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The spatial distribution of attention
following an exogenous cue

JOHN M. HENDERSON and ANDREW D. MACQUISTAN
University of Alberta, Edmonton, Alberta, Canada

Three target-discrimination experiments were conducted to explore the spatial distribution of
covert visual attention following an exogenous cue. On each trial, a brief peripheral onset was
followed by a target stimulus in an otherwise empty visual field at one of eight (Experiment 1)
or one of four (Experiments 2 and 3) possible locations centered at the fixation point. The spatial
relation between the cue and the target was manipulated. The main results were that
(1) performance was better at the cued location than at another nearby location in the same visual
quadrant; (2) performance was not affected by the major horizontal and vertical visual meridians;
and (3) performance was affected by the spatial distance between the cued and target locations.
Together, the results suggest that the spatial distribution of exogenously oriented attention can
be most easily integrated with a simple gradient model.

A central issue in the study of visual cognition is the
human observer's ability to select a particular stimulus
in the visual field for further processing and for action.
Often, this selection is overt, such as when eye and head
movements bring the selected stimulus to the foveae. As
has been known for over 100 years, the human observer
can also select a stimulus location for further processing
through the covert deployment of visual attention (e.g.,
see James, 1890, for quotations and a discussion of Helm
holtz's observations). More recently, a great deal of ef
fort has been expended in the attempt to understand the
properties of covert visual attention and the mechanisms
by which it is allocated.

An important question in the study of covert visual at
tention is the manner in which attention is spatially dis
tributed within the visual field. Two current popular
models of attentional allocation, the zoom-lens (Eriksen
& St. James, 1986; Eriksen & Webb, 1989; Eriksen &
Yeh, 1985) and gradient (Downing, 1988; Downing &
Pinker, 1985; Henderson, 1991; LaBerge & Brown,
1989; Madden, 1992; Shulman, Wilson, & Sheehy, 1985)
models, can be considered instantiations of a more gen
eral specific-location hypothesis. According to this hy
pothesis, visual attention can be directed to a highly re
stricted region of the visual field. In contrast, a number
of theorists have proposed versions of what we will call
the general-region hypothesis. Perhaps the most promi
nent instantiation of the general-region hypothesis is the
meridian boundary model proposed by Hughes and Zimba
(1985, 1987). According to this model, attention must be
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directed to large regions of the visual field and cannot
be directed to restricted, specific locations. Attentional
effects are produced by activation of an attended and/or
suppression of an unattended region, where regions are
visual hernifields (Hughes & Zimba, 1985) or visual quad
rants (Hughes & Zimba, 1987) bounded by and defined
in terms of the vertical and!or horizontal visual meridians.

The zoom-lens and gradient models of attentional
deployment were both originally proposed to account for
the results of the many studies that engage the endoge
nous attentional system. The endogenous system can be
characterized as that visual-attentional system that is cen
trally or consciously controlled. This system is generally
manipulated experimentally through instructional set (e.g.,
LaBerge & Brown, 1989) or symbolic location cues that
are probabilistically valid (e.g., Eriksen & Yeh, 1985;
Posner, 1980; Posner, Snyder, & Davidson, 1980). In
contrast, relatively less effort has been expended on the
attempt to explore the spatial distribution of attention when
the exogenous attentional system is engaged. The ex
ogenous system is engaged by abrupt visual onsets in the
visual field (Jonides, 1981 ; Yantis & Jonides, 1984).
These two systems appear to have some distinctive charac
teristics. For example, the exogenous and endogenous sys
tems respectively appear to produce relatively fast but
brief versus slow but sustained response profiles (Muller
& Rabbitt, 1989; Nakayama & Mackeben, 1989), rela
tively large versus small effect sizes (Jonides, 1981;
Muller & Rabbitt, 1989; Nakayama & Mackeben, 1989),
inhibition of return at the cued location versus no such
effect (Maylor, 1985; Posner & Cohen, 1984; Rafal,
Calabresi, Brennan, & Sciolto, 1989), and a relationship
to the eye-movement programming system versus no such
relationship (Rafal et al., 1989).

