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The attentional blink

Kimron L. Shapiro, Karen M. Arnell and Jane E. Raymond

When two masked targets (T1 and T2) are presented within approximately 500 ms of
each other, subjects are often unable to report the second of the two targ ‘(’!’2) :
accurately. even though the first has been reported correctly. In contrast, sub
report T2 accurately when instructed to ignore T1, or when T1 and 12 are sep&jrhtedf by
more than 500 ms. The above pattern of results has been labelled the attentidn’a! Blilik
(AB). Experiments have revealed that the AB is not the result of perceptual, memory 6r
response output limitations. In general, the various theories advanced to account for
the AB, although they differ in the specific mechanisms purported to be responsible,
assume that allocating attention to T1 leaves less attention for T2, rendering T2
vulnerable to decay or substitution. The present report attempts to bring together
these various accounts by proposing a unifying theory. This report also highlights
recent attempts to determine if the AB exists across stimulus modalities and points to
applications of AB methods in understanding deficits of visual neglect. We conclude by
suggestmg that investigations of the AB argue in favour of the view that attention may
be thought of as a necessary (hut not sufficient) condition for enabling consciousness,

Typically, humans have difficulty acquiring conscious
knowledge of all stimuli arriving simultaneously from rul-
tiple sources. For example, while watching a sporting event,
you may fail to notice that the person sitting beside you is
no longer there, even though they walked in front of you as
they departed. Cognitive scientists attribute such lapses in
awareness of seemingly obvious stimuli to temporary losses
in attention. Attention is taken to mean a set of integrated
neural processes that selects a given perceptual input from
among competing inputs. In this article, we argue thar the
further function of attention is to allow selected perceptual
information a foothold in consciousness.

Limits governing the brain’s ability to process sequen-
tially presented stimuli can be studied using rapid serial
visual presentation (RSVP). In RSVP methodology, stimuli
such as letters, digits, words and pictures are presented
briefly in the same location and in rapid succession, at rates
of about 10 items per second with participants having to
identify one or more of these stimuli (targets). Any single
targer, although presented for only 100 ms, can be reported
accurately'. However, we and others before us, have shown
that reporting the second of two consecutively presented
targers successfully is considerably more difficule when these
targets occur within a short interval of each other®

To study the timecourse of attention, the present authors
developed a two-target RSVP procedure as shown and de-
scribed in Fig. 1 (Ref. 3). We record the proportion of correct
responses to the second target (T2), contingent on first target
(T1) correcr responses, as a function of the T1-T2 interval.
The typical result (see Fig. 2) is that the proportion of correct
T2 responses in the dual-targer task falls dramatically in the
first half second following T1 and recovers thereafter. We

use the term ‘attentional blink’ (AB) to describe this out-
come. It is important to note three conclusions drawn by
Raymond et al* which are still pertinent to this basic find-
ing: (1) the AB cannot be explained by low-level sensory
factors (such as retinal masking); (2) the AB cannot be at-
tributed to memory span limitations; and (3) T1 processing
must be interrupted by another visual stimulus or the AB
effect will not occur.

The attentional blink is not like a real eyeblink

In 1992, Raymond ez 4l? suggested that the AB could be
the result of T1 tying up attentional resources completely
and leaving insufficient resources to process any aspects of
T2. Recent experiments®® have shown that we were correct
in so far as T2 is not processed to a level sufficient for report
but incorrect in our supposition that no aspects of T2 are
processed. Two experiments revealing that T2 is processed
to a stage just short of awareness are described below.

The rationale for the first experiment® stems from the
masked priming literature where it has been shown that a
stimulus, presented too briefly to be reported, nevertheless,
can facilitate report of (or prime, as it is called) an identical
or semantically related stimulus. For example, the word
‘doctor’, although not recognized, will prime a second pres-
entation of ‘doctor’ or ‘nurse’ better than the word ‘lawyer’
when presented before either of these words. If in an AB ex-
periment, T2 items presented during the AB interval can
prime a subsequently presented target, we argued thar this
would demonstrate a high level of processing during the
AB. Using a three target AB paradigm, Shapiro ez 2l®
showed that when participants were unable to report T2
(that is, it was ‘blinked’), nevertheless, this stimulus acted to
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Fig. 1 The dual-target rapid serial visual presentation (RSVP} test. (A} Indicates the
temporal parameters used in the particular RSVP procedure described in the text. (B) The
dual-target {(experimental) condition, depicted schematically, shows a variable number of
black, randomly chosen letters preceding the first target (T1). The T1 task is to identify the
white letter, exemplified as a ‘T’ in {A). In a randomly chosen half of the trials, T2 is pre-
sented in one of the eight possibie temporal positions following T1, whereas in the remain-
ing half of the trials no T2 is presented (the T1-absent triais allow faise alarm rates to be
determined). The T2 task is to detect if the letter ‘X' is presented. Randomly selected filler
letters are shown in the post-T1 positions not occupied by T2. In the single-target (control)
condition, which allows a baseline assessment of the ability to detect T2, the T1 task
does not have to be performed. Such a procedure enables T2 performance to be plotted as
a function of the temporal interval between T1 and T2, as shown in Fig. 2.

