Running Head: Bilingualism and the Increased Aitera Blink effect.

Bilingualism and the increased attentional blinleet:
Evidence that the difference between bilinguals and
monolinguals generalizes to different levels ofoset

language proficiency

Vatsala Kharé Ark Vermd, Bhoomika Kaf, Narayanan Srinivasgn
Marc Brysbaert
Department of Experimental Psychology,
University of Gent,
Belgium®X%°
Centre of Cognitive and Behavioral Sciences,
University of Allahabad,

India®*

Corresponding Author: Vatsala Khare
Henri Dunantlaan-2,

FPPW

Department of Experimental Psychology,
Universiteit Gent,

9000-Gent,

Belgium.



Abstract

The Attentional Blink task involves rapid seriakpentation of visual stimuli,
two of which the participants have to report. Theual finding is that
participants are impaired at reporting the secardet if it appears in close
temporal proximity to the first target. Previousearch has shown that the
effect is stronger in bilinguals than monolingudMe investigated whether the
difference between monolinguals and proficientnigilials can be extended to
bilinguals of different proficiency levels. Theredy we replicated the paradigm
in a large sample of Hindi-English bilinguals wdtiferent proficiency levels of
English, as measured with a validated vocabulast. t8/e additionally
measured the participants’ intelligence with thevdéta Progressive Matrices.
We found that the size of the Attentional Blinkesff correlates with the degree
of second language proficiency and not with therelegf intelligence. This
indicates that research on executive control fonstican be done with
bilinguals of different proficiency levels. Our tdts are also in line with recent
findings showing that the Attentional Blink effastnot primarily due to limited

processing resources.



Bilingualism and the increased attentional blink effect: Evidence that the
difference between bilinguals and monolinguals generalizesto different

levels of second language proficiency

Due to increased mobility bilingualism has becomsoam, particularly
in groups of people that are not economically dtucally dominant (Myers-
Scotton, 2005). For economic, scientific, and galtweasons a large number of
individuals acquire and use knowledge of more thia® language in their life.
Independent of the way in which they became bilaida.g., through birth in a
multilingual family, by education, occupation orrnmgration) the experience
with more than one language is likely to have aificant impact on their

cognitive functioning (Bialystok, Craik, Green a@dllan, 2009).

Evidence from behavioral (Brysbaert & Dijkstra, BOG@rancis, 1999;
Grainger, 1993; Kroll and de Groot, 1997) and imggtudies (Marian, Spivey
and Hirsch, 2003; Rodrigues-Fornells et al., 2008% indicated that the
languages of a bilingual are not separated butjargly activated during
comprehension and production. This means thatectmtrol mechanisms are

needed to avoid interference from the other langualgen one is being used.



Several hypotheses have been proposed (Costa, &386n, 1998, La Heij,
2005), which all agree on the assumption that dpiials make use of some form
of inhibition of the non-target language. Evidemtdavor of the use of active
inhibition comes from studies in language producticn which bilinguals
speakers are asked to switch between naming objetit®ir first and second
language (L1 and L2 respectively). A typical finglim these studies is that the
switching costs from L2 to L1 are larger than thieeo way around (Meuter &
Allport, 1999), arguably because bilinguals musereeme stronger inhibition

of L1 when speaking L2 than vice versa.

The continuous use of language control in bilinguss been shown to
have an impact on other general executive contirattons. Indeed, researchers
have found that bilinguals are at an advantage whsmes to using executive
control functions (Bialystok, 1999, 2001; Bialyst&kMartin, 2004; Craik &
Bialystok, 2006). Bialystok (1999) found that bdumral children outperformed
their monolingual peers in a dimensional changel caorting task, which
required the participants to shift the criterion addssification from color to
shape. Bialystok, Craik, Klein and Viswanathan @00compared the

performances of several groups of monolinguals l@hdguals from different



ages on the Simon Task, a task that requires famits to inhibit a prepotent
response tendency. The authors found that bilisguegain outperformed
monolinguals. The advantage was present for all grgeips (see, however,
Craik & Bialystok, 2006; and Bialystok, Craik, &Remp, 2006 for findings
suggesting that more research is needed to unexgiycshow a behavioral
difference between monolinguals and bilinguals latages). Bialystok and
Shapero (2005) compared the performance of 6-yédr bdingual and

monolingual children on the Children’s EmbeddeduFég Test; they found that
bilingual children needed less cuing and made feam@rs while identifying the

image embedded in the probe figures.

