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Abstract

In one task-switching experiment, we compared dpilais and monolinguals to explore
the reliability of the bilingualism effect on the2nrepetition cost. In a second task-
switching experiment, we tested another group bhduals and monolinguals and
measured both the n-1 shift cost and the n-2 repetcost to test the hypothesis that
bilingualism should confer a general greater effitiy of the executive control
functioning. According to this hypothesis, we exp@@ reduced n-1 shift cost and an
enhanced n-2 repetition cost for bilinguals compli® monolinguals. However, we did
not observe such results. Our findings suggestghatious results cannot be replicated
and that the n-2 repetition cost is another indeattshows no reliable bilingualism
effect. Finally, we observed a negative correlati@tween the two switch costs among
bilinguals only. This finding may suggest thattive groups employ different strategies

to cope with interference in task-switching paradgy
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1. Introduction
The issue of whether bilingualism affects an indiingl's executive control (EC)
functioning has recently been the subject of debBespite some studies showing
bilingualism’s impact on the EC system (e @gsta, Hernandez & Sebastian-Gallés,
2008; Bialystok, Craik, Green & Gollar2009; Costa, Hernandez, Costa-Faidella &
Sebastian-Gallés, 2009; Abutalebi, Della Rosa, Grelernandez, Scifo, Keim, Cappa
& Costa, 2012; Barac & Bialystok, 2012; Gold, Kidghnson, Kryscio & Smith, 2013;
Pelham & Abrams, 2014; Houtzager, Lowie, SprengetefBot, 2015; Vega-Mendoza,
West, Sorace & Bak, 2015; Verreyt, Woumans, Vanu#ta, Szmalec & Duyck, 2016;
Wiseheart, Viswanathan & Bialystok, 2016), othemdings have challenged these
observations, and questions have been raised #i®ubbustness and reliability of the
bilingualism effect on EC (e.g., Kousaie & Phillips, 2012a, 2012b; Paap & Greenberg,
2013; Prior & Gollan, 2013; Dunabeitia, Hernandez, Anton, Macizo, Estévez, Fuentes
& Carreiras, 2014; Kousaie, Sheppard, Lemieux, Mwane&. Taler, 2014; Mor,
Yitzhaki-Amsalem & Prior, 2015; Paap, Johnson & §&014; Paap & Sawi, 2014; de
Bruin, Bak & Della Sala, 2015; von Bastian, Souz&é&de, 2016). Indeed, failures to
replicate seminal results have divided the reseascin the field; while some have
attributed these inconsistencies to methodolodawbrs (see Bak, 2015; Valian, 2015;
Yang, Hartanto & Yang, 2016), others have evenrddited the existence of the
phenomenon per se (e.g., Paap, Johnson & Sawi).2015

In an attempt to deal with more sceptical viewserg research efforts have been
dedicated to specifying the cognitive processescidtl by bilingualism by testing large
samples of participants on different EC tasks m@aguwarious cognitive processes. In
doing so, many recent studies have provided diaect conceptual replicatich®f

previous experiments in which bilingualism effestsre observed. In this context, it has



become increasingly evident that many cognitiveekas (e.g., conflict effect, n-1 shift

cost, etc.) that are generally used to measureni@h@ bilinguals and monolinguals do

not reliably show bilingualism effects. Although possible reason is that the

‘phenomenon’ itself (i.e., bilingualism effect orCEdoes not exist (e.g., Paap et al.,
2015), some cognitive indexes still need to be axgal for reliability before reaching a

definitive conclusion.

One of the goals of the present study is to focusre index of EC functioning that
should be explored better with respect to bilinguma) such as the n-2 repetition cost in
task switching (Mayr & Keele, 2000; Prior, 2012hig cost refers to the observation
that when switching among three tasks, switchingkli® a recently performed task
(ABA) is harder than switching to a new task (CBA} indicated by longer response
times (RTs) and the increased number of errorss Effiect is often interpreted as
reflecting residual inhibition, which needs to beexome and hampers the reactivation
of the currently relevant task (e.iylayr & Keele, 2000).

Recent evidence suggests that inhibition that iasued through the n-2 repetition
cost cannot be generalised from bilingual languagetrol to domain-general EC
(Babcock & Vallesi, 2015; Branzi, Calabria, Bosoari& Costa, 2016). Given these
results, researchers should not expect any effedtilmgualism on this index of
inhibitory control. In other words, researchers dHopredict that they will likely
observe similar n-2 repetition costs when compalbitigguals and monolinguals.

However, the issue is quite controversial. In avipes study, Prior (2012) found
bilinguals showing larger n-2 repetition costs timaonolinguals. To explain this result,
the author argued that life-long language contxgegience with inhibitory control
made bilingual speakers more efficient in applyingibitory control processes than

monolinguals and, consequently, more prone to shoger costs related to inhibitidn



(i.e., n-2 repetition costs). This finding is espéy interesting because it shows that
under proper experimental conditions, more efficle@ functioning may lead to poorer
performance (see also Herndndez, Costa & Humphg&is? for a similar argument).
Since this result has not yet been replicated inslpme extent, it contrasts with recent
findings (e.g., Babcock & Vallesi, 2015; Branziatt, 2016), the present study aims to
assess its reliability.

Another interesting issue explored in the task-ahittg literature is how the finding
about larger n-2 repetition costs for bilingualsigP 2012) is reconcilable with the
result about reduced n-1 shift costs for biling{&sor & MacWhinney, 2010).

According to Prior (2012), the bilingual advantagen-1 shiftcosts (e.g., Prior &
MacWhinney, 2010) and the bilingual ‘disadvantaigen-2 repetition costs may arise
because bilingualare more efficient in applying the dominant strgteg determined
by experimental conditiodsmight this be the reliance on task activatiomy.(ewhen
repetition trials are present in the task) or asktahibition (e.g., when only switch
trials are present) or on both processes. Howewealternative hypothesis explains the
same pattern of switch costs among bilinguals, Wwinéfers to their enhanced abilities
of inhibitory control. In fact, if bilinguals areefter inhibitors than monolinguals, they
may apply a stronger inhibition of the just exedutask. This would result in a
bilingual advantage in n-1 shift costs and at thee time, in a ‘disadvantage’ in n-2
repetition costs.