prime T3 (presented after the blink} as indicated by beteer
T3 performance when T2 and T3 were related, compared
to when they were unrelated. This outcome suggests
strongly that T2 reaches a high level of processing, even
though it is not reportable. Similar conclusions were drawn
earlier by both Marcel'! and Lewis™.

Using another approach, Luck ez 2l7 (see also Ref. 8)
examined event-related brain potentials (ERPs) elicited by
T2. When T2 was unreportable during the AB interval, T2
elicited electrical potentials associated with early perceptual
activity (N1 and P2 waveforms), as well as activity associ-
ated with meaning (N400 waveform). Interestingly, Vogel
et al. showed that the waveform associated typically with the
updating of working memory (P3, see Ref. 13) is absent
during the AB. These dramatic findings support our belief
thar stimuli presented during the AB undergo a significant
amount of processing, including that which facilitates
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meaning, but fall short of consciousness when this term is
defined as meaning the ability to report successfully.

An interference theory of the AB

Shapiro and his colleagues'*'¢ have postulated that interfer-
ence in a short-term storage buffer is the scurce of the AB.
Contributing to this interference are not only the two tar-
gets (T1 and T2) but also the items (masks) immediately
following T1 and T2. Interference theory assumes that T1,
T2 and their respective masks are processed to a varying de-
gree and that these four items compete with each other,
most likely during retrieval from this hypothetical storage
buffer. Differential weighting of T1 over T2 (owing to T1’s
role as the first task) yields successful T'1 report at the expense
of T2.

As predicted by interference theory, the number of
items competing in the storage buffer should affect the
magnitude of the AB. Isaak er 4/.'° find support for this pre-
diction but only for stimulus items competing at a concep-
tual (meaning) rather than perceptual (feature) level. Isaak
et al. used a variant of the RSVP method, as described in re-

cent papers'”1#

, where only the items critical to the AB ef-
fect are presented (T'1, T2 and their respective masks) with
varying T1-T2 intervals as required. In addition, the item
just following T2’s mask was presented to extend the range
of the number of possible competitors. [saak ez 2/, presented
combinations of letter and false-font (letter-like) stimuli
randomly, yielding a minimum of two and a maximum of
five ‘real’ letters per trial. The results, shown in Fig. 3, suggest
that AB magnitude is a not just a function of the number of
competing stimuli but, rather, the competitors must be from
within the same conceptual category. Taylor and Hamm"?
showed the same outcome using digits and letters as the T2
task.

Alternative theoretical accounts

Duncan ez al'7 (see also Ref. 18) suggest that the AB repre-
sents the dwell time of attention. On the basis of neuropsy-
chological evidence, Duncan® argues that cluring this dwell
time attention acts to coalesce the properties of an object
into a coherent perceptual representation. When viewed
this way, the AB poses a serious challenge to a strict serial
model of visual processing?, where stimuli are said o
be processed ar rates of approximately S0ms per item.
However, Moore et al? argue that the way in which
serial models are interpreted in light of the outcome of
visual search experiments may not be applicable to RSVP
methodology.

Chun and Potter” propose a two-stage model to ac-
count for the AB. In stage 1, all stimuli are processed to a
preliminary stage where features and even meaning are reg-
istered, but not at a level sufficient for report. In stage 2,
stimuli are consolidated to a level required for a response.
The second stage has been described as sirailar to the con-
cept of working memory. According to their account, the
AB occurs when stage 2 is unable to operate on T2 owing to
this stage being occupied by T1.

