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Abstract Can spatial attention be deployed as an annulus?
Some studies have answered this question in the positive,
others in the negative. We tested the hypothesis that annular
deployment depends on the presence of a suitable structural
framework to which attention can be anchored. To this end,
we added a structural framework to the displays of a study that
failed to find an annular distribution of attention. The targets
were displayed in an annular region around a central stream of
task-irrelevant distractors which captured attention and im-
paired target identification. This design was replicated in our
No-Anchors condition. In the Anchors condition in
Experiments 1 and 2, a square outline was displayed at each
of the four possible target locations. Consistent with the idea
that attention can be deployed as an annulus only when a
visual framework is present, the targets were identified more
accurately (Experiment 1) and more rapidly (Experiment 2)
when anchors were present than when they were absent. The
number of anchors was increased to eight in Experiment 3. In
Experiment 4 the central stream was omitted to verify that the
enhanced performance did not arise from intrinsic properties
of the anchors themselves. In Experiment 5, targets were
presented in a blank annular region delimited by two concen-
tric circles, thus obviating the possibility that attention was
deployed as four or eight separate foci in Experiments 2 and 3,
respectively.

Keywords Attention: space-based . Attention: selective .

Attentional blink

In everyday experience, the visual system is exposed to an
ever-changing stream of images that can exceed its processing
capabilities. Selective attention provides a means of focusing
on task-relevant information while filtering out irrelevant
information. In the course of selecting relevant information,
the focus of attention can be shifted rapidly from one object or
location to another (Posner, 1980; Posner & Cohen, 1984;
Weichselgartner & Sperling, 1987), expanded or contracted to
match the size of relevant objects (Castiello & Umiltà, 1990;
Eriksen & St. James, 1986; Jefferies, Gmeindl, & Yantis,
2014), and can even be split into more than one focus (Bay
& Wyble, 2014; Jefferies, Enns, & Di Lollo, 2014; McMains
& Sommers, 2004). Whether attention can be deployed in the
form of an annulus (sometimes called a doughnut or a ring) is
unclear: some studies have found evidence in favor (Egly &
Homa, 1984; Eimer, 1999, 2000; Juola, Bouwhuis, Cooper, &
Warren, 1991; Müller & Hübner, 2002), others against (Beck
& Lavie, 2005; Visser et al., 2004). Here, we report the
outcomes of four experiments aimed at identifying the factors
that allowed attention to be deployed as an annulus in some
studies but not in others.

A common characteristic of the studies that found evidence
for annular distribution of attention is that they used a struc-
tural framework that demarcated the spatial confines of an
annular region. For example, Juola et al. (1991) displayed a set
of concentric circles that remained on view before and after
the presentation of the target. At the beginning of each trial,
the observers were informed which circle would contain the
target. Similar spatial frameworks were employed by Eimer
(1999, 2000) and by Egly and Homa (1984), who referred to
the framework as a ‘spiderweb’. In contrast, no spatial frame
of reference was employed in the studies that failed to find
evidence for an annular distribution of spatial attention (Beck
& Lavie, 2005; Visser et al., 2004).

This pattern of results suggests that whether attention can
be deployed in the form of an annulus depends on the presence
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of a visual framework to which attention can be anchored. The
present work was a test of this hypothesis. To this end, we
modified the design developed by Visser et al. (2004) by
adding a spatial frame of reference to the displays. In the study
of Visser et al., the annular distribution of attention was
studied in the context of a phenomenon known as the atten-
tional blink (AB) in which identification accuracy of the
second of two sequential targets (T1 and T2) is impaired if
the inter-target lag is less than about 500 ms (Raymond,
Shapiro, & Arnell, 1992; Enns, Visser, Kawahara, & Di
Lollo, 2001). In the study of Visser et al., two letter targets
were presented separately, either above, below, to the left, or to
the right of the center of the display.

In one condition, the center of the display contained only a
fixation cross; in another condition, it contained a rapid stream
of irrelevant distractors that never contained a target. Themain
finding was that identification accuracy for both T1 and T2
was substantially impaired by the presence of the central
stream, even though the observers were informed that it was
irrelevant to the task at hand. Visser et al. interpreted that
impairment as arising from attention being captured by the
central stream to the detriment of the attentional resources
available for processing the targets in the surrounding area.
A clear inference from this finding is that observers were
impaired in deploying attention to the surrounding annular
area in which the targets were displayed. Had they been able
to do so, the central stream would have been relatively
unattended and, as such, would have produced little or no
interference with identification of the targets presented in the
attended annular area.

