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Abstract The attentional blink (AB) is a well-established
phenomenon in the study of attention. This deficit in
reporting the second of two targets presented in rapid serial
visual presentation when it occurs 200-500 ms after the
first is considered to reflect a fundamental limitation in
attentional processing. However, we recently reported that
some individuals do not show an AB, and presented psy-
chophysiological evidence that target processing differs
between blinkers and non-blinkers. One possibility is that
non-blinkers may have a larger WM capacity, allowing
better attentional control. Here we explore the relation
between the magnitude of the AB, general intelligence, and
different measures of working memory (WM) and short-
term memory (STM) capacity. Surprisingly, no correlation
was found between memory capacity measures and AB
magnitude, raising doubts about the generalizability of
earlier findings of such a relationship.
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Introduction

Limitations in the amount of information that one can
concurrently be aware of require that only a fraction of the
information that is present in the environment be selected
for further processing. Selection implies preferential
processing of some information at the cost of other infor-
mation. This so-called ‘dark side of attention’ (Chun and
Marois 2002) is evident in the attentional blink phenome-
non: When an observer is asked to identify two target
stimuli (e.g., letters) presented amongst a sequential stream
of non-target stimuli (e.g., digits), the second target (72) is
frequently missed when presented 200-500 ms after the
first target (T'1).

This limitation in attending and consolidating rapidly
presented information has received much interest in the
past 15 years and has been replicated in hundreds of
experiments using a wide variety of task conditions. The
AB paradigm has proven not only to be an effective tool to
study the time-course of attention and memory consolida-
tion, it has also provided researchers with an important tool
to study one of the most interesting topics in cognitive
neuroscience, human consciousness (see, e.g., Sergent et al.
2005).

Up till now, one aspect of the AB that has largely been
ignored is individual differences in the magnitude of the
AB effect in healthy individuals. We recently reported that
about 5% of the population (whom we refer to as ‘non-
blinkers’) shows little or no AB under conditions in which
most people (‘blinkers’) do show a blink (Martens et al.
20064, b). The goal of the current study was to investigate
underlying individual differences that might determine
whether a given individual will or will not show an AB.

A promising first candidate for an investigation of
underlying individual differences is working memory
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(WM) capacity. The AB has been shown to be related to
temporal constraints in updating the contents of WM (see,
e.g., Luck et al. 1996; Martens et al. 2002, 2006a, b). In
addition, compared to blinkers, non-blinkers have been
found to show increased prefrontal activity, specifically in
areas that have been associated with WM and processes of
target selection (Feinstein et al. 2004; Martens et al.
2006b). Martens et al. suggested that non-blinkers are more
efficient and faster in selecting target information, allowing
them to reject distractors more easily and leaving sufficient
resources available to report both targets. A greater WM
capacity should be beneficial in selecting targets from
distractors because target properties would be able to be
held active despite the presence of distractors, allowing
interference between targets and distractors to be resolved
without losing 72 (thereby avoiding an AB). Therefore, it
is conceivable that non-blinkers have a larger WM capacity
than blinkers do.

This view is consistent with Engle et al. (1999) con-
ception of WM as the ability to control attention.
Individual differences in WM capacity have been related to
the degree to which distractors capture attention and draw
it away from the active maintenance of relevant informa-
tion. For example, low-WM capacity individuals are about
three times more likely to hear their own name when it is
unexpectedly presented to a to-be-ignored channel in a
dichotic listening task than are high-capacity individuals
(Conway et al. 2001). Bleckley et al. (2003) found that
individuals with a high WM capacity are better in focusing
attention on specific spatial locations than are individuals
with a low WM capacity. Moreover, Vogel et al. (2005)
reported that high capacity individuals are more efficient at
representing relevant information than are low capacity
individuals. Consistent with a WM-capacity account of
individual differences in the AB, Martens and colleagues
have shown that blinkers direct more attention to irrelevant
distractors (appearing in either the same or different spatial
location than the targets) than do non-blinkers (Martens
et al. 2006b; Martens and Valchev 2008).

