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Voluntary allocation versus automatic
capture of visual attention

C. BRUCE WARNER, JAMES F. JUOLA, and HIDEYA KOSHINO
University of Kansas, Lawrence, Kansas

Is there a difference in the kind of attention elicited by an abrupt-onset peripheral cue and
that elicited by an instruction (e.g., a central arrow cue) to move attention to a peripheralloca
tion? In Experiment 1, we found that peripheral cues are no more effective in orienting attention
than are central cues. No evidence was found for separable attentional systems consisting of a
volitional response to central cues and an automatic response triggered only by peripheral cues.
Rather, an identical or similar attentional process seems to be activated by either type of cue,
although perhaps in different ways. Peripheral cues seem to have an automatic component,
however, in that once attention is engaged by a peripheral cue, it cannot easily be disengaged
for refocus elsewhere. In Experiment 2, after several sessions of practice, subjects were able to
circumvent automatic attentional capture by an abrupt-onset peripheral cue and to volitionally
redirect the focus of attention. Thus, attentional capture by abrupt-onset stimuli is not strongly
automatic.

Selective visual attention is often likened to a spotlight
that can be oriented at will, or to a zoom lens that can
be expanded or contracted as necessary to enhance
processing in contiguous spatial locations (Eriksen & St.
James, 1986; Eriksen & Yeh, 1985; LaBerge, 1983). Pos
ner (1980; Posner & Cohen, 1984) proposed two sources
of control for the attentional spotlight: (1) endogenous or
volitional orienting in response to a symbolic indicator
(such as a central cue), and (2) exogenous or non volitional
orienting to a source of extrafoveal stimulation (such as
a peripheral cue).

Jonides (1981) directly compared the effects of
peripheral and central cues. In his task, either a central
arrow at the fixation point or a peripheral arrow near one
of eight positions in a circular array around the fixation
point was given in advance of a display. The display con
tained seven distractor letters and one critical letter (R
or L). The response times (RTs), indicating which criti
cal letter was present, showed benefits for valid position
cues and costs for invalid cues relative to the times ob
tained on neutral, no-cue trials. Jonides found four im
portant differences between the effects of central and
peripheral cues, in that peripheral cues: (1) do not uti
lize processing resources as heavily, (2) produce atten
tional responses that are more difficult to suppress (even
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when subjects are instructed to ignore them), (3) are more
effective in summoning attention (they produce greater
costs and benefits), and (4) are effective even when their
onsets are unexpected. Peripheral cues might exert con
trol over attention in a special way, perhaps through tran
sient visual channels excited by abrupt onset, motion, or
flicker (Todd & Van Gelder, 1979; Yantis & Jonides,
1984). In this way, a single attentional mechanism could
be activated either automatically, through a transient
detection system, or volitionally in response to in
structions.

Miiller and Rabbitt (1989) raised the alternative possi
bility that there might be qualitative differences between
the types of attention elicited volitionally and nonvolition
ally. They presented four boxes centered around a fixa
tion point in which either a target, "T," or a distractor,
" + ," appeared. Their central cue was an arrow at the
fixation point pointing at one of the boxes; their peripheral
cue was a brief increase in the brightness of one of the
boxes itself. In their first experiment, peripheral cues
produced large costs and benefits in target identification.
Costs plus benefits grew rapidly and reached peak mag
nitudes at cue-target stimulus onset asynchronies (SOAs)
in the range of 100-150 msec. Central cues produced
smaller costs and benefits with a longer rise time, reach
ing a peak between 200- and 400-msec SOA, after which
the costs and benefits were the same for both types of cues.
Their second and third experiments indicated that it was
difficult for subjects to override nonvolitional orientation,
at least during the first 400 msec after the onset of a
peripheral cue. The effects of peripheral cues were also
found to be more resistant to the influence of competing
flashes than were the effects of central cues, again sug
gesting that they capture attention automatically. Miiller
and Rabbitt concluded that peripheral cues activate a more
primitive orienting mechanism than do central cues, a
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mechanism that is characterized by transient channel ex
citation and automatic mobilization of resources.

Briand and Klein (1987) also supported a distinction be
tween the properties of volitional and nonvolitional orient
ing. They found that peripheral cues elicited the feature
conjoining attention hypothesized by feature integration
theory (FIT; Treisman & Gelade, 1980), whereas cen
tral cues did not. Two of four letters (a target, R, and
distractors, P, B, or Q) were presented to the left or right
of fixation (a pair of slash-mark patches was placed on
the opposite side to prevent attention from being drawn
reflexively to the letters). An arrow precue validlydirected
subjects to the letter pair on 80% of the trials. The rele
vant data came from target-absent trials in which the pair
of distractor letters either could (PQ) or could not (PB)
give rise to the false detection of an "R" by illusory con
junction. If the attention evoked by any cue accomplishes
the feature integration envisaged by FIT, then costs and
benefits should be greater when an illusory conjunction
is possible (the PQ distractors). The predicted difference
in costs and benefits was realized only with peripheral
cues, leading Briand and Klein to conclude that the at
tention oriented in response to peripheral cues might not
be the same as that oriented in response to central cues.