In one condition of the present Experiment 1, we replicated
the main features of the Visser et al. (2004) study, including a
central stream of task-irrelevant distractors, with the targets
presented in the surrounding region. In a second condition, we
added a spatial framework intended to enable the deployment
of attention to the region surrounding the central distractor
stream. The framework consisted of four square outlines, one
each above, below, left, and right of the central stream.
Observers were instructed that the targets would always ap-
pear inside the boxes, never in the central stream. On the
hypothesis that the presence of a framework facilitates the
deployment of attention to the region that contained the boxes,
we expected accuracy of target identification to be higher
when the framework was present than when it was absent.

Experiment 1

Methods

Observers Seventeen undergraduate students at Murdoch
University participated in the experiment for course credit.
All participants were naïve as to the purpose of the experiment

and reported normal or corrected-to-normal vision. They com-
pleted both the Anchors and the No-anchors conditions in
counterbalanced order.

Apparatus and stimuli All stimuli were presented on a
computer monitor viewed from a distance of approximate-
ly 57 cm. A black fixation cross (0.25° ×0.25°) was
displayed in the center of the light gray background at
the beginning of each trial. After a brief delay, a stream of
black digits (0–9) appeared in the center of the screen.
The digits were displayed randomly with the restriction
that the same digit could not be presented successively.
The two target letters were selected randomly without
replacement from all of the letters of the English alphabet,
excluding the letters I, O, Q, Z. Both the letter-targets and
the central digit-distractors subtended approximately 0.9°
vertically. The targets appeared randomly but with equal
probability at separate locations 1.75° (center-to-center)
above, below, to the left, or to the right of fixation, but
never in the central location. Each digit and target was
displayed for 50 ms, followed by a blank inter-stimulus-
interval of 50 ms. In the Anchors condition, the black
outline of a square of 1.2° per side was centered on each
of the four target locations. The squares onset along with

Fig. 1 Stimulus sequences in Experiment 1. The left-hand sequence
illustrates the No-Anchors condition; the right-hand sequence illustrates
the Anchors condition. In both cases, the central digits are distractors and
the peripheral letters are targets. Both targets are masked by a trailing
digit. The two targets never appeared in the same location as one another,
and never appeared in the central distractor stream
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the fixation cross and remained present throughout the
trial. The display sequence is illustrated in Fig. 1.

Procedures

In the No-Anchors condition (Fig. 1, left-hand panel),
each trial began with the presentation of the fixation
cross. Following a 500-ms delay, the digit stream re-
placed the fixation cross. After a random 8–14 leading
digits, the first target letter was presented either above,
below, to the left, or to the right of fixation. The target
location was chosen randomly on each trial, with the
restriction that each of the four locations was chosen an
equal number of times. The second target never ap-
peared at the same location as the first target, and was
therefore presented at one of the remaining three loca-
tions. Neither target was ever presented in the central
RSVP stream. A mask, selected randomly from the
digits 0–9 was presented 100 ms after each target.

The second target followed the first at one of three temporal
lags: 100 ms, 300 ms, and 900 ms. When the inter-target lag
was 100 ms, the second target appeared simultaneously with
the first-target mask. The task for the observers was to identify
the two targets and to enter them on the keyboard in either
order at the end of each trial. The sequence of events in the
Anchors condition was identical to that in the No-Anchors
condition with a single critical difference. The outlines of four
black squares were displayed above, below, to the left, and to
the right of fixation along with the fixation cross at the
beginning of each trial. These squares delineated the four
locations at which the targets would subsequently occur and
remained present throughout the trial (Fig. 1, right-hand
panel).

Results and discussion

Mean percentages of correct identification of T1 were 80 %,
82 %, and 84 % at Lags 1, 3, and 9, respectively, in the No-
Anchors condition, and 83 %, 85 %, and 86 % at Lags 1, 3,
and 9, respectively, in the Anchors condition. In all the present
experiments, estimates of T2 identification were based on
only those trials in which T1 had been identified correctly.
This procedure is commonly adopted in AB experiments on
the grounds that, on incorrect trials, the source of the error is
unknown, so its effect on T2 processing cannot be estimated.
Responses were recorded as correct regardless of the order of
report. Mean percentages of correct identifications of T2 as a
function of lag, averaged over all the observers, are illustrated
in Fig. 2. The results were analyzed in a 2 (Anchors) ×3 (Lag)
ANOVA, which revealed significant effects of Anchors,
F(1,16) = 17.13, p = .001, ηp

2 = .517, and Lag,F(2,32) =
42.35, p < .001, ηp

2 = .726. The interaction effect was also
significant, F(2,32) = 4.44, p = .02, ηp

2 = .217.