Although the reported switch costs patterns magimaite from either a bilingualism
effect on inhibition or a generalised cognitive antage, both these hypotheses predict
a striking pattern of results-irst, they predict an interaction between the leugp
status and the magnitude of the different switchktsoln other words, in the same

experiment, one should expect to observe largershift costs for monolinguals and



larger n-2 repetition costs for bilinguals. Secoifdpboth n-1 shift costs and n-2
repetition costs originate from the same mecharfesm, inhibition), one should expect
to find a negative correlation between the magmeitafin-1 shift costs and that of n-2
repetition costs, likely irrespective of the pagants’ language status. In other words,
based on the assumption that inhibition (measusatt2repetition costs) contributes to
n-1 shift costs (Mayr & Keele, 2000), the betterimdividual’s inhibitory functioning
is, the smaller the n-1 shift cost and the lardper -2 repetition cost should be. This
assumption was recently tested in one study inlaooratory (Branzi et al., 2016).
Actually, we revealed a negative significant catiein between the two costs in a
group of bilinguals. However, it remains an emgitiquestion whether the same results
would be observed among monolinguals.

The present study aims at filling this gap by tegtithese two predictions.
Furthermore, considering our assessment of n-2titigpecosts and n-1 shift costs
within the same experimental design, we can dralivect link between the differences

for monolinguals and bilinguals that have been nleskto date.

1.1. The present study

To summarise, we conducted two task-switching ewpents. In Experiment 1, we

aimed at providing the first conceptual replicataira cognitive index in task switching

related to bilingualism, that is, the n-2 repetiticost. Hence, we performed an
experiment similar to that of Prior (2012) in whisle tested a group of 90 participants
(40 Catalan—Spanish highly proficient bilingualdas0 Spanish monolinguals) in a
task-switching paradigm, where they had to sortiveerg target according to three
possible perceptual tasks indicated by valid cues, (symbols surrounding a frame

containing the stimulus). The trials’ sequence seitsto make it possible to assess the



n-2 repetition cost (ABA vs. CBA task sequencesk Wpothesised that if the n-2
repetition cost would be a reliable index that dolle used to argue about the
differences in EC functioning between bilingualsl anonolinguals, we should find the
same results as those of Prior (2012).

In Experiment 2, we introduced task repetitiongneasure both the n-2 repetition
costs and the n-1 shift costs. In this way, we wake to assess whether bilinguals
would show larger n-2 repetition costs and smaidrshift costs than monolinguals in
the same task-switching experiment. We conductese@nd experiment with 205
participants (100 Catalan—Spanish highly proficidnlinguals and 105 Spanish
monolinguals), in which both the n-1 shift costdahe n-2 repetition costs were
assessed at the same time. The participants weed &s perform the same experiment
as Experiment 1, except that repetition trials wectuded in the task. Hence, the trials’
sequence was set in such a way that we could alss#sshe n-1 shift costs (CBA vs.
CAA task sequences) and the n-2 repetition cosBA(As. CBA task sequences).
Importantly, to explore the relationship betweer th-1 shift costs and the n-2
repetition costs, we carried out a correlation ysial between them for all the

participants, as well as for bilinguals and monglials separately.

2. Experiment 1: task switching without repetitions

2.1. Materials and methods

Participants

Ninety participants (40 Catalan—Spanish highly grent bilinguals and 50 Spanish
monolinguals) were tested in Experiment 1. Fivengilal and nine monolingual
participants were eliminated from the individuatatset for the following reasons: 1)

age over the established range (i.e., participaldis than 30), 2) number of errors that



were three standard deviations (SDs) above thepgrmoean and 3) inappropriate
language status (e.g., some participants in theotimgual group were bilinguals).
Therefore, the analyses reported below refer tbiBdguals (21 females; mean age =
22 years, SD = +2) and 41 monolinguals (34 fematesan age = 22 years, SD = +4).
All the participants were right-handed universitydents and had normal or corrected-
to-normal vision* Information about the languages and the self-assegroficiency of
the bilinguals and the monolinguals are reported @ble 1. Furthermore, Table 5
presents the scores relative to the frequencynguiage switching by bilinguals, which
were assessed by administering the bilingual switchquestionnaire (BSWQ)
(Rodriguez-Fornells, Kramer, Lorenzo-Seva, FestmarMinte, 2012). Finally, a
detailed description of the bilingual and the mamgplal samples is reported in

Appendix.

<Please insert Table 1 around here.>

Raven’s Advanced Progressive Matrices and scollasive to socio-economic status
(SES)
The bilinguals and the monolinguals completed Sop&cale | of Raven’s Advanced
Progressive Matrices (Raven, Raven & Court, 1998t tmeasures non-verbal
intelligence. The test consists of 12 puzzles w&itnissing piece. The participants were
asked to select one piece among eight possibilitesomplete the puzzle. The test
lasted approximately 10 minutes. Both groups hadpavable scored {74) = 1.063p
= 0.291].

We also calculated SES scores based on parentaltemtu (years) and total

monthly family income (the scores ranged from btalepending on the family’s total



income, e.g., <€800 = 1, €800-1200 = 2, €1201-18() etc.). Regarding parental
education, bilinguals (mean years = 12.88, SD @ )}and monolinguals (mean years =
13.31, SD = £2.1) were comparabtg{4) = 0.825p = 0.412]. In terms of total family

income, bilinguals (mean score = 3.6, SD = £1.3) aronolinguals (mean score = 3.3,

SD = +1.4) were comparable(f4) = -0.961p = 0.34].