In summary, there are at least three related views of
how peripheral and central cues differentially affect visual
attention: (1) Both types of cues work in similar ways on
a common attentional mechanism, with peripheral cues
perhaps acting more strongly through both automatic and
volitional components, whereas central cues exert voli
tional control only (e.g., Jonides & Yantis, 1988; Yantis
& Jonides, 1984). (2) Peripheral cues activate a separate
central mechanism, which follows transient channels in
the visual system to activate attention more rapidly and
powerfully than central cues. Since there is only a single
attention system, the automatic control of peripheral cues
usually dominates any competing voluntary controls (e.g.,
Muller & Rabbitt, 1989). (3) The attention system acti
vated automatically by peripheral cues is separate from
the one activated voluntarily in response to central cues
(e.g., Briand & Klein, 1987).

The separable systems hypothesis asserts that the at
tentional resources mobilized automatically are indepen
dent of those mobilized through effortful processing. If
this hypothesis is true, then the simultaneous use of both
cue types should result in two simultaneous attentional
responses, with separate costs and benefits observable for
each.

In Experiment 1, we tested the separable systems hy
pothesis by using a peripheral cue simultaneously as a
high-validity volitional cue and a low-validity nonvoli
tional cue. Subjects were instructed to attend to the posi
tion diametrically opposite a peripheral cue arrow (see
Eriksen & Collins, 1969). If the separable systems
hypothesis is correct, a benefit should be observed both
for targets appearing opposite the peripheral cue (because
of the controlled allocation of attention) and for targets
appearing near the peripheral cue (because of automatic
capture of attention by the onset of the arrow). Costs

would be observed for targets appearing at positions ir
relevant for either interpretation of the cue arrow. If, on
the other hand, a single attentional system is activated,
there should be tradeoffs varying over time between the
amount of benefits shown for the peripherally and cen
trally cued positions.

In Experiment 1, we also tested Jonides's (1981) as
sertion that, because of the automatic orientation of at
tention to the source of abrupt peripheral or parafoveal
stimulation or to the different properties of nonvolitional
and volitional attention, peripheral cues are more efficient
at drawing attention than are comparable central cues. If
a peripheral cue acts automatically by summoning atten
tion to its spatial location, then one would expect its ef
fects to appear sooner than a central cue's effects (e.g.,
Muller & Rabbitt, 1989).

Experiment 2 was an extended replication of part of Ex
periment 1. It was designed to determine whether sub
jects could learn to disengage the attention-capturing
property of peripheral cues and refocus attention rapidly
on another spatial position. Subjects received consistent
training over several sessions, enabling us to demonstrate
that extended practice can lead not only to automatiza
tion of controlled processes (e.g., Schneider & Shiffrin,
1977; Shiffrin & Schneider, 1977), but also to the volun
tary control of an automatic process (as suggested by
Jonides, 1981).

EXPERIMENT 1

To test whether the cost and benefit effects of peripheral
cues are larger and appear sooner than those of central
cues, a variation on a fairly standard spatial priming
paradigm was employed. Separate groups of subjects were
presented with spatial precues that pointed to one of four
potential target positions. These cues were valid, invalid,
or neutral indicators of the target (all four positions were
indicated in the neutral condition in order to measure both
costs of invalid cues and benefits of valid cues). One group
received only central cues; the other, only peripheral cues,
and there were four cue-display SOAs (0, 50, 100, or
150 msec).

To determine whether peripheral cues automatically
draw attention to their spatial locus, a third group of sub
jects also received peripheral precues, but, instead of
directly indicating a nearby character, the cue arrow sig
naled subjects to attend to the diametrically opposed dis
play position. Thus the peripheral cue acted as a volitional
cue by requiring interpretation and voluntary allocation
of attention to a distant location. Two properties, taken
together, are generally deemed sufficient to distinguish
an automatic process from a controlled (or at least a tenu
ously automatic) process (LaBerge, 1981): First, auto
matic processes are insensitive to a concurrent cognitive
or perceptual load. Second, they cannot be suppressed or
interrupted once they are activated. In a weaker version
of this second property, automatic processes can be sup
pressed in some ways and at some time after being ini
tiated. Assuming that this weaker assumption holds true
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Figure 1. A representation of the display used in Experiments 1
and 2. The layout is approximately to scale.