Can attention be deployed as an annulus?

Of major interest for the present purpose is the finding that
accuracy of target identification, whether T1 or T2, was sig-
nificantly higher when anchors were present than when they
were absent. This is consistent with the hypothesis that an-
chors allowed more attention to be deployed to the peripheral
locations, thus reducing the deployment of attention to the
central stream and enhancing the processing of the targets.
This is consistent with the idea that the anchors facilitated the
deployment of attention in the shape of an annulus.
Alternative options, such as the deployment of multiple foci
of attention, are considered in subsequent experiments.

The present findings reconcile the discrepancy between
studies that found evidence for attention being deployed in
the shape of an annulus and those that did not. In light of the
present findings, we can conclude that the critical factor in
those studies was whether or not the displays included a
spatial structure that supported the deployment of attention
in the form of an annulus. The phenomenology is worth
noting. Most observers reported that the central stream was
not as attention-grabbing in the Anchors condition, thus facil-
itating the deployment of attention around the region
delimited by the anchors.

Do anchors affect the magnitude of the attentional blink?

The modified design of Visser et al. (2004) adopted in the
present work permits an assessment of the effects of a visual
structural framework on the deployment of spatial attention
during the period of the AB. The magnitude of the AB is
assessed by subtracting the lowest level of T2 performance
from the highest level. Thus, the magnitude of the AB for the

Fig. 2 Results of Experiment 1. Percentage of correct responses for the
second target (T2), given that T1 was identified correctly. Error bars
indicate one standard error
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T2 functions in Fig. 2 is obtained by subtracting the score at
the 100-ms Lag from that at the 900-ms Lag. On this criterion,
it appears as though the magnitude of the AB is less in the
Anchors condition than in the No-Anchors condition. This
conclusion is supported by the significant Lag × Anchors
interaction effect revealed in analysis of the T2 data.

Before pursuing the theoretical implications of this finding,
it is prudent to consider the possibility that the interaction
might have arisen from a ceiling imposed by the 100 % limit
of the response scale. Namely, it is possible that, in the
absence of a response ceiling, the score for the Anchors
condition at a lag of 900 ms might have risen to a level that
would have caused the Anchors function to be parallel with
the No-Anchors function. This conjecture was tested in
Experiment 2 by using a dependent measure unconstrained
by a response ceiling, namely, reaction time (RT) to T2.

Experiment 2

Methods

Observers Fifteen undergraduate students at Murdoch
University and at Simon Fraser University participated in the
experiment for course credit. All participants were naïve as to
the purpose of the experiment and reported normal or
corrected-to-normal vision. They completed both the
Anchors and the No-Anchors conditions in counterbalanced
order.

Apparatus and stimuli

The apparatus and stimuli were identical to Experiment 1 with
a single exception. In Experiment 2, the second target was
either the letter C or the letter G. The two letters appeared
randomly but with equal probability.

Procedures

The task and displays in Experiment 2 were the same as in
Experiment 1 with a single exception. In Experiment 2, the
second target was either the letter C or G, and participants
were instructed to press the corresponding key as quickly as
possible. Accordingly, they were instructed to keep the index
finger of their left hand on the ‘C’ key on the keyboard, and
the index finger of their right hand on the ‘G’ key. Participants
were also instructed that once they had responded to the
second target, they should identify the first target by pressing
the corresponding key on the keyboard at their leisure. Such a
response sequence (i.e., responding to T2 before responding
to T1) has been adopted in earlier studies in which the

response measure was RT to T2 (e.g., Jolicoeur &
Dell’Acqua, 1998; Zuvic, Visser, & Di Lollo, 2000).

Results and discussion

Mean percentages of correct identification of T1 were 77 %,
80 %, and 79 % at Lags 1, 3 and 9, respectively, in the No-
Anchors condition, and 85 %, 86 %, and 88 % at Lags 1, 3,
and 9, respectively, in the Anchors condition. The correspond-
ing accuracy scores for T2 were 90%, 93%, and 96% at Lags
1, 3, and 9, respectively, in the No-Anchors condition, and
89 %, 94 %, and 95 % at Lags 1, 3, and 9, respectively, in the
Anchors condition.

Figure 3 shows the mean of the median RT scores as a
function of Lag. The results were analyzed in a 2
(Anchors) ×3 (Lag) ANOVA, which revealed significant
effects of Anchors, F(1,14) = 16.19, p = .001, ηp

2 = .536,
and Lag, F(2,28) = 33.76, p < .001, ηp

2 = .707. Notably,
the interaction effect was not significant, F<1.

