes et al., 2007; Festman, Rodriguazek® & Minte, 2010; Hernandez et
al., 2010; Kharkhurin, 2010; Poulin-Dubois et 2D,11). This is also the case for
previous empirical evidence on a bilingual benefillrawing scalar implicatures (Siegal,
Matsuo & Pond, 2007; Slabakova, 2009) and in praigncampetence overall (Siegal,
Surian, Matsuo, Geraci, lozzi, Okumura et al., 2@i6égal, lozii & Surian, 2009; Surian,
Tedodli & Siegal, 2010). Importantly, none of thedies on bilingualism and pragmatic
competence controlled for the confound of SES. palty, the young adult participants
of Slabakova (2009) were of middle-to-high SESthay were university students, or in
the case of children they either came from middlass backgrounds as explicitly stated
by the authors in one study (Siegal, Matsuo & P@@@,7) or their parental education
level was at least high-school education (Siegal.e2010; Siegal, lozii & Surian, 2009;

Surian, Tedodli & Siegal, 2010). Crucially, in tirajority of research on a bilingual
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effect on cognition, SES has not been measureld@@ton & Harper, 2007), although
we carefully matched monolinguals and bilingualsS&S influences in the present
study, and this is also the main difference of stigly compared to previous ones. In
addition, there have been also cases where SE®avaynot been balanced between the
language groups. Specifically, in Bialystok and t#a¢2004), the authors claimed that
their participants were matched on SES as the gpbgr living location of monolinguals
and bilinguals was in close proximity and of simi&ES level. However, living and
schooling locations are not always accurate indisadf SES, as for Experiment 1 we
had to exclude many children due to their highe® $&mpared to the rest of our sample,
despite the fact that all children were living lretsame neighborhood and attending the
same schools. Therefore, we suggest that previodisfis on a bilingual benefit in
attention may have been contaminated by the eft#¢@&&S. In this frame, it may also be
that low SES may even attenuate this bilingual taddeffect in cognition, as suggested
by Morton and Harper (2007) and by our presentltgsu

It is not the first time that low SES has b&amd to influence attentional control and
attention overall. For example, SES disparitiesehaeen found in neuropsychological
tests of executive function in adult samples (Sivgmnoux et al., 2005; Turrell et al.,
2002). According to developmental studies, childvelow SES tend to show poor self-
regulation (Buckner, Mezzacappa & Beardslee, 20@8)¢ative of executive control
immaturity. Additionally, children of middle SES tmerformed their low SES peers in
measures of executive control (Farah & Noble, 2083hle et al., 2005). Also, low SES -
and specifically the low quality of the home enwintent- have shown to directly

influence children’s inhibitory control and sustadhattention (NICHD, 2003). Even
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more relevant to the present findings, a studylinag a respectable sample size of
children aged 5 to 7 years, similar to our partiais in Experiment 2, and administering
the ANT Child (Mezzacappa, 2004) found that higBES children were faster and more
efficient in the Alerting and executive attentioials of the ANT compared to lower SES
participants. Thus, we consider the present result® adding to the literature on the
effects of SES in cognition.

There are several variables of the SES cartdinat have been theoretically and
empirically shown to account for these disparitiesognitive tasks (for reviews see
Bradley & Corwyn, 2002; Hackman & Farah, 2009). Blspecifically, the development
of the prefrontal cortex seems to be directly ieflaed by parent-child interactions,
parental education and income (Farah & Noble, 200fle et al., 2005). Low parental
education and income are especially importantheg $eem to limit the development of
attention (Congeet al, 1994, 1995; Linver et al., 2002; NICHD, 2003)hé&tstudies
refer to parental provision of emotional supporgj(@motion regulation) and cognitive
stimulation at home (e.g. bedtime reading, joitgrgton events) as important
environmental influences in attentional developnm{@atkeman & Adamson, 1984;
Landry & Chapieski, 1989; Linver et al., 2002; Kadska et al., 2000).

Culture is another social variable influencaognitive functions, as has been well
documented in the past (for a review see Markusit&y@ma, 1991). For example, it has
been demonstrated that Chinese preschool chilth@n superior executive functioning
abilities as compared to children from Westernuwels, such as the U.S. A plausible
explanation for this effect is that Chinese cultuaiies and encourages impulse control,

which in turn is a central executive function claeaistic (Chen et al., 1998; Ho, 1994;
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Sabbagh et al., 2006; Wu, 1996). Interestingly, yrafrthe studies of Bialystok and
colleagues reporting a bilingual benefit in attentincluded Chinese or Cantonese
children or adults in their bilingual group, thoughly English individuals in their
monolingual groups (Bialystok, 2006; Bialystok & Ma, 2004; Bialystok & Senman,
2004; Bialystok et al., 2005;).

Thus, it could be that the bilingual profiadgrin control of attention reported in those
studies is at least partly due to the participacidture and not due to bilingualigper sé
This is also implied by Carlson and Melzoff (2008)ggesting that the bilingual research
would benefit from studies replicating the resolt8ialystok and colleagues without
involving Chinese individuals. Importantly, our peipants seem to be well matched in
this variable, as they all came from collectivigitares (Northern Greece and Albania;
Eupedia, 2012).

Considering these, we wondered whether owr slaggest that without the influence
of culture and SES, the intensive cognitive tragrailinguals undergo in language-
switching does not have any effect whatsoevereir tognition. Despite the null
differences between monolinguals and bilinguakheattention and the Sl tasks, our
results in Experiment 1 do suggest a bilingualatféen executive attention, though of a
magnitude not large enough to be detected when @aongpthe performance of bilinguals
with that of monolinguals. We are referring to tekationship between the Conflict
effect, reflecting executive attention ability, ao@l skill. This supports the findings of
Segalowitz and Frenkiel-Fishman (2005), who shotheaticontrol of attention is related
to skill in a second language, and suggested thagbal proficiency (i.e. L2 Skill) is

mediated by attentional control in a complex manmbe fact that this relationship was
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not found in Experiment 2 could be attributed te #ge differences between the samples.
That is, given the widespread changes that occilmeityoung brains during development
in executive control and especially attention fiores (for a review see Bronson, 2002;
Carlson, 2003), important fluctuations in executeatrol of attention may appear as a
function of age and hence mask any further infleerin the cognitive system by other
potentially weaker factors such as L2 skill.

Alternatively, it could be that because thédrbn of the second experiment were
younger than in Experiment 1, they also were exppas@nd used an L2 for fewer years
and therefore their less trained language-switchhitity and generally L2 Skill did not
influence their ability to resolve conflicting imfmation. Thus, it seems that one must
have enough years of intense training in switclhiegveen two languages, for this
bilingual experience to exert an influence in tkeautive attention system, or any other
attention function, strong enough to benefit biliaty’ performance over monolinguals,
at least when isolating the confounding effect BESs we did in this study. Put
differently, perhaps one must be a balanced biahtushow clear training effects in
non-linguistic tasks of cognitive control. Unforately, to our knowledge, none of the
previous studies showing a bilingual benefit ir@ational control and claiming to have
included balanced bilinguals has used a reactimoe-task to assess the level of bilingual
skill as in the present study. This would furthelighten the question of how balanced a
bilingual must be to show a generalized proficieimccognition. We believe that this is
of high importance for future studies to consider.

A limitation of this study was that the SIikage used to measure children’s pragmatic

competence has been previously criticized foratssgivity to the measured ability
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(Katsos, 2009; Katsos & Bishop, 2011). That iba$ been suggested that the binary
judgment Si task (i.e. asking the participant tovite a yes/no response) may not always
require the computation of a scalar implicaturbeéaesponded to, as it also taps on the
person’s sensitivity to the informativeness of ateece. For example, in a scenario
where the child watches the video with all 3 hojsesping over a fence and the puppet
stating that “some of the horses jumped over thede, the experimenter asks the child
whether the puppet said it well or whether it sdadgscribe the video differently. For the
child to reply correctly, instead of computing g@alar implicature, she/he may just be
sensitive to the information provided by the videw think that the term “some” simply
does not describe the video completely, without #vieking that the opposite and
correct term is “all”, and hence reply correctlhatithe puppet did not say it well. Future
studies should benefit from using Sl tasks thatrobfor sentence under-
informativeness. An additional criticism of Sl st perhaps the semantic interpretation
of a sentence needs not to be inhibited in ordectivate and hence accept the pragmatic
meaning, as the pragmatic meaning could act t@watiie semantic one (i.e. from “some
and even all” to “some but not all”), thus it magt & addition to and not instead of the
semantic meaning of a sentence (N. Katsos, personanunication, 4 January 2013).
However, this limitation should not overshadiv important contributions of this
study to the literature in the cognitive effectdodingualism: That non-linguistic,
sociocultural factors may weaken and perhaps ettenuate bilingualism’s effects in
attention and control overall and that, in childe¢rieast, there does seem to be a weak
bilingual effect in resolving conflict though nowel to bilingual language-switchingr

séas previously claimed, but due to the very fadveihg bilingual which entails
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complex changes and interactions between linguesgierience and executive control of

attention.
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Chapter 4
Disentangling the effect of bilingualism in attenton from socioeconomic influences
in older ages.
Abstract

Literature suggests that it is possible to detebiliagual benefit in a combination of
executive control of attention and Working MemorWNl) functions relative to
monolinguals, especially in older adults, due te-egJated decreases in these functions
which leave room for improvements from the cogmitivaining of bilingual language-
switching in these functions. However, the problemeeplicating this benefit imply that
there may be factors confounding those findingschswas differences in the
socioeconomic status (SES) of the participantsaddition, no study up to date has
investigated the possible bilingual effect in théhes two main attention functions,
alerting and orienting. Also, the reliability ofelself-reports usually employed to assess
level of bilingual skill have suffered criticisnthus making it difficult to conclude on the
exact level of bilingual proficiency which is optaifor a bilingual advantage in attention
to emerge. Thus, in this experiment older adulithee bilingual or monolingual, of
equally low SES were tested in the three main aterfunctions and the Simon effect
under different WM manipulations. A language-switchtask was used as an objective
measure of bilingual proficiency and as a meansewéaling possible commonalities
between the main attention functions and the ghiitswitch between languages. Results
showed a bilingual benefit over monolinguals in aiive attention under high WM

load. It seems that in individuals of low SES, thiéngual advantage can only be
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revealed with specific manipulations (old age @& garticipants, loading WM, balanced
in switching between languages).
4.1 Introduction

With the adoption of globalization policies let2£' century, which encourage the
exchange of peoples, and the advances in commiamdathnology bilingualism has
come to characterize the majority of the populatiowadays (Sebastian-Gallés &
Bosch, 2001; Segalowitz & Frenkiel-Fishman, 200&g8&l, Surian, Matsuo et al., 2010)
and this population is continually aging due ta@ases in life-expectancy (Charness,
2008). Thus, with the enormous increase in the murabbilinguals who will be aged
over 60 in the following years, it seems that d&thing the possible cognitive impact of
bilingualism in the mind of the elderly should beeoone of the priorities of cognitive
research.

In young adults, a bilingual benefit has bekown in executive control of attention.
This is evident usually in tasks presenting cotifig perceptual information (e.g. a left-
pointing arrow presented at the right of the scyeenl requiring a choice between
competing response alternatives (e.g. press Ilgfakeording to where the arrow is
pointing at vs. right key according to the on-soreeation it was presented). Bilinguals
seem to resolve such conflict more efficiently tinaonolinguals, as they respond faster
in these tasks (e.g. Bialystok & De Pape, 2009t&esal., 2009; Zied et al., 2004). This
performance-superiority of bilinguals is attributedinly to their constant need for
language control, given that both languages areeaict the bilingual mind during
communication (Colomé, 2001; Costa & Caramaza, 1688ta, Miozzo, & Caramazza,

1999; Green, 1998; van Heuven, Schriefers, Dijk&tkagoort, 2008). As Bialystok
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(2009) has proposed, the experience of controtigglanguage representations on an
everyday basis can be viewed as a kind of cogniitaiaing, whose effects would then
generalize to other cognitive tasks requiring aldentional control. This hypothesis is
also supported by neuroimaging data, which showtligamechanisms used to control
the two languages are the ones also used in akydgqsiring control of attention (for a
review see Abutalebi & Green, 2008), hence the igdization of the bilingual
experience of language-control to other contrdidablowever, if this is the case why are
there studies which have failed to replicate thiedpial advantage with tasks tapping
executive control?