Di Lollo and colleagues (pers. commun.) and Seiffert
and Di Lollo* propose an account of the AB based on the
role of T1 and T2 masks. Di Lollo and collzagues used both
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simultaneous masks (target and mask superimposed) and
delayed masks (the mask follows the target) on both T1 and
T2 in a fully crossed design. Their conclusion is that both
kinds of T1 masking (simultaneous and delayed) act simi-
larly when it comes to T2 performance: both cause a blink.
However, when it comes to the masking of T2, they find
that only masking by delay yields a blink. Such a conclusion
argues that masking an attended object (T'1) is different to
masking an unattended (by virtue of the AB) object (T2).
Furthermore, it is suggested that the lack of attention to T2
may allow object substitution of the T2 mask for T2. Enns
and Di Lollo® argue for a similar account to explain mask-
ing in unattended visual locations. Evidence in support of
such object substitution was reported by Isaak ez 2" It is
important to note that Isaak ez 4/. find that, under certain
circumstances, the T1 and its mask are as equally likely to
be reported as T2 and the T2 mask. As a further note here,
there is firm ground on which to argue that a mechanism
such as object substitution underlies the phenomenon of in-
duced change blindness reported recently by Rensink®.

A fourth alternative account postulates that the AB may
be related to the psychological refractory period (PRP)*#
and, indeed, PRP and AB methodologies bear a number of
similarities. In PRP experiments, two targets are presented,
separated by a variable interval. Participants are required to
respond to the two targets as quickly as possible after each is
presented. Two points differentiate these methods: firstly,
PRP experiments require speeded responses to both targets
(in AB experiments participants always respond, under no
time pressure, after the stimulus stream has ended); and sec-
ondly, PRP targets are not masked (masks are required to
produce an AB and although the second target in 2 PRP ex-
periment may mask the first when it follows with a short
[stimulus onset asynchrony (SOA), this is not a require-
ment to produce the typical PRP outcome]. The results of
PRP experiments show that average response time to the
second stimulus is slowed dramatically with short inter-
stimulus intervals and that response times to both stimuli
are positively correlated. AB-type experiments using PRP
methods (speeded responses required after each target) have
shown that T1 reaction time predicts T2 accuracy and that
response selection factors (such as simple versus forced
choice) can modulate AB magnitude. Given the similarity
of the PRP to AB outcomes, Jolicoeur and Dell Acqua
maintain that the AB may be viewed as a response selection-
based phenomenon, such as PRP (pers. commun.).

A unified model

The following three tenets, common to these five theories,
represent an attempt to unify these diverse positions. (1) As
a result of the T1 mask, increased attention is required to
enable T1 to reach a level of awareness sufficient for report.
(2) As less attention is available for T2, by virtue of T1’s de-
mands, T2 cannot be consolidated into a durable storage
sufficient for report. This leaves T2 vulnerable to decay
and/or object substitution from a variety of stimulus
sources, most notably from T2’s mask but also, under ap-
propriate conditions, by T1 as well as the T1 mask. This
condition is attenuated gradually as T1’s identity is re-
solved, following the approximately half second period
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Fig. 2 Typical rapid serial visual presentation (RSVP) ex-
perimental results revealing the attentional blink (AB).
Performance on T2 is plotted on the Y-axis and the serial pos-
ition and time post-T1 are plotted on the X-axis. The AB is de-
fined as the interval between 90 and 540 ms when performance
in the dual-target condition (filled squares) is worse than in the
single-target condition (filled circles).

which we refer to as the AB. In spite of the inability to re-
port T2 with a high degree of accuracy during this interval,
T2 is processed to a level of semantic awareness. (3) If the
system is put under further constraint, for instance, by a
rapid T1 response requirement, then response-selection
factors will bear additionally on T2 accuracy.

Cross-modal AB

In this section, we examine recent evidence addressing the
specific issue of cross-modal AB. The larger question here
is what happens when we direct attention to targets from
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Fig. 3 The results of Isaak et al.'*, modelled after the pro-
cedure used originally by Duncan et al."” As can be seen, T2
performance, as reflected in the magnitude of the attentional
blink, is a linearly increasing function of the number of letters
appearing in the five-item rapid serial visual presentation
(RSVP) display, suggesting that competition in (visual short-term
memory) VSTM occurs only among conceptually similar stimuli.
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Fig. 4 The attentional blink paradigm as applied to a neuropsychological population. (A) Results of non-patients and patients with-
out neglect (filled symbols and open symbols, respectively) tested under the single- and dual-target conditions (squares and circles, respec-
tively) used in the study by Husain et a/.3 Control groups reveal a normal attentional blink. (B) Results of patients with visual neglect tested
under the single- and dual-target (squares and circles, respectively) conditions used in the study by Husain et a/.3* A protracted attentional blink
is observed in the dual-target condition lasting approximately three times the duration of controls shown in (A). (* Attentional blink.)
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different modalities? The question is an interesting and
timely one, as most current theories of the AB hold it to
be a strictly visual phenomenon. A number of outcomes
are possible: (1) there are a number of modality-specific
attention mechanisms (for example, auditory and visual);
(2) there is a single, non-modality-specific attentional mecha-
nism, sometimes referred to as a supramodal mechanism
{for example, neither auditory nor visual); (3) there is an
interacting set of modality-specific attentional systems (for
example, auditory affects visual but not the other way
around); or (4) there is a single modality-specific attentional
mechanism (for example, visual but not auditory).

