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Abstract 

 

The Attentional Blink task involves rapid serial presentation of visual stimuli, 

two of which the participants have to report. The usual finding is that 

participants are impaired at reporting the second target if it appears in close 

temporal proximity to the first target. Previous research has shown that the 

effect is stronger in bilinguals than monolinguals. We investigated whether the 

difference between monolinguals and proficient bilinguals can be extended to 

bilinguals of different proficiency levels. Therefore, we replicated the paradigm 

in a large sample of Hindi-English bilinguals with different proficiency levels of 

English, as measured with a validated vocabulary test. We additionally 

measured the participants’ intelligence with the Raven Progressive Matrices. 

We found that the size of the Attentional Blink effect correlates with the degree 

of second language proficiency and not with the degree of intelligence. This 

indicates that research on executive control functions can be done with 

bilinguals of different proficiency levels. Our results are also in line with recent 

findings showing that the Attentional Blink effect is not primarily due to limited 

processing resources. 
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Bilingualism and the increased attentional blink effect: Evidence that the 

difference between bilinguals and monolinguals generalizes to different 

levels of second language proficiency 

 

Due to increased mobility bilingualism has become a norm, particularly 

in groups of people that are not economically or culturally dominant (Myers-

Scotton, 2005). For economic, scientific, and cultural reasons a large number of 

individuals acquire and use knowledge of more than one language in their life. 

Independent of the way in which they became bilingual (e.g., through birth in a 

multilingual family, by education, occupation or immigration) the experience 

with more than one language is likely to have a significant impact on their 

cognitive functioning (Bialystok, Craik, Green and Gollan, 2009).  

 

 Evidence from behavioral (Brysbaert & Dijkstra, 2006; Francis, 1999; 

Grainger, 1993; Kroll and de Groot, 1997) and imaging studies (Marian, Spivey 

and Hirsch, 2003; Rodrigues-Fornells et al., 2005) has indicated that the 

languages of a bilingual are not separated but are jointly activated during 

comprehension and production. This means that active control mechanisms are 

needed to avoid interference from the other language when one is being used. 
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Several hypotheses have been proposed (Costa, 2005; Green, 1998, La Heij, 

2005), which all agree on the assumption that bilinguals make use of some form 

of inhibition of the non-target language. Evidence in favor of the use of active 

inhibition comes from studies in language production, in which bilinguals 

speakers are asked to switch between naming objects in their first and second 

language (L1 and L2 respectively). A typical finding in these studies is that the 

switching costs from L2 to L1 are larger than the other way around (Meuter & 

Allport, 1999), arguably because bilinguals must overcome stronger inhibition 

of L1 when speaking L2 than vice versa.  

 

 The continuous use of language control in bilinguals has been shown to 

have an impact on other general executive control functions. Indeed, researchers 

have found that bilinguals are at an advantage when it comes to using executive 

control functions (Bialystok, 1999, 2001; Bialystok & Martin, 2004; Craik & 

Bialystok, 2006). Bialystok (1999) found that bilingual children outperformed 

their monolingual peers in a dimensional change card sorting task, which 

required the participants to shift the criterion of classification from color to 

shape. Bialystok, Craik, Klein and Viswanathan (2004) compared the 

performances of several groups of monolinguals and bilinguals from different 
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ages on the Simon Task, a task that requires participants to inhibit a prepotent 

response tendency. The authors found that bilinguals again outperformed 

monolinguals. The advantage was present for all age groups (see, however, 

Craik & Bialystok, 2006; and Bialystok, Craik, &Ruocco, 2006 for findings 

suggesting that more research is needed to unequivocally show a behavioral 

difference between monolinguals and bilinguals at all ages). Bialystok and 

Shapero (2005) compared the performance of 6-year old bilingual and 

monolingual children on the Children’s Embedded Figures Test; they found that 

bilingual children needed less cuing and made fewer errors while identifying the 

image embedded in the probe figures.  

  

 All in all, bilinguals have been shown to have an advantage over 

monolinguals in a variety of tasks involving inhibition of irrelevant information 

or pre-emptive responses.  

 

 Colzato, Bajo, Wildenberg, Paolieri, Nieuwenhuis, La Heij and Hommel 

(2008) investigated the nature of the inhibitory processes in bilingual language 

control by testing bilinguals and monolinguals on three different tasks, which 

arguably tapped into different mechanisms. They used the stop-signal task as a 



6 

 

test of direct action inhibition, the inhibition of return task as a test of attention-

based inhibition, and the attentional blink task as a test of reactive inhibition. 

The authors found that bilinguals and monolinguals performed comparably on 

the stop-signal task, but differed on the other two tasks. The difference between 

monolinguals and bilinguals on the inhibition of return task was difficult to 

interpret conclusively in terms of the mechanism of inhibition involved, leaving 

only the third task with straightforward results, the attentional blink task.  

  

 The Attentional Blink (AB) task involves a rapid serial visual 

presentation (RSVP) of stimuli (Raymond, Shapiro, &Arnell, 1992). 

Participants are asked to identify two targets presented at varying lags. If the 

first target (T1) is reported correctly, the second target (T2) usually has a high 

probability of being missed if it occurs between 100-500 ms after the first 

target. Several theoretical explanations have been offered to account for this 

marked deficiency in T2 reporting (for reviews, see Dux & Marois, 2009; 

Martens & Wyble, 2010). For example, the structural bottleneck explanation 

assumes that the processing and consolidation of T1 occupies attentional 

resources, leaving too few resources for the processing and consolidation of T2 

for it to be reported. Although capacity limitations are likely to be involved in 
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the AB effect (e.g., Dell-Acqua, Dux, Wyble, & Jolicoeur, 2012), they do not 

seem to be the most important factor, as participants can report more than one 

targets without difficulty if they are presented in sequence (a finding first 

reported by Di Lollo, Kawahari, Ghorashi, & Enns, 2005).  