Materials

The participants were presented with three-dimerdistimuli and were required to
switch among three perceptual classification taSksilar to previous studies (Philipp
& Koch, 2006; Branzi et al., 2016), the tasks regghisorting stimuli by “type” (A vs
4), “size” (big vs. small) and “colour” (red vs.ug). The stimuli were presented one at a
time on a white background at the centre of theestrEach task was indicated by four
cue signs surrounding the stimulus. The cues waragoaph symbols for the type task,
small yellow squares for the colour task, and upstipointing arrows for the size task.
The responses were given manually on an externddoeed with three response keys
for each hand. Similar to our previous study (Brasizal., 2016), we adopted this
setting to avoid response overlapping across tadksce, three keys were used to
respond to “A”, “big” and “red” and three other leeyere used to respond to “47,

“small” and “blue”.

Procedure

In the beginning, the participants received writtand oral instructions for the
experiment. Next, they took part in the experimard single session of approximately
45 minutes. The instructions emphasised speed acdracy. We informed the

participants about the tasks and the response (keggesponse keys on the keyboard
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were labelled) but did not mention the presencabsence of repetitions. Before being
tested in the experiment, all the participants weegned in a practice session to
familiarise themselves with the task and to leaimwus-response (S-R) mappings
appropriately.

The experiment consisted of six blocks, each Wit trials. The response-stimulus
interval (RSI) was maintained constant (1100 ms)wall as the cue-stimulus interval
(CsSl) (100 ms).

In this experiment, the ABA (on-2 repetitior) and the CBA (on-2 switcl) task
sequences occurred with a probability of 50% e¥¢d.refer to A, B and C to indicate
each task (i.e., type, size and colour), which oeclin the experiment with an equal
probability. A trial started with a blank screealléwed by the cue (i.e., a blank frame
surrounded by four cue signs), and after 100 md)(@% stimulus was presented in the
middle of the blank frame, simultaneously with aowstic tone. The stimulus and the
cue remained on the screen until the response ivas (pr with a maximum delay of
7000 ms). The next cue followed after 1000 ms,iteatb an RSI of 1100 ms. At the
end of each block, the participants were allowethke a break and received a feedback

relative to their performance, given as the peagabf correct responses.

Data analysis and results

Each trial was assigned to one of the two conditi@e., CBA om-2 switch ABA or n-

2 repetitior), depending on the nature of the two precedirastriithen-1 and then-2
trials). For example, considering the sequence Gi#ere A is triah, A is preceded by
n-1trial B andn-2trial C. In this case, trial Anj is assigned to the condition CBA or

2 switch given that triah-1 and trialn-2 are both different from A. On the other hand,

in the ABA sequence trial A is preceded bp-1trial B andn-2 trial A. In this casen
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trial A is assigned to the condition2 repetition given that the n—2 trial and timetrial
require to performing the same task (i.e., A). Tingt two trials of each block were
excluded from the analysis because they could eaidssified as eithen-2 switch’or
‘n-2 repetition:

The RTs exceeding three SDs above or below a Eatits mean were excluded
from the analyses. Then, every error and the twadstfollowing an error were also
discarded, leading to a data loss of 10% (SD =fa6bpilinguals and 9% (SD = 5) for
monolinguals.

First, we analysed RTs and error rates for thetjyes of sequences, that is, ABA
(or n-2 repetition and CBA (orn-2 switch), to explore potential differences in the
overall speed and accuracy between bilinguals aodoiinguals. Hence, we ran two
repeated-measures ANOVAs (one for RTs and the dtreerror rates) withtypes of
sequencdABA or n-2 repetitionand CBA orn-2 switch as a within-subject factor and
group (bilinguals and monolinguals) as a between-sulfgator.

Furthermore, when the interaction betwegpes of sequencand group was
significant, in a successive analysis, we also @ the magnitude of the n-2
repetition cost between bilinguals and monolingudlee n-2 repetitioncost was
calculated by subtracting the RTs of the CBA tasfjuences from those of the ABA
task sequences.

Mean RTSs, error rates and magnitudes of the n-2titeg cost in the two groups

are reported i able 2.

<Please insert Table 2 around here>
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RTs and error rates

For RTs, ANOVA results revealed a significant maffect oftypes of sequend€ (1,
74) = 126.458p < 0.001,np? = 0.631], indicating that the ABA conditions (116%)
were significantly slower than the CBA conditiodd{2 ms). The main effect gfoup
was significant [F (1, 74) = 6.78p,= 0.011,np® = 0.084], suggesting that bilinguals
were overall faster than monolinguals (bilingual$062 ms; monolinguals = 1217 ms).
Finally, thetypes of sequencé groupinteraction was not significant [F (1, 74) = 1.337,
p= 0.251,np2: 0.018]. This result showed that the magnitudéhefn-2 repetitiorcost
was not different between the groups (bilingua&)=-ms; monolinguals = 62 ms).

For error rates, the main effecttypes of sequenceas not significant [F (1, 74) =
1.060,p = 0.306,np” = 0.014], indicating that the ABA conditions (3.3%)d the CBA
conditions (3.1%) elicited the same amount of etrdlo significant difference in error
rates between monolinguals (3%) and bilinguals¥%@3.#was found group. F (1, 74) =
0.435,p = 0.512,np” = 0.006]. The interaction betweéypes of sequencand group
showed a trend towards significance [F (1, 74) 228, p = 0.077,np? = 0.042]. A
closer look at the data revealed that this intesacivas due to the bilinguals’ similar
error rates in the CBA (3.4%) and the ABA conditor3.3%). In contrast,
monolinguals made more errors in the ABA conditids3%) than in the CBA
conditions (2.8%) (se€able 2).

The results presented above suggest that the radgniff the n-2 repetition cost in
RTs is not modulated by bilingualism. However, riglials appear to be faster than
monolinguals across all conditions (see Costa.g2@08).