The issue of cross-modal attention is being investigated
using a variety of paradigms, such as exogenous cueing®
and the attentional blink. Interest in cross-modal interac-
tions is not new, with Posner and Boies* showing condi-
tions under which both visual-auditory independence and
dependence were observed. With regard to the AB, Potter
and Chun have argued that the AB occurs only between
visual targets and that other forms of attentional interfer-
ence are independent of visual AB and in many cases reflect
task switching demands®. On the other hand, Duncan
et al.?* present evidence in support of multiple, separate sys-
tems. Their data reveal the existence of only a visual-visual
blink and an auditory—auditory blink, but no cross-modal
effects. Arnell and Jolicoeur (unpublished) provide evidence
for a single, supramodal mechanism, where cross-modal
stimuli affect each other approximately as much as within-
modality stimuli. The central assumption in Arnell and
Jolicoeur’s model is that encoding a stimulus into short-
term memory requires central (supramodal) mechanisms
that are capacity limited such that, usually, only one oper-
ation requiring those mechanisms can be performed ac one
time,

Conflicting evidence such as this requires a careful ex-
amination of the specific paradigms used; such an exami-
nation reveals significant differences. Potter and Chun, who
found no evidence for either an auditory or cross-modal
AB, used a relatively slow rate of stimulus presentation

(135ms SOA) and a single RSVP stream which makes
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their study similar to previous AB work. Duncan ez 4/, on
the other hand, used concurrently presented auditory and
visual streams. Arnell and Jolicoeur, also using concurrent
streams, used faster rates of stimulus presentation (90 ms
SOA), which they argue is particularly important to reveal
an AB in the auditory modality. However, Arnell and
Jolicoeur used a digit T1 and a letter T2, which Potter and
her colleagues argue leaves open the possibility of task
switching to account for their cross-modal effects. Although
the weight of the evidence suggests that a cross-modal AB
can exist, the conflicting results reported so far suggest that
the circumstances promoting such effects remain to be fully

specified.

Applications to neuropsychology

Recently, Husain and colleagues® have used the AB para-
digm to examine the temporal dynamics of attention in in-
dividuals with visual neglect. Visual neglect is a common
disorder following right hemisphere lesions caused by a
stroke; it affects over 70% of patients with such lesions.
These individuals are unaware of people or objects in their
contralesional, or left, visual field whereas the ipsilesional or
right visual field remains relatively unimpaired.

Prominent theories to explain visual neglect share the
fundamental assumption of a spatial attentional deficit. For
example, Posner er al3* have argued that neglect patients
have a directionally specific impairment of disengaging at-
tention from a stimulus in the ipsilesional field when they
are required to shift attention to the contralesional field.
Husain et 2/.** wanted to show that the impairment experi-
enced by individuals with visual neglect might have a tem-
poral attentional component to it: these patients might have
an increased difficulty in disengaging from a stimulus, re-
gardless of a need to move attention from one spatial lo-
cation to another. The results of two control groups that
showed no neglect (age-matched and lesion site-matched)
are shown in Fig. 4A and reveal a normal AB profile. The
performance of neglect patients is shown in Fig. 4B: their
ability to detect T2 did not return to baseline until nearly
1.5 seconds, revealing an AB lasting approximately three
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times longer than controls. Such a finding suggests that in-
dividuals with visual neglect may suffer from a prolonged
inability to disengage from T1, which in turn may serve to
explain the nature of their visual deficits from a temporal,
rather than a spatial, perspective.

Conclusions

The first AB report® was published five years ago. During
these few short years the pursuit of the AB phenomenon has
moved beyond a methodology that provides a window on
the timecourse of object processing, towards a method for
investigating what, arguably, is referred to as consciousness.
If we define consciousness as the overt ability to report a
specified stimulus, then we would have to state categorically
that we are not consciously aware of the second target in an
RSVP paradigm. If, on the other hand, we define con-
sciousness as the ability to use the information contained in
T2, then indeed we are very conscious of more than we
know. The research presented here is consistent with the
view that one of the roles of attention is to raise a stimulus
to a conscious level. Conceptualizing attention in this way
elevates it to a role of prominence in the processing of
stimulus information. This is not a new conclusion but one
certainly worth making again.
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