  

 The presence of distractors between the two targets seems to be 

responsible for the blink in attention. Participants need to shield T1 against the 

impact of the distractors and this seems to be important in the AB phenomenon. 

Other findings (Olivers & Nieuwenhuis, 2005; Shapiro, Schmitz, Martens, 

Hommel, Schnitzler, 2006) also indicate that there is a trade-off between the 

amount of resources allocated to the processing of T1 and the performance on 

T2.  Taking these findings together, Colzato et al. (2008) argued that AB 

reflects the efficiency of noise suppression, by virtue of local reactive 

inhibition. Hence, the magnitude of AB shown by an individual depends on the 

amount of resources spent in providing support for the to-be-selected stimulus 

and the amount of reactive inhibition applied to the competing distractors.  The 

authors concluded that as bilinguals have extended practice in strengthening 

target language representations and/or suppressing non-target language 

representations, they should experience more difficulties in reporting T2 in the 
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attentional blink task. That is, they should exhibit a larger attentional blink as 

compared to their monolingual counterparts. Performance of the bilinguals and 

monolinguals on the attentional blink task confirmed the hypothesis. On the 

basis of this finding, Colzato et al (2008) concluded that the bilingual advantage 

in executive functions should be viewed in a different light, not as an advantage 

overall but as a general improvement in selecting goal-relevant information and 

suppressing goal-irrelevant information.   

 

 All studies investigating the consequences of bilingualism for executive 

control functions tasks thus far have compared the performance of monolinguals 

and bilinguals. However, being a bilingual is not an absolute, all-or-none status.  

Decades of research have identified variables that may be used to divide 

bilinguals into various groups based on quantifiable criteria. Important variables 

include the age of acquisition of the second language and the bilinguals’ 

proficiency in both languages (Chee, Hon, Lee, & Soon, 2001; Perani, Paulesu, 

Sebastian-Galles, Dupoux, Dehaene, Bettinardi, Cappa, Fazio and Mehler, 

1998; Zied, Phillipe, Karine, Thomassin-Valerie, Ghislain, Arnaud and Gall-

Didier, 2004). Therefore, it would be interesting to examine whether a 

difference observed between monolinguals and bilinguals can be extended to 
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bilinguals of different proficiency levels. Is the transition from monolingual to 

bilingual a gradual process, so that we will observe a monotonic relationship 

between the size of the AB effect and the proficient level of the bilingual? Or 

does the AB-effect suddenly increase at a low level of proficiency, when control 

processes start to kick in, so that we will observe an equally large AB effect for 

all bilinguals but the ones at the very low end of the proficiency range? 

  

 Finding a difference between low and high proficiency bilinguals would 

further be interesting, because it would open the research topic of control 

processes in bilinguals to a much larger population. A problem with the current 

situation is that one can only do “monolingual” research in native, English-

speaking countries or in non-student populations. This effectively rules out 

research in many countries, such as India and Belgium, where knowledge of a 

second language is common from a certain educational level on. Having to 

compare monolinguals and bilinguals from different countries entails the danger 

of culture-specific confounds that may obscure the interpretation of the results.  

 

Some evidence that differences in L2 proficiency may have an effect 

similar to that observed between monolinguals and bilinguals was reported by 



10 

 

Dash & Kar (2012). These authors examined the effect of L2 proficiency among 

Hindi-English bilingual adults on an attention network task (which is a 

combination of a flanker and a cuing task). They observed faster responses for 

highly proficient bilinguals both on congruent and incongruent trials and an 

additional advantage with respect to the orienting of attention. 

 

The AB effect is an ideal task for the comparison of various L2 

proficiency levels, because it puts highly proficient bilinguals at a disadvantage. 

In addition, the disadvantage is rather counter-intuitive. On the basis of face 

validity, one might expect that bilinguals, having better inhibition capacities 

than monolinguals, would show a smaller AB effect than monolinguals (i.e., 

opposite to Colzato et al.’s finding). Furthermore, the AB effect has been shown 

to be unaffected by the participants’ intelligence, as measured with Raven’s 

Progressive Matrices (Martens & Johnson, 2009; see also Colzato, Spapé, 

Pannebakker, &Hommel, 2007). A likely correlate of L2 proficiency is 

intelligence (participants who are not good at L2 may be of lower intelligence 

than persons who are good at it). Therefore, the interpretation of the findings is 

easier if one can use a task that is independent of intelligence. 
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To look at the effect of L2 proficiency, one also needs a reliable and valid 

estimate of language proficiency. All too often, researchers simply ask their 

participants to rate their proficiency level on a Likert scale. This is likely to be 

too coarse a measure, which additionally is open to response biases (Brysbaert, 

2012). For a long time, the only alternative was a commercial proficiency test. 

However, Lemhöfer and Broersma (2012) recently published a free language 

proficiency test, LexTALE, which performs very well on various criteria. The 

test consists of 40 English words of various difficulty and 20 non-words, from 

which the participants have to indicate the words they know. 

 

In the present study, we sought to replicate the pattern of results 

published by Colzato et al. (2008) with bilinguals of different proficiency 

levels. To increase our chances of finding an effect, we ran the study on a large 

number of participants (N = 132) living in comparable socio-economic status 

and having similar educational backgrounds, but differing considerably in L2 

proficiency as measured with LexTALE. We additionally administered the 

Raven’s Progressive Matrices IQ test, to make sure that any effect we found 

was not simply a confound of (fluid) intelligence. Finally, we increased the 
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number of trials in the AB task, to get more stable estimates of the AB effect at 

the individual level.  