All in all, bilinguals have been shown to have aivantage over
monolinguals in a variety of tasks involving inliibn of irrelevant information

or pre-emptive responses.

Colzato, Bajo, Wildenberg, Paolieri, Nieuwenhuia, Heij and Hommel
(2008) investigated the nature of the inhibitorpgasses in bilingual language
control by testing bilinguals and monolinguals bdret different tasks, which

arguably tapped into different mechanisms. Theyluke stop-signal task as a



test of direct action inhibition, the inhibition ofturn task as a test of attention-
based inhibition, and the attentional blink taskaatest of reactive inhibition.
The authors found that bilinguals and monolingymagformed comparably on
the stop-signal task, but differed on the other tagks. The difference between
monolinguals and bilinguals on the inhibition otum task was difficult to
interpret conclusively in terms of the mechanisnmbibition involved, leaving

only the third task with straightforward resultse tattentional blink task.

The Attentional Blink (AB) task involves a rapid red visual
presentation (RSVP) of stimuli (Raymond, ShapiroArgell, 1992).
Participants are asked to identify two targets gume=d at varying lags. If the
first target (T1) is reported correctly, the secoadet (T2) usually has a high
probability of being missed if it occurs between0BDO ms after the first
target. Several theoretical explanations have lu#fared to account for this
marked deficiency in T2 reporting (for reviews, deax & Marois, 2009;
Martens & Wyble, 2010). For example, the structurattleneck explanation
assumes that the processing and consolidation ofodcupies attentional
resources, leaving too few resources for the peapecgsand consolidation of T2

for it to be reported. Although capacity limitatgare likely to be involved in



the AB effect (e.g., Dell-Acqua, Dux, Wyble, & Jabeur, 2012), they do not
seem to be the most important factor, as partitgpean report more than one
targets without difficulty if they are presented sequence (a finding first

reported by Di Lollo, Kawahari, Ghorashi, & Enn§08).

The presence of distractors between the two targetsms to be
responsible for the blink in attention. Particimanted to shield T1 against the
impact of the distractors and this seems to be rtapbin the AB phenomenon.
Other findings (Olivers & Nieuwenhuis, 2005; ShapifSchmitz, Martens,
Hommel, Schnitzler, 2006) also indicate that thisra trade-off between the
amount of resources allocated to the processinfladnd the performance on
T2. Taking these findings together, Colzato et(aD08) argued that AB
reflects the efficiency of noise suppression, bytue of local reactive
inhibition. Hence, the magnitude of AB shown byiadgividual depends on the
amount of resources spent in providing supportlierto-be-selected stimulus
and the amount of reactive inhibition applied te tompeting distractors. The
authors concluded that as bilinguals have extenmtadtice in strengthening
target language representations and/or suppressmgrtarget language

representations, they should experience more difigs in reporting T2 in the



attentional blink task. That is, they should exhiilarger attentional blink as
compared to their monolingual counterparts. Peréorce of the bilinguals and
monolinguals on the attentional blink task confidrie hypothesis. On the
basis of this finding, Colzato et al (2008) con@ddhat the bilingual advantage
in executive functions should be viewed in a défarlight, not as an advantage
overall but as a general improvement in selectiog-gelevant information and

suppressing goal-irrelevant information.