B
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The central arrow's nearest edges were 4 mm (.16°) from the center
dot; the edges of the peripheral pointers were displaced 2.8 ern
(1.1°) from center (horizontal axis) and 2.4 cm (.94°) from center
(vertical axis). The tips of the peripheral arrows were separated
from the nearest edges of the digits by about 7 mm (.27°).

The stimuli were five different numerals produced by illuminat
ing the appropriate segments of a given display element. Targets
were the numerals 2 and 5; 3, 6, and 9 served as distractors. Each
numeral was 15 mm (.58°) high, and 8 mm (.31°) wide. These
numerals were chosen because each could be formed by illuminat
ing exactly five of the seven segments of any element.

Design. The subjects were assigned randomly to three groups
of 14 each. The Central group was instructed to attend to display
positions indicated by central cue arrows, and the Peripheral group
was instructed to attend to the peripheral cue arrows. The remain
ing, Opposite group was also cued by peripheral arrows but was
instructed to attend to the position diametrically opposite to the one
pointed at by the arrow. E~ch subject received 288 experimental
trials consisting of repeated measurements on the variables of SOA
(with levels 0, 50, 100, and 150 msec), and cue validity, which
had three levels for the Central and Peripheral groups (valid, neu
tral, and invalid), and four levels for the Opposite group (valid
opposite, neutral, invalid-near, and invalid-irrelevant). On invalid
near trials, the cue arrow designated the diametrically opposite
position in display, but the target appeared next to the arrow's tip.
On invalid-irrelevant trials, the target appeared at one of the two
positions along the other axis, neither at the arrow's tip nor diametri
cally opposite it. The targets 2 and 5 were used equally often in
each cell of the design.

Procedure. After receiving preliminary instructions, each sub
ject was allowed approximately 10 min to adapt to the diminished
lighting of the laboratory before receiving final instructions and four
example trials (half-time presentations of one valid trial, two in
valid trials, and one neutral trial). Following the examples, the sub
ject received 32 practice trials drawn randomly from the experimen
tal trials. During the experimental trials, short breaks (typically
30 sec or less) were allowed every 48 trials. Each subject received
the experimental trials in a different random order.

B~

for a single attentional system, benefits are expected to
accrue initially to the position near the onset of the
peripheral cue and later switch to the diametrically op
posed position as attentional resources are disengaged and
volitionally reallocated. Relative to the Central group,
then, the appearance of benefits should be delayed. Con
versely, costs should appear initially for the opposite dis
play position, followed later by the appearance of costs
at the position near the peripheral cue.

The use of a peripheral cue as a volitional cue should
also reveal whether central and peripheral cues elicit two
separate attentional systems (Briand & Klein, 1987). For
the separable systems hypothesis to gain credence, sig
nificant benefits should accrue to the position near the cue
(invalid-near) and to the position opposite the cue
(valid-opposite), whereas costs should be observed for
the other two positions (invalid-irrelevant). The same pat
tern of results could be observed, however, if subjects
stochasticallydetermined the position to which they would
attend on any given trial but over trials attended to both
positions. Ifone assumes symmetrical costs and benefits,
and that both positions are attended to fairly equally, the
mean RT for either cued location should be a mixture of
times that are short and long relative to those for neutral
cues. Thus, no processing advantage for either position
should be observed. Another possibility is that a single
attentional beam could be widened to include both posi
tions. This explanation is more difficult to reject, but if
one assumes that facilitation is proportional to the den
sity of attentional resources invested, the benefits attained
in this situation should be quite small relative to the
benefits attained for the Central or Peripheral groups. On
the other hand, if separate attentional systems are not in
volved, tradeoffs, as described earlier, should arise. That
is, benefits should accrue initially to the position near the
peripheral cue and then switch over to the position oppo
site the cue as the cue leads the display by longer SOAs.

Method
Subjects. Forty-two University of Kansas students, 22 males and

20 females, participated in single 40-min sessions. Forty subjects
were undergraduates who earned credit in introductory psychol
ogy or laboratory courses, and 2 subjects were psychology gradu
ate students. The subjects ranged from 18 to 29 years of age, and
they reported normal or corrected-to-normal vision.

Apparatus and Stimuli. A program running on a Zenith Data
Systems Model 150 computer controlled stimulus presentation and
data collection. A custom display was fashioned from a set of green,
light-emitting diode (LED) elements driven by a custom electronic
circuit. These included four seven-segment digits, eight triangular
arrowheads, and one round fixation element.