A central purpose of the current article is to examine
the extent to which the specific-location hypothesis charac
terizes the spatial distribution of visual attention when the
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exogenous system is engaged. Distinguishing between the
specific-location and general-region hypotheses of atten
tion is important in specifying the function of exogenous
visual attention in vision. For example, in many recent
models, visual attention is the "glue" used to solve the
"binding problem" of determining which visual features
go with which others in defining an object (Briand &
Klein, 1987; Treisman & Gelade, 1980). If attention as
studied in cuing paradigms cannot be narrowed down to
the location of a specific object, then the role of attention
in solving the binding problem would be called into ques
tion (see, e.g., Tsal, 1989). Similarly, it has been sug
gested that visual attention allows selection of specific lo
cations in the visual field for action. For example, recent
models of eye-movement control suggest that directing
visual attention to a specific location provides targeting
information for a subsequent saccade (Henderson, 1988,
1992; Henderson & Ferreira, 1990; Henderson, Pollat
sek, & Rayner, 1989; Morrison, 1984; Pollatsek &
Rayner, 1990). One way to think about this process is
that attention allows binding of visual coordinates to mo
tor coordinates (Henderson, in press). Again, if attention
cannot be directed toward a specific location, it would
be difficult to argue that spatial attention plays a major
role in selection for action. In the following experiments,
we explored the spatial distribution of attention in an ex
ogenous attentional paradigm. It is important to under
stand the nature of the spatial distribution of attention
when the exogenous attentional system is engaged, be
cause it appears that the exogenous system is more in
volved than the endogenous system in both feature binding
(Briand & Klein, 1987; Klein, Kingstone, & Pontefract,
1992) and eye-movement control (Rafal et al., 1989).

In our experiments, we sought to examine three par
ticular issues. First, we attempted to distinguish between
the specific-location and general-region approaches to
visual attention by determining whether exogenous visual
attention can be allocated to a specific location in the visual
field, or whether attention instead must be allocated to
a larger region defined by the visual meridians. In our
experiments, we presented a target stimulus in an other
wise empty field, because Hughes and Zimba (1987) have
suggested that apparent specific-location effects are due
to confounds arising from the presence of distractors in
the visual field.

Second, if it were the case that attention could be allo
cated to a specific location, we wanted to determine
whether there would be any effect at all of having to cross
a visual meridian from cued location to target location
in an exogenous cuing paradigm. An effect of visual
meridian overlayed upon a specific-location effect would
appear more likely than an effect of visual meridian alone.
Previous studies employing an endogenous paradigm sim
ilar to that used by Hughes and Zimba (1987), in which
subjects detect a luminance increment, have observed an
effect of specific attentional allocation combined with a
meridian effect (e.g., Downing & Pinker, 1985; Riz
zolatti, Riggio, Dascola, & Umilta, 1987; Tassinari,

Aglioti, Chelazzi, Marzi, & Berlucchi, 1987). In addi
tion, there are neurophysiological reasons, such as the
presence of the two cortical hemispheres, to expect that
there might be at least a horizontal meridian effect (see,
e.g., Reuter-Lorenz, Kinsboume, & Moscovitch, 1990).
On the other hand, several recent attempts to find such
an effect in exogenous attention paradigms have been un
successful (Egly & Homa, 1991; Henderson, 1991).

Third, if attention were directed to a specific location,
would performance for targets at uncued locations falloff
gradually with distance from the cued location, or would
performance at uncued locations be equivalent at all dis
tances? This issue is central to the distinction between the
zoom-lens and gradient models of attentional allocation.
Both models assume that visual attention is a limited
resource system that can be directed to spatial regions of
varying size, including relatively specific regions. Accord
ing to the zoom-lens model, the attended region is dis
cretely bounded (with a small gradient fringe; see Eriksen
& Webb, 1989), whereas according to the gradient model,
attention falls off gradually from the center of the attended
region as a function of spatial distance.

In the current experiments, attention was manipulated
through the use of an abrupt, transient onset cue in the
visual periphery. We examined performance for a stim
ulus that appeared at the cued location versus some other
location. On each trial, a target stimulus (an X or an 0)
appeared in an otherwise empty field at one of eight (Ex
periment 1) or one of four (Experiments 2 and 3) loca
tions equidistant from each other and from fixation. Prior
to target presentation, a location cue briefly appeared. The
target then appeared either at the cued location or at some
other uncued location. The subject's task following pre
sentation of the target was to execute a forced-choice re
sponse indicating whether an X or an 0 had appeared on
that trial.