All studies investigating the consequences of gualism for executive
control functions tasks thus far have compareg#réormance of monolinguals
and bilinguals. However, being a bilingual is notadbsolute, all-or-none status.
Decades of research have identified variables thay be used to divide
bilinguals into various groups based on quantigabiteria. Important variables
include the age of acquisition of the second lagguand the bilinguals’
proficiency in both languages (Chee, Hon, Lee, &&®001; Perani, Paulesu,
Sebastian-Galles, Dupoux, Dehaene, Bettinardi, &apjmzio and Mehler,
1998; Zied, Phillipe, Karine, Thomassin-Valerie, i€un, Arnaud and Gall-
Didier, 2004). Therefore, it would be interesting &xamine whether a

difference observed between monolinguals and hilg) can be extended to



bilinguals of different proficiency levels. Is thiansition from monolingual to
bilingual a gradual process, so that we will obseavmonotonic relationship
between the size of the AB effect and the proficiemel of the bilingual? Or
does the AB-effect suddenly increase at a low lef@roficiency, when control
processes start to kick in, so that we will obsemeequally large AB effect for

all bilinguals but the ones at the very low endhaf proficiency range?

Finding a difference between low and high proficiebilinguals would
further be interesting, because it would open thsearch topic of control
processes in bilinguals to a much larger populatfoproblem with the current
situation is that one can only do “monolingual”’ @asch in native, English-
speaking countries or in non-student populationss Teffectively rules out
research in many countries, such as India and Balgwhere knowledge of a
second language is common from a certain educéatlemal on. Having to
compare monolinguals and bilinguals from differeotintries entails the danger

of culture-specific confounds that may obscureititerpretation of the results.

Some evidence that differences in L2 proficiencyyrhave an effect

similar to that observed between monolinguals afidgoals was reported by



Dash & Kar (2012). These authors examined the edfielc2 proficiency among
Hindi-English bilingual adults on an attention netk task (which is a
combination of a flanker and a cuing task). Thegesbed faster responses for
highly proficient bilinguals both on congruent amitongruent trials and an

additional advantage with respect to the orientihgttention.

The AB effect is an ideal task for the comparisdn various L2
proficiency levels, because it puts highly profitibilinguals at a disadvantage.
In addition, the disadvantage is rather countaridine. On the basis of face
validity, one might expect that bilinguals, havibgtter inhibition capacities
than monolinguals, would show a smaller AB effdent monolinguals (i.e.,
opposite to Colzato et al.’s finding). Furthermdhes AB effect has been shown
to be unaffected by the participants’ intelligenes, measured with Raven’s
Progressive Matrices (Martens & Johnson, 2009; alee Colzato, Spapé,
Pannebakker, &Hommel, 2007). A likely correlate b2 proficiency is
intelligence (participants who are not good at L2ynbe of lower intelligence
than persons who are good at it). Therefore, tterpretation of the findings is

easier if one can use a task that is independentesligence.
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To look at the effect of L2 proficiency, one alsseds a reliable and valid
estimate of language proficiency. All too oftenseaarchers simply ask their
participants to rate their proficiency level on iadrt scale. This is likely to be
too coarse a measure, which additionally is operes$ponse biases (Brysbaert,
2012). For a long time, the only alternative wasoenmercial proficiency test.
However, Lemhdfer and Broersma (2012) recently ishbt a free language
proficiency test, LexTALE, which performs very welh various criteria. The
test consists of 40 English words of various diffig and 20 non-words, from

which the participants have to indicate the wolas/tknow.

In the present study, we sought to replicate thd#epa of results
published by Colzato et al. (2008) with bilinguad§ different proficiency
levels. To increase our chances of finding an &fi@e ran the study on a large
number of participants (N = 132) living in compderalsocio-economic status
and having similar educational backgrounds, buedrig considerably in L2
proficiency as measured with LexTALE. We additidpahdministered the
Raven’s Progressive Matrices IQ test, to make thae any effect we found

was not simply a confound of (fluid) intelligencéinally, we increased the
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number of trials in the AB task, to get more stadd@mates of the AB effect at
the individual level.
Method

Participants

A total number of 132 young adults (mean age 18d&g, range 17 - 24
years) gave informed consent and participatederstudy. They were paid. All
participants had either normal or corrected to radrwision. The sample
comprised of Hindi — English bilinguals living in llAhabad, India. All
participants had learned both languages from cbddhas to their needs (in
particular the level of English instructed at th@mary and secondary school
they went to). All participants belonged to thestfiyear of their undergraduate
study where instruction was in English. They weesvrto the type of study
being conducted. Instructions were given both indotl L2. All participants
had done their final exams of secondary educatioBnglish. All came from
similar, middle-class socio-economic background aeflected no major

differences in cultural environment.