One such an example is the finding of a bumgadvantage in the Simon task, which
according to a recent study (Colzato, Bajo, van\8idenberg et al., 2008) “...the
reduced Simon effect —in bilinguals- seems notalpdifficult to replicate.” (p. 302).
Typically, in the Simon task, stimuli that differ colour are presented either on the left
or the right of fixation. The stimulus-response piags are specific, so that for example
a left key must be pressed when a yellow circlegit key must be pressed when a red
circle appears on screen, by ignoring the stimpbstion. The conflict or Simon effect
is elicited when the position of the stimulus (éedt of fixation) is incongruent with the
position of the response-key for that stimulus.(éhg right key). Thus, the Simon effect
mostly reflects the time required for executiveation processes to resolve the
conflicting stimulus-response versus stimulus-lmcainformation (Bilaystok, Craik,
Klein & Viswanathan, 2004). While several studi@esé& shown that bilinguals have a
significantly smaller Simon effect compared to mlamguals (e.g. Bialystok, Craik,

Klein & Viswanathan, 2004), there are also stutles have failed to replicate this
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bilingual advantage (Bialystok, 2006; Bialystok, iita & Viswanathan, 2005, exp. 2). In
the words of Bialystok and colleagues (Bialystolgrivh & Viswanathan, 2005), the
bilingual advantage is not always found as theeeo#iner factors, equally important to
bilingualism, that may influence performance ireation tasks. To our view, these
factors could be age and SES of the participartig;hware further discussed.
Regarding age, the bilingual attentional biérseflems difficult to demonstrate in
young adults, though it is more easily detectedlder ones (Bialystok et al., 2004;
Bialystok, Craik & Luk, 2008; Bialystok, Craik & Ry, 2006; Bialystok, Craik &
Ruocco, 2006); This occurs perhaps because yowpeare at the peak of their
attentional capacities, in contrast to older indils, thus leading to a ceiling effect
which possibly masks a more subtle effect of biliagsm, revealed in later life
(Bialystok, Martin & Viswanathan, 2005). Supportiegdence come from the rather
limited number of studies with bilingual elderlgporting a bilingual benefit in conflict
resolution over monolinguals, however under diffé¢@nditions or of a different
magnitude (Bialystok et al., 2004; Bilaystok, Cré&k uk, 2008; Bialystok, Martin &
Viswanathan, 2005; Bialystok, Craik & Ruocco, 20B&lystok, Craik & Ryan, 2006;
Craik & Bialystok, 2006; Meuter & Simmond, 2007prFexample, in one study using
the dual-modality classification task, a bilingbahefit was detected only in conditions
of low processing demands (Bialystok, Craik & Rumc006). On the contrary, a
decreased Simon effect in the bilingual group deoldults compared to monolinguals
was found in another study using the Simon tasiygh only in conditions with high-
processing demands (Bialystok et al., 2004). Irtlerahree studies also employing the

Simon task, results slightly differed. In Meuted&immond (2007), the typical age-
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related increase in the Simon effect was not faarttle bilingual elderly and was
interpreted by the authors as evidence of a pligeeetfect of bilingualism in the
processes reflected by the Simon. In Bialystok,tMand Viswanathan (2005),
bilinguals were faster than monolinguals not onlyrials involving conflict, but in the
ones eliciting facilitation as well. In another gyuBialystok, Craik & Luk, 2008),
although bilingual elderly did perform faster théeir monolingual peers in conflict
trials, actually the Simon effect was not founalatn the bilingual group.

It seems then that the bilingual benefit ie@xive control of attention is indeed more
clearly detected in older adults, in this way sugipg the argument of age as one factor
accounting for the difficulties in replicating tbdingual cognitive effect. Still however,
there are inconsistencies in these findings, leptlirthe second factor that we mentioned
which could function as a confounding in bilinguadearch: SES. We believe that this
factor is particularly relevant since there is bstantial amount of evidence supporting
the modulation of attentional function by SES @aeview see Magnuson & Duncan,
2006). That is, participants with a higher SES qenfoverall better than those with
lower SES in attentional tasks (see also Mezzac&fjia). So it may be that the
bilingual advantage shown in some of the studiestimeed above may be after all a
socioeconomical advantage, since sometimes SE®ataseasured at all (Bialystok,
Martin & Viswanathan, 2005; Meuter & Simmond, 200@}her times, SES was inferred
only from the education years of the participaBitaf/stok eta |., 2004; Bialystok, Craik
& Luk, 2008; Bialystok, Craik & Ruocco, 2006), aiigh it has long been acknowledged
that years of education is but one of the two nvaimables constituting the complex SES

construct, the other one being occupation, eaevhath uniquely contributes to SES’s
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variability (0, 1961; Hollingnshead, 1971; for aiemv see Magnusin & Duncan, 2006).
In line with this, in one study that carefully miag¢el their groups for low-SES, an
attenuated bilingual benefit in executive attentias found in a sample of children of
low SES (Morton & Harper, 2007).) To our knowledfeugh, there is no study
investigating possible influences of bilingualismeilderly individuals of low SES.

For these reasons, we aimed at investigatie@ffect of bilingualism on attentional
function by rulling out the potential confound afung age and limiting possible SES
influences. In order to do this, we tested eld@tlyanian-Greek bilinguals and elderly
Greek monolinguals, who were matched on low SE8)@mPANT (Attentional Netowork
Task) and the Simon tasks. Although the executitenfon in old bilingual adults has
been investigated in the past, this is the firsetthat the two other main functions of
attention, alerting and orienting (Posner & Boi®31; Posner & Petersen, 1990), are
also examined. In young adults evidence is alsrecadVe are aware of only one study
on the effects of bilingualism in alerting and otiag (Costa, Hernandez & Sebastian-
Gallés, 2008) which found a bilingual benefit om@wnolinguals in alerting only and
another on orienting and bilingualism (Hernandezst&, Fuentes, Vivas & Sebastian-
Gallés ,2010) also reporting no modulation of tHerding system by bilingualism.
However, as the SES of those participants was middimaybe even high, all being
university undergraduates, we cannot know whethieigbalism will influence alerting
and orienting in elderly of low SES.

In addition we employed a version of the Sintesk which includes conditions of
lower and higher working memory (WM) load (Bialyktet al., 2004). That is, in the low

WM load condition, participants had to remembeti2glus-response mappings (2-
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colors); whereas in the high WM load condition gapants had to remember 4 stimulus-
response mappings (4-colors).We decided to indlideversion of the task because
research with elderly has shown that the bilingnesitive effect on cognitive
performance may emerge only under a high task-ddsneondition (Bialystok et al.,
2004). Finally, we also included a numerical larggtawitching task (Meuter & Allport,
1999) to obtain a more objective measure of bilaiguwoficiency (in language-
switching): Since the magnitude of the asymmetisgdtch-cost from L1 to L2 and vice
versa depends on the dominance level of each lgegagperson who is a balanced
bilingual should not exhibit such asymmetrical shitost elicited by this task (Meuter

& Allport, 1999). This is a novel aspect of the ggat study, since the majority of studies
done previously have used self-report questionsareneasure bilingualism (e.g. Costa,
Hernandez & Sebastian-Gallés, 2006; Garrat & K&0B08; Portocarrero et al., 2007),
which may reflect significant subjectivity on thart of respondents (for a review of
Mindt et al.,2008).

Hypotheses

Simon task:

As previously shown, bilinguals will show aater Simon effect (i.e. experience less
conflict) than monolinguals, though only under thigh WM condition (Bialystok et al.,
2004).

The Executive network of attention (ANT task)

According to our previous study with low-SE&ing adults and one with children of

low SES (Morton and Harper, 2007), we predicted ¢hderly bilinguals will be equally

proficient with monolinguals in resolving confliog information.
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The Alerting network of attention (ANT task):

Given the evidence on a bilingual benefitha alerting function of young adults, we
predicted that elderly bilinguals will be more aid®y an Alerting cue (i.e. respond fster
in trials with the Alerting cue) relative to themonolingual peers.

The Orienting network of attention (ANT task):

According to existing evidence with young pleogonsistently showing a null
bilingual effect in orienting (Costa, Hernandez &b&stian-Gallés 2008; Hernandez et
al., 2010), our prediction followed those results.

4.2 Method
Participants

The study was approved by the Ethics commdategity College, the Sheffield
University International Faculty. Written informednsent was obtained from all
participants (see Appendix B). Both groups werecimed for age, SES level, general
intelligence as measured by the Raven’s SPM andbtdary richness as measured by
the Vocabulary subscale of the WAIS, Greek and Allbraversion (see Table 4.1 for a
description of these variables). Bilingual partazips were equally skilled in the Greek
and Albanian vocabulary.

The bilingual participants were recruited frarday care center for the elderly in
Thessaloniki, Greece, situated in the western $gboirthe city. Participants were firstly
contacted by telephone, with the telephone nunmtrengded by the day care center.
Initially 55 Albanian elderly individuals were cauted, out of which 24 did not wish to
participate, 2 did not speak Greek, 3 had a higltatibn level (i.e<12 years), 4 scored

below 26 in the MoCA test (i.e. the threshold fealthy older adults: Nasreddine et al.,
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2005), and one had a serious vision impairmentsTRi older adults (9 males, 12
females), bilingual in Albanian and Greek, of lo&SSand with a mean age of 68.76
(SD=5.12) were included in the study.

The monolinguals were recruited from a day canter for the elderly in Xanthi, a
city in Northern Greece near Thessaloniki, via pastand flyers disseminated at the
center. Out of the 57 individuals who initially elied for the study, 14 refused to
participate when contacted and 17 were rejectedusecthey scored below 26 in the
MoCA test (include reference). Thus, 26 elderlyn@es, 19 females), monolingual in
Greek, of low SES and with a mean age of 68.92 (6D3) were included in the study.

Table 4.1.Demographic variables for study participants.

Variables Monolinguals  Bilinguals
Age (years)?

Mean 68.92 68.76
SD 6.93 5.12
Range 60-82 60-83
SES!

Mean 2.19 2.05
SD 0.63 0.67
Range 1-3 1-3
G-WAIS Voct

Mean 29.08 25.57
SD 7.68 9.04
A-WAIS Voc

Mean - 22.46
SD - 6.16
Raven’'s SPM?!

Mean 28.27 26.23
SD 6.27 5.92

SD = standard deviation

! Independent t-test: all > 0.05

G-WAIS Voc. = raw scores on the Geek version of WA Vocabulary subscale
A-WAIS Voc. = raw scores on the Albanian version o¥VAIS Vocabulary subscale
SES: 1to 7=low SES, 8 to12= middle SE33= high SES
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Material and Procedure

Each participant was individually tested iguaet room, for approximately 1.5 hour.
Although the tasks and tests that would be useé described briefly to participants, the
exact aims of the study were withheld to minimieenéind characteristics. Informed
consent was obtained, after which the self-repartduage Background Questionnaire
was filled in by the participant, in the presentéhe experimenter. The MoCA test was
then administered and scored, so that only hegléinycipants would be included. After
that, the rest of the screening measures and fheriexental tasks followed, in a
counterbalanced order for all participants.
Demographics and Language background questionnaire

This measure was based on similar ones prelyiaised in bilingual studies (Abedi,
Lord & Plummer, 1997; Brown, Bown & Eggett, 2009<fa, Hernandez & Sebastian-
Galles, 2008; Garrat & Kelly, 2008; Gullberg & Iricky, 2003; Portocarrero et al.,
2007). It was administered in the participantsivetanguage (i.e. in Greek for the
monolinguals, in Albanian for the bilinguals). Aygbologist bilingual in Albanian and
Greek rated the Albanian version of the questiaien&ior details on the design of this
guestionnaire and the scoring method, see Appdndix
Intelligence and Vocabulary measures

In studies of the cognitive effects of bilirdigm, it is essential to match participants
for general intelligence (e.g. Colzato et al., 20Qhfortunately, a widely used measure
of intelligence has not yet been standardizedhferAlbanian population (e.g.
Wasserman et al., 2000; Zimmerman et al., 2008)s;Tfollowing previous studies of

the bilingual effect on attention processes (Bialsk Martin, 2004; Colzato et al.,
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2008; Treccani, Argyri, Sorace & Della Salla, 20G8¢ Raven’s Standard Progressive
Matrices (SPM; Raven, 1958) was used to measurerglemon-verbal intelligence,
which is considered a relatively culture-free,able and valid measure of Spearman’s g
(Raven, 2000; Wicherts et al., 2010).

Secondly, as an indicator of vocabulary preficy, the expressive Vocabulary
subtest of the Weschler Adult Intelligence Scalersion Il (WAIS-III; 1997) was
administered in both languages (i.e. Albanian arek&). The WAIS has been widely
used and standardized for the Greek population I@kaglou, 1998), though not for
Albanians. To partially compensate for this limiat a psychologist of Albanian
nationality scored the bilingual participants oa tibanian vocabulary test, from their
recorded answers.

Screening test for cognitive signs of dementia

The Montreal Cognitive Assessment (MoCA; Nddree et al., 2005), a brief test of
cognitive functions sensitive to dementia, was usestreen out participants with mild
cognitive impairments. This test has been showrate high sensitivity in detecting very
early signs of cognitive deterioration in the elgéNazem et al., 2009).

Computerized tasks

All computerized tasks (the ANT, the Simorg ttanguage-switching task) were
displayed on a 15-inch monitor of a laptop PC, gsive E-Prime® 2.0 Professional
software.

