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Sensory mediation of stimulus-driven
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Three location-cuing experiments were conducted in order to examine the stimulus-driven control
of attentional capture in multiple-cue displays. These displays consisted of one to four simultaneously
presented direct location cues. The results indicated that direct location cuing can produce cue effects
that are mediated, in part, by nonattentional processing that occurs simultaneously at multiple locations.
When single cues were presented in isolation, however, the resulting cue effect appeared to be due to
a combination of sensory processing and attentional capture by the cue. This suggests that the faster
responses produced by direct cues may be associated with two different components: an attention-
related component that can be modulated by goal-driven factors and a nonattentional component that
occurs in parallel at multiple direct-cue locations and is minimally affected by goal-driven factors.

When viewing a scene, people often perceive a dynamic
array of stimulation, with simultaneous changes in scene
properties at several different locations. An object at one
location, for example, may be moving while an object at
another location may be appearing or disappearing. In
order to analyze a complex dynamic scene efficiently, one
can selectively attend to a subset of its objects or loca-
tions. Attentional analysis of visual information is often
described in terms of shifts of an attentional focal pointto
different locations in space in a serial manner. When tar-
gets are searched for, these attentionshifts can be initiated
in response to cues about the probable target locations.

Attention shifts can be initiated by location cues in two
ways. Shifts initiated in a goal-driven manner are volun-
tary and depend on top-down processes. For example,
when observers choose to use a cue to direct their atten-
tion to an impending target’s probable location, this is in-
corporated into a computational goal for carrying out the
task (i.e., the cue information is used to shift attention to
the expected target location). Shifts initiated in a stimulus-
driven manner, on the other hand, are involuntary under
most conditions and appear to depend, in part, on sensory
activity generated by the cue’s onset. This goal-driven
versus stimulus-driven dichotomy has also been referred
to as intrinsic versus extrinsic (Milner, 1974), endogenous
versus exogenous (Posner, 1978), and voluntary versus
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involuntary (Jonides, 1981; Luria, 1973; Miiller & Rab-
bitt, 1989).

Symbolic location cues initiate goal-driven attention
shifts, and direct location cues initiate stimulus-driven
attention shifts. A typical symbolic cue is an arrow or a
digit, usually presented in the center of the display, and
its meaning can be interpreted by the observer as indi-
cating where the target will probably appear. In contrast,
the location information conveyed by a direct cue does
not have to be interpreted. Instead, this cue directly indi-
cates a potential target location by virtue of the abrupt
luminance change that accompanies its sudden appear-
ance near the location in question. A typical direct cue is
an underline, an outline box, or a similar location marker.

The top-down nature of the initiation of attention
shifts with symbolic cues is evidentif observers discover
that the cues are of limited use or if observers are simply
told to ignore these cues. In particular, explicit instruc-
tions to ignore symbolic cues have been shown to virtu-
ally eliminate their effect on responses to targets at cued
locations (Jonides, 1981). And when symbolic cues have
alow validity (e.g., the probability that the target will ap-
pear at the cued location is at chance level or lower), their
effect on responses is also attenuated (Jonides, 1981;
Krose & Julesz, 1989; Miiller & Humphreys, 1991). Pre-
sumably, over the course of several trials, observers learn
that such cues are not useful for determining the impend-
ing target’s location, and as a result, the cued location is
attended to progressively less often with low-validity
symbolic cues. Observers’ capacity to voluntarily attend
to and process the meaning of symbolic cues indicates
that their use as an initiator of attention shifts is top down
and goal driven.

Copyright 2003 Psychonomic Society, Inc.
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On the other hand, the bottom-up nature of the initiation
of attention shifts with direct cues is evident because ex-
plicit instructions to ignore these cues does little to atten-
uate their effect on responses to targets presented at cued
locations (Jonides, 1981). And even when direct cues have
a low validity, their effect on responses is not attenuated,
despite the low probability that a target will appear at
these locations (Jonides, 1981; Krose & Julesz, 1989;
Miiller & Humphreys, 1991). These findings indicate that
direct-cue effects on responses to targets at cued locations
occur in a bottom-up and stimulus-driven manner that is
independent of observers’ goals and expectations.

Symbolic location cuing is more closely tied with atten-
tional analysis of the cue than is direct location cuing, be-
cause the former is affected to a greater degree by com-
peting demands for attentional resources (see Schneider,
Dumais, & Shiffrin, 1984). In particular, the effectiveness
of symbolic and direct cuing was compared when ob-
servers were required to identify targets at cued locations,
while at the same time, performing a cognitive load task
(holding digits in memory) that also required attentional
resources (Jonides, 1981). Symbolic-cue effectiveness
was progressively diminished by increases in memory
load, but direct-cue effectiveness was not. This indicates
that in order to use symbolic cues as initiators of attention
shifts to expected target locations, attention must be paid
to the meaning of these cues. On the other hand, direct
cues do not appear to require attentional analysis in order
to initiate an attention shift, because their effectiveness is
not attenuated by competing demands for attentional re-
sources by the performance of a concurrent task.!

Another indication that direct location cue effects de-
pend less on top-down attentional analysis and more on
bottom-up sensory analysis is the time course of direct-
cue effectiveness relative to that of symbolic-cue effective-
ness. In particular, direct cues usually have their strongest
effect on responses to targets at cued locations when the
delay between cue and target onsets is 100 msec, and
when this cue—target onset asynchrony (CTOA) is in-
creased from 100 to 200 msec, direct-cue effectiveness
is attenuated (Miiller & Findlay, 1988; Miiller & Rabbitt,
1989; Shepherd & Miiller, 1989; Weichselgartner &
Sperling, 1987). In other words, the facilitative effect of
direct cues appears to be transient and to last about
200 msec.2 On the other hand, the effectiveness of sym-
bolic cues appears to increase gradually as the CTOA is
increased from 0 to 300 msec and to be sustained at a
maximum level with further CTOA increases (e.g., Cheal
& Lyon, 1991; Miiller & Findlay, 1988; Shepherd &
Miiller, 1989). Presumably, this is because a period of up
to 300 msec is required to selectively attend to and in-
terpret the meaning of symbolic cues. This is markedly
different from the transient nature and brevity of direct-
cue effectiveness. The latter suggests that direct cues may
facilitate responses to targets at cued locations on the
basis of rapid sensory operations triggered by the sudden
onsets of these cues.