The present study is methodologically and procedurally
similar to two previous studies of the effects of visual
meridians and spatial distance on target discrimination per
formance following exogenous cues (Egly & Horna, 1991;
Henderson, 1991; see also Klein & McCormick, 1989,
for a similar set of experiments in which endogenous cues
were used). Egly and Homa found that spatial distance
from the cued location predicted performance in their tar
get discrimination task. Further, they found no effect of
the visual meridian. However, Egly and Homa employed
response time as their dependent measure. In the follow
ing experiments, we examined the influence of visual
meridians and spatial distance on both response accuracy
(Experiments 1 and 2) and response time (Experiment 3).
In addition, Egly and Homa could not determine whether
their effects were primarily due to costs or to benefits,
because they did not employ a neutral condition. This is
sue is important, given that Hughes and Zimba (1985,
1987) have claimed that cuing effects are primarily due
to inhibition at uncued regions. In the following experi
ments, we included a neutral condition in order to deter
mine whether cuing effects in an exogenous paradigm
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Figure 1. Schematic illustration of the stimulus layout in Experi
ment 1. The eight possible target locations are indicated (by Xs) in
relation to the horizontal and vertical visual meridians (lines, which
were not displayed).

The stimuli could be displayed at eight locations around an imag
inary circle centered at the point of fixation. The eight locations
were arranged so that two locations appeared in each quadrant of
the visual field (see Figure 1). The center of each target location
was 9°41' from the fixation point. Target locations were equidistant
from each other, with about 7°14' center to center.

The subjects responded by pressing the appropriate microswitch
located on a table-mounted response panel. The response panel was
interfaced with a dedicated 110 board; pressing a button on the re
sponse panel generated a system interrupt and stopped a millisecond
clock. Stimulus presentation and response collection were controlled
by an 80286-based microcomputer.

Procedure. The subjects were asked to make a judgment regard
ing the identity of a target stimulus viewed peripherally. Each trial
began with the presentation of a central fixation cross along with
the mask stimulus indicating the eight possible target locations. When
the subject was ready, he or she pushed a button to start the trial.
The central fixation cross was then displayed alone for 1,000 rosec.
A location cue then appeared for 100 msec, followed by a target
stimulus (X or 0) for 50 msec. A spatial mask followed the target
and remained on the screen until the subject responded. The mask
consisted of a superimposed X and 0 at each of the eight possible
target positions. Each display immediately followed the preceding
display (i.e., O-msec interdisplay interval), and the stimulus on the
preceding display was extinguished with the onset of the next dis
play (i.e., the location cue was removed with the onset of the tar
get), although the fixation cross remained visible throughout the
trial. The subject executed a forced-choice response by pressing
one of two response keys as quickly as possible following target
onset while maintaining accuracy. After the response, there was
a 2,OOO-msec intertrial interval.

At the beginning of a session, subjects were informed about the
general aspects of the procedure. The rapid nature of the visual
events was discussed, and the subjects were encouraged to pay care
ful attention to the display on each trial. The subjects were informed
that the events occurring on the screen were too rapid for eye move
ments to help, and they were therefore encouraged to maintain

produce both costs and benefits. Finally, in Egly and
Homa's study, the target appeared at the cued location
with a higher probability than that for an uncued location.
Because of this difference in target location probability,
subjects may have been induced to engage the endogenous
attentional system. In the present experiments, the target
was equiprobable at the cued and uncued locations so that
subjects would have no reason to attend endogenously.

In Henderson's (1991) study, it was found that perfor
mance for invalid targets that appeared outside of the
visual quadrant in which the cue had been shown was
poorer than performance for within-quadrant invalid tar
gets. In those experiments, however, the within-quadrant
invalid targets were spatially closer to the cued location
than the outside-quadrant invalid targets were. Therefore,
it was impossible to determine whether the advantage for
the within-quadrant over the outside-quadrant invalid tar
gets was due to the additional spatial distance, or to the
visual meridian that separated the cued and target loca
tions in the latter but not the former case. The current
experiment allowed an examination of this issue because
all target locations were equidistant from each other.