The ANT task
The ANT was adopted from Fan et al. (2002hlie difference that instead of the

Double-cue (double asterisk) to alert the partitpane included an auditory high-
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frequency tone of a short duration (Alerting cuid)is change was made to enable more
independent assessment of the three attention riet{@allejas, Lupiaiez & Tudela,
2004).

A cross (+) served as a fixation point. Thgéawas an arrow pointing left or right,
always presented centrally. The target arrow agukeaither alone (neutral trial) or
flanked by four identical arrows according to tleadition (congruent or incongruent
trial). There were also 4 cue conditions. All thesaditions served to assess the 3 main

attention networks, by conducting the appropriaiewdations (see Figure 4.1).

—_—— e — — P — —p —— — — — —
+ ————— = S ——r—
newtral congruent incongruent
no cue
3500ms-RT-D1 + .

L 2 e

Target: RT<1700ms +

- 400ms +

-

center cue Executive Control =

Com: 1) e + RT incongruent - RT congruent
-
+ + Alerting =
pul RT no cue - RT double cus
D1: 400-1600ms + Orienting =
spatial cue RT center cue - RT spatial cue

Fig. 4.1.All target (congruent, incongruent, neutral) ariccaké conditions (no cue, alerting-
sound cue —instead of “double cue”-, central cpatial cue) in an example of a typical ANT
trial. The calculations for the 3 attentional netikgare also depicted. Figure adopted from
Vandenbossche et al. (2012).

The experiment included 24 practice trials, pravipieedback to the participant, and
three experimental blocks with 96 trials each withieedback. In total, 288 experimental
trials were presented. Each trial was a combinaifane of the 4 cueing conditions

(central cue, alerting-sound cue, spatial cue,u®) with one of the 3 flanker conditions
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(congruent, incongruent, neutral), and was pregeeimes (8 times in each block).
Presentation order of trials was randomized.
The Simon task

The Simon task was adopted from Bialystok,jlCigein and Viswanathan (2004).
Four conditions were included in the experimentnt@e2 (a square either blue or brown
appeared above or below fixation), Centre-4 (a sgahone of four colours appeared
above or below fixation: red, green, pink or yeljp®ide-2 (an either brown or blue
square appeared on the left or right of fixatiom) &ide-4 (identical to the Side-4
condition except that the square was presentedieifght of fixation). The experiment
consisted of two blocks: There were 96 experimenitak and 24 practice trials in each
block, and 24 experimental trials per conditioneTask always began with the Centre
condition, which was the easiest one so that ppatnts will get accustomed to it. Then,
the Sides condition followed. This order was cotlrd&anced between blocks. The
number-of-colours condition was randomized withaele block.

In the beginning of each block, the instruesidirstly appeared, followed by the
practice trials. After that, the test trials begiach trial began with a sound (a high tone
“beep”) (see Figure 4.2 for an example trial).He -colours condition, participants were
instructed to press the left key (marked “L”) whbey saw a blue square and the right
key (marked “R”) when they saw a brown square. ifBguctions for the 4-colours
condition were presented as four separate ruless $o maximize the WM load. Thus
participants were instructed to press the left\wbgn they saw a pink square, the left key

when they saw a green square, the right key whensaw a yellow square and the right
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key when they saw a red square. The colour-key mgmpas counterbalanced across

participants.

Fig. 4.2.The conditions and an example trial of the Simak.ta
The Language-switching (LS) task

This task was similar to that of Meuter an¢pAtt (1999). The target stimuli were
yellow Arabic digits (1-9). The background was eitla Greek or an Albanian colored
flag (depending on the condition) serving as timglege cue (i.e. it prompted
participants to read the digit in that languagemisrophone, connected to a voice key,
was used to respond to the target. Participants imstructed to respond (i.e. read aloud
the digit on the screen) as quickly and accuraslpossible in the language suggested by

the language-cue.

Trials were of two types: (1) non-switch tsialhere the language of response was the
same as in the previous trial (70% of total trigdg)d (2) switch-trials where the language

of response was different than the language ust#teipreceding trial (30% of total
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trials). Half of the switch and non-switch triatsquired a response in L1 and half in L2.
The design of the task was pseudorandom: Genermaitidigits was random, however the
same digit was not presented twice in a row. Eastigipant was presented with 10
practice trials and 300 testing trials in totall #lals were equally divided in 2 blocks of
150 trials each, 105 non-switch trials (70%) andwich trials (30%). A short rest after
completion of each block was optional.

Each trial lasted until response to targettaedext trial onset took place 400ms after
a response was recorded. Errors (either not foliguie language-cue, or reading the
digit incorrectly) were recorded by the experimenitg pressing the appropriate key
after termination of each trial. An example of Zrswitch and 1 switch-trial is depicted

in Figure 4.3. Response latencies (RT) were recbbgehe software.

Switch trial

Non-switch

|—¢

TIME

Fig. 4.3. Examples of both switch and non-switch trials ia tlanguage Switching task.
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4.3 Results
Computerized tasks
The ANT

Four monolinguals and 3 bilingual participawere excluded from the analyses
because the percentage of incorrect Reponses was 80%. Thus the response
latencies and error rates of 22 monolingual anditl@gual older adults were included in
the analysis. In addition, we excluded trials wikponse times of 2 SDs above and
below the mean per cell in each participant. Cakboihs to obtain the three effects
representing the function of the three main interdl networks were conducted
according to Fan et al. (2002) and Rueda et aQ4p0d-or the Conflict effect reflecting
the executive attention function, mean RT for thehgruent trials were subtracted from
mean RT for the Congruent trials, collapsing acfssing conditions. For the Alerting
effect, mean RT for the Alerting-cue was subtradtech mean RT for the No-cue trials,
collapsing across Flanker conditions. To obtain@nienting effect, mean RT for the
Spatial-cue was subtracted from mean RT for thar@ecue trials, collapsing the data
across Flanker conditions.
Error analysis

A 4 x 3 x 2 mixed ANOVA was used to analyzeam@ccuracy scores with Cueing
(Alerting, No Cue, Central, Spatial) and Flankeoi@ruent, Incongruent, Neutral) as the
within-subject factors, and Language group (morgplais and bilinguals) as the
between-subject factor. Results showed a mainteffdelanker F(2, 76)= 6.408p=
.003,%#2= .144]. According to Bonferroni post-hoc testsam@ccuracy was lowest in the

Incongruent (M= 0.95, SD= 0.01) compared to thed@oent condition (M= 0.98, SD=
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0.01),p= .004. Additionally, a significant interaction beten Cueing and Flanker was
revealed F(6, 228)= 2.163p= .048,4%= .054]. The post-hoc Scheffe test was used to
further analyze this interaction, comparing meaorenates for all Flanker conditions in
each Cueing condition. The interaction was dudecsignificantly higher error rates in
the Incongruent relative to the Congruent condibaty when the cue was centrp

.003. No further differences in error rates wersasted. Thus the percentage of correct
responses was comparable between the groups (mguals 97.31%, bilinguals
95.77%).

Response Times analysis

Mean correct RTs were analyzed using a 4 223nixed ANOVA, with Cueing
(Alerting, No Cue, Central, Spatial) and Flankeoi(@ruent, Incongruent, Neutral) as the
within-subject factors, and Language group (momplais, bilinguals) as the between-
subject factor (see Table 4.2). A significant mefiiect of Cueing was revealeB(B,
114)= 4.686p= .004,72= .110], with RT for the Spatial-cueing (M= 796.BD=
129.25) being significantly slower compared to Aterting-cue (M= 773.50, SD=
130.51),p=.043 and the No-cue conditions (M= 764.00, SD6&.38),p< .00001, as
indicated by Bonferroni post-hoc comparisons.

The main effect of Flanker was also signifid&{2, 76)= 74.171p< .00001 ;2=
.661]. According to Bonferroni post-hoc comparisaiesponses in the Incongruent
condition (M= 859.97, 150.65) were the slowesttretato those for the Congruent (M=
748.28, SD= 135.33]p< .00001, and the Neutral conditions (M= 729.40=908.22),

p< .00001, thus indicating a Conflict effect for pdrticipants. Additionally, participants
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responded significantly faster in the Neutral coregao the Congruent conditiopr

.039, showing an absence of a cueing-facilitatifece

Table 4.2.Mean RTs (measured in milliseconds) and (SDs) @t e&perimental condition in the
ANT.

Flanker Language Cue type
type group

No cue Central Alerting Spatial cue Mean
cue cue Flanker

Congruent  Monolinguals 711.14 762.00 743.77 781.07 749.50
(101.61)  (93.64) (101.81)  (116.13)  (94.28)
Bilinguals  763.61 719.32 740.64 763.61 746.80

(189.44)  (171.76)  (199.14)  (189.44)  (176.16)

Incongruent Monolinguals 819.76 875.92 863.43 865.69 856.20
(105.65) (88.11) (100.46) (86.15) (82.66)
Bilinguals 878.36 858.58 842.99 878.36 864.58

(217.36) (252.52) (173.68) (217.36) (208.77)

Neutral Monolinguals 697.41 758.80 732.38 760.33 737.23
(87.30) (105.82) (89.78) (95.83) (85.15)
Bilinguals 727.85 710.13 713.53 727.85 719.84
(142.34) (189.83) (179.44) (142.34) (151.42)
Mean Monolinguals 742.77 798.91 779.86 802.36
Cueing (85.06) (87.28) (89.81) (87.08)
Bilinguals 789.94 762.67 765.72 789.94
(169.90) (191.69) (170.28) (169.90)

Finally, the Cueing by Language group inteoactvas significant,ff(3, 105)= 9.051,
p< .00001 ;2= .192]. This interaction was due to faster resperd the monolinguals in
the No-cueing relative to all other cueing conditigps< .05, in contrast to the bilinguals
who did not show such an effect (see Figure 4 .lis 6 probably due to limitations of
the task we used, further discussed in the Dissossction. No other interaction

reached significance.
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Fig. 4.4.The Cueing by Flanker significant interaction, wsthaller conflict in the Spatial-cueing
condition.

The Simon task

Four monolingual and 1 bilingual participamsre excluded from the analyses
because the percentage of incorrect Reponses was 80% and/or had mean response
times higher than 1500ms. Thus, correct responsedees and error rates of 22
monolingual and 20 bilingual older adults were urgdd in the analysis. In addition, we
excluded trials with response times of 2 SDs alamcbelow the mean per cell in each
participant.
Error analysis

Mean accuracy scores were analyzed b{Co®ur number: 2 and 4) x 2

(Congruency: congruent and incongruent) x 2 (Laggugroup: monolinguals and
bilinguals) mixed ANOVA, with Colour number and Gpuoency as the within-subject
factors and Language group as the between-sulgjetcrf Results showed a significant

main effect of Color numberf[1, 40)= 4.960p= .032,42= .110], with significantly
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higher accuracy rates in the two (M= 0.96, SD= p.68mpared to the four colours
condition (M= 0.93, SD= 0.05). The main effect an@ruency was also significant,
[F(2, 80)= 6.699p= .013,42= .143], with significantly higher accuracy rateslhe
Congruent (M= 0.96, SD= 0.04) compared to the Igcoant (M= 0.94, SD= 0.05)
condition.

The Colour number by Congruency interactios aigo significant,H(2, 80)= 5.454,
p=.025,72= .120]. To investigate this interaction, we corntédoplanned comparisons
between the Congruency conditions in each Coloorbar condition. The analysis
showed that the interaction was due to the preseiite main effect of Congruency
only in the 2-coloursp< .00001, and not in the 4-colours condition. Theemce of a
main effect of Language group and an interactiothefother two factors with Language
group hsowed that mean accuracy scores were cobipdretween the two groups
(monolinguals= 94.87%, bilinguals= 94.90%).

Response Times analysis

Correct mean response times were submittad?t@Color number: 2 and 4) x 2
(Congruency: congruent and incongruent) x 2 (Laggugroup: monolinguals and
bilinguals) mixed ANOVA with Color number and Congncy as the within-subject
factors, and Language group as the between-subfor (see Table 4.3). The main
effect of Color number was significanE([L, 40)= 68.215p< .00001 ;2= .630], with
faster responses in the two-colors condition (M8.62, SD= 149.58) compared to the
four-colors (M= 934.74, SD= 316.82). There was asignificant main effect of

Congruency, F(2, 80)= 8.415p< .00001 52= .174], with significantly faster responses in
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the Congruent (M= 716.12, SD= 190.11) relativehi Ihcongruent condition (M=
811.65, SD= 284.39).

Table 4.3.Means and (Standard Deviations) in all conditioithe Simon task, for monolinguals
(N= 22) and bilinguals (N= 20).