Method 

Participants 

  A total number of 132 young adults (mean age 18.5 years, range 17 - 24 

years) gave informed consent and participated in the study. They were paid. All 

participants had either normal or corrected to normal vision. The sample 

comprised of Hindi – English bilinguals living in Allahabad, India. All 

participants had learned both languages from childhood as to their needs (in 

particular the level of English instructed at the primary and secondary school 

they went to). All participants belonged to the first year of their undergraduate 

study where instruction was in English. They were new to the type of study 

being conducted. Instructions were given both in L1 and L2. All participants 

had done their final exams of secondary education in English. All came from 

similar, middle-class socio-economic background and reflected no major 

differences in cultural environment. 

 

Apparatus and Stimuli 
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 The participants were tested with a laptop PC (Dell with a 15.1-in. 

monitor). Responses were registered by pressing the required keys in response 

to the questions of the standard AB task. The stimuli were 16 English letters 

written in Times New Roman font, size 14 and projected in RSVP format at the 

centre of the screen. 

 

Procedure  

All participants were first asked to fill in the three paper-and-pencil tests. 

First, they completed the Lextale Test of L2 proficiency (Lemhöfer & 

Broersma, 2012). This is a test of English vocabulary, in which participants 

have to indicate which English words they know. There are 40 existing words in 

the list and 20 word-like non-word lures, which make it possible to correct the 

performance for any tendency the participants may have to select more “words” 

than they know). 

  

 The second test was the Raven’s Progressive Matrices (Raven, Raven 

and Court, 1998). This is a test of non-verbal, fluid intelligence. On each trial, 

participants are shown eight patterns arranged in a three-by-three matrix and are 

asked to select the missing ninth stimulus from a sequence of alternatives. Trials 
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progressively become more difficult. Raven’s Progressive Matrices is a test of 

inductive reasoning, which has often been used to match samples on IQ. The 

test was administered according to the guidelines provided in the manual. In 

particular, this meant that the participants had to solve as many matrices as they 

could in 45 minutes of time. 

  

 The final paper-and-pencil test administered was a traditional language 

background questionnaire. It asked participants about the age of acquisition for 

the known languages, the amount of use, exposure and mixing of the known 

languages, and also the manner and environment in which the participants make 

use of their languages (L1, L2). 

 

After the completion of the paper-and-pencil tasks, the participants were 

asked to take part in the Attentional Blink experiment. In our version of the AB 

task (based on Raymond et al., 1992), participants were instructed to look for a 

white English letter (T1) in an RSVP stream with14 black distractor letters, and 

to type in the white letter at the end of the trial. T1 always appeared at Position 

7. Participants were also asked to report whether they had seen a black X (T2) 

after the white letter. This letter could appear at various lags (Positions 8-15). 



15 

 

There were 40 T2-present trials per position and 40 T2-absent trials. All letters 

were presented for 15ms and ISI was 75ms. The dependent variables were the 

accuracy of T1 reporting and the accuracy of T2 detection.  

 

Results 

 

The mean accuracy of T1 reporting was 75.4% (see below for further 

analyses related to individual differences). T2 accuracy is traditionally 

measured for those trials in which T1 was correctly identified (indicated as 

T2|T1 accuracy). Figure 1 shows the mean T2|T1 accuracy as a function of 

stimulus position (absent and Pos8-15, which correspond to Lag1-8) and L2 

proficiency (high vs. low, based on the median split). L2 proficiency was 

defined as the average of the percentages correct answers on the word and non-

word trials (i.e., (number of words correct/40*100 + number of nonwords 

correct/20*100) / 2; Lemhöfer & Broersma, 2012). The scores of the high 

proficiency half ranged from 73.5 to 97.5, whereas those of the low proficiency 

half ranged from 48.0 to 73.5. 

 



 

 
Figure 1: Accuracy of T2 detection as a function of T2 position (Absent, 
positions 8-15) and L2 profi
median split). Accuracies are based on those trials in which T1 (always 
presented at Pos7) was correctly identified.
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Figure 1: Accuracy of T2 detection as a function of T2 position (Absent, 
15) and L2 proficiency of the participants (high vs. low, based on 

median split). Accuracies are based on those trials in which T1 (always 
presented at Pos7) was correctly identified. 
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More importantly, Figure 1 suggests that we were successful in 

replicating Colzato et al (2008), because the AB effect looks stronger for the 

highly-proficient bilinguals than for the less proficient bilinguals. Although 

there was no overall main effect of proficiency in the omnibus analysis of 

variance (F(1,130) = 2,75, MSE = 1249, p = .11) nor a significant interaction 

between proficiency and lag (F(8,1040) = 1.1, MSE = 273.1, p = .36), there was 

a significant difference between the two groups when the analysis was limited 

to positions 8 – 11 (i.e., lags 1 – 4; F(1,130) = 3.0, MSE = 4359, p < .05, one-

tailed). 

 

To examine the effect of L2 proficiency more in detail and to make full 

use of the power of the design, we used linear regression analysis. We also 

examined various indices to estimate L2 proficiency. The first measure was the 

simplest measure proposed by Lemhöfer and Broersam (2012) and also the one 

used to distinguish the two proficiency groups in Figure 1. It simply consists of 

the average percentage correct words and percentage correct non-words. It is a 

rather crude correction for the tendency to select more words than known to the 

participants and takes into account that the number of non-word items (20) was 

only half that of word items (40). 
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The second measure was d-prime (d’) based on signal detection analysis. 

We followed Stanislaw and Todorov (1999) and computed d’ in Excel with the 

equation: 

d’= NORMSINV(H)-NORMSINV(F)  

in which H= hit rate (number of correct words/40) and F= false alarm rate 

(number of incorrectly selected non-words/20). In the few cases where F was 0, 

it was replaced by .5/20, to avoid infinite values. NORMSINV is an Excel 

function that returns the z-value associated with the cumulative standard normal 

distribution. So, it would return the value -1.96 if H or F = .05, and +1.96 if H 

or F = .95). 