Apparatus and Stimuli

12



The participants were tested with a laptop PC (eth a 15.1-in.
monitor). Responses were registered by pressingetingired keys in response
to the questions of the standard AB task. The dtimere 16 English letters
written in Times New Roman font, size 14 and prigdan RSVP format at the

centre of the screen.

Procedure

All participants were first asked to fill in therde paper-and-pencil tests.
First, they completed the Lextale Test of L2 preincy (Lemhofer &
Broersma, 2012). This is a test of English vocatyulan which participants
have to indicate which English words they know. fEhare 40 existing words in
the list and 20 word-like non-word lures, which raak possible to correct the
performance for any tendency the participants naseho select more “words”

than they know).

The second test was the Raven’s Progressive Mat(iRaven, Raven
and Court, 1998). This is a test of non-verbalidfimtelligence. On each trial,
participants are shown eight patterns arrangedfneg-by-three matrix and are

asked to select the missing ninth stimulus fromguence of alternatives. Trials
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progressively become more difficult. Raven’s Pregiee Matrices is a test of
inductive reasoning, which has often been useddtcimsamples on 1Q. The
test was administered according to the guidelimesiged in the manual. In
particular, this meant that the participants haddlve as many matrices as they

could in 45 minutes of time.

The final paper-and-pencil test administered wasditional language
background questionnaire. It asked participantuiatiee age of acquisition for
the known languages, the amount of use, exposwtaraxing of the known
languages, and also the manner and environmerntichwhe participants make

use of their languages (L1, L2).

After the completion of the paper-and-pencil tasks, participants were
asked to take part in the Attentional Blink expesih In our version of the AB
task (based on Raymond et al., 1992), participaete instructed to look for a
white English letter (T1) in an RSVP stream withildck distractor letters, and
to type in the white letter at the end of the triEl always appeared at Position
7. Participants were also asked to report whethey had seen a black X (T2)

after the white letter. This letter could appeawatous lags (Positions 8-15).
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There were 40 T2-present trials per position and 2&bsent trials. All letters
were presented for 15ms and ISI was 75ms. The depéwariables were the

accuracy of T1 reporting and the accuracy of T2ctein.

Results

The mean accuracy of T1 reporting was 75.4% (séanbtor further
analyses related to individual differences). T2 uaacy is traditionally
measured for those trials in which T1 was correalgntified (indicated as
T2|T1 accuracy). Figure 1 shows the mean T2|Tlracguas a function of
stimulus position (absent and Pos8-15, which cpoed to Lagl-8) and L2
proficiency (high vs. low, based on the mediantgpli2 proficiency was
defined as the average of the percentages comsateas on the word and non-
word trials (i.e., (humber of words correct/40*180 number of nonwords
correct/20*100) / 2; Lemhofer & Broersma, 2012).eThcores of the high
proficiency half ranged from 73.5 to 97.5, whertrasse of the low proficiency

half ranged from 48.0 to 73.5.
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Figure 1: Accuracy of T2 detection as a functionT& position (Abseni
positions 815) and L2 prociency of the participants (high vs. low, basec
median split). Accuracies are based on those tialsvhich T1 (alway:s
presented at Pos7) was correctly identi

Figure 1 shows that we were successful in rephgathe standard Al
finding: Particimnts were markedly deficient in reporting T2 at2lad@Pos9;
after which performance gradually improved withragesing la (the main
effect of position was very robust: F(8,1040) =dWSE = 273.1, p < .004?
= .41) Also, the performance of the paipants was better at the first lag af
T1 appearance (Pos8), which is another standadthrof the AB phenomenc

(lag 1 sparing).
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More importantly, Figure 1 suggests that we werecsssful in
replicating Colzato et al (2008), because the AReatflooks stronger for the
highly-proficient bilinguals than for the less poxént bilinguals. Although
there was no overall main effect of proficiencythee omnibus analysis of
variance (F(1,130) = 2,75, MSE = 1249, p = .11) aaignificant interaction
between proficiency and lag (F(8,1040) = 1.1, MSE/3.1, p = .36), there was
a significant difference between the two groups wtiee analysis was limited
to positions 8 — 11 (i.e., lags 1 — 4; F(1,130).6, 31SE = 4359, p < .05, one-

tailed).