Colour Grou Congruency <
number P Congruent  Incongruent Saon
effect
; 588.27 657.00
monolinguals 68.73*
2-colours J (90.45) (108.16)
bilinguals 976.07 67414 oo o
(162.51) (233.57) :
; 834.28 1038.02 .
Acolours monolinguals (217.02) (540.12) 203.74
bilinguals 866.81 870.26 3.45

(336.89) (338.94)

*sign. atp <.05

Finally, the three-way interaction betweend@ioinumber, Congruency and Language
group was also significant-(2, 82)= 3.919p= .024,5#%= .089]. To further investigate
this interaction, two separate 2 (congruency) Bka2guage group) ANOVAs were
conducted for each colour-number condition. InZkemlours, only a main effect of
congruency was revealedr([L, 40)= 33.175p< .0001 2= .453], with significantly
faster responses in the Congruent (M= 582.46, SIB3-3P) relative to the Incongruent
condition (M= 665.16, SD= 177.02). Similarly in thecolours, there was also a main
effect of congruencyH(1, 40)= 4.050p= .051,7%= .092], with significantly faster
responses in the Congruent (M= 849.77, SD= 27 tdifpared to the Incongruent trials
(M= 958.14, SD= 458.09). Additionally, in 4-coloutke interaction of Congruency by
Language group was of marginal significan€gl] 40)= 3.785p= .059,,?= .086].
According to planned t-tests, this interaction \@ae to the presence of a Simon effect

(i.e. faster RT in Congruent vs. Incongruent caodjtonly in the monolingual group, as
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the responses of bilinguals to congruent and ineeey trials were equally fast (see

Figure 4.5).
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Fig. 4.5.The Simon effect in the 4-colours condition for mtmguals and bilinguals.
*sign. atp <.05

To investigate whether this absence of canfixperienced by bilinguals in the 4-
colours condition lies actually in an ability totte remember the stimulus-response
mappings — that is, whether it depends on Workirggrdry (WM) ability - we assessed
the difference in RT when the number of stimuluspmse mappings increased. That is,
we subtracted mean RT to respond to the 2-colanditton from mean RT to respond
to the 4-colours trials, collapsing the data fon@mency. We then compared this WM
cost between the two Language groups, using apéamtkent t-test. No group differences
were found.
The Language-switching task

Data from 3 bilingual participants were ex@dgdas their mean error rate was >30%.
Thus, 18 bilinguals were included in the analyslean correct RTs were submitted to a
2 x 2 within-subjects ANOVA, with Trial Language lg&nian and Greek) and Trial

Type (non-switch and switch) as within subject dast There was a significant main
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effect of Trial Type, (1, 17)= 40.541p< .00001 %= .705], with faster RT in non-
switch (M= 892.72, SD= 189.40) compared to switd@s (M= 1047.30, SD= 237.81).
No other main effect or interaction reached sigaifice. Thus, an asymmetrical switch-
cost was not observed which is consistent withidka that the bilinguals of this study
were balanced in the use of their two languages.

Data from this task, the two attention taskd the Language Background
guestionnaire were further used to detect any plessommonalities in the mechanisms
that serve the bilingual experience of languagdetwig, as indicated by the LS task,
those used for resolving conflicting informationaohon-linguistic nature as suggested by
the ANT and Simon tasks as well as general skiél second language derived from the
Language Background Questionnaire. Specificallyywaated to see whether the switch-
cost (SC) that arises when switching between lagemié.e. the absolute mean RT to
switch back to L2 minus the absolute mean RT tacwhack to L1) was related to the
Conflict effect from the ANT and/or the Simon effear any of the other two attention
functions (Alerting and Orienting) and/or L2 Skill.

The SC, the Conflict, the Alerting, the Oriegtand the Simon effects, as well as L2
Skill of our 18 bilinguals were submitted to a &ation analysis, applying the
Bonferroni correction to adjust the significancediefor multiple comparisons (alpha
level = 0.007). As there were only 18 participantthis analysis, we used the

Spearman’s rho (see Table 4.4).
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Table 4.4.Inter-correlations for measures of Switch Cost, ficthAlerting , Orienting, Simon
in two and four-colours conditions and L2 Skill.

Simon 2- Simon 4-

Conflict Alerting  Orienting L2 Skill
colours colours
SC -.007 -.298 -.030 -.205 -.197 -.202
Conflict .556 -.249 199 .209 .060
Alerting -.269 131 -.026 .061
Orienting .069 -117 .034
Simon 2- -.038 526
colors
Simon 4- =232
colors

Contrary to our expectations, no significatationship emerged betweenL2 Skill, the

attention and the language-switching effects.
4.4 Discussion

In this study, we sought to investigate whethere is a bilingual benefit in executive
attention and/or WM in older adults when contrallior SES. In our first study we failed
to obtain a positive effect of bilingualism on atienal function in a sample of young
adults. One explanation for this null effect mayth&t young adults are at the peak of
their cognitive capabilities, and thus performedeiling in the cognitive tasks. Thus,
perhaps the bilingual advantage can be more e&sigaled in older adults who are not at
the peak of cognitive performance due to cognidigeline with aging (Bialystok, Martin

& Viswanathan, 2005), especially in the functiongalved in control of attention (for a
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review see McDowd & Shaw, 2000). Another novel aspéthis study was that, apart
from using a self-reported questionnaire to astea®s of bilingualism, we included an
RT task as a more objective measure of bilingupéeise, which also allowed us to
investigate whether the bilingual experience irglaage-switching is related to
attentional effects.

A bilingual advantage in attention over monglials was revealed by the Simon task,
whereby bilinguals resolved conflict faster thannmlinguals under conditions of high
WM load, thus pointing to a bilingual benefit inyge of executive control involving
both working memory -for keeping the sorting ruiemind- and control of attention -for
avoiding distractor interference- as also suppadboiedther studies with bilingual elderly
(Bialystok et al., 2004, Bialystok, Martin & Viswathan, 2005). What differentiates our
study from previous ones is the low SES of bothgarticipant groups. This underscores
the reliability of this bilingual benefit as in tipeesent study it was detected despite
careful control of other, non-linguistic factoratitould have confounded the results of
past studies on bilingualism, such as middle onh I8§S or an SES mismatch between
the participant groups. The reason why an effetilofgualism did not emerge in the
conflict trials of the ANT task may be attributalitethe subtle nature of this effect, as
previously alluded to (Bialystok et al., 2004; Bmstok, Craik & Ryan, 2006). That is, the
magnitude of the bilingual effect may be so snfat it is elicited only under very
demanding conditions, such as in increased-WM &maddlict trials in individuals with
declining cognitive functions (e.g. elderly).

Level of bilingual expertise may have playadaaditional role in strengthening the

bilingual effect we observed, as according to #wults from the LS task our bilingual
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participants were balanced in the use of the twguages. This suggests that they have
undergone prolonged cognitive training in langusgeching, which in turn benefited
their executive control system.

The bilingual advantage in executive contfahitention combined with WM reported
herein may also reflect the very composition oftiiimgual effect: Given that the
performance of monolinguals and bilinguals wasstatistically different in trials
tapping either executive control of attention al@ne conflict trials in ANT and low-

WM conflict trials in the Simon) or WM alone (i.2-colors and 4-colors conditions in
the Simon task, collapsed for cueing), but it wagsesior in trials combining the two
functions (i.e. high-WM trials of conflict in Simdask), it seems that lifelong experience
in manipulating two languages offers a more geretghntage in executive functions, as
also demonstrated by other studies with older adBlialystok et al., 2004; Bialystok ,
Craik & Luk, 2008), and not only on control of aitten. In addition, the fact that the
bilingual benefit in EF emerged only in the high-Wd&d conditions suggests that
perhaps the bilingual benefit is so subtle, thain@on has to be especially constrained
to detect it. This is in line with the Load TheafyAttention (Lavie, Hirst, De Focker &
Viding, 2004) according to which the interferendalistractors is greatest under high
WM conditions and has been previously supportedrimther study with elderly
bilinguals (Bialystok, Craik & Luk, 2008; Bialysta#t al., 2004).

Contrary to these findings, in the ANT biliredigm did not modulate any of the
attention effects. This also contradicts previovgence from one study with young
adults where the ANT was also employed, showintjrsginal superiority in the

Executive and the Alerting networks of attentiom$@, Hernandez & Sebastian-Gallés,
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2008). The fact that the participants of Costa@vitbagues were probably of a middle-
to-high SES, as they were university studentspimtrast to our participants who were of
low SES may imply that SES played a role in shapiegesults. However, the
anomalous results we received from the ANT in #higly (i.e. absence of cueing effects
for the Alerting and Orienting networks in the bdual group, faster responses of the
monolinguals when there was no cue present reladied other cueing conditions,
absence of a cueing-facilitation effect for botbigys), despite consistent evidence on the
reliability of the ANT in measuring the main attiemt networks in younger participants
(e.g. Fan, McCandliss, Flombaum, & Posner, 200h; &, Fossella, & Posner, 2001;
Fossella, Posner, Fan, Swanson, & Pfaff, 2002;dHasst al., 2002) suggest that there
may be limitations inherent in this task which doais its reliability for use with elderly
individuals. Evidence indirectly supporting thigament come from studies on the
Inhibition Of Return (IOR) effect in elderly, acaing to which IOR appears later in
older adults relative to younger individuals anid tan only be detected with a task
allowing for differential, extended Stimulus-Ongetynchronies (SOAs) (Castel et al.,
2003). However, the present design o f the ANT aduesnclude any time-course
manipulations, thus leaving open the possibiligt tin age-effect masked the cueing
effects the ANT could elicit in longer SOAs. Thifevs an avenue for future research to
explore.

Finally, an interesting relationship emergetil®en executive control of attention and
orienting. That is, we found that when attentiorswaented to the upcoming target
location by an orienting cue, the conflict effeat &ll participants, irrespectively of

language group, was smaller than when an oriectiegvas absent. A plausible
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explanation of this finding is that when attentisrtued to the location where the target
subsequently appears, it is easier to ignore tteadiors because the focus is on the
exact target location. However in the absenceafea the focus of attention is broadened
to ensure target processing as the exact targatidods not indicated. Consequently,
processing of distractors which appear in closeipridy to the target also takes place as
they are included in the attentional focus. Thus,cancluded that the orienting
attentional network exerts a positive influencetlosm executive network of attention, in
agreement with Callejas et al. (2004; 2005).

The lack of a relationship between the cosanfiluage-switching and any of the
attention effects could be attributed to the ratimeited size of the bilingual group, as in
our previous experiments with 26 (experiment 1) 28ahildren (experiment 2)
important relationships between these variableg@mae Thus, we consider that it would
be of interest for future studies to attempt inigding these relationships taking the
sample size into account.

Concluding, this was the first time thdtilingual cognitive advantage was
demonstrated in individuals of low SES. This adagetdoes not seem to be specific in
executive control of attention, but to a combinatid this function and WM. Given that
executive control of attention and WM are functioesy sensitive to aging (for a review
see McDowd & Shaw, 2000; Bialystok, Martin & Visvahan, 2005), and that
bilingualism boosts performance in relevant tagksgems that tomorrow’s older adults
could be benefited by current policies promotinghgualism. Another important
conclusion was that the bilingual experience didinttuence the orienting system, thus

extending previous evidence from young adults (&ddernandez & Sebastian-Gallés,
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2008). Replication of these findings is deemed s&asy, given the mixed and even
contradictory results of previous studies on theat$ of bilingualism in attention, and

also the specificity of this effect demonstrateceire
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Chapter 5
General conclusions

The principal aim of this thesis was to inigetie for the first time whether
bilingualism conveys a benefit to the three matardion functions throughout the
lifespan, when controlling for SES influences. Amedary aim was to see how much
experience in bilingual language-switching may beded for a beneficial effect in
attention to emerge, again while controlling forSSéffects. Thirdly, an RT task was
introduced to assess language-switching proficiettcgompensate for the subjectivity
of self-reported measures on bilingual experiehe¢ have been used up to date, as well
as to see, in combination to the results from therocognitive tasks, whether it is the
mechanism of language-switching that relates tdilregual effects in cognition. Finally
we also included two tasks, the Sl and the Simskstao investigate possible
generalizations of the bilingual effect, if any.the functions of WM and/or shifting,
assuming that these tasks may be more relevahetoilingual experience of language-
switching. To this end, a series of four relatedezknents was conducted and described
herein.

Several precautions were taken in the dediginese experiments, to ensure the
isolation of the bilingual effect in attention fromther possible influences. Throughout
the four experiments, we employed the ANT (Fan.e2802, and the modified version
for children, Rueda et al., 2004) to assess theethrain attention networks. By using the
ANT task adopted for different age groups, we vadrke to provide more reliable
evidence on the existence of a bilingual effecitbention within a lifespan trajectory by

reducing incidental task variance between our expsts, as suggested by Bialystok,
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Matrin and Viswanathan (2005). Moreover, to grogsigitrol for effects of culture in
cognitive performance as suggested by Carlson aldd$f (2008), in all experiments

we included participants from collectivist cultuscording to Eupedia (2012)
(monolinguals in Greek, of Greek ethnicity; biliradsiin Albanian and Greek, of
Albanian ethnicity). Finally, all participants weoélow SES, as measured by a self-
report (in the case of adults) or parental -refiarthe case of children), to allow us to
rule out SES as a possible confounding factor énpgrformance of our participants. One
middle-SES group was also included in the firstezkpent, to provide more clear
empirical evidence on the influences of SES in @rpents of bilingual young adults.