EXPERIMENT 1

In Experiment 1, we explored several issues related to
covert exogenous attentional orienting. First, can attention
be allocated to a specific location rather than to a general
region of the visual field? Second, when a target appears
at an uncued location, is discrimination performance for
that target affected by whether the target and cue are sep
arated by a visual meridian? Third, is discrimination per
formance for a target at an uncued location affected by
the spatial distance of the target from the cued location?

In order to explore these issues, we compared perfor
mance on targets appearing at the cued location (valid
condition); at an uncued location within the quadrant con
taining the cue (within-quadrant invalid); at an uncued
location outside the quadrant containing the cue, but at
the same distance from the cue as that of the within
quadrant invalid target (outside-quadrant invalid); and at
an uncued location diagonally opposite the cued location
(diagonal invalid). In addition, a neutral condition con
sisting of all eight cues simultaneously displayed was in
cluded to allow an assessment ofcosts and benefits in the
valid and invalid conditions.

Method
Subjects. Twelve University of Alberta undergraduate students

participated for credit toward their introductory psychology class.
All subjects had normal or corrected-to-normal vision.

Apparatus and Stimuli. The stimuli were presented in black on
white on a high-resolution color video monitor placed 35 cm from
the subject. A chin- and forehead rest was used to maintain view
ing distance. The target stimuli were the capital letters X and 0
created in a 7 x 12 pixel matrix lOaf visual angle high and 44' wide.
The spatial masking stimulus consisted of the same two characters
superimposed. The location cue was an underline 15' high and 1°20'
wide. The distance from the bottom of the target position to the
top of the cue was 30'.
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Note-Positive numbers indicate benefits and negative numbers indi
cate costs in relation to the neutral condition. *p < .05. tp < .01.

Table 1
Mean Percentage Correct, Mean Response Time

(in Milliseconds), and Costs and Benefits in
Relation to the Neutral Condition in Experiment 1

fixation at the center of the screen. The first few practice trials con
vinced the subjects that maintaining fixation was the best strategy.
(When subjects are induced to move their eyes as quickly as possi
ble, the minimum latency plus duration for a r saccade is greater
than the 150-msec total display duration used in the present exper
iment; see, e.g., Abrams, Meyer, & Kornblum, 1989; Henderson,
Pollatsek, & Rayner, 1987; Rayner, Siowiaczek, Clifton, & Ber
tera, 1983).

The exogenous cues in the present experiment were uninforma
tive about the location of the target. Given a location cue (rather
than the neutral cue), the target appeared at the cued location with
.25 probability, at the within-quadrant invalid location with .25 prob
ability, at the outside-quadrant invalid location with .25 probability,
and at the diagonal invalid location with .25 probability. Given the
neutral cue, the target appeared at any of the eight possible loca
tions with an equal probability of .125. The experiment contained
240 trials broken down as follows: 8 (target locations) x 5 (cue
conditions) x 2 (target type) X 3 (replications).

Each session began with the instructions along with several ex
ample trials, followed by 32 practice trials and one test block. The
entire experiment lasted about 45 min.

Results
Because of the brief presentation of the targets and the

resulting relatively high error rates, percentage correct
was considered the primary dependent measure. However,
analyses were conducted on both mean percentages cor
rect and mean response times for correct responses.

Percentage correct. Table 1 presents the mean ac
curacy rates as a function of cue condition. A one-way
omnibus analysis of variance showed a reliable effect of
cuing [F(4,44) = 16.3, MSe = .0088, p < .001l

The main question addressed in this experiment was
whether the major visual meridians playa role in atten
tional orienting following exogenous cues. First, we ex
amined whether performance would be better in the valid
condition than in the inside-quadrant invalid condition.
If attention can only be allocated to a visual quadrant de
fined by the major visual meridians, performance should
be equivalent in these conditions. If, on the other hand,
attention can be allocated to a specific location, perfor
mance in the valid condition should be better than per
formance in the invalid-within condition. There was a
12% advantage for the valid condition over the within
quadrant invalid condition [F(l, 11) = 17.3, MSe = .0105,
p < .005], which was consistent with the specific-location
hypothesis. Second, we asked whether the need to cross
a visual meridian following an invalid attentional cue

would lead to poorer performance than the case in which
it would not be necessary to cross a meridian; to do this,
we compared performance in the within-quadrant invalid
trials with performance in the outside-quadrant invalid
trials. The observed difference between these two condi
tions was less than 1% and not reliable [F(I,ll) < 1,
MSe = .0026].