To examine the effect of L2 proficiency more inaleand to make full
use of the power of the design, we used linearessgon analysis. We also
examined various indices to estimate L2 proficieridye first measure was the
simplest measure proposed by Lemhdofer and Broe(2@f&?) and also the one
used to distinguish the two proficiency groups iguFe 1. It simply consists of
the average percentage correct words and perceotageet non-words. It is a
rather crude correction for the tendency to sefemte words than known to the
participants and takes into account that the nurabaon-word items (20) was

only half that of word items (40).
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The second measure was d-prime (d’) based on siigtettion analysis.
We followed Stanislaw and Todorov (1999) and coregwud’ in Excel with the
equation:

d’= NORMSINV(H)-NORMSINV(F)

in which H= hit rate (number of correct words/4G)daF= false alarm rate
(number of incorrectly selected non-words/20).He tew cases where F was 0,
it was replaced by .5/20, to avoid infinite valu®8ORMSINV is an Excel
function that returns the z-value associated Wwithdumulative standard normal
distribution. So, it would return the value -1.964ior F = .05, and +1.96 if H

or F =.95).

Another statistical measure for determining sevigttin signal detection
Is A’; this is a non-parametric statistic devised byldel and Norman (1964).
A’ typically ranges from 0.5, which indicates that fignal is indistinguishable
from noise, to 1, which corresponds to perfectgrenince. We again followed

Stanislaw and Todorov (1999) and computed A’ indExc

18



We correlated the above three measures of L2 peafig with the size of
the AB effect. The latter was defined as the sumifi&gJd1 score on Pos13-15
minus the summed T2|T1 score on Po0s9-11. To thesdécpor variables we
also added the Raven Progressive Matrices perfa@nahthe participants and
the response bias on Lextale. The former was dkfazethe number of trials
correctly solved. The response bias was definedhastendency to try to
improve performance either by not selecting wonaks was not sure of (in order
not to select “wrong” words) or by including wordee was not sure of in the
hope that more of them would turn out to be exgstivords rather than non-
words. In signal detection analysis, the responae ban be measured By
(BETA). When the subjects’ performance is free frioias, (BETA) will be O;
values less than 0O signify a bias towards sayin Yi& our case classifying all
stimuli as words) and values more than O signifyias towards saying NO (in
our case classifying all stimuli as non-words). Tleemula we used for
calculatingB (BETA) in Excel was suggested by Stanislaw andofod (1999):

B (BETA)= EXP((NORMSINV(F)*2- NORMSINV(H)"2) / 2)

Again O-values of F were replaced by 0.5, to avmigossible calculations.
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Finally, to be able to decide how specific our ings were for the AB
phenomenon, we also ran the analyses on T1 accukacgrding to Colzato et
al. (2008) this variable should be correlated nwaitl intelligence than with L2

proficiency.

Table 1 shows the intercorrelations between théemiit measures.
These are based on the scores of all 132 partisip#&s can be seen, d’
correlated most with AB, whereas Raven’'s correlatedst with T1
identification. As could be expected, the variousasures of L2 proficiency

were highly intercorrelated.

Table 1: Correlations of the various indices of [pPoficiency (as

measured by LexTale) and dependent measures d@ittbrtional Blink

Task.”

d’ A Ravens BETA AB T1
%correct 56** 59 20* .30** .26** .07
d’ 94** .09 .16 .35%* -.04
A’ .05 13 32** -.05
Ravens .19* 13 22%
BETA .07 .01
AB .06

** p< .01, *p < .05, N = 132

20



* d’ is parametric measure of L2 proficiency; whi\¢is a non-parametric index; Ravens
indicates performance on the intelligence test (RPAB indicates Attentional Blink

Magnitude; T1 indicates Accuracy of T1 detection.