As shown in Figure 1, the four digits formed an imaginary plus
sign centered on a black, perforated circuit mounting board which
was covered with gray Plexiglas to improve contrast. The round
fixation element was located at the center of the imaginary plus sign
and was masked with black paint so that only a pinpoint of light
shone through. The center of each digit was 4.3 em (about 1.68 °
of visual angle) from the central fixation point (at a viewing dis
tance of about 147 ern). Two triangular arrowheads indicated each
digit's spatial position. The arrows near the center dot served as
central cues; those near the digits served as peripheral cues. Each
arrowhead was 4 mm (.16°) in length and 3.5 mm (.14°) in width.
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The instructions for the Central and Peripheral groups were iden
tical. The subjects were advised to center their gazes on the fixa
tion point and to avoid eye movements until a response had been
made. They were told to press a left-hand response button for the
target 2 and a right-hand button for the target 5. The instructions
emphasized both speed of response and accuracy and fully informed
the subjects of the 80%validity of the cue arrow and the strategic
advantage of orienting to the display position designated by it. The
instructions to the Opposite group differed only in that subjects were
encouraged to attend to the position opposite the arrow, because
that position contained a target on 80% of the trials.

At the beginning of each trial, the fixation point was illuminated
for I sec, followed by the illumination of one cue arrow (valid or
invalid trials) or all four cue arrows (neutral trials). Only the
peripheral arrows were used for the Peripheral and Opposite groups;
only the central arrows were used for the Central group.' After
an SOA of 0, 50, 100, or 150 msec, four different digits (one tar
get and three distractors) appeared for 100 msec, after which the
entire display (fixation point, arrow(s), and four digits) was extin
guished,? Response latency was measured from the onset of the four
digits. When the subject pressed the wrong button or failed to
respond within 2 sec, the computer emitted a brief, 4oo-Hz tone
as error feedback. A response occurring within 200 msec was ig
nored, although an additional response could be recorded if the first
one was too early. The experimenters noticed few, if any, double
responses. Trials occurred at a fixed rate of 1 every 4 sec. Neutral
trials composed 16.7% of the total trials. On the nonneutral trials,
80% of the cues were valid. On invalid trials, either target was
equally likely to appear at any of the three uncued positions.

Prior to analysis, trials were discarded if the RT was more than
twice the mean of any cell for each subject. (Fewer than 0.6% of
the correct responses were thus eliminated.) Also discarded were
instances when no response was made within 2 sec, or when an
inadvertent response was made. (Fewer than 0.2 % of the data fit
either of these two categories.)

Results
Because of task differences and the fact that there were

four levels of cue validity for the Opposite group and only
three for the others, the data from the Oppositegroup were
analyzed separately.

Central and Peripheral groups. As shown in Figure 2,
RTs were shortest for validly cued trials and longest for
invalidly cued trials. Costs and benefits were smallest at
a msec, emerged rapidly by 50 msec, and were largest
at 150 msec. The data were submitted to a 2 (cue type)
x 3 (cue validity) x 4 (SOA) mixed analysis of variance
(ANOVA), with repeated measures on the second and
third factors. Significant main effects were found for cue
validity [F(2,52) = 37.14, P < .001] and for SOA
[F(3,78) = 3.89, p = .012]. The cue validity X SOA
interaction was also significant [F(6,156) = 20.75,
P < .001]. Although it was hypothesized that costs and
benefits should be greater and should accrue more rapidly
for peripheral cues than for central cues, negligible differ
ences were found, and neither cue type nor its interac
tion with any other factor approached significance.

Costs plus benefits (mean RT for invalid trials minus
that for valid trials), presented in Figure 3, also show
marked similarities across cue type in both time course
and magnitude. These data were submitted to a 2 (cue
type) X 4 (SOA) mixed ANOVA. Contrary to Jonides's
evidence for greater costs plus benefits for peripheral cu
ing, no significant effect of cue type was observed
(F < 1). The only significant effect observed was that
of SOA [F(3,78) = 34.88, P < .001]. Because of the
a priori hypothesis that costs plus benefits should differ
over SOA for the two cue types, the simple main effect
of cue type at each SOA was tested. Again, no signifi
cant effects were observed.

The error data (see Table 1) were submitted to an
ANOVA, using factors identical to those used for the RT
data. The mean error rate of the Peripheral group (4.6 %)
exceeded that of the Central group (2.1 %) [F(I,26) =
5.25, P = .03]. Also, a main effect of cue validity was
observed [F(2,52) = 4.22, P = .02]. The error rate for
invalid trials (4.6 %) exceeded that for neutral (2.8 %) and

Figure 2. Central and Peripheral groups, Experiment 1: Mean response time
plotted against stimulus onset asynchrony for each cue type.
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Figure 3. Central and Peripheral groups, Experiment I: Mean
costs plus benefits plotted against stimulus onset asynchrony.
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SOA (msec)

Discussion
In Experiment 1, we found no significant differences

in either the time course or the overall magnitude of costs
plus benefits associated with peripheral cues as opposed
to central cues. Instead, for both the Central group and
the Peripheral group, costs plus benefits emerged rapidly
and remained equivalent through all four SOAs. These
results contrast with Jonides's (1981) findings of larger
costs and benefits for peripheral cues, which he attributed
to their superiority in eliciting attentional focus. The
results also contrast with those of Muller and Rabbitt
(1989), who observed differences in the magnitude of
costs and benefits within the same range of SOAs used

in Experiment 1. Caution should be exercised in trying
to make direct comparisons with their data, however. The
central and peripheral cues in Experiment I were designed
to be as similar as possible, with the exception of retinal
eccentricity, whereas Muller and Rabbitt compared the
effects of central arrows with parafoveal flashes, thus con
founding the central-peripheral distinction with other vari
ables such as shape, size, and brightness of the cues.