To test the bilingualism effect on both the n-2etitpon costs and the n-1 shift costs
in the same task switching, we ran a second expe@tinin which we tested bilingual

and monolingual participants.
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3. Experiment 2: task switching with repetitions

3.1. Materials and methods

Participants

One hundred highly proficient Catalan—Spanish bgimls and 105 Spanish
monolinguals took part in Experiment 2 with taskettions. Nine bilinguals and four
monolinguals were eliminated from the individualtatset due to the same issues
reported in Experiment 1. Therefore, the analysesnted below refer to 91 bilinguals
(62 females; mean age = 22 years, SD = +2) andnid@iolinguals (90 females; mean
age = 21 years, SD = £3). All the participants waght-handed university students and
had normal or corrected-to-normal visibhnformation about the languages and the
self-assessed proficiency of bilinguals and momplais are reported ifable 3.
Furthermore, Table 5 presents the scores relative to the frequency nfuage
switching by bilinguals, which were assessed by iathtering the BSWQ (Rodriguez-
Fornells et al., 2012). Finally, a detailed degwip of the bilingual and the

monolingual samples is reported in Appendix.

<Please insert Tables 3 and 5 around here.>

Raven’s Advanced Progressive Matrices and scolasive to SES
The bilinguals and the monolinguals completed Sop&cale | of Raven’s Advanced
Progressive Matrices (Raven et al., 1998). Botlugsoobtained comparable scorées [
(190) =-0.719p = 0.473].

We calculated the SES scores based on parentahtgmiugyears) and total family

monthly income, similar to Experiment 1. With respw parental education, bilinguals
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(mean years = 13, SD = £2.5) and monolinguals (nyeams = 12.6, SD = +3.1) were
comparable {[ (190) = -1.181p = 0.239]. Regarding total family income, bilinguals
(mean score = 3.4, SD = £1.4) and monolinguals (msz@re = 3.1, SD = +1.3) were

comparablet[(190) = -1.355p = 0.177].

Materials

The materials used in Experiment 1 were also usé&kperiment 2.

Procedure

Experiment 2 adopted the same procedure as thatpEriment 1, except that repetition
trials (i.e., CAA) were present. We opted for tb#dwing frequencies of task triplets as
explained below. Both the ABA (ar-2 repetitior) and the CBA (omn-2 switch task
sequences occurred with a 39% probability, and G\ (or n-1 repetition task
sequences occurred with an 11% probability (not¢ the sum of probabilities was
lower than 100% because all trials following refiatis were not analysed).

Some studies have suggested that the magnitudesai-2 repetition cost may be
hindered by the presence of task repetitions (Blglipp & Koch, 2006). This appears
to be true when repetition trials (i.e., CAA) asefeequent as the-2 switch(i.e., CBA)
and then-2 repetition(i.e., ABA) trials (see Experiment 1 in Philipp &okh, 2006).
However, when the occurrence of repetitions is iigteeduced compared to that of the
other two conditions, the size of the n-2 repatittmst is not dramatically affected (see
Experiment 2 in Philipp & Koch, 2006). Hence, giviliat we aimed to assess the two
costs in the same experiment, we decided to intmdawer repetitions (e.g., CAA)

compared to the other two conditions.
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Data analysis and results

Each trial was assigned to one of the three camdit{CBA orn-2 switch ABA or n-2
repetitionand CAA orn-1 repetition), depending on the nature of the two preceding
trials (n-1 and n-2 trials). The first two trials of each block wergckided from the
analysis, as well as the trials after repetitiares,(CCA).

The RTs exceeding three SDs above or below a Eatits mean were excluded
from the analyses. Every error and the two trialkoWing an error were also discarded,
leading to a data loss of 9% (SD = 6) for bilinguand 10% (SD = %6) for
monolinguals.

First, we analysed RTs and error rates for theethypes of sequences — ABA-2
repetition), CBA (n-2 switch) and CAA @-1repetitior) — to reveal potential differences
in the overall speed and error rates between tbegtaups. To do so, we performed two
repeated-measures ANOVAs (one for RTs and the ddnegrror rates), withypes of
sequencgABA or n-2 repetition,CBA or n-2 switchand CAA orn-1 repetition) as a
within-subject factor andyroup (bilinguals and monolinguals) as a between-subject
factor.

Furthermore, when the interaction betwetgpes of sequencand group was
significant, we compared the magnitude of the eZtition cost and the n-1 shift cost
between bilinguals and monolinguals in a successnadysis. Hence, we performed an
ANOVA by consideringypes of cosfn-1 shift cost and n-2 repetition cost) as a wwith
subject factor andyroup (bilinguals and monolinguals) as a between-subjactor.
Similar to Experiment 1, the n-2 repetition cosswalculated by subtracting the RTs of
the CBA task sequences from those of the ABA tasjusnces. The n-1 shift cost was
calculated by subtracting the RTs of the CAA tasguences from those of the CBA

task sequences.
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Importantly, we were interested in exploring th&atienship between the n-1 shift
costs and the n-2 repetition costs. Therefore, wdopmed a correlation analysis
between the magnitudes of these two costs acrbpardicipants, as well as separately
for the two groups of participants.

Mean RTs, error rates and magnitudes of the switsts are reported ihable 4.
The correlation analyses relative to the n-1 shiid the n-2 repetition costs are

illustrated inFigures 1, 2 and 3.

<Please insert Table 4 and Figures 1, 2 and 3 here>

RTs and error rates
For RTs, the ANOVA results revealed a significargimeffect oftypes of sequendé
(2, 380) = 132.123p < 0.001,np? = 0.410]. Post-hoc tests showed that each task
sequence was different from one another ga# 0.001), that is, the CAA conditions
were the fastest (1005 ms), and the ABA conditiese the slowest (1101 ms), with
the CBA conditions in the middle (1052 ms). The maifect of group was not
significant [F (1, 190) = 1.704 = 0.193,np? = 0.009], suggesting similar overall RTs
in the two groups (bilinguals = 1035 ms; monolingua1070 ms). Moreover, ttigpes
of sequenc& groupinteraction was also not significant [F (2, 3800.611,p = 0.543,
np2: 0.003], suggesting that the magnitudes of théscasre the same in both groups
(n-1 shift cost: bilinguals = 50 ms; monolinguals 48 ms; n-2 repetition cost:
bilinguals = 43 ms; monolinguals = 56 ms).