It might be argued that the need to cross a meridian fol
lowing an invalid cue would vary, depending on whether
the meridian was horizontal or vertical. For example, it
could be that crossing the vertical meridian is more diffi
cult because it involves switching processing from one
cerebral hemisphere to the other (Kinsbourne, 1987). In
order to test this possibility, we divided the outside
quadrant invalid trials into two subconditions, those that
involved crossing the vertical meridian and those that
involved crossing the horizontal meridian. A simple
contrast indicated that the apparent 3.5% difference in per
formance between crossing the vertical (76 %) and crossing
the horizontal (79.5 %) meridian did not approach signif
icance [F(l,ll) < 1, MSe = .0154].

The costs and benefits associated with each of the other
primary cue conditions in relation to the neutral condi
tion are shown in Table 1. Performance in the neutral con
dition was roughly intermediate between performance in
the valid and invalid conditions, suggesting that a valid
cue led to benefits in processing while an invalid cue led
to costs.

Response time. Response time analyses included only
correct trials. In addition, outlier response times less than
100 msec, greater than 3,000 msec, or more than 3 stan
dard deviations from the cell mean for that condition and
that subject were discarded to reduce variability. In to
tal, 4.0% of the potential data points were categorized
as outliers.

Table 1 presents mean response times as a function of
cue condition. As in the accuracy data, there was a reli
able overall effect of cue type [F(4,44) = 8.99, MSe =
15,528, p < .001]. The advantage was 117 msec for
targets appearing at the cued location over targets appear
ing at an uncued location in the same quadrant [F(l,l1) =
12.4, MSe = 13,049, p < .005], suggesting that atten
tion is directed to a specific location. In the test for an
effect of crossing a meridian when the cue was invalid,
the difference between the within-quadrant and outside
quadrant invalid conditions was a small and nonsignifi
cant 7 msec [F(l,l1) < 1, MSe = 2,472].

We again divided the outside-quadrant invalid condition
into two subconditions, those that involved crossing the
vertical meridian and those that involved crossing the hori
zontal meridian, in order to determine whether there would
be a differential effect of meridian type. There was a mar
ginally reliable tendency for the response times to be
longer when the target appeared across the vertical merid
ian (792 msec) compared with the horizontal meridian
(731 msec) [F(l,l1) = 4.17, MSe = 1O,556,p = .06].

The costs and benefits associated with each of the other
cue conditions in relation to the neutral condition are
shown in Table 1. Response times in the neutral condi-

8* 656 90t
-5* 773 -27
-5* 766 -20

-13t 870 -124*
746

% Correct RT

Cost/Benefit M Cost/BenefitM

91
78
78
70
83

Condition

Valid
Within-quadrant invalid
Outside-quadrant invalid
Diagonal invalid
Neutral



tion were roughly intermediate between performance in
the valid and invalid conditions, which is consistent with
the accuracy data.

Discussion
The results of the present experiment support several

general conclusions. First, targets appearing at a validly
cued location were discriminated more accurately (and
more rapidly) than were targets appearing at an uncued
location. These data clearly show that an unpredictive ex
ogenous cue exerts an influence on target discrimination.
Second, performance at the cued location was better than
performance at an uncued location within the same quad
rant, providing evidence that attention can be allocated
to a specific location rather than only to regions defined
by the major visual meridians. Third, when the cue was
invalid, targets that appeared outside of the cued quad
rant were just as accurately (and rapidly) discriminated
as were targets inside the cued quadrant, given that dis
tance from the cue was held constant. Thus, it does not
appear that crossing a meridian necessarily has a detrimen
tal effect on attentional allocation or reallocation. Fourth,
targets appearing at the cued location were discriminated
more accurately (and more rapidly), whereas targets ap
pearing at an uncued location were discriminated less ac
curately (and less rapidly) than were targets following a
neutral cue. Thus, the exogenous cues in this experiment
produced both benefits and costs for target discrimina
tion. Fifth, in the single-cue (i.e., non-neutral) conditions,
performance was most accurate (and fastest) at the cued
location, followed by the closer invalid locations (inside
and outside-quadrant invalid), and worst at the farthest
invalid location (diagonal invalid). These results suggest
that attention drops off continuously as distance from the
cued location increases, a finding that supports gradient
models of attentional allocation (e.g., those of Downing
& Pinker, 1985; Henderson, 1991; LaBerge & Brown,
1989; Shulman et al., 1985).