Next we ran a forward stepwise regression analysisg %correct, d’,
A’, Ravens, and BETA as predictors of AB magnitudds Thodel starts with
the best predictor and adds other variables toabeession model if they make
a significant extra contribution. Only the variableas d’ was selected

(t(130)=4.215, p<0.01, R? = .12). No other variallas included. Figure 2

shows the correlation between d' and AB.
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Figure 2: Correlation between d’ as an estimate2gbroficiency and AB magnitude.

To find out whether the results were specific fa@ Aagnitude, we ran

another forward stepwise regression analysis usiiey same variables as

predictors of T1 accuracy. In this analysis, on&rfprmance on the Raven’s

Progressive Matrices was significant (t(130)= 2,6880.05, R? = 0.05). Figure

3 shows the correlation between Raven’s and T ltifcktion.
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Figure 3: Correlation between T1 accuracy andligezice (Raven’s Score)

To see whether the Language Background Questienrgave extra
information, we defined the following variables:
- Age of acquisition of L2 (in years)
- Self rated proficiency in L2 (on a 7-point Likertade; average for
listening, reading, speaking, writing)

- 9% time in L2 environment
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- Teaching language (Language used while they wenegbiught at
primary and secondary school)
- Frequency of mixing (Number times they use both&8LL2, in various

situations for e.g. work, home, socially etc.)

Table 2: Correlations of the Language Backgroundl asistory

Questionnaire measures with dependent measurég déifttentional Blink

Task.

AOA SRP L2 Use (%) TM FoM
T1 0.025 0.137 0.031 -0.002 0.172
AB -0.063 0.090 0.096 0.018 0.025

N=132, *p<0.05.
(T1 accuracy: accuracy in T1 detection; AB: Magdéwf Attentional Blink; AoA = Age of
Acquisition; SRP = self-rated proficiency in L2; %f L2 Use; TM: medium of

education/teaching; FoM: frequency of mixing).

Table 2 shows the correlations between these nesmsand the

magnitude of the AB effect and T1 identifications Ban be seen, none of the
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correlations reached significance. None of the aldeis was selected either

when entered in a forward stepwise regression aisabyn AB or T1.

Discussion

In the present study, we sought to investigate kdretdifferences
between monolinguals and bilinguals can be extertdedifferences in L2
proficiency, which would make this type of reseapdssible in countries with
widespread bilingualism in the student populatiamd which additionally
might tell us from which proficiency level on arfesft starts to appear. To this
aim, we tried to replicate a counter-intuitive fimgl published by Colzato et al.
(2008), who observed that bilinguals show a largeB effect than

monolinguals.

First, we were able to replicate the AB effect (Fegl) and the fact that
it is not influenced by the participants’ fluid @tfigence as measured with the
Raven’s Progressive Matrices test (Table 1). We albserved that T1
performance was influenced by the participant'liiggence, as reported by

Colzato et al. (2007). This shows that the AB tagkused was valid and that
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our participants from India performed similarly tbe Western participants

tested beforé.

More importantly, we were able to show that thefedénce between
bilinguals and monolinguals did extend to differemdetween bilinguals of
different L2 proficiency levels (Table 1), at leaiftthe proficiency was
measured with an objective vocabulary test comgctior response bias
(Lemhofer & Broersma, 2012). If participants simpipdicated on a
guestionnaire how proficient they considered théweseand how often they
used L2, no significant correlations were foundhf&a2). When an objective
measure is used, large differences in L2 profigiemere observed in our
participants. Indeed, the percentages of accurasged from 48 to 97.5. A
score of 48 means that the participant was slighitye inclined to select a
nonwords as a “known” English word than a word.(iwas unable to tell
English words from nonwords in the test). A scofe9d.5 means virtually
flawless performance. The wide range of proficiescgres agrees with another

study we recently ran with Hindi-English bilinguatiults (age range 18-25

1 The succesful replication also suggests that stimulus presentation on a laptop screen is equally good as

on a CRT screen if enough trials are presented to the participants.
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years; Kar, in press). In this study too it wasniwuhat L2 proficiency across
language skills (speaking, understanding, readimgl avriting) differed

markedly and varied as a continuous variable. Itapdly, the L2 proficiency is
not related to fluid intelligence as measured witle Ravens Progressive
Matrices (Table 1), because it mainly reflects etiéhces in schooling (the

importance given to English in primary and secondahool).