For error rates, the main effect types of sequenosas significant [F (2, 380) =
10.536,p < 0.001,np?= 0.053], indicating that the participants were enerror prone in

the ABA conditions (3.6%) than in the CAA condit®r(2.9%) or in the CBA
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conditions (3.2%) (alps < 0.001). However, the CAA and the CBA conditiond dbt
differ (p = 0.351). No significant difference in error ratestween bilinguals (3%) and
monolinguals (3.4%) was foundroup F (1, 190) = 1.631p = 0.203np? = 0.009]; the
interaction betweetypes of sequen@ndgroupwas not significant, either [F (2, 380) =
2.322,p = 0.100,np?*= 0.012]. These results indicated that the twocagre similar in
both groups (n-1 shift cost: bilinguals = 0.7%; mlimyuals = 0%; n-2 repetition cost:

bilinguals = 0.2%; monolinguals = 0.6%).

Correlations between the n-1 shift cost and theragetition cost

We proposed that if n-1 shift costs and n-2 rejpgticosts originate from the same
cognitive mechanism, we should expect to find aatieg correlation between the
magnitude of n-1 shift costs and that of n-2 rejoeti costs across all participants.
Before performing correlation analyses, we examitiesl distribution of the switch
costs values for each group and excluded outlien four data (Tukey's test). The
outlier free data set originating from the applmatof this procedure allowed us to
correlate the two costs for 87 bilinguals and 9éalimguals. Importantly, the results
relative to the switch costs, as previously rewvedkee above), remained unchanged
after the elimination of the outliefs.

To explore whether the n-1 shift cost and the ej2etition cost were related, we
performed a correlation analysis (Pearson’s caefii¢ for the two costs across all
participants. To assess whether the phenomenosiméarly present for bilinguals and
monolinguals, we also conducted a correlation amlfor the two groups separately.
Interestingly, we found a significant negative etation between the magnitudes of the
n-1 shift costs and the n-2 repetition costs acatigzarticipantsi = -0.181,p = 0.014].

However, when the two groups were taken apart,ahigelation was significant for the
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bilingual group { = -0.297,p = 0.005] but not for the monolingual group -0.054,p
= 0.601] (sed-igures 1, 2 and 3).

Furthermore, we calculated the significance of tthéerence between the
correlation coefficients obtained among bilingualed monolinguals (i.er-bil andr-
mong. We did so by using the Fisher r-to-z transfoiorato convert each correlation
coefficient into a z-score. Then, by making usehef sample size employed to obtain
each coefficient, we compared the z-scores (sethaila in Cohen & Cohen, 1983).
The results revealed thatbil was significantly smaller thanmono (z=-1.68,p =

0.047).

Correlations between the magnitudes of the switstscand the language-switching
scores (BSWQ)

A certain amount of scientific work has recently pdrasised the importance of
exploring the relationship between different aspedft linguistic experience and EC
(e.g., Prior & Gollan, 2011; Verreyt, Woumans, Valahotte, Szmalec & Duyck, 2015;
Hartanto & Yang, 2016; Yang et al., 2016). Henbés tinalysis aimed to explore the
variability in EC responses as a function of a itledacharacterisation of individual
differences in language switching, measured thrabghlBSWQ (Rodriguez-Fornells et
al., 2012).

Hence, for Experiments 1 and 2 separately, we pedd a correlation analysis
(Pearson’s coefficient) between the switch costs ghift and n-2 repetition costs) and
the BSWQ scores. Precisely, the switch costs wereelated with (a) first-language
(L1) switching tendencies (the tendency to switaimt the second language [L2] to

L1), (b) second-language switching tendencies t@hdency to switch from L1 to L2),



19

(c) contextual switch (CS), (the frequency of swws in particular contexts) and (d)
unintended switch (US) (the frequency of unconssiamguage switches).

The results are reported hable 6. Interestingly, although we did ndind any
significant correlation in Experiment 1, we diddia significant correlation between the

n-2 repetition cost and the scores relative to Wiehing tendencies in Experiment 2.

<Please insert Table 6 around here>

4. General discussion
The present study aimed to explore two main issiedated to the effects of
bilingualism in task switching.

First, we intended to provide a conceptual replcabf the bilingualism effect on
the n-2 repetition cost found by Prior (2012). Inmtpatly, this cognitive index (i.e., the
n-2 repetition cost) has been considered partigulaievant to determine how the
experience of bilingualism shapes an individual€ Eystem. In fact, it has been
suggested that the n-2 repetition cost capturesftleéency of an EC mechanism that is
crucial for bilingual language control, that ishibitory control (e.g Mayr & Keele,
2000; Gade, Schuch, Druey & Koch, 2014). Hencéowohg Prior’'s (2012) argument,
the bilinguals’ better inhibitory system (due tceithdaily experience with inhibitory
control during language processing) should haveltex$ in increased n-2 repetition
costs compared to monolinguals. The results of BExmat 1 are clearly at odds with
this prediction since we found that bilinguals’ mepetition costs were similar to those

of monolinguals. Interestingly, we obtained the samsults in Experiment 2. Hence,
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across more than 200 participants, we did not éing effect of bilingualism on the n-2
repetition cost.

Despite differences between our study and thatiof F2012), such as the number
of tested participants and the bilinguals’ langsagthe two studies are likely
comparable in their main properties. Hence, thdlabla evidence, along with other
recent results (Babcock & Vallesi, 2015; Branzakf 2016), casts some doubt on the
robustness and the reliability of the phenomensxfit

It is also noteworthy that in our study, bilingualsd monolinguals showed similar
n-1 shift costs (Experiment 2). This result is dést@nt with that of Hernandez, Martin,
Barcel6 & Costa’s (2013) study, in which they teste large number of participants
(145 bilinguals and 147 monolinguals) performindfedent versions of the task-
switching paradigm. Interestingly, Hernandez et @013) failed to observe any
modulation of the n-1 shift cost due to bilingualisif we add the current set of results
to such a study, along with other recent evideecg.,(Paap & Greenberg, 2013; Paap
& Sawi, 2014; de Bruin et al., 2015; von Bastianaét 2016), it appears that the
bilingualism advantage on the n-1 shift cost ibeatelusive and very limited in scope,
if it indeed exists.