The outcome of the statistical analysis confirms the
graphical evidence in Fig. 3 that the presence of an-
chors led to faster RTs not only at the shorter lags but
also at a Lag of 900 ms, at which the Anchors and No-
Anchors conditions converged in Experiment 1. This is
consistent with the hypothesis that the convergence of
the Anchors and No-Anchors functions for T2 in
Experiment 1 (Fig. 2) arose from a ceiling imposed by
the 100 % limit of the response scale. Collectively, the
results of Experiments 1 and 2 are consistent with the
hypothesis that attention can be deployed as an annulus,
provided that the displays include a spatial framework
to support the annular deployment of attention.

Fig. 3 Results of Experiment 2. Error bars indicate one standard error
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The spatial distribution of attention: alternative views

Perhaps the most basic finding in the present work is that the
addition of a spatial structure enables observers to ignore – or,
at least, pay less attention to – a central stream of distractors.
We interpreted this finding as evidence that attention can be
deployed in the form of an annulus. Here, we consider two
alternative interpretations: a broad unitary focus, and multiple
foci.

Broad unitary focus On this account, attention in the No-
Anchors condition is held to be focused narrowly on the
central stream, thereby leaving unattended the surrounding
area, where the targets appear. The addition of anchors to the
display causes attention to expand so as to encompass the
entire region delimited by – and including – the anchors. The
possibility that the focus of attention might have expanded
further so as to encompass the region beyond the anchors is
unlikely, in light of a study by Castiello and Umiltà (1990) in
which attention was directed to the area delimited by a square
outline. Consistent with the idea that the focus of attention
extended to the border of the square, but not beyond it, they
found RT benefits for targets appearing within the attended
area but not outside it.

With reference to the present work, the findings of
Castiello and Umiltà (1990) suggest that the focus of
attention expanded to encompass the anchors but not the
region beyond them. On this interpretation, the central
distractor stream falls within the focus of attention in
both the Anchors and the No-Anchors conditions, and
should, therefore, affect performance equally in both
conditions. This option is inconsistent with the present
results which show substantially reduced interference by
the central stream in the Anchors condition, suggesting
that the central region was unattended, or less attended,
than in the No-Anchors condition.

Multiple foci On this account, attention in the Anchors con-
dition was not deployed as a unitary annular region that
encompassed all four anchors. Rather, it was divided into four
discrete foci, one for each anchor. This option has little sup-
port in the experimental literature. Attention has long been
held to be deployed as a single unitary focus (e.g., Eriksen &
Yeh, 1985; Jans, Peters, & De Weerd, 2010; LaBerge, 1995).
More recently, evidence has been adduced that, under specific
circumstances, attention can be divided into two foci
(McMains & Somers, 2004; Müller, Malinowski, Gruber, &
Hillyard, 2003). In a paradigm known as multiple object
tracking (MOT), it has been shown that as many as five items
can be tracked at one time, although it is not clear whether
focused attention is actually involved because the supposed
underlying mechanism, known as fingers of instantiation
(FINSTs) is said to be preattentive (Pylyshyn & Storm,

1988). It is not clear, therefore, that attention is actually being
divided into five separate foci in that paradigm.

In light of these considerations, the possibility cannot be
ignored that attention could indeed be divided into as many as
four separate foci. In this case, the claim that attention was
deployed as an annulus in Experiments 1 and 2 becomes
questionable. In Experiment 3 we increased the number of
anchors – and attendant target locations – to eight. The display
is illustrated in Fig. 4a, in which the anchors are so close to
each other as to effectively take the form of a ring. Given the
extant evidence that the focus of attention can be split into no
more than two beams (perhaps five in the case of MOT) it
seems unlikely that it is split into eight separate beams as
distinct from being deployed as an annulus.

Experiment 3

Observers

Fifteen undergraduate students at Murdoch University partic-
ipated in the experiment for course credit or payment. All
participants were naïve as to the purpose of the experiment
and reported normal or corrected-to-normal vision. They com-
pleted both the Anchors and the No-Anchors conditions in
counterbalanced order.

Apparatus, stimuli, and procedure The apparatus and proce-
dure were the same as in Experiment 2, with the exception that
the display consisted of eight anchors, and the targets ap-
peared unpredictably, but with equal probability, within any
of the eight anchors, but not within the same anchor. The
display, illustrated in Fig. 4a, consisted of eight square out-
lines arranged around the perimeter of an imaginary circle of

Fig. 4 Results of Experiment 3. Panel a illustrates the display used in
Experiment 3, which contained eight anchors in a circular arrangement;
Panel b illustrates mean median RT to T2. Error bars indicate one
standard error
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2.27° radius. The size of each square was the same as in
Experiment 2.