We have argued elsewhere that when a direct cue ap-
pears at a peripheral location 100 msec before the ex-

pected target, some visual analysis of the cue must be
nonattentional (Wright, Richard, & McDonald, 1995;
Wright & Ward, 1998). In particular, the location of the
cue’s onset must be processed before it can provide a sig-
nal to the observer about where to shift the attentional
focal point. This initial processing is sensory and pro-
vides the spatial coordinates required for attentional
analysis of the cued location. Note the flaw in the counter-
argument that attention is required to determine the spa-
tial coordinates of the destinationto which attention is to
be directed. In order for attention to be directed to a cued
location, the spatial coordinates must first be available
through nonattentional processing. In other words, the
early stages of processing of abrupt-onset visual stimuli
such as direct cues are necessarily sensory in nature, and
they mediate preattentive localization. Note that we refer
to neural activation that is directly triggered by an abrupt
change in luminance in the visual scene as sensory pro-
cessing.? We use this terminology, rather than preatten-
tive processing, because, as is described in the discussion,
preattentive operations may also involve a combination
of low-level and intermediate-level processes from dif-
ferent stages of visual analysis (e.g., Ullman, 1984).

A number of researchers have argued that the atten-
tional focal point is unitary and not divisible into multi-
ple foci (e.g., Eriksen & St. James, 1986; Eriksen & Yeh,
1985; Heinze et al., 1994; Jonides, 1980; Kiefer & Siple,
1987; McCormick & Klein, 1990; Posner, Nissen, &
Ogden, 1978; Posner, Snyder, & Davidson, 1980). This
claim is supported by the results of experiments in which
symbolic cues indicated two possible target locations
and, when asked to attend to both regions, observers
were unable to do so effectively (e.g., Kiefer & Siple,
1987; McCormick & Klein, 1990). Instead, they some-
times appeared to direct a single attentional focal point
to a position midway between the cued locations (Klein
& McCormick, 1989). In other experiments, when dis-
tractor stimuli suddenly appeared while attention was fo-
cused at another location, the distractors appeared either
to “pull” the attentional focal point away from its current
position (Miiller & Rabbitt, 1989; Warner, Juola, &
Koshino, 1990) or to “pull” it away only after attention
was disengaged (Yantis & Jonides, 1990). In other
words, distractor stimuli in these studies did not appear
to cause an attentional focal point to be “split” into mul-
tiple foci. Instead, it seemed to remain unitary and indi-
visible. Note that there is not complete agreement about
the unitary attentional focal point assumption, and it
continuesto be debated in the visual-orienting literature.

In keeping with this assumption, serial attentional
analysis has been said to be involved during demanding
visual search (e.g., Treisman & Gormican, 1988) and
when inattentional and change blindness occurs (e.g.,
Mack & Rock, 1998; Rensink, O’Regan, & Clark, 1997,
2000). Others, however, have claimed that demanding
visual search could be mediated by parallel processes
(e.g., Eckstein, 1998; McElree & Carrasco, 1999; Mord-
koff, Yantis, & Egeth, 1990), and Palmer has developed
a decision-noise parallel model of visual search (Palmer,
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1998; Palmer, Verghese, & Pavel, 2000). The magnitude
of the difficulty involved in determining whether pro-
cesses mediating visual search operate serially or in par-
allel is evident when one considers that serial visual
search models may actually be a subset of the class of
parallel models and that parallel models can be developed
to emulate serial search (Bundesen, 1990; Townsend,
1990). Thus, although some experimental results seemed
to indicate that serial analysis with a unitary attentional
focal point was involved, they may, in fact, have been
due to some form of parallel analysis.

One promising way to determine the relative contri-
butions of serial and parallel processes when subjects
perform search tasks is the use of functional neuroimag-
ing techniques. Corbetta and colleagues, for example,
used PET to show that demanding visual search led to
enhanced activity in the posterior parietal cortex (PPC),
whereas easy search did not, and that the same area in
the PPC is activated when subjects are explicitly in-
structed to shift their attention from one location to an-
other (Corbetta, Miezin, Shulman, & Petersen, 1993;
Corbetta, Shulman, Miezin, & Petersen, 1995). Woodman
and Luck (2003) used the ERP method to measure N2pC
(N2-posterior-contralateral) waves during demanding
visual search with potential targets in both visual hemi-
fields and found that focused attention appeared to be di-
rected serially to each item, rather than to all the items in
parallel. These results indicate that demanding visual
search involves at least some degree of serial processing,
perhaps with a unitary attentional focal point.

Another paradigm, however, has prompted some re-
searchers to suggest that a unitary attentional focal point
can be divided into multiple foci. If two or more direct
cues are presented simultaneously, cue effects can occur
when targets appear at any of the cued locations (e.g.,
Richard, Wright, & Ward, 2003; Wright, 1994; Wright,
Richard, & McDonald, 1996). It could be argued that
this occurs because attention has been divided into dis-
crete multiple foci so that it can be directed simultane-
ously to each cued location (see, e.g., Kramer & Hahn,
1995). We believe, however, that although some form of
parallel processing of cued locations is carried out, it
does not involve multiple attentional foci. Instead, as is
outlinedin this paper, we propose that direct cues trigger
a form of sensory processing that can occurin a spatially
parallel manner. This processing can influence responses
to targets at cued locations, and it can also initiate atten-
tional analysis at single locations in a serial manner.

One proposal that provides a framework for the sen-
sory analysis of simultaneous multiple direct-cue onsets
is the activity distribution model (LaBerge, 1998; La-
Berge & Brown, 1989). Sensory activation is said to ac-
cumulate in the form of a peaked distribution at the lo-
cation of each abrupt-onset stimulus. The magnitude of
the distribution grows in proportion to the intensity of
the stimulus. And because this array of sensory activity
is not constrained to a single location at a time, it can
change dynamically and in parallel at several locations
within a representation of visual space. Attentional analy-
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sis of information in the representation is said to occur
when the magnitude of one peaked activity distribution
exceeds a threshold value, thereby causing a channel of
focused attention to be opened at its location (see Fig-
ure 1). Note that whereas attentional analysis s restricted
to only one location at a time, sensory analysis can be
carried out at several locations in parallel. And this sen-
sory analysis could mediate preattentive localization of
stimuli.

Sensory-based response facilitation is initiated within
the framework of this model when the abrupt onset of
a direct cue triggers the formation of an activity distri-
bution at its location. Over time, the magnitude of the
distribution gradually becomes attenuated until, after
200 msec, it disappears. If a second stimulus (the target
in question) should appear at roughly the same location
before the 200 msec has elapsed, however, another dis-
tribution of activity triggered by its abrupt onset may add
to any residual activity already at that location as a result
of the cue’s onset. And their combined activation may
cause a channel of attention to be opened up at that lo-
cation more rapidly than would have been the case if the
second stimulus had been presented alone with no prior
cuing. Activity distributions can form in parallel at sev-
eral locations in response to the abrupt onsets of simul-
taneous multiple direct cues, and so this form of sensory-
based response facilitation is not constrained to a single
location at any given time.