 

Another statistical measure for determining sensitivity in signal detection 

is A’; this is a non-parametric statistic devised by Pollack and Norman (1964). 

A’ typically ranges from 0.5, which indicates that the signal is indistinguishable 

from noise, to 1, which corresponds to perfect performance. We again followed 

Stanislaw and Todorov (1999) and computed A’ in Excel. 
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We correlated the above three measures of L2 proficiency with the size of 

the AB effect. The latter was defined as the summed T2|T1 score on Pos13-15 

minus the summed T2|T1 score on Pos9-11. To these predictor variables we 

also added the Raven Progressive Matrices performance of the participants and 

the response bias on Lextale. The former was defined as the number of trials 

correctly solved. The response bias was defined as the tendency to try to 

improve performance either by not selecting words one was not sure of (in order 

not to select “wrong” words) or by including words one was not sure of in the 

hope that more of them would turn out to be existing words rather than non-

words. In signal detection analysis, the response bias can be measured by β 

(BETA). When the subjects’ performance is free from bias, β (BETA) will be 0; 

values less than 0 signify a bias towards saying YES (in our case classifying all 

stimuli as words) and values more than 0 signify a bias towards saying NO (in 

our case classifying all stimuli as non-words). The formula we used for 

calculating β (BETA) in Excel was suggested by Stanislaw and Todorov (1999): 

 β (BETA)= EXP((NORMSINV(F)^2- NORMSINV(H)^2) / 2) 

Again 0-values of F were replaced by 0.5, to avoid impossible calculations. 
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Finally, to be able to decide how specific our findings were for the AB 

phenomenon, we also ran the analyses on T1 accuracy. According to Colzato et 

al. (2008) this variable should be correlated more with intelligence than with L2 

proficiency. 

 

Table 1 shows the intercorrelations between the different measures. 

These are based on the scores of all 132 participants. As can be seen, d’ 

correlated most with AB, whereas Raven’s correlated most with T1 

identification. As could be expected, the various measures of L2 proficiency 

were highly intercorrelated. 

 

Table 1: Correlations of the various indices of L2 proficiency (as 

measured by LexTale) and dependent measures of the Attentional 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 
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# d’ is parametric measure of L2 proficiency; while A’ is a non-parametric index; Ravens 

indicates performance on the intelligence test (RPM), AB indicates Attentional Blink 

Magnitude; T1 indicates Accuracy of T1 detection. 

 

Next we ran a forward stepwise regression analysis using %correct, d’, 

A’, Ravens, and BETA as predictors of AB magnitude. This model starts with 

the best predictor and adds other variables to the regression model if they make 

a significant extra contribution. Only the variable was d’ was selected 

(t(130)=4.215, p<0.01, R² = .12). No other variable was included. Figure 2 

shows the correlation between d' and AB. 
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Figure 2: Correlation between d’ as an estimate of L2 proficiency and AB magnitude. 

 

To find out whether the results were specific for AB magnitude, we ran 

another forward stepwise regression analysis using the same variables as 

predictors of T1 accuracy. In this analysis, only performance on the Raven’s 

Progressive Matrices was significant (t(130)= 2.605, p<0.05, R² = 0.05). Figure 

3 shows the correlation between Raven’s and T1 identification. 
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Figure 3: Correlation between T1 accuracy and Intelligence (Raven’s Score) 

 

To see whether the Language Background Questionnaire gave extra 

information, we defined the following variables: 

- Age of acquisition of L2 (in years) 

- Self rated proficiency in L2 (on a 7-point Likert scale; average for 

listening, reading, speaking, writing) 

- % time in L2 environment 
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- Teaching language (Language used while they were being taught at 

primary and secondary school) 

- Frequency of mixing (Number times they use both L1 & L2, in various 

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

 

Table 2: Correlations of the Language Background and History 

Questionnaire measures with dependent measures of the Attentional 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: Magnitude of Attentional Blink; AoA = Age of 

Acquisition; SRP = self-rated proficiency in L2; % of L2 Use; TM: medium of 

education/teaching; FoM: frequency of mixing).  

 

 

Table 2 shows the correlations between these measures and the 

magnitude of the AB effect and T1 identification. As can be seen, none of the 
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correlations reached significance. None of the variables was selected either 

when entered in a forward stepwise regression analysis on AB or T1. 

 

Discussion 

 

In the present study, we sought to investigate whether differences 

between monolinguals and bilinguals can be extended to differences in L2 

proficiency, which would make this type of research possible in countries with 

widespread bilingualism in the student population, and which additionally 

might tell us from which proficiency level on an effect starts to appear. To this 

aim, we tried to replicate a counter-intuitive finding published by Colzato et al. 

(2008), who observed that bilinguals show a larger AB effect than 

monolinguals. 

 

First, we were able to replicate the AB effect (Figure 1) and the fact that 

it is not influenced by the participants’ fluid intelligence as measured with the 

Raven’s Progressive Matrices test (Table 1). We also observed that T1 

performance was influenced by the participant’s intelligence, as reported by 

Colzato et al. (2007). This shows that the AB task we used was valid and that 
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our participants from India performed similarly to the Western participants 

tested before.1 

 

More importantly, we were able to show that the difference between 

bilinguals and monolinguals did extend to differences between bilinguals of 

different L2 proficiency levels (Table 1), at least if the proficiency was 

measured with an objective vocabulary test correcting for response bias 

(Lemhöfer & Broersma, 2012). If participants simply indicated on a 

questionnaire how proficient they considered themselves and how often they 

used L2, no significant correlations were found (Table 2). When an objective 

measure is used, large differences in L2 proficiency were observed in our 

participants. Indeed, the percentages of accuracy ranged from 48 to 97.5. A 

score of 48 means that the participant was slightly more inclined to select a 

nonwords as a “known” English word than a word (i.e., was unable to tell 

English words from nonwords in the test). A score of 97.5 means virtually 

flawless performance. The wide range of proficiency scores agrees with another 

study we recently ran with Hindi-English bilingual adults (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 was found that L2 proficiency across 

language skills (speaking, understanding, reading and writing) differed 

markedly and varied as a continuous variable. Importantly, the L2 proficiency is 

not related to fluid intelligence as measured with the Ravens Progressive 

Matrices (Table 1), because it mainly reflects differences in schooling (the 

importance given to English in primary and secondary school). 