In the first experiment we tested adults 18Xg/ears old. In contrast to numerous
other studies (e.g. for a review see BialystoK.e2809; Costa, Hernandez & Sebastian-
Gallés 2008; Hernandez et al., 2010), we foundhhiaigualism influenced the
connections between the networks of Executive @batrd Alerting, though no evidence
to suggest that bilingualism directly modulatesttivee main attentional functions of
Executive attention, Orienting and Alerting. Wenthit is likely that the low SES of our
participants attenuated the cognitive effects bigualism, as reported by a previous
study (Morton & Harper, 2007). The role of SES aguitive performance was
underlined by the speed advantage of the middle{3&3 under all the ANT
conditions observed in this experiment. In the gaiihguals have been reported to
perform faster than monolinguals in all conditiam&xecutive attention tasks (i.e. the
Simon task), which was taken as positive evidemca bilingual effect which is not
isolated in trials tapping conflict only, but sptsao congruent trials as well (Bialystok et

al., 2004; Bialystok, Martin & Viswanathan, 200Blpwever, the monolinguals and the
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bilinguals of low SES in our experiment did notfelifin mean RT under any condition,
in contrast to the middle-SES monolingual group whtperformed both these groups.
To our view, this is a clear demonstration of ars&ffect which may have confounded
past results.

We then asked whether bilingual children, wawe experienced bilingualism for
considerably fewer years than adults and whosataitel capacities are still developing,
would show the same pattern of results. To addhesgjuestion, we tested children aged
from 6 to 11 years in the second experiment, of &&6. The same tasks were used,
although adopted for these ages. The general patteesults was repeated, with similar
conflict, alerting and orienting effects in botim¢mage groups. Additionally, bilingual
children’s ability to resolve conflicting informatn was related to their self-reported skill
of being bilingual (i.e. how well one speaks, coatfands, reads and writes in L2), which
involves a wider combination of executive and ofia@ctions such as attention shifting
and WM in addition to control of attention (Segaitaw& Frenkiel-Fishman, 2005). This
suggested that perhaps a bilingual effect woulthbee salient in a task (a) tapping more
a combination of general executive functions an{l@a more linguistic nature, thus
more relevant to the bilingual skill; salient enbug be detected when comparing the
performance of bilinguals over monolinguals andneatter controlling for SES. For this
reason, we also included a task fulfilling thesureements (the Sl task) in Experiment
three. In addition, the results from the LS andANg tasks of Experiment two showed a
subtle bilingual effect in conflict resolution whetiminating age fluctuations; that is, in
the bilingual group their ability to resolve cowting information, tapped from the ANT,

was related to their ability to switch betweentive languages or SCA, provided by the
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LS task, when statistically controlling for Age. refore, in our third experiment we
narrowed the age range by including children agewh 6 up to 7.8 years. We also tested
a larger sample, to allow greater power for outistteal comparisons as indicated by
power analysis.

According to the results of the third expenealespite the aforementioned
manipulations there was no bilingual benefit ovenlinguals in executive attention,
alerting or orienting. In addition, and contrarypi@vious findings (Siegal, Matsuo &
Pond, 2007; Slabakova, 2009), bilingualism didmotiulate children’s pragmatic
competence as measured by the Sl task. To our these results suggest that perhaps
the low SES of our participants attenuated thadilal effect, similar to our previous
two experiments with older children and young asllMore direct evidence on SES
effects in the executive control of attention ditgjual children were provided by the
relationship between their language-switching gbfiie. the SCA variable) and their
ability to resolve conflict (i.e. the conflict etf§ when we statistically controlled for SES
fluctuations in that group, despite the fact thatytall belonged in the low SES category.
This could imply that the mechanisms underlyingglaage-switching and control of
attention do share similarities, however they arsgive to even slight individual
differences in SES. There was also a negativeoakttip between SCA and the age of
the bilingual children; that is, the younger thdd;ithe slower he/she was to switch back
to L1. There are two different explanations fostfinding. First, it could be that the
neural networks responsible for attentional cordrel still immature in younger ages (for
a review see Bronson, 2002; Carlson, 2003; Ruedh, &004) and this is why younger

children cannot quickly disengage from the strartghition used to suppress the
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dominant L1. Alternatively, L1 dominance may reflgounger children’s less exposure
to the bilingual experience (i.e. switching betwégo languages) proportionally to their
age.

Hence in the fourth and final experiment weluded older adults, who were expected
to have accumulated experience and hence trainisgitching between languages
(Bialystok, Craik & Luk, 2008). This repeated expasin language-switching could
strengthen any possible cognitive effect of sublliagual experience and agrees with
previous claims that the bilingual effect in ex@egitcontrol of attention seems to
increase with age (Bialystok, Craik & Ruocco, 200%) additional reason for including
older monolinguals and bilinguals in the fourth estment was the decline of cognitive
function with aging, which potentially leaves rodon improvements from cognitive
training such as switching between two languades making the effects of such
training easier to detect (Bialystok, Martin & Vianathan, 2005). That is, in older adults
bilingualism may act as a buffer against cognitieeline. Furthermore, it has been
suggested that the bilingualism positive effect inaynore evident in tasks with high
cognitive demands that load on WM (Bialystok, Cr&ikuk, 2008; Bialystok et al.,
2004). This is supported by the Load theory of @titen (Lavie, Hirst, De Focker &
Viding, 2004), according to which the interfereméalistractors is greatest under high
WM conditions. Thus, loading WM may reveal previgusubtle language-group
differences in executive control of attention.

In order to test this hypothesis, we alsouded a modified version of the Simon task
in the fourth experiment. Specifically, apart framluding the typical Simon conditions

of stimulus-response incompatibility (e.g. righ/k@ress to respond to a stimulus
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presented on the left of the screen) to assessixeattention, we also included
conditions with lower (i.e. having to remember tstonulus-response rules) and higher
WM demands (i.e. having to remember four such dtisitesponse mappings).
Interestingly the two functions involved in the SiImtask, executive control of attention
and WM (Bialystok, Martin & Viswanathan, 2005), aensitive to age-related cognitive
decline (Bialystok, Craik & Ryan, 2006). Thus, weected that under thesptimal
circumstances a bilingual benefit on attention rilghobserved. The results of
Experiment four revealed a bilingual additive effiacexecutive attention under high
WM conditions, as evident by the almost null Sinediect of bilinguals relative to
monolinguals in the high-WM load condition of tlask. On the contrary, the language
groups did not differ in the conflict effect fromet ANT. These evidence suggests that
the bilingual effect in cognition is probably wealklean expected, thus specific
manipulations are required (i.e. high WM load, diglparticipants) to reveal it. On the
other hand, the bilingual advantage under thesafgpeonditions seems strong enough
to “survive” the negative influences low SES cobéVe had in the performance of our
participants.

There are a number of important findings régabin this thesis. The most striking
one, as already mentioned, was that the performafngéinguals and monolinguals in
attention tasks was equal, in adults up to 60 yeage and in younger as well as older
children, all of low SES. These results suggedtekperience in bilingualism, defined as
the amount of years of being bilingual (young cta@ldwould have less experience in
bilingualism), appears not to have a profound effecthe interaction between

bilingualism and cognitive performance in thesesags we found a similar pattern of
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results across the three age groups. In additi@setresults make an important
contribution to the literature on the effects ofSSlB cognition, suggesting as they do that
the influence of low SES is so strong that it magrely attenuate the so-called bilingual
benefit in attention functions, reported by otheidges. The negative impact that low
SES can have in attentionerallhas been well documented in the past (Bakeman &
Adamson, 1984; Kochanslk al., 2000; Landry & Chapieski, 1989; Linvet al,, 2002;
for a review see Magnuson & Duncan, 2006). Se\&ES variables have been
theoretically and empirically shown to accountd@parities in cognitive tasks (for
reviews see Bradley & Corwyn, 2002; Hackman & Fagfl09). For example, the
development of the prefrontal cortex has been shovire directly influenced by parent-
child interactions, parental education and incoradh & Noble, 2005; Noble et al.,
2005). Other studies refer to parental provisiorrabtional support (e.g. emotion
regulation) and cognitive stimulation at home (&gdtime reading, joint attention
events) as being important SES-related environrheribaences in attentional
development (Bakeman & Adamson, 1984, Landry & Gdelp, 1989; Linver et al.,
2002; Kochanska et al., 2000).

With regard to bilingualism, it has long bessknowledged that social variables such
as SES have to be carefully measured and balamtegdn the participant groups when
studying the cognitive effects of bilingualism (Cunins, 1976; Reynolds, 1991). A
clearer demonstration of SES influences in bilingtiadies was offered by Experiment
one, where a middle-SES group of monolinguals Wssiacluded to allow comparison
of language groups of different SES. Firstly, teaeral intelligence of the middle-SES

participants was higher than that of bilinguals weye matched in low SES and general
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intelligence with the other monolingual group. Timdicates that the previously-
documented effects of SES on intelligence is appaneour participants and may
influence performance in other cognitive taskssthnderscoring the importance of
including groups of equally low-SES in studies ofjitive functions. Secondly, a
general speed advantage on the ANT was obserntbd middle-SES group compared to
the other two groups. We attributed this to a gmedack of computer skills of our
bilingual and monolingual low-SES participantspasple from low-SES backgrounds
tend to have professions that are more manualturengComputer familiarity has been
shown to boost performance in computerized cognitagks (e.g. Bialystok, 2006;
Hérnandez et al., 2010). Similarly, in the pasnbilals have provided faster responses in
all experimental conditions in executive contrakis, which was attributed to a bilingual
advantage in responding to conditions requiringr@brf attention (Bialystok, Craik,
Klein & Viswanathan, 2004; Bialystok, Martin & Vissathan, 2005). However, the
participants of those studies were not matche® KB, leaving open the possibility that
this speed advantage was due to an SES-relateableasuch as greater familiarity with
computers, rather than being related to bilinguapier sé

The possibility of a confound of bilingualisand SES is further supported by Morton
and Harper (2007), according to whom the bilinquaaticipants of many studies (e.qg.
Bialystok, 1999; Bialystok, 1986, Experiment 1; Bstok & Martin, 2004; Bialystok &
Senman, 2004, Experiment 2; Bialystok & Shaper652@ialystok & Viswanathan,
2009) were possibly of a higher SES than their rfingoal counterparts. That is,
bilingual participants in those studies tendedaime from immigrant Canadian families

whereas monolingual participants came from non-ignamt Canadian families. Due to
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the Canadian immigration policy which places geraphasis on academic achievement,
Canadian immigrants tend to have a higher educégiae than the vast majority of non-
immigrants (Statistics Canada, 2003a). Thus, itccba that the performance differences
between bilinguals and monolinguals of those swidi®uld be attributed to the possibly
higher SES of their bilinguals and not to any dff&dilingualism. Similarly, other
studies have failed to properly measure and cofdardES influences, by making vague
assumptions about SES. For instance, several sthdie assumed that bilingual and
monolingual samples had the same SES becausegantlived in the same area, or
attended the same schools (Bialystok and Marti@4RMHowever, living and schooling
locations are far from accurate indicators of S&SJlustrated by Experiment two where
we had to exclude many children due to their higste® compared to the rest of our
sample, despite the fact that the living and sahgarrangements of all children we
recruited were identical.

Another factor that may account for the latkeplication of the bilingualism effect in
our study is culture, as this factor has also Istewn to influence cognition (for a
review see Markus & Kitayama, 1991). For examplein€se preschool children
reportedly show superior executive functioningitibd when compared to children from
more individualistic western societies. This finglimas been attributed to the greater
emphasis on self-regulation/control by the Chirmgeure, which is a fundamental
executive function skill (Chen et al., 1998; Ho949Sabbagh et al., 2006; Wu, 1996).
This factor has not usually been considered inissuof bilingualism, which often
compare Chinese or Cantonese-English bilingual #&tglish monolingual groups

(Bialystok, 2006; Bialystok & Martin, 2004; Bialyst & Senman, 2004; Bialystok et al.,
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2005). In our study, we included participants frooliectivist cultures only (Northern
Greece and Albania; Eupedia, 2012). In sum, thed&ceplication of the bilingualism
benefit on cognitive performance in our study affgrounds for thinking that failing to
control for mediators of cognitive performance saslculture and SES may have
overestimated the influence of bilingualism on raitan.