The present experiments were conducted in order to
study the potential contributions of sensory and atten-
tional analyses of targets presented at multiple direct-
cued locations. The goals of this study are not trivial, the
implications of the results are not obvious to most re-
searchers, and a theoretical account of multiple-location
cuing effects does not already exist in the literature in a
well-developed form. To elaborate, it might be suggested
that the occurrence of sensory processing of location
cues prior to attentional analysis of cues and targets is
intuitively apparent. Not all researchers, however, agree
about the extent to which the effect of location cues on
target-related responses is sensory based. We addressed
this question by presenting, in each of the experiments in
the study, multiple direct location cues with simultane-
ous onsets. On the basis of previous findings (e.g.,
Wright, 1994; Wright et al., 1995), we expected that cue
effects would occur at more than one location at a time,
thereby indicating that sensory-based processing con-
tributes significantly to target-related responses.

EXPERIMENT 1

The first experiment was conducted to test directly the
idea that sensory processes contribute to the cue effects
that occur when target detection tasks are performed. As
was mentioned previously, we assume, as do many oth-
ers, that attention-based cue effects are due to a unitary
and indivisible attentional focal point that is directed to
only a single continuous region of visual space at any
one time. But we suggest that the occurrence of cue ef-
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Figure 1. Activity distributions triggered by the onset of simultaneous multiple di-
rect cues. The visual scene corresponds to stimulus displays presented on the com-
puter screen in the present experiments. The preattentive level corresponds to a men-
tal representation of neural activity triggered by changes in sensory inputs. The filter
level corresponds to a mechanism proposed by LaBerge (1998) for selecting one of
many competing activity distributions for further attentional processing. The atten-
tive level corresponds to a mental representation of the visual scene that the observer
is consciously aware of. In this case, one of the distribution magnitudes exceeds the cri-
terion threshold for initiating the opening of a channel of focused attention at that lo-
cation, and the other three do not. As a result, this location is attended to in a stimulus-

driven manner.

fects at more than one location following the simultane-
ous presentation of multiple direct cues is due to sensory
activation triggered by the abrupt onsets of the cues,
rather than to a serial analysis of the cued locations with
a unitary attentional focal point. In particular, if a target
were to appear at any of the cued locations while this
sensory activation continued to persist, the time required
to detect it might be facilitated. This proposal is markedly
different from unitary or multiple attentional focal point
accounts of cue effects.

Unitary Attentional Focal Point Account

The unitary attentional focal point account of simulta-
neous multiple cuing effects yields a different prediction
than does a sensory activation account. By definition,
the former is constrained by the assumption that atten-
tional analysis can occur at only one location at a time.
Therefore, the unitary focal point account predicts that
cue effect magnitudes should change as a function of the
number of cues presented. More specifically, if a single
cue is presented on a given trial, undivided attentional
analysis of it may be possible. But if two cues are pre-
sented simultaneously, a unitary and indivisible atten-
tional focal point can be directed to just one of the two
cued locations. Averaged over a number of two-cue tri-
als, a cued location would be attended to only 50% of the
time. As a result, the expected cue effect on response times
on two-cue trials would be just 50% of that on single-cue
trials, because the mean response time would be based

on the 50% of the trials that yielded an attention-based
cue effect plus the 50% of the trials that yielded no cue
effect. Similarly, when averaged over a number of three-
cue trials, the expected cue effect on response times
would be just 33.3% of that on single-cue trials, because,
on average, a cued location would be attended to only
33.3% of the time. And when averaged over a number of
four-cue trials, the expected cue effect on response times
would be just 25% of that on single-cue trials, because,
on average, a cued location would be attended to only 25%
of the time. The result is a pattern of cue effect magni-
tudes that diminishes with increases in cue number.

Multiple Attentional Foci Accounts

Multiple attentional foci accounts of simultaneous
multiple cuing effects also yield different predictions
than does a sensory activation account. By definition, the
former is not constrained by the assumption that atten-
tional analysis can occur at only one location at a time. In-
stead, it may be possible to direct an attentional focal
point to each of several cued locations. We are unaware
of any formal proposal about the maximum number of
foci that can utilized at any one time, but presumably any
advocates of the multiple attentional foci idea would sug-
gest that there are at least four. This is also the maximum
number of cues presented in the present experiments, so
the capacity to divide the attentional focal point should,
according to proponents of this account, enable one to di-
rect a focus to each of four cued locations. Two variants
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of the multiple foci account of simultaneous multiple
cuing effects are that (1) cue effect magnitudes should be
equivalent regardless of the number of cues presented,
because attentional analysis can occur in parallel at all
cued locations with equal effectiveness, or (2) cue effect
magnitudes should diminish with increases in cue num-
ber (which is similar to the prediction of the unitary at-
tentional focal point account) if subsequent divisions of
the attentional focal point lead to progressive decreases in
concentration of attentional resources within each focus.
In other words, one version of the multiple focal point ac-
count holds that there should be no effect of cue number
on cue effect magnitudes. The other version holds thatin-
creasing the number of foci required to attend to all cued
locations at the same time could lead to a decrease in at-
tentional resource concentration within each focus, thereby
systematically decreasing cue effect magnitudes.

Sensory Activation Account

The sensory activation account of simultaneous mul-
tiple cuing effects yields yet another prediction. As is the
case with the unitary focal point account, it is assumed
that attentional analysis can occur at only one location at
a time. Therefore, on single-cue trials, attention could be
captured by the cue, because there is only one stimulus
vying for attention. On multiple-cue trials, however, the
sensory activation account holds that initially none of the
cued locations would be attended to, because attention
cannot be divided among multiple locations. However,
sensory activity triggered by the onset of each cue could
facilitate the opening of an attention channel when a tar-
get subsequently appears at any of the cued locations (if
the delay between cue onsets and target onset is brief
enough). With one exception, the magnitude of cue ef-
fects should be independent of the number of cues pre-
sented in the display, because this sensory activation oc-
curs in parallel across the visual scene. The exception is
that on single-cue trials, both attentional analysis and
sensory activation can contribute to the cue effect, thereby
producing a cue effect greater than that on multiple-cue
trials. Thus, the sensory activation account predicts the
occurrence of cue effects on single-cue and multiple-cue
trials, but with the former, the magnitude will be greater.