 

It seems reasonable to interpret L2 proficiency as an estimate of the 

degree of practice in L2 use and, therefore, as an estimate of practice in 

language control. The linear relationship between L2 proficiency and the size of 

the AB effect (as shown in Figure 1) then indicates that monolinguals and 

highly proficient bilinguals are extremes of a continuum that spans a wide range 

of practice (and effort). It is not the case that some acquaintance with a second 

language profoundly changes the AB-effect and, hence, the quality of the 

executive control processes. Only sustained effort seems to do so. This has the 

benefit that the AB effect can be examined with bilinguals of various 

proficiency levels. It is not necessary to have pure monolinguals in one 

condition. 
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Finally, our findings have implications for the literature on the AB effect 

as well (see Dux & Marois, 2009, and Martens & Wyble, 2010, for reviews). 

The phenomenon of the post target processing deficit was first observed by 

Broadbent and Broadbent (1987), who found that participants were impaired in 

reporting a second target in an RSVP presentation if the second target appeared 

within half-a- second of the first. They explained their results by proposing that 

at short inter-item intervals the target identification processes interfered with 

each other (also see Weichelgartner & Sperling, 1987, for a similar finding and 

interpretation around the same time). The term attentional blink, analogous to 

blinks of the eye, was introduced by Raymond et al. (1992). They asked 

participants to identify a single white letter in an RSVP stream of black letters 

and to detect the presence/absence of a black X appearing after T1. Participants 

were found to be deficient in detecting the second target if the first target (T1) 

was identified correctly and the black X appeared within 200-600ms of the first 

target. 

 

Another robust finding in the AB paradigm is that participants perform 

better when the second target appears immediately after the first. This has been 

replicated over and over again and is known as lag-1 sparing (Potter, Chun, 
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Banks & Muckenhoupt, 1998; Visser, Bischof, & Di Lollo, 1999). The degree 

of sparing depends on the similarity of T1 and T2 and of the tasks to be 

performed. The higher the similarity, the more sparing. In the extreme case, 

when T1 and T2 belong to the same stimulus category and require the same 

response, the sparing is total and can extend for several trials (i.e., participants 

are able to report several targets presented in rapid sequence; Di Lollo et al., 

2005; Olivers, van der Stigchel, & Hulleman, 2007). For the task introduced by 

Raymond et al. (1992), lag-1 sparing usually is not complete, as can be seen in 

Figure 1 (see also Shapiro, Raymond, & Arnell, 1994). 

 

Several theoretical accounts and computational models have been 

proposed to explain the findings (for reviews, see Dux and Marois, 2009; 

Martens & Wyble, 2010). Initially, researchers assumed that AB was the 

outcome of capacity limitations (Chun & Potter, 1995; Ward, Duncan & 

Shapiro, 1996; Jolicuer, 1998, 1999; Potter, Staub & O’Connor, 2002; Dux & 

Harris, 2007). These models were governed by the assumption that target 

processing in RSVP is a two- stage process. In the first stage, an item activates 

its stored conceptual representations. There is good evidence that this occurs for 

both T1 and T2. In the second stage, items are consolidated and brought into 
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consciousness for reporting (Martens & Wyble, 2010). This stage is thought to 

be capacity limited, so that T2 must compete with T1, decreasing the chances 

that it will be available for report at the end of the trial. 

 

The bottleneck models dominated the theoretical landscape of the AB 

literature for more than a decade, but recent findings have called them into 

question. One of these findings is that the AB effect can be attenuated in 

various, counter-intuitive ways. For example, the AB effect can be made 

smaller by asking participants to listen to task–irrelevant music or to do a 

concurrent secondary task (Olivers & Nieuwenhius, 2005; Wierda, van Rijn, 

Taatgen, & Martens, 2010). Another surprising finding is that some participants 

show no AB at all (e.g., Dux & Marois, 2008). Such findings are difficult to 

explain within the bottleneck view of AB. 

 

Also, the finding that up to four targets can be identified in an RSVP 

stream as long as no non-targets are presented in-between is problematic for 

bottleneck theories; this finding is called the ‘spreading the lag-1 sparing effect’ 

(Di Lollo et al. 2005; Nieuwenstein and Potter, 2006; Olivers et al., 2007; Potter 

et al., 2008). Consequently new models have been proposed that offer 
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alternative accounts of the attentional blink phenomenon. An example is the 

episodic simultaneous type/serial token (eSTST) model (Bowman & Wyble, 

2007; Wyble, Potter, Bowman, & Niewenstein, 2011). According to this model, 

time information, necessary to keep track of the correct order of events, is 

sampled from temporal episodes. An episode lasts as long as the same 

information is processed. When new information enters the system, an episode 

is consolidated and a new one established. Breaks between episodes are 

characterized by a short period of suppressed attention needed, the AB. 

According to the eSTST model the AB plays an important role in parsing the 

continual stream of RSVP stimuli into separate attentional episodes; it reflects 

the suppression of attention which provides the separation. 