Although we did not replicate the differenevieen monolinguals and bilinguals in
cognitive performance, we did observe that bilingmainfluenced the connections
between the two networks of Alerting and Execu@amntrol of attention in young adults.
Specifically, in Experiment one under alerting citiods (i.e. double-cueing in the
ANT), the magnitude of the conflict effect was lardor bilinguals relative to
monolinguals, suggesting that the Executive netwadtkilinguals was “shut down”
under alerting conditions. Although this may se@unter-intuitive at first sight, it could
be interpetted as a positive influence of bilingeralin the functional value of the
Alerting network of attention. That is, by deacting the Executive control attentional
network which engages the cognitive system in atikaly time-consuming elaboration
of a stimulus, the system prioritizes the detectibthe upcoming, maybe threatening
stimulus (which is the role of the Alerting systemm) partial support of this argument,
neuroimaging evidence have shown that in trialsre/tdderting is involved, the
efficiency of the Excutive attentional Control netl decreases (Callejas, Lupiafiez &
Tudela, 2004; Callejas, Lupiafiez, Funes & Tudel®52 Fuentes, Vivasangley, Chen,
& Gonzales-Salinas, 2011). A possible explanatimosv bilingualism influences
alerting could be that a bilingual individual ne¢dstay alert to external cues that would

indicate which language to use in a given circun#aand this may generalize to
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situations also involving alerting stimuli, thougha non-linguistic nature such as the
alerting-cue condition in the ANT. We attribute faek of a bilingual advantage in
alerting in our other experiments to two reasommstlly, regarding older adults, it could
reflect a limitation of the task used to elicit Alag; that is, the overall ANT results of
Experiment four showed an anomalous pattern oihcueifects (the Alerting and
Orienting effects were not elicited at all in bgunals and the absence of a cue was the
most facilitating condition for the monolingual3his was attributed to the task design
which does not allow for manipulations of the SO#hsis probably masking the
attentional effects that could be detected in loi®@As as previous research with
attention effects in elderly has shown (Castel.e803). Future research could
investigate this possibility further, as we lackedt empirical evidence to support this.
Secondly, alerting did not differ as a functionariguage group in our experiments with
children perhaps due to their lack of bilingual estence. That is, the bilingual children
we tested were not balanced in language-switclailtigough our young adult bilinguals
were. Therefore, the training effects of such iséecognitive switching were strong
enough only in adults to generalize to other cogmitasks as well.

We also observed a relationship betweendubtism and conflict resolution. That is,
the asymmetry of the cost of switching between laggs was significantly correlated
with the magnitude of the conflict effect in Expeénts two and three. In other words,
the more balanced the bilingual participants wire better they resolved the cognitive
conflict (flanker effect in the ANT task). Thisd®nsistent with the view that these two

tasks share common underlying mechanisms (forwesvgze Bialystok, 2009; Bialystok,
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Craik, Green & Gollan, 2009) and this may be tlesoa why bilingualism, or
experience in language-switching, exerts an infledn executive control of attention.
This finding also suggests that the term “edgree” in language-switching does not
reflect the amount of years a person has beerghdin Instead, it stands for the
frequency with which one switches between languageésthis is what can be viewed as
the bilingual cognitive training, which may gené&alto tasks assessing related
functions. A prediction deriving from this argumewduld be that as long as a bilingual
is balanced, he/she should show such trainingtsfiamther tasks which resemble this
“bilingual experience”, such as the Sl task we eygd in Experiment three. Although
such a bilingual effect was not observed in thg@eeiment, it could be attributed to the
fact that according to the LS task the bilingualdrien of that experiment were not
balanced bilinguals, in contrast to the parengabres on frequency of dual-language use,
hence the null “bilingual training effect” in a gaistic task involving executive attention
and attention shifting. However, the adults of Expent one were balanced according to
the LS task. Thus, according to the aforementigrediction, we would expect a
language-switching generalization effect to othexoaitive attention functions, such as
the conflict effect from the ANT. It is perhapsgtitly surprising that such a finding was
not evident in Experiment one, though this mayth@batable to a ceiling effect, as
during adulthood one’s cognitive capacities aneeatk (in contrast to children and older
adults), hence they may mask an effect of biliigaawhich is smaller in magnitude.
The null relationship between SCA and Conflicthie same experiment further supports

such a masking age-effect.
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The results of Experiment four on the otherdhaffers strong support for this
prediction. That is, bilinguals of low SES resohamhflict faster than monolinguals, of
equally low SES, in the Simon task under conditiohsigh WM load. According to the
“bilingual experience” hypothesis, this bilingualvantage could well be attributed to the
fact that the participants of that study were beadahbilinguals, as demonstrated by the
LS task which was used as an index of bilinguake®mce in language-switching. In
addition, by including elderly participants we aatied for a possible ceiling effect of
age and hence detected the bilingual benefit iowkee functions. This may also suggest
that bilingualism offers a buffer against the cdigei decline characterizing elderly
individuals especially in such higher-order funng8oAlternatively, or in addition to the
above, the bilingual advantage in that experimeag salient enough to be detected
because the WM demands were increased, in linethatih.oad theory of Attention.

Finally, three out of the four experimentsatdsed in this thesis provided important
evidence on the functional relationship betweerthhee main attention networks. The
fact that we included different age groups in eaxgperiment and that we used the ANT
task to assess attention in all experiments, vdnitelltaneously controlling for SES and
cultural influences to which attention is sensitigaabled us to provide more reliable
evidence on the mutual influences between the timaa attention networks throughout
the lifespan. In detail, in children (Experiment&3) we found that the efficiency of the
Executive Control attention network was increased the Conflict effect was smaller in
magnitude) when the Alerting and the Orienting tiores were not involved.
Neuroimaging studies with young adults partiallport this view (Callejas, Lupiafiez &

Tudela, 2004; Callejas, Lupiafiez, Funes & Tudel®52 Fuentes, Vivasangley, Chen,
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& Gonzales-Salinas, 2011). Specifically, they hdemonstrated that in conditions of
alertness (a temporal cue is present) where the frigntal cortex is activated, the
anterior cingulate cortex, which is part of the @xeve attention network, is deactivated.
Consequently, the efficiency of the Executive dttaral Control network decreases in
trials where the Alerting network is involved. Tiade of this negative relationship
between the Alerting and the Executive attentiamvoeks could be adaptive, as argued
earlier. That is, alerting serves to detect aregpient, and maybe threatening, stimulus;
however the Executive attention network elicitgtier and hence more time-consuming
processing of that stimulus (Callejas, Lupiafiez@dla, 2004). This more elaborate
processing may not allow the cognitive system teciea threat that follows (which is
the role of the Alerting network), as it will stble engaged in processing the previous
stimulus, hence the adaptive value of the negativmections between Alerting and
Executive Control of attention. However, past stgdilearly contradict the negative
influence of the Orienting to the Executive contitientional network (Callejas,
Lupiafiez & Tudela, 2004; Callejas, Lupiafiez, Fukdsaidela, 2005) and unfortunately
we cannot currently offer an explanation for tHfed.

Moreover, in Experiment two we observed thathildren, the Alerting network
positively influences Orienting of attention. Piufferently, the cueing effect of an
orienting cue was larger after an alerting sigadinding which is consistent with
previous studies (Callejas, Lupiafiez & Tudela, 20kntes & Campoy, 2008;
Robertson,Tegnér, Tham, & Nimmo-Smith, 1995; Thinkink, Kust, Karbe, & Sturm,
2006). However in young adults (Experiment 1) thcture was reversed, as Alerting

and Orienting were negatively related. That is,lénger the alerting effect of the
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participants, the smaller the magnitude of thaieming effect as indicated in a
correlation analysis of all the attention effedisis finding contradicts our previous
findings and those of other studies (Fuentes & Gamp008; Robertson, Tegnér, Tham,
& Nimmo-Smith, 1995; Thimm, Fink, Kust, Karbe, &U8in, 2006). However, it may be
that the lower SES of our participants relevarthtise studies and their different ages
influenced the relationships between Alerting ameQing of attention in a complex
manner which resulted in their negative relatiopstiie important influences that age
and SES exert on Alerting and Orienting have besnahstrated in the past
(Mezzacappa, 2004; Rueda et al., 2004), althouigmibt obvious how best to explain
this reversed relationship. This may be a fruiaénue for future empirical work.

Taken together, the three experiments witldodm and adults described here provide
evidence regarding the modulations between the tima@n attention networks while for
the first time matching the participants for low&End minimizing possible cultural
differences in all these age groups. The importaficevealing the relationships between
the main attention functions is underscored by Meappa (2004), who stated that “the
basic processes of alerting, orienting, and exeewatitention are fundamental to all forms
and complexity of conscious cognitive activity auatial behavior” (p. 1373).

Despite the important new contributions mageur findings, the limitations should
also be emphasized. Firstly, according to powelyaig the ideal sample size for
maximal power in Experiment one would be 66 pagtaits, although we included 57 in
total. Additionally, in experiment two, post-hocvper analysis indicated that the power
achieved with the sample size of 48 children wag (although ideally we should have

included 54 children. However, we do not believa the null findings regarding a
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bilingual benefit over monolinguals in those expernts should be attributed to the
sample size, as a cognitive advantage of bilingmahas been previously demonstrated
with the same-sized sample (Bialystok & Shaper@52@xp. 1) or even smaller samples
in both children (e.g. Bialystok, 1988; Martin-Rh&dialystok, 2008) and adults (e.g.
Bialystok et al., 2005; Bialystok & DePape, 200850, the data did not show a
tendency for a difference between the groups irditeetion predicted by previous
literature.

In addition, no widely used measure of ingdfice has been standardized for the
Albanian population yet (Wasserman et al., 2008)rderman et al., 2006). To
compensate for this limitation, we firstly usecdeattof non-verbal intelligence, the
Raven’s tests for adults and children, which ames@tered relatively culture-free,
reliable and valid measures of Spearman’s g (R&@00; Wicherts et al., 2010).
Secondly, to compensate for the lack of proper filbanian) norms for these tests, we
used only the raw scores as a means of comparfsggneral intelligence between the
monolingual and bilingual groups. Similarly, onhetraw scores of the WAIS and WISC
Vocabulary subscales were used and only for balgrtbie bilingual and monolingual
groups in vocabulary richness. Thirdly, the iterhthe two Vocabulary scales from the
WAIS and the WISC were translated and scored bgyatmlogist of Albanian ethnicity,
proficient in the Greek language and trained totbsee tests. Thus, we believe that our
manipulations allowed us to reliably balance outipigants in general intelligence and
vocabulary richness.

Another issue which could be considered atéitiun is that, although we adopted a

lifespan approach and used the same basic attarttbtanguage-switching tasks in all
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four experiments and the same inclusion criterdhraerasures of demographics, general
intelligence and expressive vocabulary to enabliable demonstration of a bilingual
effect in attention throughout life when controfjifor non-linguistic confounding

factors, our children participants (Experiments 3)&vere not balanced bilinguals as
opposed to the adult participants of Experiemntsamd four. This is a methodological
limitation, as we used the Language Backgroundteuresire to screen out dominant
bilingual children instead of the LS task which¢c@aaling to the LS results in
Experiemnts two and three, showed that the childrere dominant bilinguals despite
the parental statements suggesting otherwise. é-gtudies could use an RT task such as
the LS task instead of a self-report measure tarerfsomogeneity in level of bilingual
skill in language-switching between different bgual groups. Nevertheless, this also
underscores the very reason why we used the LSwésgh was to safeguard against the
subjectivity of self-report measures on languagethat have been used up to date to
define whether a bilingual is balanced or not.

An additional difference between our experitaemas in the ANT task design: In
Experiemnts three and four, we used an auditoryasu@e alerting cue, instead of a
double asterisk used in Experiemnts one and twargged earlier, this manipulation
targeted at a more independent assessment of énengjl ftom the Orienting network in
line with previous research (Callejas, Lupiafez &l@&la, 2004). Although this is a small
differentiation of the ANT task design in half dietexperiments of this thesis, it did not
seem to influence participants’ performance. Thas wuggested by the interactions
between the main attention networks in Experimemtsand three, which followed the

same pattern despite this manipulation.
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This investigation has contributed to the uwaténding of the consequences of
bilingualism in attention throughout the lifespardahe mechanisms underlying the so-
called “bilingual effect”, by eliminating specifonfounding factors previously shown to
influence attention, such as SES, which may hadeumined the validity of previous
evidence on the bilingual effects in cognitionabidition, a computerized task was used
for the first time to further elucidate the relaisobetween the bilingual experience and
specific attention effects, as well as to providelence on how much experience in
bilingual language-switching (as measured by leve@lctivation of both languages) is
needed to have an effect in cognition.

Future studies could also use such a langsagjehing task in combination to other
attention tasks with bilinguals of differential Guage-switching proficiency levels and of
different ages, to offer more detailed informatamthis question. Other manipulations
which could further enlighten the mechanisms oftitiegual advantage in cognition
could be to also use both a language-switchingaaska task specifically measuring
skill in a second language (i.e. how well a biliabreads, comprehends, writes and
speaks in L2); this could offer evidence on whethese two bilingual abilities, skill in
L2 and proficiency in language-switching, act inglegiently or in combination to
influence the bilingual cognitive effects.