Results and discussion

Mean percentages of correct identification of T1 were 77 %,
80 %, and 79 % at Lags 1, 3, and 9, respectively, in the No-
Anchors condition, and 85 %, 86 %, and 88 % at Lags 1, 3,
and 9, respectively, in the Anchors condition. The correspond-
ing accuracy scores for T2 were 90%, 93%, and 96% at Lags
1, 3, and 9, respectively, in the No-Anchors condition, and
89 %, 94 %, and 95 % at Lags 1, 3, and 9, respectively, in the
Anchors condition.

The median RT to T2 was computed separately for each
observer. Figure 4b shows the mean of the median RT scores
as a function of Lag, separately for the Anchors and No-
Anchors conditions. The results were analyzed in a 2
(Anchors) ×3 (Lag) ANOVA, which revealed significant ef-
fects of Anchors, F(1,14) = 27.81, p < .001, ηp

2 = .665, and
Lag, F(2,28) = 23.40, p < .001, ηp

2 = .626. The interaction
effect was not significant (F<1).

The principal aim of Experiment 3 was to support the idea
that attention can be deployed as an annulus, given an appro-
priate structural framework. In the present paradigm, it is
unlikely that attention was deployed in eight separate foci.
To be sure, this does not entirely rule out the possibility that in
Experiment 2 attention might have been deployed in four
separate foci. Given the overall pattern of results, however,
that possibility seems unlikely. At any rate, it is indisputable
that attention can be deployed to peripheral locations to the
exclusion of a central location, provided that an appropriate
structural framework is in place.

Experiment 4

In Experiment 2, T2 was identified more slowly when anchors
were absent than when they were present (Fig. 3). We
accounted for this result by hypothesizing that, in the absence
of anchors, attention could not be deployed selectively in the
form of an annulus. That is, in the absence of anchors, the
central RSVP stream could not be ignored and could, there-
fore still capture attention. On this account, the impaired
performance in the No-Anchors condition is attributed to the
detrimental effect of the central stream. An alternative account
can be formulated in which the differences in performance
seen in Experiment 2 (Fig. 3) are attributed not to a detrimen-
tal effect of the central stream but to a beneficial effect of the
anchors themselves, independent of any effect on the spatial
distribution of attention. For example, it may be possible to
localize and identify the targets more quickly if they appear in
a clearly-demarcated region (i.e., inside the anchors).

These alternatives were examined in Experiment 4 by
replicating the conditions of Experiment 2 with the exception
that the central streamwas replaced by a simple fixation cross.
If the difference between the Anchors and No-Anchors con-
ditions in Experiment 2 stemmed mainly from the beneficial
effect of the anchors themselves, the removal of the central
stream should not lead to any consequential reduction in that
difference. In that case, the results of Experiment 4 should
replicate closely those of Experiment 2. If, on the other hand,
that difference arose from the detrimental effect of the central
stream, its removal should result in a reduction – or elimina-
tion – of the difference between the Anchors and No-Anchors
conditions.

Methods

Observers

Fifteen undergraduate students at Murdoch University partic-
ipated in the experiment for course credit or payment. All
participants were naïve as to the purpose of the experiment
and reported normal or corrected-to-normal vision. They com-
pleted both the Anchors and the No-Anchors conditions in
counterbalanced order.

Apparatus, stimuli, and procedures

The apparatus, stimuli, and procedures were identical to
Experiment 2 with a single exception: the central RSVP
stream was replaced with a fixation cross.

Results and discussion

Mean percentages of correct identification of T1 were 88 %,
91 %, and 90 % at Lags 1, 3, and 9, respectively, in the No-
Anchors condition, and 89 %, 89 %, and 89 % at Lags 1, 3,
and 9, respectively, in the Anchors condition. The correspond-
ing accuracy scores for T2 were 94%, 98%, and 96% at Lags
1, 3, and 9, respectively, in the No-Anchors condition and
93 %, 96 %, and 94 % at Lags 1, 3, and 9, respectively, in the
Anchors condition.

The median RT to T2 was computed separately for each
observer. Figure 5 shows the mean of the median RT scores as
a function of Lag, separately for the Anchors and No-Anchors
conditions. The results were analyzed in a 2 (Anchors) ×3
(Lag) ANOVA, which revealed a significant main effect of
Lag, F(2,28) = 18.73, p < .001, ηp

2 = .572. The main effect of
Anchors was not significant (F<1), nor was the interaction
effect (F<1).