Some preliminary evidence for a link between WM
capacity and AB magnitude has recently been reported by
Colzato et al. (2007) and MacLean et al. (unpublished
study; 2008). In both studies, working memory capacity
was measured using the operation word span task adapted
from Turner and Engle (1989). This task requires that
participants solve simple mathematical operations while
remembering words for later recall. Working memory
operation span was found to be negatively correlated with
AB magnitude, whereas Colzato et al. and MacLean et al.
found that general fluid intelligence as measured by
Raven’s standard progressive matrices (SPM) test (Raven
et al. 1998) was associated with higher overall target
identification accuracy but not AB magnitude.
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We also tested the prediction that WM capacity is
related to the ability to control temporal attention, but used
a broader range of tasks to measure WM capacity. We also
tested short-term memory (STM) span and general intelli-
gence, thus allowing an examination of the relation
between the AB, WM and STM capacity, and general
intelligence.

Experiment

Working memory span tasks which require that informa-
tion be retained while an additional task is performed or
integrated ‘on the fly’ typically correlate with a host of
higher-order cognitive capabilities. These tasks seem to
reflect a general, domain-free capability that is predictive
of general intelligence, presumably because they tap both
memory storage and controlled (executive) attentional
resources (see, e.g., Engle et al. 1999). Because AB tasks
also have simultaneous storage (consolidation of targets)
and controlled attention components (selection and
identification of targets while ignoring distractors), we
investigated a possible relationship between WM capacity
and AB magnitude by comparing individual scores on two
WM capacity tasks with individual performance in an
RSVP task requiring the identification of two targets
embedded in a sequential stream of distractors (the AB
task).

To estimate the relative importance of the combination
of enhanced memory storage abilities with an enhanced
level of attentional control, we also tested performance in
two STM tasks which should tap memory storage capa-
bilities alone. These simple span tasks were very similar to
the WM capacity tasks, but lacked a processing compo-
nent. Both verbal and spatial, non-verbal WM capacity and
STM span tasks were used. Fluid intelligence was also
examined as it has often been linked with WM capacity
(and to a lesser extent also STM span; see, e.g., Engle et al.
1999) and with processes of attentional allocation (Ben-
Shakhar and Sheffer 2001) and control (Duncan et al.
1996).

Method
Participants

A total of 97 volunteers were recruited from the University
of Groningen community (aged 18-27, mean = 21.1, with
normal or corrected-to-normal visual acuity). The study
was approved by the local ethical committee, informed
consent was obtained prior to the experiment, and partici-
pants received payment of €15.
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Stimuli, apparatus, and procedure

Working memory capacity was assessed using the sym-
metry span and reading span tasks developed by Kane et al.
(2004) and translated into Dutch by the first author. Short-
term memory capacity was assessed using the matrix span
and letter span tasks, also developed by Kane et al. (2004).
The AB task was adapted from Martens et al. (2008,
Experiment 1). AB stimuli were digits (excluding 1 and 0)
and consonants (excluding ‘Q’ and °Y’), subtending 0.3°
by 0.4° of visual angle at a viewing distance of approxi-
mately 60 cm. They were presented in black (2 cd/m?) on a
white background (88 cd/m?) presented in 12-point Courier
New font on a 17-in. CRT monitor. The tasks were
administered with E-prime 1.1 software (Schneider et al.
2002) running under Windows XP on a PC with a 1.5 Ghz
processor.

The symmetry span task

The symmetry task (Schrock and Engle 2005) is a spatial
WM task consisting of two alternating sub-tasks: the
‘symmetry-judgment task’, which forms the processing
component, and the ‘matrix memory task’, which forms
the storage component. In the symmetry-judgment task,
an 8 x 8 matrix (6 X 6 cm) containing a number of black
squares forming a visual pattern is presented. When the
pattern appears, participants are required to press the left
mouse button as fast as possible. Subsequently, the pattern
is replaced by a display prompting the participant to
indicate using the mouse whether or not the black-square
pattern was symmetrical along the vertical axis, which is
the case in approximately half of the trials. Following the
symmetry judgment, and a 500-ms blank interval, a 4 x 4
matrix (5 x 5 cm) within which one of the 16 squares is
colored red is presented. The location of the red square is
to be remembered and reported in the correct order within
a sequence of successive matrices. Each matrix in this
matrix memory task is presented for 650 ms, immediately
followed by either another symmetry display or the recall
cue prompting participants to recall the locations of the
red squares in the order in which they were presented.
Participants use the computer mouse to indicate the
sequence of red-square locations within an empty matrix
display. A total of 12 sets of trials is presented, each set
containing two to five symmetry-memory matrices com-
binations. Feedback on both sub-tasks is provided at the
end of each sequence. The to-be-remembered colored
square locations never repeat within a set, each of the 16
locations is colored red approximately equally often, and
each set size is presented equally often in the task. Both
speed and accuracy are emphasized in the participant
instructions.