One could argue, however, that in Experiment 1 we
found no differences between central and peripheral cues
because the peripheral cues were not "peripheral
enough. " That is, the peripheral cues might have been
too close to the fovea to activate automatic attentional cap
ture. Support for the adequacy of the peripheral cues used
in Experiment I comes from the test of another hypothe
sis, derived from Jonides (1981), which states that atten
tion is disengaged from an ongoing peripheral orienta
tion only with difficulty. This hypothesis is supported by
the data from the Opposite group (see Figure 4). In the
Opposite condition, the cue served both as a high-validity
volitional cue (valid-opposite trials) and as a low-validity
peripheral cue (invalid-near trials). The pattern of costs
and benefits for the opposite cue does not resemble the
pattern observed when the peripheral cue has literal spa
tial significance (see the right panel of Figure 2). Instead,
a target digit is detected most rapidly when it occupies
the position near the cue arrow rather than the opposite
position, where attention was supposed to be directed and
where the target most typically appeared. Clearly, the
large costs and benefits observed in Figure 2 do not ap
pear in Figure 4. Because the subjects had little to gain
from intentionally attending to the character near the cue
arrow (where the target digit occurred only 6.7% of the
time), one could argue that the peripheral cue captured
their attention. Even by the longest SOA, the subjects
showed little ability to disengage attention from the
character near the cue arrow and reallocate it to the op
posite position in the display.

Table 1
Error Rates (%) for tjae Central, Peripheral, and

Opposite Groups of Experiment 1

SOA

Cue Validity 0 50 100 150

Central Group

Valid 1.7 3.1 1.2 1.2
Neutral I.2 2.4 0.6 1.8
Invalid 5.1 1.9 1.3 3.9

Peripheral Group

Valid 3.2 3.0 3.1 4.4
Neutral 6.0 3.6 3.0 3.6
Invalid 3.6 5.8 7.1 8.9

Opposite Group

Valid-Opposite 3.6 4.1 3.6 3.9
Neutral 4.2 4.8 4.8 3.6
Invalid-Irrelevant 0.9 7.2 9.4 5.4
Invalid-Near 1.8 1.4 1.4 3.6

Note-SOA = stimulus onset asynchrony (in milliseconds).
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valid (2.6%) trials. Error rates were positively, but not
significantly, correlated (across 24 cells) with RT [r =
.31, t(22) = 1.56,p = .135], eliminating the possibility
for extensive speed-accuracy tradeoffs.

Opposite group. The RT data, shown in Figure 4, and
the error data, shown in Table 1, were submitted to
separate 4 (cue validity) x 4 (SOA) ANOVAs, with
repeated measures on both factors. Cue validity had a sig
nificant effect on RT [F(3,39) = 6.39, p = .001], and
it interacted with SOA [F(9,117) = 4.02,p < .001]. At
the longer SOAs (100 and 150 msec), the subjects
responded more rapidly to a target that appeared near the
peripheral cue (invalid-near) than to one that appeared
away from it (invalid-irrelevant and valid-opposite),
despite instructions to attend to the opposite location.
Separate analyses at each SOA with subsequent Newman
Keuls tests revealed no significant differences in RT be- .
tween invalid-irrelevant and valid-opposite trials.

No significant effects were observed in the error data
(see Table 1). The unweighted error rate for the Oppo
site group was 4.0%. Error rates were positively and sig
nificantly correlated (across conditions) with RT [r =
.523, t(l4) = 2.30, P = .037].
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EXPERIMENT 2

SOA (msec)

It is possible that lack of practice, not lack of time,
might explain why subjects in the Opposite condition of
Experiment 1 were apparently unable to disengage and

SOA

Table 2
Error rates (%) for Experiment 2

refocus attention as predicted. In Experiment 2, we tested
whether, with extended practice, subjects might learn to
circumvent an apparently automatic attentional process
and become able to refocus attention rapidly and volition
ally. In this experiment, subjects participated in several
sessions that were essentially replications of the Oppo
site condition of Experiment 1.

Method
Subjects. Four male subjects served in from 8 to 10 sessions.