Moreover, replication of the present finding#h divergent samples would serve to
answer whether differences in culture or in thgleages spoken by a bilingual
individual allow for the generalization of the pees conclusions to the wider population
of bilinguals. For example, an interesting line@dearch would be to compare the

performance of individuals bilingual in linguistigasimilar languages versus those who
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speak two very different languages, as it coulthiaé when the languages spoken are
similar (e.g. Italian and Spanish), hence interfeecbetween L1 and L2 is possibly
greater, then the control mechanism responsiblsdimcting the appropriate linguistic set
is more trained compared to the language contrahan@sm of bilinguals speaking
languages that overlap less due to large linguistierences (e.g. English and Chinese).
In turn, such more intense cognitive training indaage selection could be reflected in
different-in-magnitude or quality bilingual effedgtscognition. At this point, it should be
mentioned that Albanian and Greek are claimed tedpg similar languages
grammatically, with similar case systems and venjugation systems, as they both
belong to the same Indo-European branch accordisgrhe linguists (Mallory &
Adams, 2006; Holm, 2010). Disentangling the SE&ierfces in the attention system of
bilinguals, for example comparing the cognitivefpenance of bilinguals of differential
SES levels, would be another fruitful pathway fatufe research. An additional research
avenue would be to see whether differential WM ingdan reveal a bilingual cognitive
effect in participants of younger ages and esplgadildren, given the strong influences
of age in WM ability (Rypma & D’ Esposito, 2000; Waer Linden, Bredart, & Beerten,
1994). Our results also warrant deeper investigadiche negative relationship between
the Alerting and the Orienting networks, as to dagre is no empirical evidence to
support this.

Concluding, it should be emphasized that aigioa bilingual benefit over
monolinguals in Executive attentional Control wasrfd only in elderly individuals, the
important implications of this finding should nat bnderestimated: The negative

consequences of cognitive ageing in general exexfuinctions (Moscovitch &
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Winocur, 1992) and especially executive attenti@annelly, Hasher, & Zacks, 1991;
Hasher & Zacks, 1988; Zacks, Hasher, & Li, 2000)ehaow been well-established. Our
results in addition to previous ones (Bialystolalet 2004; Bialystok, Craik & Luk, 2008;
Bialystok, Craik & Ryan, 2006; Bialystok, Craik &igcco, 2006) have demonstrated the
beneficial effects of bilingualism in exactly theés@ctions. It seems, therefore, that this
evidence offers fruitful grounds for future implemt&tions of bilingual education as a
means of protection from age-related cognitive ideq|Bialystok, Craik & Luk, 2008).
This is particularly important for today’s modemcgeties, given that due to improved
health services life expectancy has grown subsiintconsequently leading to increases

in ageing rates over and above birth rates (Chay2€08).
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7. Appendices

212



Attention and Bilingualism Throughout Life

7.1 Appendix A:

Instructions on the ANT.

This is an experiment investigating attentiéau will be shown an arrow on the
screen pointing either to the left or to the rigbt example -> or <- ). On some trials, the
arrow will be flanked by two arrows to the left atweb arrows to the right (for example -

>->->->-> or ->-><-->->). Your task is to respotalthe direction of the CENTRAL
arrow. You should press the left mouse button wathr left thumb if the central arrow
points to the left or press the right mouse buttith your right thumb if the central
arrow points to the right.
Please make your response as quickly and @etyias possible. Your reaction time
and accuracy will be recorded in milliseconds.
There will be a cross ("+") in the center loé screen and the arrows will appear either
above or below the cross. You should try to fixatehe cross throughout the
experiment.
On some trials there will be asterisk cuesciathg when or where the arrow will
occur. If the cue is at the center or both abovklaow fixation it indicates that the
arrow will appear shortly. If the cue is only abawrebelow fixation it indicates both that
the trial will occur shortly and where it will occul'ry to maintain fixation at all times.
However, you may attend when and where indicatethéyues.
The experiment contains four blocks. The filsick is for practice and takes about
two minutes. The other three blocks are experinhdadaks and each takes about five

minutes. After each block there will be a messagiee a break™ and you may take a
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short rest. After it, you can press the spacddbegin the next block. The whole
experiment takes about twenty minutes.
If you have any question, please ask the @éxeeter. Press SPACE bar to start the

practice trials.
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7.2 Appendix B:
Adult Consent Form.

PARTICIPATION CONSENT FORM

Research Project:The attention processes of adults bilingual inahlilan and Greek.

Researcher:Aristea K. Ladas, PhD candidate

Affiliation: South East European Research Centre

Supervisors:Dr. A. B. Vivas; Professor M. Siegal

The researcher has fully explained this study tpbwaneans of the Information Sheet

provided in the Research Envelope which | have.rehdve had the opportunity to ask

any questions and discuss my participation. Anystjoes have been answered to my

satisfaction.

| agree to participate in this research projed, latnderstand that | am free to refrain

from answering any question | do not wish to answeto withdraw from the study

completely. | have been assured that | will nopeealized in any way for withholding
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information or withdrawing from the study, and tinabody other than the researcher and

her supervisors will have access to the information

I give my permission for results from the resedwmhbe used in the final report and in
subsequent publication and/or presentation of tepubviding my identity is kept
confidential.

Signature:

Name:

Date:
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7.3 Appendix C:

Child Consent Form

PARENT PARTICIPATION CONSENT FORM

Research Project:The attention processes of children Albanian-Gielkguals.
Researcher:Aristea K. Ladas, PhD candidate

Affiliation: South East European Research Centre

Supervisors:Dr. A. B. Vivas; Professor M. Siegal

For Children/Minors (persons under 19 years of paelicipating in this study, the term

Youaddresses both the participant (the child: "yaui) the parent or legally authorized
representative ("your child").

Personal information relating to this studgluding your name and age, as well as
the data from the Questionnaire, may be sharedtihwtiesearcher’s supervisors and
only with them.

By signing this informed consent, you autowelty give your permission for results
from the research to be used in the final repadtiarsubsequent publication and/or
presentation of results providing your identitkept confidential.

Your taking part in this study is your choi@éere will be no penalty if you decide
not to be in the study. If you decide not to béhie study, you will not lose any benefits
you are otherwise owed. You are free to withdraamfthis research study at any time.
Your choice to leave the study will not affect yoalationship with this institution.

You are not waiving any of your legal rightsdigning this informed consent
document.

You have the right to request to see your (fata you performed on the
experimental tasks). However, to ensure the séiemiegrity of the research, you will
not be able to review the research informationl afiter you have completed all the
research tasks.

You are making a decision whether or not teehgour child participate in this study.

Your signature indicates that you have read thermétion provided in the “Parent’s
Information Sheet” and decided to allow your chddparticipate.
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You will retain a copy of this signed informed censdocument (included in the
Research Envelope).

Na
me of parent/parents or Legally Authorized Represer
Signature of Parent or Legally Authorized Represiarg
Date:
Nam

e of researcher

Signature of Investigator

Date:

IF YOUR CHILD IS ABLE TO SIGN, PLEASE COMPLETE THE
FOLLOWING STATEMENT:

Assent of Child

(first name of child/minor) has agreed to participate
in research titled “The attention processes dfichin and adult Albanian-Greek
bilinguals.”

Signature Of Child

Date:

OR, IF YOUR CHILD CANNOT SIGN DUE TO HIS/HER YOUNG
AGE, PLEASE COMPLETE THE FOLLOWING STATEMENT:

Waiver of Assent

The assent of first name of
child/minor) was waived because of age.
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Signature of Parent or Legally Authorized Represtre

Date:
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7.4 Appendix D:
The self-administered questionnaire on demographi8&S, language use and
language skill.
Questionnaire on Demographic Information, Socioecasmic Status and Language
Background
The information you are going to give in this qigstaire is going to be strictly used for
the purposes of the presention. All information will be kept strictly confidentiand

only the researcher and her two supervisors willdhaccess to it.

A. Demographic information

o FIRST & LAST NAME: ...ttt aarenaes
* AQEl i

* Gender (please circle): male fiema

* Nationality (please circle):

Albanian Greek Other gde specify) ......coeevviiiiiiinennnn.

B. Socioeconomic status

1. What is the level of your formal education (plese circle):

a) |did not finish primary school.

b) | graduated from primary school.

c) | graduated from intermediate school (betweemary & high school).
d) | graduated from high school.

e) | graduated from a technical college (“TEi"Greek).

f) | graduated from a school of higher educafjmvate or public university).
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(please turn page)

2. Are you currently employed (please circle)? YES NO

3. If yes, what exactly is your occupation?

4. What is your exact post in this job (please cite all that apply)?

a) employer (I occupy personnel)

b) I run my own business

c) higher executive or managerial personnel, inpthigic or private sector
d) employee

e) skilled (e.g. worker, salesperson etc.)

f) unskilled (e.g. worker, salesperson etc.)

(please turn page)
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C. Language background and language history

1. In which country were you born?

Albanial | Greece OtherD(pIease specify)

2. In which country have you spent most of your |#?

Albanial | Greece OtherD(pIease specify)

3. For how many years have you been living in Gree@ years

4. In the years you have been living in Greece, hawou travelled to another
country/ies? YES NO

5. If yes, in which country/ies have you travelletb and for how long did you stay

there?

Q) e country, for ... months
D) o country, for ... months
(o) U country, for ... months
d) oo country, for ... months

6. What is your native language? .........ccceviiiiiiiiiiiiinnanns
7.Do you speak any language other than your native @ YES NO

8.1f yes, what is/are that/those language/es?
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(please turn page)
9. On a scale 1 to 5, please state how often yowe ukis/these language/es (apart from

your native language):

Rarely 1 2 3 4 5 Very often

Languagea) 1 2 3 4 5
Languageb) 1 2 3 4 5
Languagec) 1 2 3 4 5

Languaged) 1 2 3 4 5

10. On a scale 1 to 5, please rate how well you ageread, understand and write in

this/these language/ges (apart from your native lajuage)

Not well at all 1 2 3 4 5 Very well
Language Speak Read Understand Write

1.

2.

3.

4.
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(please turn page)

11. For the language/es you speak, other than youoative language please state with

whom you use it/them and approximately for how manyhours per day:

Language Hours per day

With my mother

With my father

with my siblings

With my children

With other relatives

With my roommate/s

With my partner

With friends

With colleagues

12. For the language/es you speak, other than youoative language please state how

old were you when you started learning them and whber you learned them by
formal lessons (e.g. at school, by private languadgssons), or by informal learning

(e.g. at home, at work, from friends) or both:

Language Age of Formal Duration of | Informal Duration of
learning lessons | formal learning informal
(yes/ no) | lessons (in | (yes/ no) learning (in
years) years)
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(please turn page)
13. If you have any other remarks about your languge history that you think may

be important for your ability to use this/these lamuage/es, please feel free to write

End of questionnaire.

Thank you for your participation.

7.5 Appendix E:
The parental questionnaire on demographics, SES)daage use and language skill of

the participating child.
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Questionnaire on Demographic Information, Socioecaymic Status and Language
Background

The information you are going to give in this qigstaire is going to be strictly used for
the purposes of the present research. All inforamatill be kept strictly confidential and
only the researcher and her two supervisors willdhaccess to it.

* FIRST & LAST NAME: ...ooiiiiiiii e

» relation to the child who is going to participatetihe study: (please circle)

PARENT GUARDIAN

Section 1: To be completed by the parent/ guardiaaf the child who is

going to participate in the study.

A. Demographic information of the child who is going to participate in the

study:

Date of birth: ...

Grade in primary school he/she is attending riglwn.....................

Gender (please circle):  boy girl

Nationality (please circle):

Albanian Greek both Greek & Albaniarother (please specify).........cccuuu...
Language the child speaks (please circle):

Albanian Greek both Greek & Albaniarother (please specify).........ccccuuu....

B.1 Socioeconomic status (of thenother of the child who is going to participate in

the study)
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1. What is your formal education (please circle):

a) |did not finish primary school.

b) I graduated from primary school.

c) | graduated from intermediate school (betwe@mary & high school).

d) | graduated from high school.

e) | graduated from a technical college.

f) 1 graduated from a school of higher educafjnivate or public university).
2. Are you currently employed (please circle)? YES NO

3. If yes, what exactly is your occupation?

4. What is your exact post in this job (please cite all that apply)?

a) employer (I occupy personnel)

b) I run my own business

c) higher executive or managerial personnel, inpthigic or private sector
d) employee

e) skilled (e.g. worker, salesperson etc.)

f) unskilled (e.g. worker, salesperson etc.)