Prior to the 12 testing sets, participants are given four
matrix memory task practice sets (without the symmetry-
judgment task), 15 symmetry-judgment practice trials
(without the matrix memory task), and 3 matrix practice
sets alternated with symmetry judgments (as in the full
symmetry WM task). If the left mouse button is not pressed
within 2 s in response to a visual pattern in the symmetry-
judgment practice block, the task automatically moves on
to the next trial and the symmetry judgment of that specific
visual pattern is considered to be incorrect. In the testing
block, the maximum response time allowed for symmetry
judgments is based on the individual mean response time
during the symmetry-judgment practice trials plus 2.5
times the standard deviation.

The reading span task

The reading task (Tuholski and Engle 2004b) is a verbal
WM task in which sentences are judged as to whether or
not they make sense (the processing component) and
sequences of three to eight letters are to be recalled (the
storage component). On each trial, a sentence which either
does or does not make sense is presented together with a
question mark and a to-be-remembered letter (e.g., ‘John
was arrested by the police because he ignored the cutlery?
K’) in 18-point Courier New font. Each sentence consists
of 9-16 words (M = 12.6 words). Participants are asked to
read the sentence aloud, then verify aloud whether the
sentence is semantically correct (in the previous example
the answer is ‘no’, which is the case in approximately half
of the sentences), and then read the letter aloud. As soon as
the participant has read the letter, the experimenter presses
the space bar, which blanks the screen for 500 ms, fol-
lowed by either another sentence-letter combination or a
recall cue (three question marks). When the recall cue
appears, participants are asked to write down each letter
they recall from the preceding set of trials, in the order in
which they have appeared. A total of 12 sets of trials is
presented, each set containing two to five sentence-letter
combinations. Each set size is presented equally often in
the task. Prior to the 12 testing sets, 3 practice sets are
presented.

The matrix span task

The matrix span task (Tuholski and Engle 2004a) is a
spatial STM task in which 18 sets of two to seven matrix
sequences are presented, one matrix after the other, in
the middle of the screen. Within each 4 x 4 matrix
(5 x 5 cm) one of the 16 squares is colored red (as in the
storage sub-task of the symmetry WM task), and the
location of the red square is to be remembered and reported
in the correct order within a sequence of successive
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matrices. Each matrix is presented for 650 ms with a 500-
ms interstimulus blank screen. The locations of the red
squares never repeat within a set, each of the 16 locations is
colored red approximately equally often, and each set size
(two to seven matrices) is presented equally often in the
task. At the end of a sequence, a recall cue (three question
marks) is presented, which prompts participants to recall
the locations of the red squares in the order in which they
were presented. Response sheets containing 18 rows of
seven 4 x 4 matrices, with each row representing one
sequence are used to collect responses. Participants are
instructed to draw one ‘X’ in each successive matrix cor-
responding to the locations of the red squares encountered
in that sequence. Prior to the 18 testing sets, four practice
sets are presented.

The letter span task

The letter span task (Kane et al. 2004) is a verbal STM task
in which single uppercase consonant letters are sequen-
tially presented in 24-point Times New Roman font. Each
letter is presented for 1 s, and is to be named aloud and
remembered. Each letter is followed by either an inter-
stimulus 500-ms blank screen or a recall cue (three ques-
tion marks) prompting participants to write down the
presented letters in the order in which they were presented.
A total of 12 sets is presented, each set containing three to
eight letters. Each set size is presented equally often in
the task. Prior to the testing sets, two practice sets are
presented.

Raven’s advanced progressive matrices test (APM)

General fluid intelligence was measured by determining the
percentage of correct responses on 36 items of Raven’s
Advanced Progressive Matrices (Raven et al. 1998) made
within 40 min. Each item consists of a grid of eight black
and white figures arranged in a 3 x 3 matrix with one
figure missing. Figures range from simple geometric
shapes to complex textured patterns. Participants are to
select the one figure out of eight presented below the
matrix that would best complete the pattern. The 36 items
are of increasing difficulty. Responses were made using
paper and pencil.