As noted above, performance for invalidly cued targets
was equivalent at within-quadrant and outside-quadrant
locations in this experiment. This result contrasts with the
results of Henderson (1991), who found that within
quadrant performance was better than outside-quadrant
performance in two out of the three experiments in which
it was tested. However, one major difference between
the present experiment and those of Henderson is that in
the latter, the distance between the cued location and the
within-quadrant location was smaller than the distance be
tween the cued location and the outside-quadrant location.
In the present experiment, the distances between the cued
location and the two nearby locations were equated. There
fore, the data across the two studies also support a gradient
model suggesting that attention drops off continuously
from the cued location as distance from the cue increases.

We note that one finding in the present experiment may
be seen as supporting theories that predict a meridian ef
fect. This finding is that response times for targets that
appeared across the vertical meridian from the cued 10-
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cation were (marginally) 61 msec slower than response
times for targets that appeared across the horizontal merid
ian. This finding is consistent with Hughes and Zimba
(1987), who found greater inhibition across the vertical
meridian from the cued location in an endogenous atten
tion paradigm. However, we believe that our data should
be viewed with caution for two reasons. First, these means
are based on conditions in which over 20% of the data
points were excluded because of response errors. The
primary dependent measure was response accuracy, and
there was no hint of a reliable difference on that measure.
Second, when the outside-quadrant invalid condition is
divided into across-vertical and across-horizontal subcon
ditions, the positions of the cues and targets are no longer
held constant. Instead, the across-vertical subcondition in
volves cues and targets that appear at the top and bottom
of the display, whereas the across-horizontal condition in
volves cues and targets at the sides of the display. (We
note that none of the main conditions suffer from this prob
lem.) Because letter recognition is known to be more ac
curate farther into the periphery horizontally compared
with vertically from fixation (see, e.g., Bouma, 1971),
the apparent meridian effect may be artifactual. In other
words, the apparent meridian effect may actually be an
acuity effect. Experiments 2 and 3 were attempts to ex
plore the potential difference between the vertical and hor
izontal meridians by using a display that equated cue and
target locations regardless of the meridian crossed in the
outside-quadrant invalid condition.

EXPERIMENT 2

In Experiment 2, we directly tested whether present
ing a target at an invalid location that is across the vertical
visual meridian from the cue leads to poorer performance
than does presenting a target at an invalid location that
is across the horizontal visual meridian. Cues and targets
therefore appeared at four possible locations at the comers
of an imaginary square centered at the point of fixation.
We compared performance on targets appearing at the
cued location (valid condition), at an uncued location that
was across the vertical meridian but not across the hori
zontal meridian from the cued location (across-vertical
invalid), at an uncued location that was across the hori
zontal but not across the vertical meridian from the cued
location (across-horizontal invalid), and at an uncued lo
cation that was across both the vertical and the horizontal
meridians (diagonal invalid). A neutral condition consisting
ofall four cues displayed simultaneously was also included
to allow assessment of costs and benefits.

Method
Subjects. Twelve University of Alberta undergraduate students

participated for credit toward their introductory psychology class.
All subjects had normal or corrected-to-normal vision. None of the
subjects had participated in Experiment 1.

Apparatus and Stimuli. The apparatus and stimuli were the same
as those in Experiment I, with the following exceptions. The stimuli
could be displayed at four locations at the corners of an imaginary
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Figure 2. Schematic illustration of the stimulus layout in Experi
ments 2 and 3. The four possible target locations are indicated
(by Xs) in relation to the horizontal and vertical visual meridians
(lines, which were not displayed).

square centered at the point of fixation. The four locations were
arranged so that one location appeared in each quadrant of the visual
field (see Figure 2). The center of each target location was 9° 15'
from the fixation point. Target locations were equidistant from each
other, with 12 0 13' center to center. Stimulus presentation and re
sponse collection were controlled by an 80386-based microcomputer.