Method

Subjects. Twelve Simon Fraser University students were given
course credit for taking part in the experiment. All the subjects had
normal or corrected-to-normal vision.

Apparatus. A microcomputer (PC) controlled the experiment
timing and stimulus presentation. Stimuli were displayed on a
14-in. color monitor, and response times were recorded with a but-
ton box interfaced with a dedicated timing board in the computer.
The subjects were tested in a dimly lit room in order to minimize re-
flections, and an adjustable chinrest was used to maintain head po-
sition at a distance of 60 cm from the computer monitor.

Stimuli. All the stimuli were presented on a black (unlit) back-
ground. A light gray fixation cross (0.4° X 0.4°) remained visible
in the center of the display throughout the experiment. The cues
were light gray bars (0.8° X 0.2°), and the target was a bright white
line (1.1° X 0.1°) tilted either to the left (on 50% of the trials) or to
the right (on 50% of the trials) at a 45° angle. The target was easy
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to detect under these conditions, thereby reducing the likelihood
that the subjects would attempt to execute an eye movement to the
target before responding. There were eight possible cue/target po-
sitions arranged in a circle around the fixation cross (see Figure 2).
The midpoints of all cue locations were 6.2° from the center of the
fixation cross and 5.5° from the midpoints of adjacent cue loca-
tions. The target appeared just above a cue location, so that the cues
and the targets did not overlap if both occurred at the same position.
This design took into account the results of similar experiments,
with the same display and task, that indicated that responses to tar-
gets were not biased by (1) greater salience attributable to the
“arrow head” configuration seen when the target appeared at a cued
location or (2) variation of target location uncertainty as cue num-
ber was varied (Richard et al., 2003, Experiments 2C and 3).

Procedure. The subjects were instructed to direct their eyes to-
ward the fixation cross throughout the experiment and to press the
response button as quickly as possible when they detected the tar-
get’s appearance. They were also told that the target was equally
likely to appear at a cued or an uncued location on any given trial
and, therefore, that cues were uninformative with respect to the po-
tential locations of impending targets.

Each trial began with a 1,000- to 1,500-msec intertrial interval.
Then one to four cues were presented simultaneously at randomly
selected locations and remained visible for the duration of the trial
(see Figure 2). Following a second delay of 100 msec, the target ap-
peared at one of the eight possible locations and remained visible
until the subject responded. Response times were measured as the
interval between the target onset and the buttonpress. All the cues
and the target were extinguished following the subject’s response,
which marked the end of the trial. Note that the 100-msec CTOA
was short enough to preclude the possibility that the subjects would
make eye movements to the cued locations prior to target onset (Fis-
cher & Weber, 1993) but was long enough to allow direct-cue ef-
fects to occur (e.g., Cheal & Lyon, 1991; Miiller & Findlay, 1988;
Shepherd & Miiller, 1989).

Figure 2. Examples of the type of stimulus displays used in Ex-
periment 1. Cues were horizontal lines appearing just below po-
tential target locations, and the target was a tilted line. CTOA,
cue—target onset asynchrony; ITI, intertrial interval.
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Data were collected in a 1-h testing session, and the subjects were
given 30 practice trials before beginning. The session was divided
into 20 blocks of 48 data trials. Sixteen catch trials that had
1,500-msec CTOAs before the onset of the target were randomly
interspersed in the blocks of trials. Catch-trial responses were col-
lected but not analyzed, because the sole purpose of these trials was
to minimize response anticipation errors. A brief rest period fol-
lowed each block.

Design. The two levels of the target type factor (cued target or
uncued target) were completely crossed with the four levels of the
cue number factor (1, 2, 3, or 4). Each target type X cue number
combination occurred three times with a left-tilted target and three
times with a right-tilted target in each block, and trial presentation
order was randomized. The 960 data trials consisted of 120 trials of
each combination. The 320 catch trials consisted of 40 trials of each
combination.

Data analysis. Before any statistical analyses were carried out,
response times less than 100 msec and greater than 1,000 msec were
excluded as errors. Following this, response times greater than three
standard deviations from the corresponding trial type means were
also removed. Analyses of variance (ANOVAs) were conducted
with the errors in each experiment to determine whether or not
speed —accuracy tradeoffs occurred. These results are not reported
in this or other results sections, because no significant tradeoffs oc-
curred in this or the other experiments. The statistical analyses per-
formed in each experiment were repeated measures ANOVAs.
Huynh-Feldt corrected degrees of freedom were used to determine
probability values for all factors with more than two levels, to com-
pensate for any violation of the assumption of sphericity.

Results and Discussion

The mean error rate per subject was 4.7%. A 2 X 4 re-
peated measures ANOVA was conducted with the mean re-
sponse times for each subject in each condition. The main
effect of target type was significant [F(1,11) = 61.10,
MS, =199.22, p < .001], indicating that the subjects’ re-
sponse times were shorter when the targets appeared at
cued locations than when they appeared at uncued loca-
tions. We refer to the difference in mean response times
to cued and uncued targets as the cue effect.* The main

EXPERIMENT 1: MEAN RESPONSE TIMES
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effect of cue number was also significant [F(3,33) =
5.62, MS, =77.94, p < .003]. This was due primarily to
longer one-cue response times when targets appeared at
uncued locations, as opposed to cued locations (see Fig-
ure 3). In addition, the target type X cue number inter-
action was significant [F(3,33) =5.69, MS,=61.95,p <
.003]. This was also due to longer one-cue response
times when the target appeared at uncued locations, as
opposed to cued locations.

As can be seen in Figure 3, the cue effect pattern is con-
sistent with the sensory activation proposal. On multiple-
cue trials, significant cue effects occurred in all the condi-
tions, were smaller than the cue effects on single-cue trials,
and did not vary in magnitude as a function of cue number
(see Table 1). This pattern is not consistent with either the
unitary or the multiple attentional focal point account and
suggests instead that cue effects were mediated, in part, by
sensory activation. This result also replicates the findings
of other simultaneous multiple-location cuing experi-
ments we have conducted (Richard et al., 2003).

A critical assumption of the sensory activation pro-
posal is that cue effects arise from stimulus-driven pro-
cessing that occurs independently at each cued location.
In other words, this processing should be confined to the
cued locations and should not spread beyond these re-
gions to encompass nearby uncued locations. In the pres-
ent experiment, this means that on trials with the target
appearing at an uncued location, response times for tar-
gets appearing directly between two cued locations
should be no different than response times for targets ap-
pearing directly between two empty (uncued) locations.
If this were not true, response times for uncued targets
appearing between two cued locations should more
closely match those of cued targets.