The AB task

The AB task as used by Martens et al. (2008; Experiment
1) requires the detection and identification of O, 1, or 2
target letters presented in an rapid serial visual presentation
(RSVP) stream of 16-18 distractor digits. Participants
initiate each trial by pressing the space bar. A fixation cross
is presented on the screen, followed 750 ms later by the
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stream of stimuli. Each stimulus in the stream is presented
for 90 ms at the center of the screen. In two-thirds of the
trials, two target letters are embedded in the stream (dual-
target trials), in one-sixth of the trials only one target letter
is present (single-target trials), and in one-sixth of the tri-
als, no targets are present (no-target trials). The first target
(T1) is always presented as the fifth item in the stream, and
the second target (72) is the first, second, third, or eighth
item following 71 (lags 1, 2, 3, and 8). In other words, the
stimulus onset asynchrony (SOA) between the targets is 90,
180, 270, or 720 ms, respectively. Target letters are ran-
domly selected with the constraint that 71 and 72 are
always different letters. Digit distractors are randomly
selected with the constraint that no single digit is presented
twice in succession. After the presentation of the RSVP
stream, participants identify the two presented targets, if
possible, by pressing the corresponding keys on the com-
puter keyboard. If a letter is not seen, the space bar is to be
pressed instead. Participants are encouraged to type in their
responses in the order in which the letters had been pre-
sented, but responses are accepted and counted correct in
either order.

The AB task consists of three experimental blocks of 96
trials each. Before each experimental block a practice
block of 24 trials is completed. A short break is allowed
between the blocks. Participants completed the task in
approximately 30 min.

AB magnitude was calculated as the percentage of
decrement in 72 performance (given that T1 was correctly
identified) relative to 71 performance on lag-2 and lag-3
trials (during which an AB is likely to occur), according to
the following formula:

(T]LagZ — T2|T1Lag
TlLagZ

T1rags — T2|T 1143

Tl Lag3

)/2 x 100%

As an alternative measure of AB magnitude, the
‘maximal AB’ was calculated as was previously done by
Colzato et al. (2007), using the following formula:

(T2|T1Lag8 - T2|T1m1n) )

where T2IT1 ., is the lag (either lag 2 or lag 3) at which an
individual’s T2IT1 performance was at a minimum for the
task (i.e., reflecting a maximal AB). In other words, the
maximal difference in T2IT1 performance was calculated
by subtracting performance on either lag 2 or lag 3 trials
from that on lag 8 trials.

All memory span tasks were scored using the partial-
credit unit-scoring method described in Conway et al.
(2005). Within each set, the percentage of correctly
recalled elements was calculated (regardless of set size),
and these percentages were then averaged together to
obtain the total mean task score. An element within a set
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was scored as correct only if it was recalled in the correct
serial position.

Forty-six participants performed the reading span,
matrix span, and subsequently the APM test in a first ses-
sion, and the AB task in a second session. In a later stage of
the investigation, the additional memory tests were inclu-
ded and another 51 participants performed the reading
span, matrix span, and APM test in a first session, and the
AB task, symmetry span, and letter span tests in a second
session. The tasks were administered in the same order for
all participants, and took approximately 2 h in total to
complete.

Results and discussion

Where appropriate, Greenhouse-Geisser-corrected P values
are reported. First we analyzed single-target 71, dual-target
T1, and dual-target 72 performance in the AB task using
separate analyses of variance (ANOVAs). Second, we ran
separate analyses of covariance (ANCOVAs) with the
memory and intelligence tests as continuous covariates.
Lastly, we ran correlational and regression analyses to
investigate the relation between our measures of WM,
STM, and general intelligence with performance on T'1, 72,
and AB magnitude.

As results of analyses with continuous independent
variables are difficult to depict, for presentational purposes,
participants were assigned to one of three groups (low,
medium, or high score), according to their score on a
specific test. This yielded three readings span levels: (rel-
atively) low (33 participants, with scores ranging from 46.0
to 68.8%), medium (32 participants, with scores ranging
from 70.0-81.6%), and high (32 participants, with scores
ranging from 81.6 to 98.3%); three symmetry span levels:
relatively low (17 participants, with scores ranging from
41.0 to 68.1%), medium (17 participants, with scores
ranging from 69.9 to 81.0%), and high (17 participants,
with scores ranging from 82.2 to 98.3%); three letter span
levels: relatively low (17 participants, with scores ranging
from 48.9 to 70.4%), medium (17 participants, with scores
ranging from 70.5 to 76.5%), and high (17 participants,
with scores ranging from 77.0 to 90.7%); three matrix span
levels: relatively low (33 participants, with scores ranging
from 33.8 to 54.2%), medium (32 participants, with scores
ranging from 54.3 to 64.7%), and high (32 participants,
with scores ranging from 65.1 to 84.7%); and three APM
levels: relatively low (33 participants, with scores ranging
from 38.9 to 66.7%), medium (32 participants, with scores
ranging from 69.4 to 77.8%), and high (32 participants,
with scores ranging from 80.6 to 100%). Figure 1 shows
the percentage of correct identifications in dual-target trials
of the AB task as a function of lag for low, medium, and

high reading span (panel A), symmetry span (panel B),
letter span (panel C), matrix span (panel D), and APM
(panel E).

