Two-timing attention
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The attentional blink reveals a fundamental limit in the temporal resolution of attention. By describing the entire sequence of
electrophysiological events underlying the blink, a new study provides the first glimpse into the neural cause of this bottleneck.

Imagine that, as a participant in a psycho-
logical experiment, your task is to detect
two letters appearing within a rapid stream
of digits presented at the center of gaze, with
each character shown only for one—tenth of
a second. How will you fare? Dozens of such
experiments predict that you will have little
difficulty in reporting the first of the two
target letters; however, if the second letter
appears within about half a second of the
first, your performance in detecting that
second target may be pitiful'. Skeptical? Try
it yourself: www.cs.kent.ac.uk/people/rpg/
pc52/AB_Webscript/instr.html.

This transient impairment in detect-
ing the second of two targets, termed the
attentional blink?, reveals a severe tempo-
ral limitation in our ability to consciously
attend to multiple visual events. To put this
limitation in perspective, consider that neu-
rons in visual cortex can temporally resolve
spikes at rates 200-500 times our capacity
to temporally resolve visual targets. How
is it that our sophisticated nervous system,
equipped with massive parallel processing
capacity and comprising 100 billion high-
speed processors, yields such poor behav-
ioral performance3? In this issue Sergent et
al. * bring us closer to solving this mystery.

It has long been recognized that not all
stages of visual information processing are
highly efficient. For example, Duncan® pro-
posed a two-stage model of visual cogni-
tion in which an early stage that permits the
rapid, initial evaluation of visual stimuli is
followed by a second attentionally demand-
ing, capacity-limited stage that is essential
for the conscious report of the stimuli. Such
duality in visual cognition is well illus-
trated by the attentional blink!%: the ease
with which the first target (T1) is detected
indicates that our visual system can register
essentially all the stimuli, even at presenta-
tion rates as high as ten per second. In con-
trast, the difficulty in reporting the second
target (T2) reveals a profound temporal
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Figure 1 Neuroanatomical substrates of the
attentional blink. The gold circles represent
activation foci from fMRI studies, whereas the
light- and dark-green shaded regions represent
areas implicated in lesion and MEG studies,
respectively. Together these studies suggest a
lateral frontoparietal network as a key neural
substrate underlying the attentional blink
‘bottleneck’. Adapted from ref. 3.

limitation in conscious target perception.
Although several theories have been pro-
posed to account for the attentional blink”*3,
Chun and Potter’s two-stage model®—an
elaboration of Duncan’s model for tar-
get detection in rapid serial displays—has
received considerable support from the
neurobiological literature. Event-related
potential (ERP) studies have shown that T2
target words that are not explicitly perceived
in an attentional blink situation, nonethe-
less elicit electrophysiological markers of
visual and semantic processing®!%;
cessful detection of T2, however, elicits a
P300 response!®, indicating that working
memory is being updated. Thus, T2 tar-
gets that do not reach working memory
are processed by the brain, as predicted
by the two-stage model of the attentional
blink. Neuropsychological'! and functional
magnetic resonance imaging (fMRI) stud-
ies!>!3 complement the ERP results by
pinpointing the neural substrates under-
lying the attentional blink ‘bottleneck’, the
capacity-limited second stage at which T2 is
blocked from conscious perception. These
studies have not only implicated a lateral
frontoparietal network!'# as the neural sub-
strate underlying this bottleneck, but also
have revealed activity in the visual, but not

suc-

frontal, cortex even when subjects failed to
detect T2!>13 (Fig. 1). What emerges from
this research is a neural account of the two-
stage model: activity in visual cortex would
correspond to stage 1, whereas target pro-
cessing in the frontoparietal cortex would
correspond to stage 2 (ref. 3).

Despite what these studies have revealed
about the attentional blink, they provide little
information about the neural processes that
prevent two successive targets from reach-
ing consciousness. Also, because the classi-
cal attentional blink experiment requires a
categorical response (such as: “Did you see
the target or not?”), it may not be too sur-
prising that these neurobiological studies are
consistent with the two-stage model. A more
rigorous way to test this model would be to
determine whether a similar dichotomous
pattern of brain activity occurs when the
task requires a perceptual judgment across
a continuum. The new study by Sergent and
colleagues* addressed both of these issues.

To investigate the ‘quantal’ nature of
awareness in the attentional blink, Sergent et
al. used a modified T2 task that, rather than
calling for target detection or identification,
required observers to rate the visibility of
each T2 target word along a continuous
range (from 0% visible, indicating that the
observer missed the target entirely, to 100%
visible). Even though this provides subjects
with every opportunity to report a graded
conscious percept, the T2 scores clustered
around two peaks: a sharp one at 0% and
a second, broader one between 60% and
90%. This distribution suggests that subjects
either did not see T2 at all or saw it quite
well. In keeping with this finding, Sergent
et al. found that some ERPs, generated 300—
500 ms after T2 appeared (for example, the
P300), occurred in an all-or-none fashion
during the blink, showing essentially no
response when perceived visibility was below
50%, and strong but invariant response
when perceived visibility was above 50%.
By contrast, ERP components that occurred
earlier (that is, P1 and N1) were unaffected
by the perceived visibility of T2. Not only are
these results consistent with prior work!?,
but they also strongly support Chun and
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Potter’s two-stage® and related neural mod-
els of the attentional blink by demonstrating
a predominantly dichotomous response pat-
tern in several key ERP components associ-
ated with the attentional blink.