In order to confirm that cue effects were restricted to
the cued locations, uncued trials were analyzed in terms

EXPERIMENT 1: CUE EFFECTS
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Figure 3. Mean response times and cue effect magnitudes as a function of number of cues presented in

Experiment 1.
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Table 1
Mean Cue Effects as a Function of Number of Cues in
Experiment 1

Number of Cues Cue Effects p Value
1 35 <.001
2 18 <.001
3 19 <.001
4 19 .001

of target proximity to cued locations. The proximity, cat-
egory consisted of trials on which the target’s location
was not immediately adjacent to a cued location. In other
words, in the array of eight possible cue/target locations,
the positions on either side of the target’s location were
not occupied by a cue. The proximity, category con-
sisted of trials on which the target was adjacent to a cued
location on one side and adjacent to an empty location on
the other side. And the proximity, category consisted of
trials on which the target appeared immediately adjacent
to two cued locations. The results of this analysis are pre-
sented in Table 2.5 They indicate that cue—target proxim-
ity had no systematic effect on target detection response
times in this experiment as a function of cue number and,
instead, that cue effects were due to processes that oper-
ated independently in a location-specific manner.

Perhaps another unitary attentional focal point ac-
count of the equivalence of cue effects on two-cue, three-
cue, and four-cue trials could be proposed if it is also as-
sumed that the shape of the attentional focus was
“warped” to encompass all cued locations, but not the
uncued locations between them. This seems unlikely to
have occurred because, on many trials in Experiment 1,
the attentional focal point would have assumed several
irregular “beam” (e.g., banana-like) shapes to wrap
around two or more cued locations without encompass-
ing the locations between them. We are not aware of any
reported evidence indicating that this is possible, and
more important, it is unclear why such a strategy would
be adopted to perform the task in Experiment 1, because
the impending target’s location on a given trial was not
related to the cue locations.

A more feasible unitary focal pointexplanationis that
the size of the focused attention was systematically ad-
justed from one trial to the next to encompass two or
more cued locations while leaving some uncued loca-
tions outside the attended area. This could produce

Table 2
Mean Valid, Proximity,, Proximity,, and Proximity, Response
Times (in Milliseconds) and Standard Deviations in
Experiment 1

Cue Proximity

Number Valid Proximity, Proximity, Proximity,

of Cues RT SD RT SD RT SD RT SD
1 366 71 402 81 404 78 - -
2 366 77 392 84 376 87 - -
3 364 75 383 74 383 62 384 81
4 366 73 390 85 382 79 385 85
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shorter mean cued response times than mean uncued re-
sponse times. But this proposal is questionable for two
reasons. (1) As the cue number increased, the probabil-
ity that a target would appear outside of the attended area
would decrease (because a larger contiguous region of
the display area would have to be attended to on trials
with more cues). If true, the response time difference be-
tween cued and uncued trials should decrease as a func-
tion the number of cues presented. As Figure 3 indicates,
however, this pattern of diminishing cue effects did not
occur. (2) If the attentional focal point encompassed
multiple cued locations, uncued locations between cued
locations should also have been attended to, and conse-
quently, response times on uncued trials should have been
equivalent to response times on cued trials. This predic-
tion was not supported by the proximity analysis. Thus,
the pattern of response times observed in Experiment 1
is not consistent with these unitary attentional focal
point explanations of the multiple-cue effects.

Note, also, that the pattern of results in Experiment 1
is not consistent with either of the multiple attentional
foci predictions. More specifically, response time mag-
nitudes were not equivalent when targets appeared at
cued locations, because the cue effects on single-cue tri-
als were greater than those on multiple-cue trials. This
suggests that attentional analysis did not occur at all cued
locations with equal effectiveness. But if one assumes
that the difference in cue effect magnitude on single-cue
and multiple-cue trials occurs because dividing the at-
tentional focal point attenuates the concentration of
attentional resources within each focus, it follows that
subsequent divisions of foci on two-cue, three-cue, and
four-cue trials should lead to further attenuations of the
concentration of attentional resources within each focus
and, therefore, progressively smaller cue effect magni-
tudes would be predicted as cue number was increased.
Therefore, the sensory activation proposal accounts for
the data better than does either variant of the multiple at-
tentional foci proposal.

As was mentioned previously, the activity distribution
model provides a framework for describing the sensory
analysis of simultaneous multiple direct-cue onsets (La-
Berge & Brown, 1989). As can be seen in Figure 1, a
peaked activity distribution is said to form in parallel at
each cue/target location within a sensory representation.
And if the magnitude of a distribution exceeds a relative
threshold value, this can cause a channel of focused at-
tention to be opened at the corresponding location within
a higher level representation of objects in the visual
field. Facilitation of target detection response times can
occur in two different ways. (1) If a channel of attention
has already been opened at a single cued location, the re-
sponse time to a target subsequently presented there will
be shorter, because the operations involved in opening
the attention channel would already be complete. (2) Fa-
cilitation can also occur if the delay between cue onset
and target onset is brief enough (e.g., 100 msec) to en-
able residual activation triggered by the cue to combine
with activation triggered by the onset of the target at the
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same location. In this case, the channel of focused atten-
tion would be opened more rapidly there than at a target
location that was uncued, because the latter does not
benefit from the presence of residual activation from a
prior cue onset.

According to the sensory activation proposal, attention
is captured on single-cue trials when an activity distrib-
ution forms in response to the cue’s onset and increases
in magnitude until it surpasses a threshold value. This, in
turn, causes a channel of attention to be opened at that
location. On multiple-cue trials, we propose that activity
distributions of approximately equal magnitude form at
each cued location. None of the distributions would be
significantly greater in magnitude than the others, and
therefore, none would surpass the relative threshold that
causes a channel of attention to be opened at its location.
Thus, we propose that the cue effects on multiple-cue tri-
als in Experiment 1 were due to residual sensory activa-
tion at all the cued locations that did not capture atten-
tion but did enable an attention channel to be opened
faster when the target appeared at one of these locations
than when the target appeared at an uncued location.

The dynamics of activity distribution formation are
also consistent with the occurrence of a larger cue effect
in the single-cue condition than in the multiple-cue con-
dition in Experiment 1. As can be seen in Figure 3, this
occurred because the mean uncued response time was
greater on the single-cue trials than on the multiple-cue
trials. According to the sensory activation proposal, the
magnitude of an activity distribution at a cued location
on a single-cue trial should increase until it surpasses the
threshold value for opening a channel of attention there.
As a result, the time required to open the attention chan-
nel elsewhere if the target appears at an uncued location
should increase, because the competing activity distrib-
ution triggered by the cue has already begun to initiate
the opening of the attention channel at its location.
Therefore, the greater mean uncued response time on
single-cue trials than on multiple-cue trials reflects an
additional cost of attentional disengagement that would
not occur on multiple-cue trials.