Percentage correct 71 identification was higher in the
single- (91.9%) than in the dual-target condition (86.3%) of
the AB task, #(96) = 9.46, SE = 0.59, P < 0.001, Cohen’s
d = 0.74. An ANOVA of T1 performance in the dual-target
condition with lag (1, 2, 3, or 8) as a within-subjects factor
revealed a significant effect of lag, F(3, 288) = 166.34,
MSE = 39.59, P < 0.001, 175 = 0.63, reflecting a decre-
ment in 71 performance at lag 1 (see Fig. 1). An ANOVA of
T2 performance, given correct report of 71, with lag (1, 2, 3,
or 8) as a within-subjects factor also showed a signifi-
cant effect of lag, F(3, 288) = 166.34, MSE = 39.59,
P < 0.001, nﬁ = 0.63. As can be seen in Fig. 1, perfor-
mance at lags 2 and 3 was substantially worse than at lags 1
and 8, reflecting a strong AB.

Adding reading span, symmetry span, letter span, matrix
span, and APM as covariates in an ANCOVA of dual-target
T1 performance (n = 51) yielded no significant effects,
Fs < 1. An ANCOVA on T2IT1 performance (n = 51)
revealed a significant effect of lag, F(3, 135) = 3.51,
MSE = 143.38, P = 0.03, nf, = 0.07, but no significant
interactions (all ps > 0.20). An ANCOVA on dual-target T'1
performance with only reading span, matrix span, and APM
as covariates (n = 97) showed a marginally significant
effect of lag, F(3, 279) = 2.86, MSE = 40.46, P = 0.06,
171% = 0.03, and no significant interactions. A similar
ANCOVA for T2IT1 performance (n = 97) showed a sig-
nificant effect of lag, F(3, 279) = 5.43, MSE = 207.06,
P = 0.004, 115 = 0.06, but again no significant interactions
with reading span, matrix span, or APM (all ps > 0.34).
Similar results were obtained when each measure was
entered individually as a covariate in separate ANCOVAs
(ps > 0.19).

For more converging evidence of the null effects,
additional ANOVAs were performed for each WM and
STM measure with lag (1, 2, 3, or 8) as a within-subjects
factor, and group (low/medium/high, as in Fig. 1) as a
between-subjects factor. No significant effects of group
(ps > 0.22) or significant Lag x Group interactions were
found (ps > 0.10), with the exception of a Lag x Reading
Span Group interaction, F(6, 282) = 2.55, MSE = 201.43,
P = 0.03, 7’15 = 0.05. Note, however, that the medium
rather than the high Reading Span Group showed the
smallest AB (see Fig. 1a). Thus, we found no evidence that
a larger WM capacity, STM span, or general intelligence
helps to alleviate the AB.

A similar picture emerged from the correlational analy-
ses. Table 1 shows the Pearson product moment correlations
between individual scores of reading span, symmetry span,
letter span, matrix span, APM, the mean identification
accuracy of T1 and T2IT1 (both computed by averaging
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Fig. 1 Percentage of correct 71
identifications and 72
identifications (given correct 71
identification) in dual-target
trials of the AB task as a
function of lag for low, medium,
and high reading span (panel a),
symmetry span (panel b), letter
span (panel ¢), matrix span
(panel @), and APM (panel e). 101
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across lags), AB magnitude (measured as the mean 72IT1
decrement relative to 71 for lags 2 and 3), and AB maximal
(measured as 72|71 at lag 8 minus the minimum of 72|71 at
lag 2 or 3). As can be seen in Fig. 2, none of the memory or
intelligence tests correlated with AB magnitude (ps > 0.28),
AB maximal (ps > 0.18), or T2IT1 (all ps > 0.26)." In line
with the literature (see, e.g., Engle et al. 1999), however,
positive correlations were found between the APM and
symmetry span (r = 0.48, P < 0.001), letter span (r = 0.28,
P = 0.046), and matrix span (r = 0.44, P < 0.001). Con-
trary to expectations, the correlation between APM and
reading span did not reach significance (r = 0.17,
P = 0.106). APM scores correlated significantly with mean
T1 accuracy (P= 0.25, P = 0.014; see Fig. 2, panel F), but
not with T2IT1 accuracy (r = 0.08, P = 0.46).