Two were undergraduates participating in exchange for research
credits, and 2 were coauthors of the present paper (I.F.I. and H.K.).
One of the 2 undergraduates had served in the Opposite group of
Experiment I, and his data from the previous experiment are in
cluded in the second experiment as his first session.

Design and Procedure. The conditions and procedure were the
same as for the Opposite group of Experiment I, except that each
session of the present experiment consisted of 576 trials rather than
288 trials. Also, no example trials were used to start the sessions.
Rather, 32 trials were chosen randomly from the pool of 576 to
serve as practice. Finally, all subjects participated in at least eight
sessions until an asymptotic performance level was reached. In
general, sessions were run on consecutive days, but some longer
breaks of 2-3 days occurred occasionally.

Three levels of practice (low, medium, and high) were determined
by visual examination of the RT data. On the basis of similarity
of performance, sessions were combined to form the three levels:
low (Sessions 1-2), medium (Sessions 3-5), and high (Sessions 6-8
for all subjects, plus Session 9 for 2 subjects, and Session 10 for
1 subject).

Cue Validity 0 50 100 150

Low Practice

Valid-Opposite 3.0 2.6 3.5 3.8
Neutral 2.6 1.6 2.1 1.6
Invalid- Irrelevant 3.1 3.9 2.3 4.7
Invalid-Near 1.6 4.7 1.6 3.1

Medium Practice

Valid-Opposite 3.2 4.0 3.7 3.7
Neutral 2.4 3.5 1.4 3.8
Invalid- Irrelevant 3.1 2.1 3.1 5.8
Invalid-Near 4.2 4.2 3.1 6.3

High Practice

Valid-Opposite 3.5 3.7 4.7 4.0
Neutral 3.3 4.2 2.0 2.2
Invalid- Irrelevant 3.4 5.0 4.2 6.7
Invalid-Near 3.1 3.5 2.0 2.4

Note-SOA = stimulus onset asynchrony (in milliseconds).

Results
Overall, 3.5% of the trials (using a weighted average)

resulted in response errors. The error data (see Table 2)
were submitted to a 4 (cue validity) x 4 (SOA) x 3 (prac
tice) analysis with repeated measures on all factors. Only
the main effect for SOA attained significance [F(3,9) =
4.25, p = .04]. The mean error rates were 3.0%, 3.6%,
2.8%, and 4.0%, respectively, for 0-, 50-,100-, and 150
msec SOAs.
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Figure 4. Opposite group, Experiment 1: Mean responsetime plot
ted against stimulns onset asynchrony for each cue type. The
peripheral arrow served as both a low-validity nonvolitionalcue and
a high-validity volitionalcue. The invalid-near curve indicates trials
on which the critical digit appeared next to the peripheral cue. The
valid-opposite curve indicates trials on which the critical digit ap
peared diametrically opposite the peripheral cue. The
invalid-irrelevant curve indicates trials on which the critical digit
appeared neither near nor opposite the cue arrow.

An alternative to the automatic capture hypothesis is
that the subjects first had to engage the cue with the at
tentional spotlight in order to interpret it. Our subjective
impression, however, was that the arrow appeared as a
flash of light in a particular position relative to the fixa
tion point, and that this positional information was suffi
cient to trigger an attentional response to the appropriate
location. The fact that the arrow actually pointed in a par
ticular direction was of secondary importance, inasmuch
as neutral-pointing spots or bars could have served the
same purpose.

The hypothesis that volitional and nonvolitional cues
elicit separate attentional systems is not supported by the
present data. If the separable systems hypothesis were
true, significant benefits should have been found both for
the position next to the cue (invalid-near) and for the po
sition diametrically opposite the cue (valid-opposite). In
the present study, benefits were observed only for the po
sition near the cue (invalid-near). Conceivably, effects
might have been observed at both positions had the max
imum cue-target SOA been longer; however, large costs
and benefits were observed for the Central group (voli
tional cues) within the same time course. The difficulty
does not seem to lie in the time needed to attend volition
ally to the opposite position but in the time needed to dis
engage attention from the region indicated by the
peripheral cue.



VOLUNTARY ALLOCATION VS. AUTOMATIC CAPTURE 249

Fewer than 0.15% of the correct responses were
counted as outliers in the RT data and removed. The RT
data shown in Figure 5 were analyzed in a 4 (cue valid
ity) x 4 (SOA) x 3 (practice) repeated-measures analysis."
There was a significant main effectfor cue validity [F(3,9) =
7.00, P = .01] and a marginally significant main effect
for practice [F(2,6) = 5.07, P = .051]. Mean RT for
invalid-irrelevant trials (505 msec) was longer than that
for invalid-near (477 msec) and neutral (478 msec) trials,
and mean RT was shortest for valid-opposite trials
(460 msec). Mean RT declined from 506 msec with low
levels of practice to 470 and 465 msec with moderate and
high levels, respectively. These outcomes must be quali
fied by a marginally significant cue validity x practice
interaction [F(6, 18) = 2.60, p = .054] and a significant
validity X SOA interaction [F(9,27) = 7.43, P < .001].
Costs and benefits increased across SOA, as shown in
Figure 5. Figure 6 shows the validity x practice inter
action collapsed across SOA. The most notable change
in mean RT with practice occurs for invalid-near trials.
During the first two sessions, on the average, benefits
were observed for responses to invalidly cued targets near
the cue arrow, but only costs were observed in the latter
sessions.