Procedure. The procedure was identical to that used in Experi
ment 1, except that only four potential target locations were em
ployed. All timing and display parameters remained the same as
in Experiment 1. The exogenous cues were again uninformative
about the location of the target. Given a location cue (rather than
the neutral cue), the target appeared at the cued location with .25
probability, at the across-horizontal invalid location with .25 prob
ability, at the across-vertical invalid location with .25 probability,
and at the diagonal invalid location with .25 probability. Given the
neutral cue, the target appeared at each of the four possible loca
tions with an equal probability of .25. The experiment contained
160 trials broken down as follows: 4 (target locations) x 5 (cue
conditions) x 2 (target type) x 4 (replications).

Each session began with the instructions along with several ex
ample trials, followed by 32 practice trials and one test block. The
entire experiment lasted under 30 min.

x

x

x

x

finding from Experiment 1 and our previous experiments
(Henderson, 1991). .

The main question addressed in this experiment was
whether performance would be worse in the across
vertical invalid condition compared with the across
horizontal invalid condition, as suggested by a hemifield
activation account of attentional allocation (Hughes &
Zimba, 1985). As can be seen in Table 2, performance
in these two invalid conditions was identical at 62 % cor
rect (F < 1, MSe = .0049).

The costs and benefits associated with each of the other
cue conditions in relation to the neutral condition are also
shown in Table 2. Performance in the neutral condition
was roughly intermediate between performance in the valid
and invalid conditions, suggesting that a valid cue led to
benefits in processing while an invalid cue led to costs.

Response time. Response time analyses included only
correct trials. In addition, outlier response times less than
100 msec, greater than 3,000 msec, or more than 3 stan
dard deviations from the cell mean for that condition and
that subject were discarded in order to reduce variabil
ity. In total, 1.3% of the potential data points were catego
rized as outliers.

Table 2 presents the mean response time as a function
of cue condition. As in the accuracy data, there was a
reliable effect of cue type [F(4,44) = 5.31, MSe =
20,981, P < .005]. In contrastto the accuracy data, there
was a numerical response time disadvantage of 38 msec
for the across-vertical as opposed to the across-horizontal
invalid condition. However, this difference did not ap
proach significance (F = 1.11, MSe = 16,155, P > .30).

The costs and benefits associated with each of the other
cue conditions in relation to the neutral condition are
shown in Table 3. Response times in the neutral condi
tion were roughly intermediate between performance in
the valid and invalid conditions, which is consistent with
the accuracy data.

Discussion
The main question addressed in this experiment was

whether crossing the vertical meridian would lead to
poorer performance than would crossing the horizontal
meridian. As in Experiment 1, the accuracy data provided
no evidence that crossing the vertical meridian leads to
poorer performance than does crossing the horizontal

Note-Positive numbers indicate benefits and negative numbers indi
cate costs in relation to the neutral condition. *p < .10. tp < .05.
:j:p < .01.

Table 2
Mean Percentage Correct, Mean Response Time

(in Milliseconds), and Costs and Benefits in
Relation to the Neutral Condition in Experiment 2

Results
Because of the brief presentation of the targets and the

resulting relatively high error rates, percentage correct
was considered the primary dependent measure. However,
analyses were conducted on both mean percentages cor
rect and mean response times for correct responses.

Percentage correct. Table 2 presents the mean ac
curacy rates as a function of cue condition. A one-way
omnibus analysis of variance showed a reliable effect of
cuing [F(4,44) = 9.70, MSe = .0l28,p < .001]. As can
be seen in Table 2, performance was better when the tar
get appeared at the cued location than when it appeared
at any of the uncued locations. This result replicates the

Condition

Valid
Across-horizontal invalid
Across-vertical invalid
Diagonal invalid
Neutral

M
76
62
62
59
70

% Correct RT

Cost/Benefit M Cost/Benefit

6* 720 100*
-8t 823 -3
-8t 861 -41
11:j: 903 -83*

820
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EXPERIMENT 3

Note-Positive numbers indicate benefits and negative numbers indi
cate costs in relation to the neutral condition. *p < .05. tp < .01.

Table 3
Mean Response Time (in Milliseconds), and Costs and Benefits

in Relation to the Neutral Condition in Experiment 3

Condition RT Cost/Benefit

Experiment 3 was similar to Experiment 2 with two
main exceptions. First, because we were interested in
using response time as the primary dependent measure,
the pattern mask that followed display of the target in
Experiment 2 was not employed. The logic is that by in
creasing performance accuracy to near-ceiling level, the
response times will be interpretable. Note that even with
out the mask, phosphor persistence could not increase the
effective target duration because the stimuli were dis
played in black on white (i.e., in reverse video). Second,
we ran twice as many subjects (24) in Experiment 3 in
order to increase the power of the study.