It seems reasonable to interpret L2 proficiencyaasestimate of the
degree of practice in L2 use and, therefore, astmate of practice in
language control. The linear relationship betwe2mptoficiency and the size of
the AB effect (as shown in Figure 1) then indicatlest monolinguals and
highly proficient bilinguals are extremes of a ¢oatim that spans a wide range
of practice (and effort). It is not the case thane acquaintance with a second
language profoundly changes the AB-effect and, @getlse quality of the
executive control processes. Only sustained e$eems to do so. This has the
benefit that the AB effect can be examined withingiials of various
proficiency levels. It is not necessary to haveepuwnonolinguals in one

condition.

27



Finally, our findings have implications for theeliiture on the AB effect
as well (see Dux & Marois, 2009, and Martens & Veyl®010, for reviews).
The phenomenon of the post target processing tefias first observed by
Broadbent and Broadbent (1987), who found that@paints were impaired in
reporting a second target in an RSVP presentdftithreisecond target appeared
within half-a- second of the first. They explairibeir results by proposing that
at short inter-item intervals the target identifica processes interfered with
each other (also see Weichelgartner & Sperling/7 188 a similar finding and
interpretation around the same time). The terrmatteal blink, analogous to
blinks of the eye, was introduced by Raymond et(#092). They asked
participants to identify a single white letter in RSVP stream of black letters
and to detect the presence/absence of a black &aapg after T1. Participants
were found to be deficient in detecting the sectamdet if the first target (T1)
was identified correctly and the black X appeardttivw 200-600ms of the first

target.

Another robust finding in the AB paradigm is tharfipants perform
better when the second target appears immedidtelythe first. This has been

replicated over and over again and is knowrlagsl sparing(Potter, Chun,
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Banks & Muckenhoupt, 1998; Visser, Bischof, & Dillog 1999) The degree
of sparing depends on the similarity of T1 and Tl af the tasks to be
performed. The higher the similarity, the more spgarin the extreme case,
when T1 and T2 belong to the same stimulus categndyrequire the same
response, the sparing is total and can extendefegral trials (i.e., participants
are able to report several targets presented id ssmuence; Di Lollo et al.,
2005; Olivers, van der Stigchel, & Hulleman, 200H9r the task introduced by
Raymond et al. (1992), lag-1 sparing usually iscwhplete, as can be seen in

Figure 1 (see also Shapiro, Raymond, & Arnell, 2994

Several theoretical accounts and computational teodave been
proposed to explain the findings (for reviews, $&@ and Marois, 2009;
Martens & Wyble, 2010). Initially, researchers amed that AB was the
outcome of capacity limitations (Chun & Potter, 99Vard, Duncan &
Shapiro, 1996; Jolicuer, 1998, 1999; Potter, Si&ub’'Connor, 2002; Dux &
Harris, 2007). These models were governed by tlseinagstion that target
processing in RSVP is a two- stage process. Ififtstestage, an item activates
its stored conceptual representations. There id gea@ence that this occurs for

both T1 and T2. In the second stage, items areotidaged and brought into
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consciousness for reporting (Martens & Wyble, 20T0)s stage is thought to
be capacity limited, so that T2 must compete wilh decreasing the chances

that it will be available for report at the endtloé trial.

The bottleneck models dominated the theoreticatideape of the AB
literature for more than a decade, but recent figslihave called them into
guestion. One of these findings is that the AB affean be attenuated in
various, counter-intuitive ways. For example, th& &ffect can be made
smaller by asking participants to listen to taslel@vant music or to do a
concurrent secondary task (Olivers & Nieuwenhi3)% Wierda, van Rijn,
Taatgen, & Martens, 2010). Another surprising fingdis that some participants
show no AB at all (e.g., Dux & Marois, 2008). Suaidings are difficult to

explain within the bottleneck view of AB.