We compared the results of Experiments 2 and 4 in a 2
(Experiment: 2 and 4) ×3 (Lag: 1, 3, and 9) ×2 (Anchors, No
Anchors) ANOVA. The analysis revealed significant effects of
Experiment, F(1,28) = 5.51, p = .026, ηp

2 = .164; Lag,
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F(2,56) = 50.23, p < .001, ηp
2 = .642; and Anchors,

F(1,28) = 10.51, p = .003, ηp
2 = .273. The interaction

between Experiment and Anchors was also significant:
F(1,28) = 11.45, p = .002, ηp

2 = .290. No other effects
were significant.

The results were unambiguous: the removal of the central
stream had twomajor consequences: first, andmost important,
the difference between the Anchors and No-Anchors condi-
tions seen in Experiment 2 was absent in Experiment 4. This
outcome is clearly consistent with the idea that the difference
in performance between the Anchors and No-Anchors condi-
tions in Experiments 1 and 2 arose mainly from the detrimen-
tal effect of the central stream. From this it can be concluded
that the anchors did not have any inherently beneficial effect
on performance. Rather, the beneficial effect of the anchors
must be attributed to their effect on the spatial distribution of
attention.

The second major effect of the removal of the central
stream was to reduce overall RT in Experiment 4 relative to
Experiment 2 (Figs. 3 and 5). This outcome was not unex-
pected: it is known that RT is increased when a target is
preceded by a stream of distractors (Kawahara, Enns, & Di
Lollo, 2006). As shown by the Experiment × Anchors inter-
action effect, the reduction in RTwas more pronounced in the
No-Anchors than in the Anchors condition.

We examined this interaction by comparing the No-
Anchors conditions in Experiments 2 and 4 and the corre-
sponding Anchors conditions in separate analyses. The
ANOVA for the No-Anchors conditions revealed significant
effects of Experiment, F(1,28) = 7.60, p = .01, ηp

2 = .213, and
Lag, F(2,56) = 31.70, p < .001, ηp

2 = .531. The interaction
effect was not significant. The ANOVA for the
Anchors conditions revealed a significant effect of
Lag, F(2,56) = 44.32, p < .001, ηp

2 = .613. The effect

of Experiment was marginally significant, F(1,28) =
2.79, p = .11, ηp

2 = .091. The interaction effect was
not significant, F(2,56) = 1.63, p = .20, ηp

2 = .055.
The outcomes of these subsidiary analyses are consistent

with the hypothesis that the annular distribution of attention
caused the central location to be less attended in the Anchors
condition, hence the removal of the central stream had less of
an effect in that condition. The finding that RTs in the Anchors
condition were marginally faster in Experiment 4 than in
Experiment 2, however, suggests that the presence of the
anchors in Experiment 2 may not have caused attention to
be withdrawn completely from the central location. Otherwise
there would have been no difference at all in RT between the
Anchors conditions in Experiments 2 and 4.

Experiment 5

Experiments 1–4 were designed to examine the proposition
that the deployment of attention in the form of an annulus is
contingent on the presence of an appropriate structural frame-
work. Consistent with that proposition, the presence of an-
chors along an annular path enhanced the identification of
targets presented within the anchors. We interpreted that result
as buttressing the hypothesis that the anchors facilitated an
annular deployment of attention. In every case, however, the
possibility remained that attention might have been deployed
in the form of multiple foci, one focus for each anchor. The
main objective of the present experiment was to question the
multiple-foci idea by showing that a similar pattern of results
is obtained when the targets are presented within a structure
that does not lend itself to the deployment of multiple indi-
vidual foci. To that end, we replicated Experiment 3 with one
critical change: the eight anchors were replaced by two con-
centric circles, with the targets displayed in the blank annular
region encompassed between them.

Methods

Observers

Fifteen undergraduate students at Simon Fraser University
participated in the experiment for course credit or payment.
All participants were naïve as to the purpose of the experiment
and reported normal or corrected-to-normal vision. They com-
pleted both the Circles and the No-Circles conditions in
counterbalanced order.

Apparatus, stimuli, and procedures

The apparatus, stimuli, and procedures were identical to
Experiment 3 with a single exception: the eight anchors were

Fig. 5 Results of Experiment 4. Error bars indicate one standard error
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replaced by two concentric circles centered on fixation. The
diameter of the inner circle was 2.3° and that of the outer circle
was 4.7°.