Overall, on one hand, the results concerning thgnmades (RTs) of the two costs
suggest a limited impact of bilingualism on sompeass of the EC system and raise
concerns about the generalisability of previous eolagions (see also Paap &
Greenberg, 2013; Paap et al., 2015). On the otlad,lthese findings confirm those of
recent studies that revealed a lack of overlap éetwthe linguistic and the non-
linguistic n-1 shift costs and n-2 repetition co&@alabria, Herndndez, Branzi & Costa,

2012; Prior & Gollan, 2013; Babcock & Vallesi, 2018alabria, Branzi, Marne,
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Hernandez & Costa, 2015; Cattaneo, Calabria, Marne, Gironell, Abutalebi & Costa,
2015; Branzi et al., 2016).

Along the same lines, even if we reported an oVéaater performance of bilinguals
compared to monolinguals in Experiment 1, we faited reveal any significant
difference between the groups in Experiment 2sldifficult to decide whether we
should consider these results in contrast to omdnord with the hypothesis of a
bilingual advantage in monitoring control (e.g.,s@oet al., 2008, 2009). Nevertheless,
it is important to acknowledge that this hypothds#s been strongly questioned in
recent years. For instance, from 2011 to 2014ndnial advantages in global RTs had
been reported only in 13% of the studies usinglmiresolution tasks (see Paap et al.,
2015). Failures in revealing such bilingual advgataseem to be especially evident in
those studies that should be powerful enough tectiesmall effects due to the large
sample sizes employed (e.g., Hernandez et al.,; Zd&p & Greenberg, 2013; Anton,
Dufabeitia, Estévez, Hernandez, Castillo, Fuemasidson & Carreiras, 2014; Paap et
al., 2014; von Bastian et al., 2016). Taking intxaunt the current literature, our
findings do not provide strong support for the hyyesis of a bilingual advantage in
monitoring control.

Regarding the second issue investigated in thidystwe also hypothesised a
negative correlation between the n-1 shift cost #red n-2 repetition cost across all
participants, to the extent to which these two cesbuld reflect the efficiency of the
same control mechanism (e.g., inhibitory contrdjowever, we found such a
correlation in the bilingual group only.

A conceivable explanation for this finding is tl@hong bilinguals, the deployment
of the same control mechanism lies behind the testsc One possibility is that this

mechanism is inhibitory control applied to the tagk. To recall, a strong inhibition of
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the just executed task would result in smaller shift costs and larger n-2 repetition
costs. A low level of inhibitory control over thelntask would lead to the opposite
pattern. Interestingly, the negative correlationnfd among bilinguals was accompanied
by similar magnitudes of switch costs. Hence, passible that some of the bilinguals
might have applied high levels of inhibition to thel tasks, leading to small n-1 shift
costs and large n-2 repetition costs. Others nfight applied low levels of inhibition
to the n-1 tasks, resulting in large n-1 shift s@std small n-2 repetition costs.

Regardless of the merits of this explanation, iinslear why monolinguals did not
show this correlation. Indeed, both bilinguals ambnolinguals showed similar
magnitudes of the two switch costs, suggestingttiey were similarly engaged in n-2
repetition and n-1 shift costs. One possibilitghat monolinguals might have tended to
apply a similar degree of inhibition to n-1 tasksd this sort of clustering around a
common inhibition level would not have allowed fonegative correlation between the
costs to emerge.

Another tentative explanation is that differenfiadings relative to the correlation
between the two costs might reflect qualitativéedldnces related to the experience with
bilingual language control. We propose that thes@nee of a correlation likely suggests
the same mechanism behind the two costs (see atswiBet al., 2016). The lack of
such a correlation might thus indicate that the shift cost and the n-2 repetition cost
measure, at least in part, different mechanismghignregard, it might be that bilinguals
employ just one mechanism (which might be inhilyitoontrol) during task switching.
Interestingly, we also recently found a negativeralation between the two costs
during language switching, suggesting that bilingumight also apply the same
‘strategy’ when switching between languages (seanBret al., 2016). In contrast,

monolinguals might employ other mechanisms besiggbitory control, which would
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affect the n-1 shift cost in task switching (in ttathe n-2 repetition cost would
specifically measure inhibitory control). Thereforthe lack of correlation that we
observed among monolinguals might be due to theahidity added by these other
processes that were measured through the n-Icskift

Taken together, results from this and our previstugly (Branzi et al., 2016) might
suggest qualitatively different strategies betwedimguals and monolinguals during
task switching. Consistent with this interpretati@arbin, Sanjuan, Forn, Bustamante,
Rodriguez-Pujadas, Belloch, Hernandez, Costa & aA\R2010) showed that when
performing non-linguistic cognitive tasks, bilingsiaused different brain areas
compared to monolinguals. Crucially, these bragaarwere those generally involved in
bilingual language control, leading to the hypotbdbat the qualitative difference in
EC between bilinguals and monolinguals might beateel to different linguistic
experiences.

Nonetheless, we are strongly convinced that additiempirical evidence is needed

to provide a clear theoretical explanation for ¢hiésdings.