 

Another example of the more recent models is the Boost and Bounce 

model (Olivers & Meeter, 2008). According to this model, attention boosts 

relevant information by responding in an excitatory manner, and blocks 

irrelevant input by inhibiting it. In the Boost and Bounce model, the AB is the 

result of a system of gating visual input via working memory. During an RSVP 

stream of input, the system is initially set in an inhibitory mode because it has to 

ward off the distracters at the beginning of the stream. On the appearance of T1, 
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a surge of excitatory responses boosts the sensory signals and allows T1 to enter 

working memory. The activity peaks after T1 has already entered the working 

memory, explaining the (extended) lag-1 sparing. After the boost, the system 

sets up a strong inhibitory response to ward off T1 from further elements. This 

closes off working memory and results in the blink. The idea of warding off 

distracters was used by Colzato et al. (2008) to explain the larger AB in 

bilinguals than in monolinguals. 

 

Our successful replication of Colzato et al. (2008) is further evidence that 

the AB effect is unlikely to be due to capacity limitations, but refers to shielding 

T1 (or the T1 episode) from subsequent information. It is hard to see why 

highly proficient bilinguals would have less processing resources than less 

proficient bilinguals (or monolinguals). In various studies, it has been argued 

that bilinguals may exhibit better working memory capacity than monolinguals 

(Bialystok et al., 2004; Michael & Gollan, 2005). A more likely explanation is 

an overzealous attentional control mechanism that suspends T2 detection during 

the ongoing processing of T1, as described by Taatgen et al. (2009) in their 

Threaded Cognition model (see also Niedeggen, Michael, & Hesselmann, 

2012). In this respect, it is interesting to notice that even the lag-1 sparing seems 
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to be smaller in proficient bilinguals, suggesting a faster initiation of the 

inhibition. The latter may be limited to the Raymond et al. (1992) task, 

however, which consists of first identifying a white letter and then detecting a 

black X. In all likelihood, this transition involves a task switch, even though all 

stimuli are letters (Kelly & Dux, 2011). It probably also requires the temporal 

segregation of T1 and T2 (see Akyurek & Hommel, 2005, and Akyurek, Eshuis, 

Nieuwenstein, Saija, Baskent, & Hommel, 2012, for the importance of this 

variable in AB). Colzato et al. (2008) observed a much larger lag-1 sparing in 

their task, in which participants were asked to identify and report two digits (T1 

and T2) presented in a stream of letter distractors. Given that T1 and T2 formed 

a single episode at lag 1 in this task (same stimulus category, same task), one 

would not expect proficient bilinguals to do worse here (even though Colzato et 

al. observed a trend in this direction). 

 

Martens and Wyble (2010) ended their review by remarking that a 

promising approach to shed new light on the underlying mechanisms of AB 

consists of studying and comparing groups of participants showing varying 

degrees of AB, such as patients (Husain & Rorden, 2003), elderly (Lahar et al.. 
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2001), and bilinguals (Colzato et al., 2008). We hope our study has shown the 

utility of investigating the last group. 

 

  



35 

 

References 

Akyürek, E. G., & Hommel, B. (2005). Short-term memory and the attentional blink: 

Capacity versus content. Memory and Cogniton, 33(4), 254-263. 

Akyürek, E. G., Eshuis, S. A. H., Nieuwenstein, M. R., Saija, J. D., Başkent, D., & Hommel, 

B. (2012). Temporal Target Integration Underlies Performance at Lag 1 in the 

Attentional Blink. Journal of Experimental Psychology: Human Perception and 

Performance, 1-17. doi:10.1037/a0027610 

Bialystok, E. &Shapero, D. (2005). Ambiguous benefits: Theeffect of bilingualism on 

reversing ambiguous figures.Developmental Science, 8, 595–604. 

Bialystok, E. (1999). Cognitive complexity and attentional control inthe bilingual mind.Child 

Development, 70, 636–644. 

Bialystok, E. (2001). Bilingualism in development: Language,literacy, and cognition. New 

York: Cambridge University Press. 

Bialystok, E., & Martin, M. (2004). Attention and inhibitionin bilingual children: evidence 

from the dimensional changecard sort task. Developmental Science, 7, 325–339. 

Bialystok, E., Craik, F. I. M., Klein, R. &Viswanathan,M. (2004). Bilingualism, aging and 

cognitive control:Evidence from the Simon task. Psychology and Aging, 19,290–303. 



36 

 

Bialystok, E., Craik, F.I.M. &Ruocco, A.C. (2006). Dual-modality monitoring in a 

classification task: the effects of bilingualism and ageing. The Quarterly Journal of 

Experimental Psychology, 59(11), 1968-1983. 

Bialystok, E., Craik, F.I.M., Green, D.W., and Gollan, T.H. (2009). Bilingual Minds. 

Psychological Science in the Public Interest, 10(3), 89-129. 

Bowman., H., & Wyble., B. (2007). The simultaneous type, serial token model of temporal 

attention and working memory. Psychological Review, 114(1), 38-70. 

doi: 10.1037/0033-295X.114.1.38 

Broadbent., D. E. & Broadbent., M. H. P. (1987). From detection to identification: Response 

to multiple targets in rapid serial visual presentation. Attention, Perception & 

Psychophysics, 42(2), 105-113. 

Brysbaert, M. & Dijkstra T. (2006). Changing views on word recognition in bilinguals. In 

Morais J. and d’Ydewalle (Eds) Bilingualism and Second Language 

Acquisition.Brussels. 

Chee, M.W.L., Hon, N., Lee, H.L., & Soon, C.S. (2001).Relative Language Proficiency 

Modulates BOLD Signal Change whenBilinguals Perform Semantic Judgments. 

NeuroImage, 13, 1155-1163. 