Results and discussion

Mean percentages of correct identification of T1 were 85 %,
90 %, and 91 % at Lags 1, 3, and 9, respectively, in the No-
Circles condition, and 90 %, 92 %, and 94 % at Lags 1, 3, and
9, respectively, in the Circles condition. The corresponding
accuracy scores for T2 were 95 %, 97 %, and 98 % at Lags 1,
3, and 9, respectively, in the No-Circles condition and 93 %,
95%, and 96% at Lags 1, 3, and 9, respectively, in the Circles
condition.

The median RT to T2 was computed separately for each
observer. Figure 6 shows the mean of the median RT scores as
a function of Lag, separately for the Circles and No-Circles
conditions. The results were analyzed in a 2 (Circles) ×3 (Lag)
ANOVA,which revealed significant effects of Circles,F(1,14) =
7.16, p = .018, ηp

2 = .338, and Lag, F(2,28) = 22.17, p < .001,
ηp

2 = .613. The interaction effect was not significant, F(2,28) =
1.26, p=.30, ηp

2 = .083.
The results were unambiguous: RTs were significantly

faster when the concentric circles were present than when
they were absent. This is clearly consistent with the idea that
attention can be deployed in the form of an annulus provided
that a suitable structural framework is provided.

General discussion

The principal objective of the present work was to examine
the hypothesis that attention can be deployed as an annulus

only in the presence of an anchoring structural framework. In
Experiment 1 we adopted Visser et al.’s (2004) paradigm
consisting of a central stream of irrelevant distractors and
two sequential targets (T1 and T2) presented above, below,
to the left, or to the right of the stream. Even though the targets
never appeared within it, the central stream captured attention
thus impairing target identification and suggesting that atten-
tion could not be deployed as an annulus. The present
Experiment 1 comprised two conditions. The No-Anchors
condition replicated Visser et al. In the Anchors condition, a
square outline was displayed continuously at each of the four
possible target locations. This was intended to provide a
spatial framework to which attention could be anchored. The
results showed that accuracy for both targets was higher in the
Anchors condition, suggesting that attention was deployed in
the form of an annulus. Experiment 2 was the same as
Experiment 1, except that RT was used as the response mea-
sure instead of accuracy, in order to avoid a response ceiling
that was in evidence in Experiment 1. To test the possibility
that attention was deployed as four separate foci – rather than
as an annulus in the other experiments – a ring of eight
anchors were used in Experiment 3, thus reducing the likeli-
hood of attention being deployed as separate foci. The results
were consistent with an annular distribution of attention. In
Experiment 4, the omission of the central stream showed that
the differences between the Anchors and the No-Anchors
conditions in Experiment 2 stemmed from a detrimental effect
of the central stream rather than from any intrinsic beneficial
effect of the anchors. Experiment 5, replicated the results of
Experiment 3 with displays in which the anchors were re-
placed by a blank region bounded by two concentric circles,
thus obviating the possibility of multiple foci. By showing that
a spatial framework is necessary for the annular deployment
of attention, the present work reconciled a discrepancy in the
experimental literature.

The present finding that the spatial deployment of attention
is aided by the presence of a suitable structural framework
echoes a related finding in the attentional-cueing literature.
The perception of a target is known to be enhanced if it is
preceded by a spatial cue. In the cueing studies of Rizzolatti,
Riggio, Dascola, and Umiltà (1987) and of Downing and
Pinker (1985) the enhancement was found not to be limited
to the location of the cued target but to extend as a gradient to
neighbouring locations. In contrast, no such gradient was
in evidence in the cueing study of Hughes and Zimba
(1985). The critical difference between these studies was
that a structural framework was present in the studies of
Rizzolatti et al. and of Downing and Pinker, but not in
the study of Hughes and Zimba. Clearly, the importance
of a structural framework is not limited to the effects
that are the focus of the present work, but seem to
apply more generally to situations involving the deploy-
ment of spatial attention.

Fig. 6 Results of Experiment 5. Panel a illustrates the display used in
Experiment 5, which contained two concentric circles encompassing a
blank region. Panel b illustrates mean median RT to T2. Error bars
indicate one standard error
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Relative distribution of attention (center/periphery)

Although the present results are uniformly consistent with an
annular distribution of attention, an alternative account based
on the relative amount of attention deployed to the center
relative to the periphery needs to be considered.1 A quantita-
tive example will illustrate this proposition. Suppose that in
the No-Anchors condition the amount of attention deployed to
the center (AC) is equal to 10 (AC = 10) and the amount of
attention deployed to the periphery (AP) is equal to 1 (AP = 1),
a ratio of 10:1. Given such a distribution of attention, capture
to the center will be increased, to the detriment of RTs to items
presented in the periphery. Now consider the Anchors condi-
tion, and suppose that anchors act to spread attention towards
the periphery, such that AC = 5 and AP = 5, a ratio of 1:1. In
this case, capture to the center will be substantially reduced, to
the benefit of RTs to items presented in the periphery.