5. Conclusion

The present study provides two main contributidfisst, it shows that bilingualism
does not seem to affect the magnitude of the rpétiton cost in RTs. Consistent with
previous findings (e.g., Branzi et al., 2016), ttesult suggests that the n-2 repetition
cost may not be a reliable index to support theottygsis of a bilingualism effect on
EC. This study has also failed to reveal any eftédtilingualism on the n-1 shift cost.
This finding, along with previous ones (g.¢flernandez et al2013), suggests that
future research on the effects of bilingualism $timwt be confined to the effects of the

magnitude of the switch costs.
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Second, this study reveals qualitative differendestween bilinguals and
monolinguals relative to the negative correlatietween the magnitudes of switch
costs. This is a rather new finding and may sugtest bilinguals and monolinguals
employ different cognitive strategies to cope viitterference in task switching. Future
research is needed to assess the reliability efréBult and whether it is relatable to

specific aspects of bilingualism.
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Footnotes

!t is important to distinguish between direct (caet) and conceptual replications in
experimental science (see Schmidt, 2009). In dirgglication, the same task, type of
participants, method, procedures and analysis sed to establish if seminal findings
can be replicated. Conceptual replication refersh use of a conceptually similar
experimental setting (not exactly the same) to mmeathe same theoretical variables.
Conceptual replications are crucial in experimensaience since they allow
investigating the extent to which research findirggsr be generalised beyond the
experiment itself (Stroebe & Strack, 2014).

’Note that task inhibition (measured through the nepetition cost) is a rather
fundamental mechanism in the sense that it is @servable in preplanned sequences
(Mayr & Keele, 2000). In other words, even if paipants know that they must switch
back to a previously performed task, they expegehe n-2 repetition cost. Hence, the
higher n-2 repetition cost for bilinguals vs. manguals (Prior, 2012) could reflect a
negative effect of bilingual language control oveay automatic EC process.

3kroll and Bialystok (2013) proposed a similar hypegis — bilingualism would confer
a general greater efficiency of EC functioning.

“In some studies, bilingual and monolingual particits were matched according to
their basic perceptual-motor skills (e.g., Paaplgt2013) and video-game experience
(e.g., Costa et al., 2009) to avoid confoundingthi@ present study, such information
could not be provided. Although this missing dagpresented a shortcoming, at least,
the compared groups were homogeneous regardirgolesi(age and health conditions)
that have been known to affect basic perceptuabmskills (see Durkin, Prescott,
Furchtgott, Cantor & Powell, 1995; Rodrigue, Kennedy & Raz, 2005; Gobel, Blomeke,

Zadikoff, Simuni, Weintraub & Reber, 2013).
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®Similar to Experiment 1, in this experiment, bilirds and monolinguals were also not
matched based on their basic perceptual-motosskiltl video-game experience.

®Note that the “reduction” in the number of repetis in the task refers to the overall
number of repetition trials (i.e., CAA trials) pezded in the task compared to the other
types of trials (i.e., CBA and ABA trials).

"We performed one repeated-measures ANOVA wiftes of cos{n-2 repetition and n-

1 shift costs) as a within-subject factor agrdup (bilinguals and monolinguals) as a
between-subject factor. The main effectygies of costvas not significant [F (1, 181) =
1.844,p = 0.176 qp® = 0.010], suggesting that the magnitudes of theshift cost and
of the n-2 repetition cost were not different. Thein effect of group was not
significant, either [F (1, 181) = 0.18p,= 0.666,np”> = 0.001], suggesting that the two
groups performed similarly. Finally, the interactibetweentypes of cosand group

was also not significant [F (1, 181) = 1.0p4 0.301,np°= 0.0086].
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Table 1. Information on languages and self-assessed proficiency of bilinguals and monolinguals. Experiment 1.

L1 L2 L3
BILINGUALS
Age of Acquisition 0.5(0.5) 1.5 (1.6) 7(3.4)
Context of language exposure home, school home, school school
L anguage proficiency
Reading 7 (0.5) 7(0.4) 5(0.9)
Writing 7 (0.5) 7 (0.5) 5(0.9)
Speaking 7 (0.4) 7 (0.5) 5(.2)
Comprehension 7(0.3) 7(0.3) 5(.2)
MONOLINGUALS
Age of Acquisition 1(0.7) 6(2.1) _
Context of language exposure home, school school _
L anguage proficiency _
Reading 7 (0.4) 5(1.3) _
Writing 7 (0.6) 4(1.2) _
Speaking 7 (0.5) 4 (1.6) _
Comprehension 7 (0.6) 4(1.3) _

Language proficiency scores were measured on ani-gxale, where 7 = a very high level and 1 =iy \@w level of proficiency. The self-
assessed index is the average (mean) of partisipasponses relative to each domain (readingingrispeaking and comprehension). The SDs

are enclosed in parentheses.
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Table 2. Mean RTs, error rates and magnitude of the n-2 repetition cost in the two groups (bilinguals and monolinguals): Experiment 1.

Bilinguals Monolinguals Bil-Mono
RTs
CBA 1037 (43) 1186 (40) -149
ABA 1087 (45) 1248 (41) -161
TOT RTs 1062 (44) 1217 (41) -155
n-2 repetition cost 5007 62(7) -12
Error rates
CBA 3.4% (0.4) 2.8%(0.3) 0.6%
ABA 3.3% (0.4) 3.3%1(0.3) 0.0%
TOT Error rates 3.4% (0.4) 3.0% (0.3) 0.4%
n-2 repetition cost -0.1% (0.2) 0.5% (0.2) -0.6%

The standard errors (SEs) are enclosed in paresgthes
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Table 3. Information on languages and self-assessed proficiency of bilinguals and monolinguals: Experiment 2.

L1 L2 L3
BILINGUALS
Age of Acquisition 0.5(0.2) 1.4 (1.8) 6.6 (3.3)
Context of language exposure home, school home, school school
L anguage proficiency
Reading 7 (0.4) 7 (0.4 5(1.0)
Writing 7 (0.7) 6 (0.7) 5(1.1)
Speaking 7 (0.5) 7 (0.6) 4(1.2)
Comprehension 7(0.3) 7(0.3) 5(1.2)
MONOLINGUALS
Age of Acquisition 1) 7 (2.5) _
Context of language exposure home, school school _
L anguage proficiency _
Reading 7(0.3) 4 (1.3) _
Writing 7 (0.5) 4(1.49) _
Speaking 7 (0.5) 4 (1.6) _
Comprehension 7(0.4) 4 (1.5) _

Language proficiency scores were measured on ani-gale, where 7 = a very high level and 1 =g \@w level of proficiency. The self-
assessed index is the average of participantsdnsgs relative to each domain (reading, writingagpg and comprehension). The SDs are

enclosed in parentheses.