37 

 

Chun., M. M., & Potter., M. C. (1995). A two-stage model for multiple target detection in 

rapid serial visual presentation. Journal of Experimental Psychology: Human 

Perception and Performance, 21(1), 109-127. doi: 10.1037/0096-1523.21.1.109 

Colzato LS, Spape` M, Pannebakker MM, Hommel B (2007) Workingmemory and the 

attentional blink: blink size is predicted by individual differences in operation span. 

Psychon Bull Rev, 14, 1051–1057. 

Colzato, L.S., Bajo, M.T., van den Wildenberg, W., Paolieri, D., Nieuwenhuis, S., La Heij, 

W., & Hommel, B. (2008). How does bilingualism improve executive control? A 

comparison of active and reactive inhibition mechanisms.Journal of Experimental 

Psychology: Learning, Memory, and Cognition, 34, 302–312. 

Costa, A. (2005).Lexical access in bilingual production. InJ. F. Kroll & A. M. B. De Groot 

(eds.), Handbook ofbilingualism: Psycholinguistic approaches(pp. 308–325).New 

York, NY: Oxford University Press. 

Craik, F.I.M. & Bialystok, E. (2006). Cognition through the lifespan:Mechanisms of change. 

Trends in Cognitive Sciences, 10, 131–138. 

Dash, T. & Kar, B. R. (2012). Characterizing language proficiency in Hindi and English 

language: Implications for bilingual research. International journal of mind brain and 

cognition. 



38 

 

Dell-Acqua, R., Dux, P.E., Wybe, B. & Joliceur, P. (2012). Sparing from the attentional blink 

is not spared from structural limitations. Psychonomic Bulletin Review, 19, 232-238. 

Di Lollo, V., Kawahara, J., Ghorashi, S.M.S., & Enns, J.T. (2005). The attentional blink: 

Resource depletion or temporary loss of control? Psychological Research, 69, 191-

200. DOI 10.1007/s00426-004-0173-x  

Dux PE, Marois R (2008) Distractor Inhibition Predicts Individual Differences in the 

Attentional Blink. PLoS ONE 3(10): e3330. doi:10.1371/journal.pone.0003330 

Dux, P.E. & Marois, R. (2009). The attentional blink: a review of data and theory. Attention, 

Perception, & Psychophysics, 71(8), 1683-1700. 

Dux., P. E. & Harris., I. M. (2007). On the failure of distractor inhibition in the attentional 

blink. Psychonomic Bulletin Review, 14 (4), 723- 728. 

Francis, W.S. (1999). Analogical transfer of problem solutions withinand between languages 

in Spanish-English bilinguals.Journal of Memory and Language, 40, 301–329. 

Grainger, J. (1993). Visual word lexicon in bilinguals. In R. Schreuder& B. Weltens (Eds.), 

The bilingual lexicon (pp. 11–25).Amsterdam: John Benjamins. 

Green, D.W. (1998). Mental control of the bilingual lexico-semanticsystem.Bilingualism: 

Language and Cognition, 1, 67–81. 

Husain., M., & Rorden., C. (2003). Non-spatially lateralized mechanisms in hemispatial 

neglect. Nature Reviews| Neuroscience, 4(1), 26-36. 



39 

 

Joliceur, P. (1998). Modulation of the attentional blink by on-line response selection: 

Evidence from speeded and unspeeded Taskl decisions. Memory & Cognition, 26, 

1014-1032. 

Jolicoeur, P., 1999. Restricted attentional capacity between sensory modalities. Psychonomic 

Bulletin & Review 6 (1), 87–92. 

Kar, B. R. (In press). Language and Cognitive Control in the Context of Bilingualism: 

Independent and Shared Mechanisms. In M. Panda and P. Padakannaya (Eds), 

Cognition in multilingual society. New Delhi: Orient Black Swan. 

Kelly, A.J., & Dux., P.E. (2011). Different attentional blink tasks reflect distinct information 

processing limitations: An individual differences approach. Journal of Experimental 

Psychology: Human Perception and Performance, 37(6), 1867-1873. 

Kroll, J.F., & de Groot, A.M.B. (1997). Lexical and conceptualmemory in the bilingual: 

Mapping form to meaning in twolanguages. In A.M.B. de Groot & J.F. Kroll (Eds.), 

Tutorials in bilingualism (pp. 169–199). Mahwah, NJ: Erlbaum. 

La Heij, W. (2005). Selection processes in monolingual and bilinguallexical access. In J.F. 

Kroll & A.M.B. de Groot (Eds.), Handbook of bilingualism: Psycholinguistic 

approaches (pp. 289–307). NewYork: Oxford University Press. 

Lahar., C. J., Isaak., M. I. &  McArthur., A.D. (2001). Age differences in the magnitude of 

the attentional blink. Aging, Neuropsychology, and Cognition, 8 (2), 149–159. 



40 

 

Lemhoefer, K. &Broersma, M. (2012). Introducing LexTALE: A quick and valid Lexical 

Test for Advanced Learners of English. Behavioral Research, 44, 325-343. doi 

10.3758/s13428-011-0146-0 

Marian, V., Spivey, M., & Hirsch, J. (2003). Shared and separatesystems in bilingual 

language processing: Converging evidence fromeyetracking and brain imaging. Brain 

and Language, 86, 70–82. 

Martens, S. & Johnson, A. (2009).Working memory capacity, intelligence, and the 

magnitudeof the attentional blink revisited. Experimental Brain Research, 192, 43-52. 

Martens, S. & Wyble, B. (2010). The attentional blink: Past, present, and future of a blind 

spot in perceptual awareness. Neuroscience and Biobehavioral Reviews, 34, 947-957. 

Meuter, R. & Allport, A. (1999).Bilingual language switching innaming: Asymmetrical costs 

of language selection. Journalof Memory and Language, 40, 25–40. 