(please turn page)

B.2 Socioeconomic status (of thEather of the child who is going to participate in

the study)
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1. What is your formal education (please circle):

a) |did not finish primary school.

b) I graduated from primary school.

c) | graduated from intermediate school (betwe@mary & high school).

d) | graduated from high school.

e) | graduated from a technical college.

f) 1 graduated from a school of higher educafjnivate or public university).
2. Are you currently employed (please circle)? YES NO

3. If yes, what exactly is your occupation?

4. What is your exact post in this job (please cite all that apply)?

a) employer (I occupy personnel)

b) I run my own business

c) higher executive or managerial personnel, inpthigic or private sector
d) employee

e) skilled (e.g. worker, salesperson etc.)

f) unskilled (e.g. worker, salesperson etc.)

(please turn page)
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C. Lanquage background and language history of thehild who is going to

participate in the study.

1. In which country was the child born?

Albania | Greecd | oOtherl ] (please specify)

2. In which country has the child spent most of hiter life?

Albania | Greecd | oOtherl ] (please specify)

3. For how many years has the child leaved in Gree® years

4. For the time that the child has been living in Gece, has he/she travelled to
another country/tries? YES NO
5. If yes, in which country/ies has he/she travelieand for how long has he/she

stayed there?

Q) e country, for ... months
D) o country, for ... months
(o) I country, for ... months
d) oo country, for ... months

6. Does the child do any extracurricular activity elated to language (e.g. private
language school/ private language lessons at honagther kind of language-related

activity)? YES NO

(please turn page)
7. If yes which are those activities, for how maniiours per week and for what

language? (please complete the table appropriately)
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activity hours per week in what language
1.
2.
3.
4.

End of Section 1.

The next Section (Section 2) is to be completed bye child who is going

to participate in the study, with the aid of the paent/s.

(please turn page)
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Section 2: To be completed by the child who is gairto participate in

the study, with the aid of the parent/ guardian.

1. Do you use any language othdahan Greek at your house? YES NO
2. If yes, what is that language?........cccccccvveeeen.

3. If yes, how often do you use that language at younouse? (please tick the

appropriate box)

Always [] Most of the timé | Not much_|

4. If you use a language othethan Greek, how well do you:

e Speak in that language?

Very well [] welll_| Not welll_]

 Read in that language?

Very well [] welll_| Not welll_]

« Understand that lanquage?

Very well [] welll_| Not welll_]

* Write in that language?

Very well [] welll_| Not welll_]

(please go on to the next page)
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5. Before you started going to school, you spoke:

Albanian [ ] Greek |  Other (please specif@

6. Are you being taught a language at school othé¢ihan Greek? YES NO
7. 1f yes, what is that language? ..........oo oo

8. For how long have you been taught that language school?

Less than a yedﬂ More than 1 yeaﬂ More than 3 year@

9. How well do you:

» Speak Greek?

Very well [] welll_| Not welll ] Not at all ||

« Read in Greek?

Very well [] welll_| Not welll_] Not at all ||

+ Understand Greek?

Very well [] welll_| Not welll_] Not at all ||

o Write in Greek?

Very well [] welll_| Not welll_] Not at all ||

(please go on to the next page)
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13. What language do you use with your relativeg. @andmother, grandfather, aunt/s,
uncle/s, CoUSIN/S)? ....uuvveveereiiriiieiiiimennns

14. What language do you use with your classmatddeachers? ....................

End of questionnaire. Thank you for your participation.

(Please return the questionnaire to the teachieothild.)
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7.6 Appendix F:
Description of (a) scoring of SES items and (b)féifences between language groups in
the constructs measured by the Questionnaire in @@raphics & Language

Background Questionnaire for Experient 1 with Adsit

The SES level of a respondent (2 to 7= low SESd¢edel, 8 to12= middle SES coded
as 2,<13= high SES coded as 3) was determined by higdtedrscore on 1 item on
educational level and 3 items on occupationalistapuestions on language background
were also included, as well as on internationaldiristory, age of arrival in the country,
spoken languages, age of exposure to the nonnatigeage(s), context and frequency of
spoken languages and level of formal educationtieelanguage. Moreover, perceived
language proficiency was assessed by 4 questionsagimg, writing, comprehending

and pronouncing abilities in both languages, bez#arsguage proficiency may differ for
these different language skills, thus all these atibds should be tested (for a review see
Mindt et al., 2008).

Table 6.6.1.Detailed description of scoring of items on SES.

Education Level Occupational Status

Ite Points Ite Points

From 0 points= did not finish

Item I:
Item |: years  elementary school, to 5 o
_ . _ _ employed or 0 points= unemployed,
of education  points=higher education 1 point= employed
unemployed

graduate
1 point= farmer/ blue-collar
Item II: open-  worker
ended on 2 points= white collar
occupation type worker/ professional or

tradesman
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1 point= worker, 1 point=

unskilled,
ltem 111 2 points= skilled,
position in 3 points= business owner,
_ 4 points= business owner
occupation with staff in his/her lease,

5 points= executive member
of public or private sector

Table 6.6.2.Description of participants’ proficiency level irsacond language.

Comprehend Speak Read Write
M (SD) M (SD) M (SD) M (SD)
monolinguals 0 (0) 0 (0) 0 (0) 0 (0)
bilinguals 5 (0) 5(0) 4(2) 3(2)
mixed 3(0) 3(2) 3(2) 3(2)

Note: Language Skill scores: from O(not at allb{@ery well).

Table 6.6.3.SES levelfrequency of L2 Use and Skill in an L2 of the papants.

SES Language Use Language
Skill
M (SD) Minimum  Maximum M (SD) M (SD)
score score
Bilinguals 6.41 (1.82) 3 11 4.91 (0.25) 4.03 (0.82)
Monolinguals 5.9 (1.71) 3 10 0.25 (0.15) 0.2 (0.19)
Mixed 7.89 (2.31) 5 11 0.58 (0.55) 2.65 (1.58)

SES cutoff scores: 2 to 7= low SES, 8 to12= mi&#H& <13= high SES
Language Skill scores: from O (not at all) to S5fverell).
Language Use scores: from 0 (no L2 use) to 5(vEenaise L2).

Table 6.6.4.Means (in years) of age of exposure in L2, fornmal mmformal lessons in L2 of
bilinguals.
Age of exposure in L2  Formal lessons in L2 (innformal lessons in L2

years) (in years)
M (SD M (SD) M (SD)
14 (10) 4 (5) 18 (10)
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7.7 Appendix G:

Description of (a) scoring of SES items in Demogtaps & Language Background

Questionnaire and (b) differences between languageups in the constructs

measured by the Questionnaire, for Experiment 1iw&hildren.

Table 6.7.1.Detailed description of scoring of items on SES.

SES section

ltem

Scoring (in points)

Educational level

Occupational status

Item |: years of education

Item I: employed or

unemployed

Item II: open-ended on

occupation type

Item Ill: position in occupation

From 0 points= did not finish
elementary school, to 5
points=higher education

graduate

0 points= unemployed,
1 point= employed

1 point= farmer/ blue-collar
worker

2 points= white collar worker/
professional or tradesman

1 point= worker, 1 point=
unskilled,

2 points= skilled,

3 points= business owner,

4 points= business owner with
staff in his/her lease,

5 points= executive member of
public or private sector

Differences between Language groups in SES levelnguage Use & Language Skill

Some monolinguals attended tutorials on adagg other than Greek (L2) after

school, hence their scores on some L2 variableseMbthe parents of the monolingual

children reported speaking a language other thaelkGat home and all parents were of

Greek nationality.
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The mean of the variables reflecting skilLih (i.e. how well one comprehends,
speaks, reads and writes in L2) was taken as ax iofithe Language Skill. As shown by
a series of independent t-tests between monolirguabilingual children, using the
Bonferroni correction for multiple comparisonsaiththe variables describing their
Language background, bilinguals were significantlyre skilled, more experienced,
were exposed in an L2 in a much earlier age and u8enuch more often than their
monolingual peers. In fact, the bilingual child@&rthis experiment scored almost
perfectly on all the variables reflecting skillam L2. Additionally, our monolingual
children were never exposed to an L2 in their ivémvironment (i.e. never received
informal lessons in an L2), in clear contrast te bilinguals. These confirm the
Language state, either monolingual or bilinguakhef participants (see Table 6.7.2).

Table 6.7.2.Means and (Standard Deviations) for the variabbestituting the Language
background of monolinguals (n=24) and bilinguals2®) in Experiment 2, and relatedalues.

Monolinguals Bilinguals

M (SD) M (SD) t-values
Comprehend L2 0.70 (0.88) 4 (0.00) 19.268*
Speak L2 0.61 (0.78) 4 (0.00) 22.123*
Read L2 0.52 (0.67) 3.73 (0.53) 18.720*
Write L2 0.43 (0.51) 3.58 (0.64) 18.814*
L2 skill 0.57 (0.69) 3.83(0.24) 22.670*
L2 frequency of use 0.43 (0.51) 3.54 (0.51) 21.357*
Age of exposure in L2 7.75 (0.59) 0.65 (1.60) 13.584*
formal lessons in L2 1.21 (1.52) 3.5(1.33) 5.485*
Informal lessons in L2 0.00 (0.00) 8.67 (1.53) 25.933*
* sig. at the 0.005 level (Bonferroni correction foultiple comparisons)
Comprehend, Speak, Read, Write L2: from 0 (no lb2vietdge) to 4 (very well). L2
Skill= sum of Comprehend, Speak, Read, Write L2 /4.
Language Use scores: from 0 (never use L2) to & @ften use L2). Fofma

and Informal lessons in L2 in years.
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7.8 Appendix H:
Description of differences between language groupshe constructs measured by the

Questionnaire, for Experiment 2 with Children.

Six monolingual children had just started attendirtgrials on a language other than
Greek after school, hence their scores on someatidhles. None of the parents of the
monolingual children reported speaking a languaberdhan Greek at home and all
parents were of Greek nationality. The languagegsavere compared in these
variables. Due to the highly unequal sample siaeshis comparison (i.e. monolinguals
= 6, bilinguals = 28), the non-parametric Mann-Whit U Test was used. Bilingual
children differed widely in their skill in a secofahguage, age of exposure to an L2 and
all the other L2 characteristics from the monoliaigip<.00001.

Table 6.8.1Means and (Standard Deviations) for the variabbestituting the Language
background of monolinguals (n=6) and bilingualsZ8)in Experiment 2.

Monolinguals Bilinguals
M (SD) M (SD)
Comprehend L2* 0.22 (0.49) 3.86 (0.36)
Speak L2* 0.19 (0.4) 3.79 (0.42)
Read L2* 0.22 (0.49) 3.39 (0.83)
Write L2* 0.19 (0.4) 3.39 (0.83)
L2 skill* 0.20 (0.44) 3.61 (0.53)
L2 frequency of use* 0.19 (0.4) 2.50 (0.51)
Age of exposure in L2* 6.33 (0.82) 0.46 (1.04)
formal lessons in L2* 1.11 (0.25) 2.75 (0.44)
Informal lessons in L2* 0.00 (0.00) 6.18 (1.16)

* sig. at the 0.005 level (Bonferroni correction foultiple comparisons)

Comprehend, Speak, Read, Write L2: from 0 (no lb#vietdge) to 4 (very well).
Skill= sum of Comprehend, Speak, Read, Write L2 /4.

Language Use scores: from 0 (never use L2) to # @fen use L2).
Formal and Informal lessons in L2 in years.
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7.9 Appendix I
Description of scoring of SES items in Demographi&d.anguage Background

Questionnaire for Experiment 4 with Older Adults.

The SES section of the questionnaire compiite@as on participants’ education level
as well as the type and position of their occupakiefore retirement. Similar to previous
studies assessing the SES of Greek participantsding to their educational level (e.g.
Benetou et al., 2000) or Type of Occupation (e @shkpoulou & Melissa-
Halikiopoulou, 2009), the total score of each g#pant in one item on educational level

and 2 items on occupational nature were taken asdax of his/her SES level (see Table

6.9.1).
Table 6.9.1.Detailed description of scoring of items on SES.
Education Level Occupational Status
Item Points Item Points
From 0 points= did not finish 1 point= farmer/ blue-collar
ltem I: years eIe_mente_lry school, to 5 Item II: open- work_er _
of education points=higher education ended on 2 points= white _coIIar
graduate occupation type worker/ professional or
tradesman
1 point= worker, 1 point=
unskilled,
ttem 111: 2 points= skilled,

3 points= business owner,
4 points= business owner
with staff in his/her lease,
5 points= executive member
of public or private sector

position in
occupation

Questions about the participant’s gender,aagknationality were also included.
Finally, in the Language Background section ofgeé-report measure, questions
included international travel history, age of aatiin the country, spoken languages, age
of exposure to the nonnative language(s), contexffiiequency of spoken languages and

level of formal education in L2. Additionally, peiged language skill was assessed by 4
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guestions on reading, writing, comprehending amh@uncing abilities in both

languages (for a review see Mindt et al., 2008).
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