Discussion
The change with practice from benefit to cost for in

validly cued targets near the cue arrow suggests a fun
damental alteration in subjects' attentional responses. Ini
tially, attention is captured by the onset of the peripheral
cue, a process that is difficult to suppress once initiated.
With practice, however, subjects are able to disengage
and rapidly remobilize attention to the position diametri-

cally opposite the cue arrow. Benefits diminish with prac
tice at the invalid-near position, and they increase with
practice at the valid-opposite location. The initially strong
attentional response to the spatial channel containing the
onset of the cue is, through practice, modified until cost
is observed for identifying the targets near the cue and
benefit is observed for identifying targets diametrically
opposite the cue in the display, as was predicted for the
operation of a single attentional system.

Subjects do not merely inhibit responses to invalidly
cued targets near the cue arrow because, with high prac
tice, RTs for invalid-near trials are no longer than those
for invalid-irrelevant trials (see right panel of Figure 5).
With low practice (left panel), the invalid-near curve
generally falls below the neutral curve. The benefit is quite
noticeable at 50-msec SOA, as would be expected if at
tention were captured by the onset of the peripheral cue.
The benefit diminishes at longer SOAs, as would be ex
pected if attention were volitionally disengaged from the
initial capture. (Benefit at O-msec SOA is probably an ar
tifact of the elevated neutral point, which might be ex
plained by supposing that the onset of all four arrows in
the neutral-cue condition resulted in some disruption of
processing or masking of the characters.)

In the Opposite group of Experiment 1 (see Figure 4),
the only observable effect was that of benefit for the in
valid-near position. In the present experiment, however,
strong costs were observed for the invalid-irrelevant po
sitions, and, even with low practice,' a benefit was ob
served for the valid-opposite position at 150-msec SOA.
Benefits were greatest at 100- and 150-msec SOAs for
the invalid-near position in Experiment 1 (see Figure 4),
but had diminished at 100- and 150-msec SOAs for low
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In Experiment 1, peripheral cues did not generate
greater costs and benefits than did central cues, and their
attentional effects appeared no sooner than those of cen
tral cues. Both of these results, however, are at odds with
those of Muller and Rabbitt (1989, Experiment 1), who
found that the effects of peripheral cues were stronger and
appeared earlier than those of central cues. Perhaps their
confounding of the central-peripheral distinction with
other cue factors led to an overestimate of the magnitude
and rapidity of attentional capture by an extrafovealevent.
The similarity of the attentional responses generated by
central and peripheral cues in the present study provides
no evidence for assuming that two separate attention con
trol mechanisms exist.

One possible limitation of the peripheral cues used in
Experiment 1 is that they simply were not peripheral
enough to stimulate strongly the transient detectors that
presumably are responsible for eliciting automatic atten
tional responses. The results from the Opposite group of
Experiment 1 belie that explanation, however. Attentional
capture by the peripheral cue occurred, despite instruc
tions to attend opposite the cue. Only with considerable
training were subjects able to circumvent attentional cap
ture (Experiment 2). A counterargument would be that
attention always came under volitional control, but that
insufficient time was allowed' for its redirection. Such time
limitation would explain the failure to observe costs for
the invalid-near and benefits for the valid-opposite posi
tions of Experiment 1 and the early stages of Experi
ment 2. The effect of extended practice in Experiment 2,
then, was to shorten the time required for redirection,
presumably by automating the process.

In Experiment 1, no evidence was found for separate
automatic and volitional attentional systems that could be
simultaneously directed to spatially disparate locations.
Apparently, visual selective attention depends on a sin
gle system with at least two primary sources of control
over attentional focus. One source is volitional and the
other is partially automatic, triggered by visual channels
that detect transients such as abrupt onset, motion, or
flicker (e.g., Yantis & Jonides, 1984).

they fail one of the primary criteria for automaticity, that
of intentionality (resistance to suppression). The ability
of our subjects to gain volitional control of attentional fo
cus argues against the automatic nature of attentional cap
ture by abrupt-onset stimuli. At best, attentional capture
by abrupt onset is only partially automatic (see Kahne
man & Treisman, 1984). Yantis and Jonides (1990) pro
pose a model in which an abrupt onset is always marked
as a high-priority event, but if attention is already focused
elsewhere, the "interrupt" initiated by the onset is placed
in a queue until it can be serviced. Whether an onset stimu
lus will capture attention may depend in part on whether
competing intentions have been established. In turn, the
task context will doubtlessly affect how easily prior or
competing intentions can be established.