Michael, E. B. & Gollan., T. H. (2005). Being and Becoming a bilingual: Indiviual 

differences and Consequences for language production. In J. F. Kroll & A. M. B. de 

Groot (eds.), Handbook ofbilingualism: Psycholinguistic approaches, pp. 389–408. 

New York: Oxford University Press. 

Myers-Scotton, C. (2005). Supporting a differential accesshypothesis: Code switching and 

other contact data. In J. F. Kroll & A. M. B. de Groot (eds.), Handbook 



41 

 

ofbilingualism: Psycholinguistic approaches, pp. 326–348.New York: Oxford 

University Press. 

Niedeggen, M., Michael, L., Hesselman, G. (2012). Closing the gates to consciousness: 

Distractors activate a central inhibition process. Journal of Cognitive Neuroscience, 

24(6), 1294-1304. 

Nieuwenstein, M. R. & Potter., M. C. (2006). Temporal Limits of Selection and Memory 

Encoding A Comparison of Whole Versus Partial Report in Rapid Serial Visual 

Presentation. Psychological Science, 17(6), 471-475.  

Olivers, C. N. L., & Meeter, M. (2008). A boost and bounce theory of temporal attention. 

Psychological Review, 115(4), 836-863. 

Olivers, C. N. L., & Nieuwenhuis, S. T. (2005). The beneficial effect of concurrent task-

irrelevant mental activity on temporal attention.PsychologicalScience, 16, 265–269. 

Olivers, C. N. L., van der Stigchel, S., & Hulleman, J. (2007). Spreading the sparing: Against 

a limited-capacity account of the attentional blink. Psychological Research, 71, 126–

139. 

Perani, D., Paulesu, E., Galles, N. S., Dupoux, E., Dehaene, S.,Bettinardi, V., Cappa, S., 

Fazio, F., & Mehler, J. (1998). The bilingual brain—Proficiency and age of 

acquisition of the secondlanguage. Brain,121,1841–1852. 



42 

 

Pollack, I., & Norman, D.A. (1964).A nonparametric analysis of recognition 

experiments.Psychonomic Science, 1, 125-126. 

Potter, M. C., Staub., A., O’Connor, D. H. (2002). The time course of competition for 

attention: Attention is initially labile. Journal of Experimental Psychology: Human 

Perception and Performance, 28(5), 1149-1162. doi: 10.1037/0096-1523.28.5.1149 

Potter., M. C., Chun., M. M., Banks., B. S., and Muckenhoupt., M. (1998). Two Attentional 

Deficits in Serial Target Search: The Visual Attentional Blink and an Amodal Task-

Switch Deficit. Journal of Experimental Psychology:Learning, Memory and 

Cognition,24(4), 979-992. 

Potter, M.C., Nieuwenstein, M., Strohminger, N., (2008). Whole report versus partial report 

in RSVP sentences. Journal of Memory and Language, 58 (4), 907–915. 

Raven, J., Raven, J.C., &Court, J.H. (1998).Manual for Raven’s progressive matrices and 

vocabulary scales. Oxford Psychologists Press,Oxford. 

Raymond, J. E., Shapiro, K. L., &Arnell, K. M. (1992). Temporarysuppression of visual 

processing in an RSVP task: An attentional blink?Journal of Experimental 

Psychology: Human Perception and Performance,18, 849–860. 

Rodriguez-Fornells, A., van der Lugt, A., Rotte, M., Britti, B. Heinze,H.J., &Muente, T.F. 

(2005). Second language interferes with wordproduction in fluent bilinguals: Brain 



43 

 

potential and Functional imagingevidence. Journal of Cognitive Neuroscience, 17, 

422–433. 

Shapiro, K.L., Raymond, J.E.,  & Arnell, K.M. (1994). Attention to visual pattern 

information produces the attentional blink in rapid serial visual presentation. Journal 

of Experimental Psychology: Human Perception and Performance, 20(2), 357-371.  

Shapiro, K.L., Schmitz, F., Martens, S., Hommel, B., & Schnitzler, A.(2006).Resource 

sharing in the attentional blink.NeuroReport, 17,163–166. 

Stanislaw, H. &Todorov, N. (1999). Calculation of signal detection theory 

measures.Behavioral Research Methods, Instruments, & Computers, 31(1), 137-149. 

Taatgen, N.A., Juvina, I., Schipper., M., Borst., J. P. & Martens., S. (2009). Too much 

control can hurt: A threaded cognition model of the attentional blink. Cognitive 

Psychology, 59, 1-29. 

Visser., T. A. W., Bischof., W. F., & Di Lollo., V. (1999). Attentional switching in the spatial 

and nonspatial domains: evidence from the attentional blink. Psychological Bulletin, 

125(4), 458-469. 

Ward., R., and Duncan., J. (1996). The slow time course of visual attention. Cognitive 

Psychology, 30, 79-109. 

Weichselgartner, E., & Sperling., G. (1987). Dynamics of automatic and controlled visual 

attention. Science, 238, 778-780. 



44 

 

Wierda S.M., van Rijn H., Taatgen N. A., Martens., S. (2010). Distracting the Mind Improves 

Performance: An ERP Study. PLoS ONE, 5(11): e15024. 

doi:10.1371/journal.pone.0015024 

Wyble, B., Potter, M.C., Bowman, H., & Nieuwenstein, M. (2011). Attentional episodes in 

visual perception. Journal of experimental psychology: General, 140 (3), 488-505. 

Zied, K.M., Phillipe, A., Karine, P., Valerie, H-T.,Ghislaine, A.,Arnaud, R., & Didier, L.G. 

(2004). Bilingualism and adult differencesin inhibitory mechanisms: Evidence from a 

bilingual strooptask. Brain and Cognition, 54, 254–256. 

 

 

 