Note that we chose to display the cues in Experiment 1
until the trial was terminated by the subject’s response
(i.e., sustained cues). A variant of this procedure would
be to present cues for a brief period of time (e.g.,
50 msec) and then remove them prior to the target’s
onset. It is possible that briefly flashed cues would pro-
duce a smaller cue effect than would the sustained cues
used in the present experiment. More specifically, in
terms of the framework we propose, perhaps activity dis-
tributions would dissipate sooner at briefly flashed cue
locations than at sustained cue locations. If so, there
would be less residual activation present when targets
appeared at briefly flashed cue locations than when they
appeared at sustained cue locations, and perhaps, a
smaller cue effect would be expected with the former.
Systematic manipulation of cue duration in a follow-up
experiment could, therefore, provide an additional con-
straint on the sensory activation proposal.®

EXPERIMENT 2

We suggest that the effect of multiple-location cuing
on response times in the first experiment was due, in
part, to preattentive sensory activation that occurred
briefly at each of the cued locations following the cue
onsets. The initial, sensory-based neural response to an
abrupt luminance change in several brain areas involves
a transient increase in activity (e.g., Wurtz & Albano,
1980). If simultaneous cue effects at multiple locations
involve a related type of sensory activity, we would ex-
pect cue effects to exhibit a similar transient facilitation
pattern in response to an abrupt luminance change, peak-
ing at short CTOAs and declining thereafter (see Miiller
& Rabbitt, 1989). On the other hand, if sustained atten-
tional processes are involved, such as the allocating of
attentional resources to multiple discrete locations (e.g.,
Shaw, 1984; Shaw & Shaw, 1977), we would expect cue
effects to remain at elevated levels for several hundred
milliseconds (e.g., Hughes, 1984). In this experiment,
we manipulated CTOA to determine whether or not the
time course of multiple simultaneous direct location
cues would produce a transient pattern of cue effects that
would be consistent with preattentive sensory activation.

Method

Subjects. Twelve Simon Fraser University students were given
course credit for taking part in the experiment. All the subjects had
normal or corrected-to-normal vision.

Stimuli and Procedure. The stimulus displays and procedure
were the same as those in Experiment 1, with the following excep-
tions: Four cues were presented on all the trials, and the CTOA was
100, 200, or 300 msec. Note that although 300 msec is sufficient
time for executing a saccade (Fischer & Weber, 1993), using a
CTOA of this duration was not a direct concern in the present ex-
periment, because of the impossibility of executing eye movements
to four cued locations simultaneously. The testing session was di-
vided into 20 blocks of 36 data trials that were randomly inter-
spersed with 12 catch trials.

Design. The two levels of the target type factor (cued target or
uncued target) were completely crossed with the three levels of the
CTOA factor (100, 200, or 300 msec). Each target type X cue num-
ber combination occurred three times with a left-tilted target and
three times with a right-tilted target in each block, and trial presen-
tation order was randomized. The 720 data trials consisted of 120
trials of each combination. The 240 catch trials consisted of 40 tri-
als of each combination.

Results and Discussion

The mean error rate per subject was 2.7%. A 2 X 3 re-
peated measures ANOVA was conducted with the mean
response times for each subject in each condition. As in
the previous experiment, there was a significant main ef-
fect of target type [F(1,11)=5.13, MS,=103.95,p <.05],
because response times were shorter when targets ap-
peared at cued locations than when they appeared at un-
cued locations. The main effect of CTOA was also signif-
icant [F(2,22) = 32.96, MS, = 130.96, p < .001], because
response times were shorter when CTOAs were longer. In
addition, the target type X CTOA interaction was signifi-
cant [F(3,33) = 5.69, MS, = 61.95, p < .002]. As can be
seen in Figure 4, the difference between responses times
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EXPERIMENT 2: CUE EFFECTS
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Figure 4. Mean response times and cue effect magnitudes as a function of cue-target onset asynchrony

(CTOA) in Experiment 2.

for targets at cued locations and those for targets at un-
cued locations was significant only when the CTOA was
100 msec (see Table 3 for paired comparisons of means).

These data indicate that multiple-cue effects were
maximal when the CTOA was 100 msec and diminished
with further increases in CTOA. It could be argued that
the cue effect in the 100-msec CTOA condition was due
to attentional analysis. Note, however, that the contribu-
tion of attentional analysis to cuing effects appears to in-
crease gradually as CTOA is increased from O to
300 msec and beyond (e.g., Cheal & Lyon, 1991; Miiller
& Findlay, 1988; Shepherd & Miiller, 1989). Therefore,
if attentional analysis led to the cuing effect on 100-msec
CTOA trials in Experiment 2, it should have led to cuing
effects on 200- and 300-msec CTOA trials as well. The
absence of cuing effects in Experiment 2 at the 200-msec
CTOA and, particularly, at the 300-msec CTOA suggests
an explanation of the cue effect in the 100-msec CTOA
condition that is more consistent with the sensory acti-
vation account than with an attentional analysis account.

The sensory activation account of cue effects that we
propose is that response times will be facilitated if the
CTOA is brief enough to enable any residual cue-triggered
activation to combine with target-triggered activation at
the same location. This causes the channel of focused at-
tention to be opened more rapidly there than at an uncued
location. As is depicted in Figure 5, we suggest that resid-
ual cue-triggered activation was maximal at 100 msec

Table 3
Mean Cue Effects as a Function of
Cue-Target Onset Asynchrony (CTOA) in Experiment 2

CTOA (msec) Cue Effect p Value
100 15 <.001
200 5 265
300 -6 571

and was sufficient to produce a cue effect at this CTOA
in Experiment 2. But on 200- and 300-msec CTOA trials,
the residual cue-triggered activation had diminished too
much to produce a significant cue effect when the tar-
gets were presented at cued locations after this delay.