How can the finding that early ERP com-
ponents are unaffected by the perceived vis-
ibility of T2 (refs. 4,10) be reconciled with
fMRI results showing greater activity in the
visual cortex when T2 is consciously per-
ceived than when it is missed'3? Sergent et
al. provide a potential resolution. Posterior
cortical regions showed late reactivations in
trials for which T2 was consciously perceived
(see Fig. 5 in Sergent et al.*). Such reactiva-
tion, awareness-related presumably of top-
down origin, could account for the fMRI
results if one assumes that this re-entrant
signal integrates with, and thereby ampli-
fies, the visual cortex’s BOLD response to
target presentation. By the same token, this
late reactivation could also be construed as
evidence for a contribution of visual cortex
activity to stage 2 of the attentional blink?>.

Although these results help pin down
which electrophysiological events and neural
foci are involved in the attentional blink, they
do not tell us how the attentional blink is trig-
gered. This is where the results of Sergent et
al. become even more interesting. Chun and
Potter’s two-stage model® proposes that T2
cannot access stage 2 until T1 processing is
completed. It therefore follows that the sooner
T1 processing is completed, the more likely it is
that T2 will access stage 2 before it is degraded
or replaced (in stage 1) by ensuing distractors.
This is precisely what Sergent et al. report*.

l, .I The P300 (P3b) wave for T1 peaked earlier

in T2 trials rated as highly visible, suggesting
that T2 was more likely to access stage 2—and
therefore become consciously visible—when
T1 processing was completed earlier. Although
the times at which the T1-evoked P300 peaked
differed only slightly between the visible and
invisible T2 targets, it is worth noting that
subjects in an attentional blink experiment
are at the threshold of conscious perception;
thus even tiny stochastic fluctuations in back-
ground neural activity may suffice to tip the
balance between visible and invisible T2 tar-
gets®. Barlier T1 processing would facilitate
T2’s gaining access to stage 2 before its neural
representation in stage 1 fades away. Additional
support for this idea comes from the relative
timings of early and late ERP waves: the P1 and
N1 components of T2, likely indexes of stage 1
processing, terminate at about the same time
as the P300 wave for T1 starts.

Taken together, these results are consis-
tent with the view that T2 may not access the
capacity-limited second stage of information
processing that is necessary for awareness, so
long as T1 occupies that stage. These find-
ings not only begin to unmask the neural
processes underlying the attentional blink
bottleneck, they come tantalizingly close to
catching that bottleneck in action.

Much remains to be resolved, however. For
one, not all of Sergent and colleagues’ ERP
data fit squarely into two-stage models of the
attentional blink, suggesting that these models
do not capture the entire cascade of electro-
physiological events leading to the blink. In
addition, although using a continuous rating
scale for the T2 task allowed Sergent et al. to
provide evidence against a graded nature of

conscious perception during the attentional
blink, the precise contents of that perception
could not be established because subjects were
not asked to report the identity of the T2 tar-
get. Thus, it will be important to determine
exactly what conscious process or processes
are reflected by the different ERP components.
Indeed, only once we have clearly identified
the cognitive processes indexed by each of the
neurophysiological events implicated in the
blink, and determined how these events are
affected by experimental perturbations'>!3,
will we have made significant progress into
understanding the root of this perceptual
deficit. The study by Sergent and colleagues
certainly points the way.
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Orexin, drugs and motivated behaviors

Thomas E Scammell & Clifford B Saper

Orexins are known to regulate sleep and feeding, but a study in Nature now shows that they are also involved in drug-seeking behavior.
This suggests a larger role for orexin-producing neurons as an interface between internal states and motivated behaviors.

Narcolepsy is a sleep disorder caused by the
selective loss of the hypothalamic neurons
that produce orexin-A and orexin-B (hypo-
cretin-1 and -2). Regardless of how much
sleep they get at night, people with narco-
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lepsy often struggle to stay awake during the
day. Many require treatment with stimu-
lant medications such as amphetamines
that are potentially addictive, but surpris-
ingly few become addicted to these drugs’.
Harris and colleagues now present a novel
perspective on how the orexin peptides may
drive drug-seeking behavior?. Their findings
may, in turn, explain why so many patients
with narcolepsy seem able to avoid drug
addiction.

Harris and colleagues used an apparatus
with two chambers, in one of which they
injected rats with morphine or cocaine.
They found that the animals later spent
more time in that chamber than in the neu-
tral one, even in the absence of drug. This
conditioned place preference was associated
with activation of orexin neurons in the lat-
eral hypothalamus, as indicated by increased
expression of Fos protein. Rats conditioned
to morphine demonstrated much less place
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