GENERAL DISCUSSION
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Figure 6. The mean response time data of Experiment 2 collapsed
across SOA.

practice sessions in Experiment 2 (see Figure 5). The
resolution of the apparent incongruity is that about four
times as much practice is represented in the first panel
of Figure 5 than is in Figure 4. With two sessions ofprac
tice, attention is captured by the peripheral cue at 50-msec
SOA, but at longer SOAs subjects are beginning to with
draw attention from near the cue arrow and to refocus
it on the diametrically opposite position. With further
practice, as shown in the middle and right panels of
Figure 5, benefit is realized at progressively shorter SOAs
for valid-opposite trials, and cost is observed to develop
for invalid-near trials at the two longest SOAs.

Schneider and Shiffrin (1977) and Shiffrin and
Schneider (1977) have demonstrated that through exten
sive training with consistent stimulus-response mapping,
automatic attentional responses can develop to specific
stimuli or classes of stimuli. The crucial difference be
tween their studies and ours is that their subjects devel
oped automatic attentional responses to stimuli that did
not previously elicit such responses, whereas our subjects
gained volitional control of a presumably automatic at
tentional response. The subjects in Experiment 2 became
progressively faster at target identification because they
rapidly regained control over attention, not because they
developed automatic attentional responses to targets 2 and
5. If targets had been detected automatically, then no costs
would have been observed when they appeared in invalidly
cued positions."

In previous demonstrations of attentional capture by
abrupt-onset stimuli (e.g., Yantis & Jonides, 1984), sub
jects have had no prior or competing intentions to focus
attention elsewhere. If attentional responses to abrupt
onset stimuli can be suppressed given competing inten
tions (a seemingly necessary and reasonable assumption),
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The results of Experiment 2 demonstrate that attentional
capture by a single abrupt-onset cue is neither inevitable
nor unalterable. Intuitively, one might have expected at
tentional capture to have been more easily overridden than
was apparent in the present experiments. However, the
task demands of attending to the position opposite the cue
arrow were especially difficult, because subjects could
neither establish prior intention nor ignore the cue itself,
if benefits in performance were to be obtained. Yantis and
Jonides (1990) have shown that the strength of capture
by an abrupt-onset stimulus can be modified by prior fo
cus of attention elsewhere. The present study extended
this modification to include voluntary redirection of at
tention away from the onset cue itself. The susceptibility
of attentional capture to correction by volition suggests
that the attentional response to a sudden onset is at best
only partially automatic, since it can be circumvented by
the establishment of a competing perceptual expectancy.
Even if this tendency is not realized until the location of
the abrupt onset is identified, the apparently automatic
capture of attention can be brought under control with
practice, such that processing benefits for a disparate lo
cation can be obtained within 100 msec of the onset of
the cue.
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NOTES

I. Four pilot subjects were run in both a simple and a choice RT task
using only the arrows as stimuli. In both tasks, RT was slightly but non
significantly shorter for the peripheral arrows. Thus, any attentional
differences observed in Experiment I between theCentral and Peripheral
groups are unlikely to be due to perceptual differences between central
and peripheral arrows.

2. SOAs were capped at 150 msec to avoid the potential confound
ing of eye movements and attentional effects. With the stimuli present
for 100 msec at the longest SOA, an eye movement would have to be
completed in under 250 msec in order to fixate a potential target before
it disappeared. With a fixation point present, the average saccade la
tency is about 250 msec, with few saccades occurring earlier than
200 msec (e.g., Mayfrank, Kimmig, & Fischer, 1987). This compares
reasonably with other consensus estimates of the latency to initiate small
eye movements (e.g., Fuchs, 1971; Russo, 1978).

3. A special ANOVA also was performed which included subject type
(coauthor vs. naive) as a factor. Neither subject type nor its interaction
with any other factor attained significance (p > .05).

4. Why did an automatic attention response to the presence of the tar
gets not develop? After all, the targets were consistently mapped to the
responses. Shiffrin and Schneider (1977) found that even with consis
tently mapped training an automatic attentional response can develop
only if there are no competing demands on attention. In Experiment 2
there were at least two competing demands on attention: (I) the auto
matic capture exhibited by the peripheral cue itself, and (2) the task re
quirement to attend to the position opposite the cue arrow. Also, con
sistent training may not lead to automatic detection when target -distractor
confusability is high (Shiffrin, 1988). The seven-segment characters used
in Experiment 2 permitted little featural diversity among targets and dis
tractors, since neither obliques nor curves, for instance, could be
represented .
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