EXPERIMENT 3

We suggest that sensory activation mediated the cue
effects at up to four locations at the same time in the pre-
vious experiments because sensory activationis not con-
strained to a single location at a time. When CTOA was
increased beyond 100 msec in Experiment 2, cue effects
were attenuated, as would be expected if they were me-
diated by sensory activation. In this experiment, we con-
ducted a more direct test of sensory activation’ role in
mediating cue effects by manipulating cue luminance.
The magnitude of sensory activationis directly related to
stimulus intensity, and therefore, changes in cue luminance
should cause changes in the magnitude of sensory activa-
tion triggered by cue onsets. Note that the direct relation-
ship between cue luminance and activation magnitude
differs from that between cue luminance and attention-
based cue effects. More specifically, the effect of vary-
ing direct-cue luminance was investigated in an experi-
ment that employed highly valid direct cues presented
with long CTOAs (Hughes, 1984). The long CTOAs
(greater than 100 msec) provided sufficient time for any
potential sensory effects on responses to become atten-
uated while attentional focus was actively sustained at
the cued location. The results indicated that increasing
cue luminance enhanced the alerting effect of the cue but
did not alter the magnitude of cue effects. We varied cue
luminance across trials in the present experiment with
noninformative location cues to determine whether or
not cue effect magnitudes would change directly as a
function of cue luminance. If so, this would not be con-
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Figure 5. The magnitude of activity distributions diminishes as a function of time since
their onset. Thus, in Experiment 2, increases in cue-target onset asynchrony resulted in a de-
crease in the level of residual activation at each cued location at the time of target onset and,
therefore, a decrease in cue effect magnitude. Activity distribution magnitude also corre-
sponds to stimulus intensity. The effect of changes in the luminance of cues on activity dis-
tribution magnitudes in Experiment 3 can be represented in this figure by a “decreasing lu-

minance” label.

sistent with previous findings with attention-based tasks.
Instead, it would provide further evidence that simulta-
neous multiple direct-cue effects are mediated, in part,
by sensory activation.

Method

Subjects. Twenty-three Simon Fraser University students were
paid $5 for participating in this experiment. All the subjects had
normal or corrected-to-normal vision.

Stimuli and Procedure. The apparatus and stimuli were the
same as those in Experiment 1, except for the following luminance
manipulation: Each set of cues presented on a given trial had one of
four luminance levels (0.80, 1.52, 6.29, or 14.4 c¢d/m?2). The back-
ground luminance of the display was 0.07 cd/m2, and the luminance
of the target was 55.52 cd/m2. The procedure was also the same as
that in Experiment 1, except for the following: Four cues were pre-
sented on each trial, and the subjects spent 10 min in the testing
room prior to the experiment in order to adapt their eyes to the dark.

Design. The two levels of the target type factor (cued location or
uncued location) were completely crossed with the four levels of

the luminance factor. The 720 data trials consisted of 90 cued trials
and 90 uncued trials for each of the four luminance levels. The 240
catch trials consisted of 30 trials of each of these combinations.

Results and Discussion

The data of 2 subjects were excluded from the analy-
sis because error rates exceeded 10%. The mean error
rate of the remaining 21 subjects was 2.0%. A 4 X 2 re-
peated measures ANOVA was conducted with the mean
response times for all the subjects in each condition. As
in the previous experiments, the main effect of target
type was significant [F(1,20)=49.95, MS_ =340.83,p <
.001]. And because increases in cue luminance corre-
sponded to decreases in responses times, the main effect
of luminance was also significant [F(3,60) = 33.98,
MS,=96.78,p < .001]. This is consistent with the notion
that increasing cue luminance can enhance the alerting
effect of the cues (see Hughes, 1984). In addition, the lu-
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minance X target type interaction was significant
[F(3,60) = 18.74, MS, = 72.88, p < .001], which indi-
cated that the magnitude of the cue effect increased as a
function of luminance (see Figure 6). The results of pair-
wise comparisons indicated that the cue effect was sig-
nificant at the two higher luminance levels, but not at the
two lower luminance levels (see Table 4). The increase in
cue effect magnitude with increases in cue luminance is
consistent with our claim that sensory activation initi-
ated by cue onsets facilitates target detection response
times. Further experiments with more complex designs
that include, for example, CTOA X cue number X lumi-
nance manipulations might also be fruitful.

One property of the activity distribution model is that
the magnitudes of distributions are said to grow in pro-
portion to the intensities of the stimuli (LaBerge, 1998).
The four different stimulus intensities of the cues pre-
sented in this experiment could have produced activity
distributions with the range of magnitudes depicted in
Figure 6, but as a function of changes in luminance,
rather than in CTOA. And at the two lowest intensities
(0.80 and 1.52 cd/m?2), cue-triggered activation may not
have been sufficient to produce a significant cue effect
if targets were presented at these locations.

GENERAL DISCUSSION

The results of these experiments indicate that, follow-
ing the simultaneous presentation of multiple direct lo-
cation cues, a cue effect on target detection response
times can occur at as many as four locations at the same
time. We propose that the results are due to sensory pro-
cessing being carried out in parallel across the visual
scene. Three findings support this. (1) Cue effects in the
experiments occurred in parallel but were location spe-
cific. The proximity analysis in Experiment 1 indicated
that they occurred at cued locations, but not at uncued lo-
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Table 4
Mean Cue Effects as a Function of Cue Luminance
in Experiment 3
Cue Luminance Cue Effect p Value
1 4 129
2 6 .057
3 12 .003
4 20 <.001

cations immediately between. (2) Cue effects were tran-
sient and attenuated when the delay between cue and tar-
get onsets was greater than 100 msec, which is consistent
with the transient nature of sensory activation by stimuli.
(3) Cue effects varied directly as a function of cue lumi-
nance. Although it is possible that some other form of
parallel analysis model could account for the present
data if it satisfied the constraints indicated by these re-
sults, we suggest that the sensory activation account is a
better fit than either the unitary attentional focal point
account or the multiple attentional foci account.

The present results are also similar to those of another
study we conducted to differentiate between sensory and
attentional contributions to multiple-location cue effects
(Richard et al., 2003). In those experiments, we used vir-
tually the same display as that in the four-cue condition
of the present experiments, except that one of the cues
was unique by virtue of its color. That is, one cue was
red, and the other three were gray. Under most condi-
tions, targets were much more likely to occur at the red
cue location than at the gray cue locations. This provided
the subjects with an incentive to attend to the unique
(red) cue location. The results indicated that, although
cue effects were associated with all cue locations, they
were significantly greater at the unique-cue location.
The unique-cue effects were also consistent with what
would be expected if observers were making goal-driven

EXPERIMENT 3: CUE EFFECTS
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attention shifts, because it was sustained over time (as
CTOA was increased beyond 100 msec) but occurred
only when cue validity (a priori incentive to attend to the
unique-cue location) was high. In contrast, the cue effect
at the multiple-cue locations was more transient (dimin-
ished at CTOAs greater than 200 msec) and was not af-
fected by manipulationsof cue validity. These findings are
consistent with our claim that both sensory and attentional
processes underlie single- and multiple-cue effects.