Given the intercorrelations between the memory and
intelligence measures, a linear regression was carried out

! Similar results were obtained (ps > 0.39) when overall WM and
STM scores were used, calculated by averaging reading span and
symmetry span scores together, and letter span and matrix span
scores, respectively.
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on the data from all 97 participants, with reading span,
matrix span, and APM scores as independent factors. Only
2.0% of the variance was accounted for, F(3, 93) = 0.64,
MSE = 445.57, P = 0.59. None of the individual predic-
tors were significant (ps > 0.30). A regression on the data
from 51 participants with reading span, symmetry span,
letter span, matrix span, and APM scores as independent
factors still accounted for only 7.3% of the variance, F(5,
45) = 0.71, MSE = 373.68, P = 0.62. None of the indi-
vidual predictors were significant (ps > 0.20). As AB
magnitude correlated highly with overall 72 accuracy, AB
variance was specifically tested by repeating these analyses
with overall 72 accuracy entered in the first step of each
regression, thereby factoring out overall 72 performance.
In the second step, the WM and STM measures were
entered. However, they accounted for less than 1.3% of the
variance (ps > 0.47), and none of the individual predictors
were significant (ps > 0.24). Similar results were obtained
when AB maximal rather than AB magnitude was used as a
dependent variable (ps > 0.30).

Follow-up analyses were carried out on the two groups
of 15 participants each who showed the largest AB
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Table 1 Correlations among individually computed scores of WM
reading span (RS), WM symmetry span (SS), STM letter span (LS),
STM matrix span (MS), APM, mean 71 accuracy (71), mean 72

accuracy given successful 71 report (72I71), AB magnitude (AB-
magn), and as an alternative measure of AB magnitude: the maximal
AB (ABmax)

RS SS LS MS APM T1 2111 ABmagn ABmax

Reading span 0.53%%% 0.44%%* 0.21%* 0.17 0.13 0.12 —0.09 0.00
Symmetry span 0.53%%% 0.38%%* 0.487%%* 0.48%%* 0.01 —0.12 0.18 0.13
Letter span 0.44%%* 0.38%%* 0.30%* 0.28%* —0.09 —0.08 0.04 0.09
Matrix span 0.21%* 0.48%** 0.30%* 0.44%%* 0.08 0.09 —0.11 —0.14
APM 0.17 0.48%%* 0.28%* 0.44%#3%% 0.25% 0.08 —0.01 —0.04

T1 0.13 0.01 —0.09 0.08 0.25% 0.77%%* —0.55%** —0.18
T2IT1 0.12 —0.12 —0.08 0.09 0.08 0.77+%* —0.92%%* —0.52%%*
AB magnitude —0.09 0.18 0.04 —0.11 —0.01 —0.55%** —0.92%** 0.70%**
AB maximal 0.00 0.13 0.09 —0.14 —0.04 —0.18 —0.52%** 0.70%**

* P <0.05, #* P <0.01, *** P <0.001

magnitudes (ranging from 60.9 to 82.8%, mean = 69.1%),
and smallest AB magnitudes (ranging from —0.9 to 9.3%,
mean = 4.5%). Independent t-tests showed that the blink-
ers’ performance did not differ significantly from that of
the non-blinkers on either the intelligence test (P = 0.61)
or on any of the memory tests (all ps > 0.17).

The results suggest that neither WM capacity, STM
span, nor general intelligence is related to AB magnitude.
Importantly, this failure to find a significant correlation
between AB magnitude and any of the memory or intelli-
gence measures cannot be attributed to a low reliability of
our task measures. Cronbach’s alphas were 0.73, 0.72,
0.77, 0.77, and 0.79 for the reading span, symmetry span,
letter span, matrix span, and APM, respectively, indicating
reliable internal consistencies. For the AB task, intra-
individual stability of performance on odd and even num-
ber trials was checked for all participants. Spearman-
Brown prophecy coefficients were 0.94, 0.95, 0.90, and
0.76 for T1, T2IT1, AB magnitude, and AB maximal,
respectively, reflecting stable within-subject performance.