Also, the finding that up to four targets can benitfied in an RSVP
stream as long as no non-targets are presenteetweén is problematic for
bottleneck theories; this finding is called therésgding the lag-1 sparing effect’
(Di Lollo et al. 2005; Nieuwenstein and Potter, @00livers et al., 2007; Potter

et al., 2008). Consequently new models have be@&poped that offer
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alternative accounts of the attentional blink pheanon. An example is the
episodic simultaneous type/serial token (eSTST) ehgBowman & Wyble,

2007; Wyble, Potter, Bowman, & Niewenstein, 20149cording to this model,

time information, necessary to keep track of theremd order of events, is
sampled from temporal episodes. An episode lastdoag as the same
information is processed. When new information entke system, an episode
Is consolidated and a new one established. Brea@twekn episodes are
characterized by a short period of suppressed tamtermneeded, the AB.

According to the eSTST model the AB plays an imgatrtrole in parsing the
continual stream of RSVP stimuli into separaterditb@al episodes; it reflects

the suppression of attention which provides theusgmwn.

Another example of the more recent models is thesBand Bounce
model (Olivers & Meeter, 2008). According to thisodel, attention boosts
relevant information by responding in an excitatananner, and blocks
irrelevant input by inhibiting it. In the Boost afbunce model, the AB is the
result of a system of gating visual input via wakimemory. During an RSVP
stream of input, the system is initially set inianibitory mode because it has to

ward off the distracters at the beginning of theanh. On the appearance of T1,
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a surge of excitatory responses boosts the sesgprgls and allows T1 to enter
working memory. The activity peaks after T1 hasadly entered the working
memory, explaining the (extended) lag-1 sparingeAthe boost, the system
sets up a strong inhibitory response to ward offffdin further elements. This
closes off working memory and results in the blifike idea of warding off
distracters was used by Colzato et al. (2008) tplagx the larger AB in

bilinguals than in monolinguals.

Our successful replication of Colzato et al. (208&urther evidence that
the AB effect is unlikely to be due to capacityitations, but refers to shielding
T1 (or the T1 episode) from subsequent informatibns hard to see why
highly proficient bilinguals would have less prosiag resources than less
proficient bilinguals (or monolinguals). In variogsudies, it has been argued
that bilinguals may exhibit better working memogpacity than monolinguals
(Bialystok et al., 2004; Michael & Gollan, 2005).more likely explanation is
an overzealous attentional control mechanism tinstends T2 detection during
the ongoing processing of T1, as described by EBaatg al. (2009) in their
Threaded Cognition model (see also Niedeggen, Mich& Hesselmann,

2012). In this respect, it is interesting to noticat even the lag-1 sparing seems
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to be smaller in proficient bilinguals, suggestiagfaster initiation of the
inhibition. The latter may be limited to the Raymdoet al. (1992) task,
however, which consists of first identifying a wietter and then detecting a
black X. In all likelihood, this transition involgea task switch, even though all
stimuli are letters (Kelly & Dux, 2011). It probgbhlso requires the temporal
segregation of T1 and T2 (see Akyurek & Hommel,2G0hd Akyurek, Eshuis,
Nieuwenstein, Saija, Baskent, & Hommel, 2012, foe importance of this
variable in AB). Colzato et al. (2008) observed achlarger lag-1 sparing in
their task, in which participants were asked taidg and report two digits (T1
and T2) presented in a stream of letter distrac®rgen that T1 and T2 formed
a single episode at lag 1 in this task (same stimmghtegory, same task), one
would not expect proficient bilinguals to do worsse (even though Colzato et

al. observed a trend in this direction).

Martens and Wyble (2010) ended their review by mimg that a
promising approach to shed new light on the undeglynechanisms of AB
consists of studying and comparing groups of padits showing varying

degrees of AB, such as patients (Husain & RordéA3}, elderly (Lahar et al..
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2001), and bilinguals (Colzato et al., 2008). Wedour study has shown the

utility of investigating the last group.
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