Table 4. Mean RTs, error rates and magnitude of the n-2 repetition cost and n-1 shift cost in the two groups (bilinguals and

monolinguals): Experiment 2.

Bilinguals Monolinguals Bil-Mono
RTs
CAA 987 (18) 1023 (17) -36
CBA 1037 21) 1066 (20) -29
ABA 1080 (21) 1122 (20) 42
TOT RTs 1035 (20) 1070 (19) -35
n-2 repetition cost 43 (5) 56(5) -13
n-1 shift cost 50 (10) 43(9) 7
Error rates
CA44 2.5%(0.3) 3.2%(0.3) -0.7%
CBA 3.2% (0.2) 3.2%(0.2) 0.0%
ABA 3.4% (0.3) 3.8% (0.2) -0.4%
TOT Error rates 3.0% (0.2) 3.4%(0.2) -0.4%
n-2 repetition cost 0.2% (0.2) 0.6% (0.2) -0.4%
n-1 shift cost 0.7% (0.3) 0% (0.2) 0.7%

The SEs are enclosed in parentheses.
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Table5. BSWQ in Experiments 1 and 2.

Experiment 1  Experiment 2

BSWQ
L1S 9(2) 9(2)
L2S 8 (2) 8(2)
cs 9(2) 8(2)
us 6 (3) 7(2)
oS 32 (6) 32 (6)

Mean raw scores for L1-switching tendencies (L13}switching tendencies (L2S), contextual switclsjQunintended switch (US) and overall

switch (OS). The SDs are enclosed in parentheses.



Table 6. Correlation between BSWQ scores and switch costsin Experiments 1 and 2.
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Experiment 1 Experiment 2 Experiment 2
n-2 repetition cost n-1 shift cost Nn-2 repetition cost
L1S Pear son correlation .038 -.081 -.043
Sig. (2-tailed) .829 449 .687
L2S Pear son correlation -271 -.073 .245*
Sig. (2-tailed) 116 494 .020
CS Pear son correlation -174 -.069 .010
Sig. (2-tailed) 319 517 .924
us Pear son correlation -.183 -.172 .098
Sig. (2-tailed) 292 104 357
OS Pear son correlation -.221 -.151 115
Sig. (2-tailed) 203 155 281

** Correlation is significant at the .01 level (aied).

* Correlation is significant at the .05 level (2led).

Results from the correlation analyses between BSié@n scores and magnitudes of the switch costssfrifticost and n-2 repetition cost
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FIGURE CAPTIONS:
Figure.l. Experiment 2Correlation between the n-2 repetition costs dedrt-1 shift

costs for bilinguals and monolinguals.

Figure.2. Experiment 2Correlation between the n-2 repetition costs dedrt-1 shift

costs for bilinguals.

Figure.3. Experiment 2Correlation between the n-2 repetition costs dedrt-1 shift

costs for monolinguals.
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Figure 2.
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Figure 3.
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Appendix

Description of monolingual and bilingual samples

All participants (both bilinguals and monolingualsho were recruited for the two

experiments lived in the same country (Spain). lertespite their exposure to the
same socio-cultural context, they differed in tHamguage history. The monolinguals
who were included in both experiments were studanthe University of Murcia. The

bilinguals in both experiments were Catalan—Spargshly and highly proficient

bilinguals and were students at the Pompeu Fabnzetsity.

Catalan—Spanish bilinguals

The Catalan—Spanish bilinguals who participateBxperiments 1 and 2 were recruited
in Catalonia, specifically in Barcelona. Catalorsaa bilingual region in Spain, where
both Catalan and Spanish are official languagesndny families, both languages are
spoken, and the current educational system is amipl bilingual. At the end of
primary school, children are able to read, wrifigak and understand both Catalan and
Spanish. In primary school and in high school, s#dasare taught in both languages
although Catalan is more predominant. Universitgssks and tests are taught and
administered in both Catalan and Spanish. Radiotelesision broadcasts are aired in
both languages, newspaper articles are writtenaital@ and Spanish, and the official
bureaucracy can be handled in either languagehaliCatalan—Spanish bilinguals who
were tested in the experiments passed the Catglanish language proficiency exam
that is required for admission to universities.sTekam requires a very high level of
proficiency in various aspects (grammar, vocabulatg.). In Barcelona, Catalan—

Spanish conversations are prevalent in both prieaté professional settings. This
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promotes a balanced use of the two languages, lhasvgtuations in which (even if not

needed) language switching in bilingual groups ccaturally.

For example, it is common to observe that an ioteior speaks in Spanish to a
particular person and in Catalan to another dutirggsame conversation, even if all
three speakers are highly proficient bilingualsefevamong members of the same
family).

All the Catalan—Spanish bilinguals who were testethis study were exposed early
(before the age of two years) to both languagesirmlar proportions, and they kept

using these in this way until the time of testing.

The bilinguals were asked to rate their proficies&itls in reading, writing, speaking

and comprehension in their two native languagesyedkas in any foreign language in

which they were better at (s@ables 1 and3).

Spanish monolinguals
The Spanish monolinguals who participated in Experits 1 and 2 were recruited in
the Region of Murcia (autonomous community), esgcin Murcia, a monolingual
city in Spain. These monolingual participants weoe functionally fluent in any other
language despite formal foreign language instructio school (see also Prior &
MacWhinney, 2010; Prior, 2012; Hernandez et al1,30

Importantly, no monolingual reported currentlyngsior having used in the past any
language other than Spanish with relatives (incgddarents and siblings), partners,
friends or in an educational or work setting. laetfaas shown imables 1 and 3, the
monolinguals did not report a high level of prodiecy in a foreign language. They were

asked to rate their proficiency skills in readimgiting, speaking and comprehension in
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their native language, as well as in any foreigrglaage they were better at (Sesbles

1 and3).