General discussion

The goal of the present study was to investigate some
factors that might contribute to individual differences in
attentional selection as reflected in the AB. As noted in the
introduction, a plausible hypothesis is that individuals with
a relatively high WM capacity or a high general intelli-
gence may have better attentional control than individuals
with a low WM capacity or intelligence (e.g., Engle et al.
1999; Vogel et al. 2005). A greater WM capacity, a higher
level of fluid intelligence, and better attentional control
should be beneficial in a) selecting relevant targets from
irrelevant distractors, and b) keeping the target properties
active while reducing interference from subsequently pre-
sented distractors. Surprisingly, however, we found no
evidence suggesting a relationship between WM capacity,

STM span, or general intelligence with individual levels of
AB magnitude. Although a larger WM capacity should
help to retain relevant information, in the context of the AB
it may also allow an unintentional temporary retention of
more irrelevant distractors, resulting in more competition
and interference between targets and non-targets, thereby
counteracting any storage capacity benefits.

The significance of an insignificant finding

Of course, absence of proof is not proof of absence. Nev-
ertheless, the current study does raise serious doubts about
the generalizability of Colzato et al. (2007) recent report of
a correlation between WM capacity and the size of the AB.
It is important to note that our failure to find a relationship
does not seem to be due to a lack of power. Whereas the
study of Colzato et al. (2007) was based on 80 participants,
the current study included 97 participants (except for the
symmetry and letter span tasks, which were performed by
51 participants). It also does not seem likely to be the result
of a lack of sensitivity of the intelligence test we used.
Although both studies included volunteers from the uni-
versity community, Colzato et al. (2007) used Raven’s
Standard Progressive Matrices (SPM) test whereas we used
Raven’s Advanced Progressive Matrices (APM) test to
measure fluid intelligence. The latter test was specifically
designed for higher ranges of intelligence, and should
therefore be the more sensitive measure of general intel-
ligence in university students.

It should be noted that Colzato et al. (2007) used only the
operation span test as a measure of WM capacity, requiring
participants to solve simple mathematical operations while
remembering words for later recall. In contrast, we used the
reading span and symmetry span as measures of WM
capacity, as well as the matrix span and letter span as mea-
sures of STM span. The operation span task is clearly a
different task than the memory tasks we used, but the tasks
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Fig. 2 Scatter plots for the relationship between AB magnitude with the reading span (panel a), symmetry span (panel b), letter span (panel c),
matrix span (panel d), and APM (panel e). Panel f shows the relationship between T1 accuracy and APM scores

are nevertheless quite comparable and are assumed to
measure the same WM construct (Kane et al. 2004). The
operation span task has a similar dual-task structure as our
reading span and symmetry span WM tasks, requiring
attention to be shifted back and forth between the repre-
sentation of the memory items and the so-called processing
component of the task. Indeed, Kane et al. (2004) reported
correlations between the operation, reading, and symmetry
span tasks of 0.73 (operation span — reading span), 0.55
(operation span — symmetry span), and 0.60 (reading
span — symmetry span), as well as nearly equivalent

@ Springer

correlations between these WM span tasks with Raven’s
APM test (0.32,0.35, 0.39, respectively). In other words, it is
reasonable to assume that the use of any of these WM tasks
should lead to similar estimates of WM capacity, leaving the
discrepancy in findings unexplained. However, the use of
more than one memory test not only allows one to find
converging evidence, it should also contribute towards
obtaining more reliable results.

Concerning the AB task, there were a number of subtle
differences between the task used by Colzato et al. and the
current study. In Colzato’s study, the serial position of 71
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within the RSVP stream varied, all of the trials contained
two letter targets among digit distractors, and items were
presented for 40 ms with an inter stimulus interval (ISI) of
40 ms in a stream of 20 items. In the current study, 71
position was fixed, only two-thirds of the trials contained
two targets with targets being letters and distractors being
digits, and items were presented for 90 ms with no ISI (as
in the majority of AB studies). Based on the literature and
previous experiments in our laboratory, we think it is
unlikely that any of these changes can explain the differ-
ential results given that both studies obtained a highly
significant effect of lag.