When direct location cue onsets draw attention, the
initial stages of their analysis are necessarily sensory and
preattentive. Higher level processes that align an atten-
tional focal point with different locations in visual space
require information about the spatial coordinates of at-
tention shift destinations before these shifts can be initi-
ated. Logically, this information cannot be supplied by
attentional processes themselves, because the purpose of
shifting attention to a particular location s to initiate at-
tentional analysis there. To restate and emphasize this
point, attentional analysis cannot supply information re-
quired for its own initiation. Instead, this information
must be supplied by preattentive processes. And it can
include information about the locations of direct cues.
When described in terms of the sensory activation
model, as in Figure 1, preattentive processing involves
the formation of an activity distribution that can trigger
an attention shift to its corresponding location within a
higher level representation of visual space.

One implication of the sensory activation account of
the present results is that cued locations are initially en-
coded preattentively. In particular, when multiple abrupt-
onset stimuli are presented simultaneously, this is said to
trigger the formation of activity distributions at each
stimulus location within a low-level representation of the
visual field. But these locations are not encoded by at-
tentional processes until the magnitude of activation sur-
passes the relative criterion threshold for opening a
channel of focused attention there. That is, the spatial co-
ordinates are available in the lower level sensory repre-
sentation, but not always in higher level representations
that focused attentionis aligned within. This is similar to
location encoding, said to characterize many other ex-
amples of low-level and intermediate-level vision, be-
cause much of this analysis involves operations that re-
quire information about the relative positions of stimuli
in the visual field. Consider, for example, motion corre-
spondence matching (Dawson, 1991; Ullman, 1979).
Processing is heavily dependent on location information
in order to mediate motion perception in accordance
with such rules as the nearest neighbor principle. Stereo-
scopic fusion of visual images (e.g., Grimson, 1981; Marr
& Poggio, 1977) is another example of processes oper-
ating at this level that are heavily dependent on informa-
tion about the location of elements in the visual field, but
this information is often not consciously available to us,
because it is determined and utilized by low-level sen-
sory processes. Similarly, the appearance of a location
cue objectin the visual field will be initially encoded by
sensory processes prior to the alignment of focused at-

tention at its location. We may not be initially aware of
the object’s location, and the sensory activation proposal
predicts that it will not be attended to in a stimulus-driven
manner (i.e., capture attention) until the magnitude of its
activity distribution surpasses the criterion threshold.

One ramification of the present results is that simulta-
neously presented direct location cues should not be used
as a neutral cue stimulus for conducting a cost/benefit
analysis of valid and invalid cue effects on responses to
targets. A neutral cue should provide a warning signal
about the impending target’s onset that is equal in magni-
tude to the warning signal provided by the valid and the
invalid cues. But neutral cues should not provide any
location-specific information about potential target posi-
tions. Simultaneous presentation of multiple direct cues
has been used as a neutral condition in the past (mistak-
enly, we argue) because it was assumed at the time that di-
rect cuing effects were entirely the result of attentional
analysis. In particular, it was thought that a unitary indi-
visible focus of attention could not be directed to all cued
locations at the same time and, therefore, multiple cuing
should be suitable as a neutral cue because perhaps, fol-
lowing their presentation, the observer would not bother
to direct attention to any cued location or to just one of
several. This assumption does not take into consideration
the possibility that (1) direct-cue onsets trigger sensory
activation that could also produce a cue effect and (2) the
positions of multiple direct cues could be encoded preat-
tentively and provide signals about the impending target’s
location. We have suggested elsewhere that a more ap-
propriate neutral condition for cost/benefit analysis of di-
rect location cue effects is a uniform flash of the display
background (Wright et al., 1995). A flash provides a
warning signal about the target’s impending onset but
does not involve location-specific sensory processing
that could produce cue effects, as in the present study.

In summary, the results of the present study indicate
that direct location cuing can produce cue effects that are
mediated, in part, by sensory processing. And because
they are sensory, the effects can occur simultaneously at
multiple locations. But when it occurs at a single cued
location, the effect appears to be due to a combination of
sensory processing and attentional capture by the cue. A
model based on LaBerge and Brown’s (1989) activity
distribution proposal can be used to describe encoding of
multiple direct-cue locations and the transient nature of
direct-cue effects. The latter may be due to the attenuation
of activity distributions prior to target onset. More gener-
ally, the results indicate that the effect of direction location
cuing on responses to targets may reflect more than sim-
ply attentional capture. Preattentive and sensory process-
ing of stimuli also appears to play an important role.
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NOTES

1.1t is tempting to suggest that direct cuing triggers involuntary shifts
of attention to cued locations because these shifts are stimulus driven
and their initiation occurs independently of attentional analysis. But this
apparent involuntary nature should be qualified. In particular, it appears
that although direct cues can trigger shifts of attention to the locations
of their onsets, this can be overridden if observers actively focus atten-
tion elsewhere at the time of the cues’ appearance (e.g., Yantis &
Jonides, 1990).In other words, an attention shift is not a mandatory con-
sequence of a direct-cue onset. Without this capacity to suppress atten-
tion shifts to stimuli that suddenly appear in our visual field, we would
often be distracted by irrelevant visual events, and it would be difficult
to perform tasks requiring sustained attention and vigilance.

2. In some cases, the effectiveness of direct cues can be sustained at
a level slightly lower than the maximum level with CTOAs longer than

100 msec (Cheal & Lyon, 1991). But this sustained direct-cue effect at
these longer CTOAs appears to occur only if the cue also continues to
function as a symbolic cue after the initial reflexive effects of its abrupt
onset subside. Also, as was pointed out by Marylou Cheal, when target
identification tasks (e.g., color or orientation identification) are per-
formed, direct-cue effectiveness appears to be maximal at CTOAs even
shorter than 100 msec.

3. Itis also possible that other visual events, such as stimulus offsets
and transient intensity changes, could trigger sensory processing that
mediates preattentive localization.

4. The term cue effect refers to the difference between mean invalid
and mean valid response times. It is a general measure of the effect of
location cuing on target detection and identification response times, and
because it is calculated without a neutral baseline, it is equivalent to the
sum of the cost and the benefit of cuing.

5. Note that the proximity, category consisted of three-cue and four-
cue trials. The small number of one-cue (not possible) and two-cue tri-
als in this category did not provide enough data points for these trials to
be analyzed.

6. We thank Jan Theeuwes for this insight.

(Manuscript received May 18, 2000;
revision accepted for publication March 18, 2003.)
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