On the face of it, such relative distribution of attention
offers an account of the present results without recourse to
an annular deployment of attention. On closer inspection,
however, this account runs afoul of the empirical evi-
dence. For example, Juola et al. (1991) studied the spatial
distribution of attention with a structural framework sim-
ilar to that used in the present Experiment 5 (Fig. 5a). In
one of the conditions of interest to the present discussion,
observers were asked to deploy attention to the annular
region bounded by the two circles. Targets were presented
not only in that region but also at locations within the
region delimited by the inner circle and at locations be-
yond the outer circle. RTs were significantly faster to
targets presented within the (attended) annular region than
at the other two locations. According to the relative-
distribution hypothesis, attention should have spread to
encompass the region inside the inner circle (i.e., the
region centered on fixation) as well as the annular region.
This should have resulted in RTs of approximately equal
magnitude to targets presented in the two regions. The
finding that RTs were faster to targets presented in the
annular region than to targets presented in the inner region
points to an annular – as distinct from a relative – de-
ployment of attention. This conclusion is buttressed by
the results of another condition of Juola et al. in which the
observers were instructed to attend to the region beyond
the outer circle. As predicted by the hypothesis of annular
deployment, RTs were fastest to targets presented beyond
the outer circle, and slowest to target presented in the
inner region bounded by the inner circle.

Results from the present Experiment 4 are also inconsistent
with expectations based on a relative-distribution account. As
seen in Fig. 5, the response function for the Anchors condition

overlapped entirely with that for the No-Anchors condition.
On the relative-distribution hypothesis, RTs should have been
faster in the Anchors than in the No-Anchors condition. This
is because the AC/AP ratio should have been higher in the No-
Anchors than in the Anchors condition, thus benefiting pe-
ripheral RTs in the latter condition. Considered collectively,
the evidence is uniformly consistent with the idea that, given a
suitable structural framework, attention is deployed in the
form of an annulus.

Effects of spatial anchors on the AB

An AB deficit occurred in all five experiments, as evidenced
by the finding that performance – whether accuracy or RT –
was most impaired at a lag of 100 ms, and improved progres-
sively as the inter-target lag was increased. Notable by its
absence was the phenomenon of Lag-1 sparing (Potter,
Chun, Banks, & Muckenhoupt, 1998) in which identification
accuracy of T2 is unimpaired – or less impaired – when it is
presented directly after T1. In the present work, the absence of
Lag-1 sparing was expected on the grounds that Lag-1 sparing
rarely occurs when the two targets are presented in different
locations (Visser et al., 1999, 2004).

The magnitude of the AB was approximately the same in
the Anchors/Circles and No-Anchors/No-Circles conditions,
as confirmed by the absence of an interaction effect in
Experiments 2–5. The finding that the difference between
the Anchors/Circles and No-Anchors/No-Circles conditions
was the same within the period of the AB (100- and 300-ms
Lags) as it was outside the period of the AB (900-ms Lag)
indicates that the observers’ ability to deploy attention to the
region delimited by the anchors was not impaired during the
period of the AB. This, in turn, strongly suggests that the kind
of attentional resources required for target identification in the
AB differ from those required for deploying attention to the
spatial region demarcated by the anchors. The well-known
distinction between the ‘where’ (dorsal) and the ‘what’
(ventral) pathways (Milner & Goodale, 1995) is relevant in
this respect. It may be suggested, for example, that the atten-
tional resources required for processes that engage the ventral
pathway (e.g., letter identification) differ, at least to some
extent, from processes that engage the dorsal pathway (e.g.,
the spatial locations of the anchors).

Concluding comment

There is conflicting evidence in the literature as to whether
attention can be deployed in the form of an annulus. We noted
in the introduction that the studies that found evidence for
annular deployment invariably included a spatial framework
in the displays. In contrast, no spatial framework was included
in studies that failed to find evidence for annular deployment
of attention. In the present experiments, we show that the

1 We thank Jeremy Wolfe for pointing out the importance of discussing
this alternative.
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deployment of attention in the form of an annulus depends
critically on the presence of a suitable structural framework.
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