A final difference between our study and that of Colzato
et al. (2007) is that Colzato et al. used only the maximal
AB (defined as the difference between T2IT1 performance
at lag 8 minus the minimum 72I71 performance at either
lag 2 or lag 3) as a measure of AB magnitude. We used the
estimate of AB magnitude originally used by Martens et al.
(2006b), which is based on the percentage of decrement in
T2IT1 performance relative to 71 performance on lags 2
and 3, as well as the maximal AB. In our study, the intra-
individual reliability of Martens et al. AB magnitude
measure was 0.90, which is similar to what was found in
previous studies (Martens et al. 2008; Martens and Valchev
2008). In contrast, the reliability of the maximal AB
measure was 0.76, which, although acceptable, may lead to
less stable estimates than our AB magnitude measure.

An important concern regarding the Colzato et al.
(2007) study is apparent following a close inspection of
their Fig. 3. This figure shows that 12 participants had a
negative maximal AB. That is, their performance was
worse at lag 8 than at lag 2 or 3. In terms of maximal AB,
these participants are regarded as the weakest blinkers (or
strongest non-blinkers). However, if 72|71 performance at
certain lags was substantially lower than overall T1 per-
formance in these individuals, they should obviously not be
considered as true non-blinkers. Unfortunately, it is not
specified in Colzato et al. what the level of T2IT1 perfor-
mance relative to 71 performance for these individuals
was. The six participants in our own study who showed a
negative AB maximal (ranging from —1.0 to —42.0%) all
showed a large AB magnitude (ranging from 45.6 to
72.9%). Whereas mean overall T'1 performance was 76.6%
(ranging from 65.5 to 84.5%), mean T2IT1 accuracy at lag
8 was only 36.2% (ranging from 25.0 to 50.0%) for these
individuals. This suggests that the maximal AB is not an
optimal measure of individual AB magnitude. It may well
be that the inclusion of a relatively large number of such
erroneously classified non-blinkers inflated the correlation
between WM capacity and AB magnitude as reported by
Colzato et al. (2007).

It must be noted though that Colzato et al. findings have
recently been replicated in two unpublished studies (by

MacLean et al. (2008) and W. S. Maki and colleagues,
personal communication) using the operation span task as a
WM measure, providing further support for the idea that
the capacity of one’s WM plays a role in determining the
size of one’s AB. Our null findings using other memory
measures than the operation span task, however, clearly
show the need for additional research to isolate which
factors are critical to observing a relationship between WM
and AB magnitude.

Conclusions

We conclude that under the current experimental condi-
tions there do not appear to be differences in WM capacity,
STM span, or general intelligence between individuals who
show a large AB (strong blinkers) versus individuals who
show little or no AB (weak blinkers or non-blinkers).
Instead, a major source of individual variability in AB
magnitude may lie in pre-memory processes playing a
crucial role in determining which objects are selected for
further processing and memory consolidation.

Martens et al. (2006b) argued that early target selection
processes may be less efficient in strong blinkers, thereby
allowing more distractor information to enter working
memory and compete with the targets. Less competition
within WM may allow sufficient resources to be available
for faster consolidation and successful report of both tar-
gets (see, e.g., Chun and Potter 1995; Isaak et al. 1999;
Jolicoeur and Dell’Acqua 1999). This interpretation is
consistent with Martens et al. finding that strong blinkers,
compared to non-blinkers, show more prefrontal activation
in response to each distractor, as well as slower P3 laten-
cies in response to each target.

Indeed, Martens and Valchev (2008) recently showed
that non-blinkers are more efficient in ignoring irrelevant
distractors than blinkers are, and that individual differences
in AB magnitude may thus stem from variability in
resisting contingent capture by irrelevant stimuli. The
current study suggests that this enhanced attentional con-
trol in non-blinkers may not be due to them having a larger
WM capacity than blinkers. Instead, differences between
blinkers and non-blinkers in a frontal ERP component (the
FSP) associated with target selection processes as reported
by Martens et al. (2006b) indicate that differences in AB
magnitude might be due to early selection processes at a
stage prior to target consolidation in WM. In other words,
regardless of the size or availability of WM capacity (see,
e.g., Woodman et al. 2001), non-blinkers might be capable
of using some form of pre-consolidation attentional filter-
ing, allowing them to rapidly distinguish targets from non-
targets on the basis of perceptual features. Experiments are
underway to test this hypothesis.
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The observation that there are large individual differ-
ences in AB magnitude, with some individuals showing
little or even no AB, remains intriguing. Not only does it
question the generality and fundamental nature of the AB
phenomenon (see also, e.g., Olivers and Nieuwenhuis
2005, 2006), it also provides a unique opportunity to study
individual differences in attentional selection and con-
scious awareness.
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