Results
As expected, overall accuracy was nearly perfect (M =

98%, range = 97%-98 % across conditions). The primary
dependent measure was therefore response time, as in
tended.

Response time analyses included only correct trials. In
addition, outlier response times less than 100 msec,
greater than 3,000 msec, or more than 3 standard devia
tions from the cell mean for that condition and that subject
were discarded in order to reduce variability. In total,
1.75 % of the potential data points were categorized as
outliers.

Table 3 presents the mean response time for correct re
sponses as a function of cue condition. A one-way omni
bus analysis of variance showed a reliable effect of cuing
[F(4,92) = 5.91, MSe = 1,384, P < .001]. As can be
seen in Table 3, performance was again better when the
target appeared at the cued location than when it appeared
at any of the uncued locations.

The main question addressed in this experiment was
whether performance would be worse in the across
vertical invalid condition compared with the across
horizontal invalid condition when response time is used
as the primary dependent measure. As can be seen in
Table 3, performance in these two invalid conditions was
virtually identical at 510 msec (F < 1, MSe = 252).

The costs and benefits associated with each of the other
cue conditions in relation to the neutral condition are
shown in Table 3. Response times in the neutral condi
tion were once again intermediate between performance
in the valid and invalid conditions.

GENERAL DISCUSSION

Discussion
The pattern of results observed in Experiment 3, in

which response time was the primary dependent measure,
replicated in all essential forms the response accuracy re
sults from Experiment 2. First, there was a robust effect
of attentional orienting to an uninformative exogenous
cue. Second, and most importantly, no difference was
found for performance in the across-horizontal and across
vertical invalid conditions. This result is inconsistent with
the hypothesis that attentional orienting involves inhibit
ing the opposite horizontal visual hemifield (Hughes &
Zimba, 1985, 1987).

Finally, there was again an apparent distance effect,
with response times for targets appearing in the diagonal
invalid condition slower than those for targets appearing
in the across-horizontal and across-vertical invalid con
ditions. This latter result is consistent with the gradient
model of attentional orienting.

In the present study, we investigated the spatial distri
bution of exogenous attention by using a stimulus discrim
ination paradigm. More specifically, we examined three
main issues. First, we attempted to distinguish between

488 5
510 -17*
510 -17*
519 -26t
493

Valid
Across-horizontal invalid
Across-vertical invalid
Diagonal invalid
Neutral

meridian. However, in the response time data, there was
again a nonsignificant 38-msec disadvantage for cross
ing the vertical meridian as opposed to the horizontal
meridian. From these data, it might be tempting to con
clude that although crossing the vertical meridian has no
additional influence on accuracy, it does influence time
to respond. However, we believe that once again, extreme
caution must be exercised in interpreting the response time
data in the across-vertical and across-horizontal invalid
conditions, given that the accuracy rates were so low
(62%). In order to test more directly whether an addi
tional cost in response time might be observed when cross
ing the vertical rather than the horizontal meridian, we
conducted an additional experiment in which response
times could more readily be interpreted.

Method
Subjects. Twenty-four University of Alberta undergraduate stu

dents participated for credit toward their introductory psychology
class. All subjects had normal or corrected-to-normal vision. None
of the subjects had participated in Experiment I or 2.

Apparatus and StimuU. The apparatus and stimuli were the same
as those in Experiment 2.

Procedure. The procedure was identical to that in Experiment 2,
except that no pattern mask followed display of the target. Instead,
the fixation display appeared until a response was made. Follow
ing each response, the mask display appeared, serving as the
between-trial display to indicate the four possible target locations
(as had been the case in Experiment 2).

Each session began with the instructions along with several ex
ample trials, followed by 32 practice trials and one test block. The
entire experiment lasted under 30 min.
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the specific-location and general-region hypotheses con
cerning the spatial distribution of attention. Second, we
investigated whether visual meridians play any role in the
reorienting of visual attention following an invalid cue.
Third, we examined the effect of the spatial distance be
tween the cue and target on target discrimination.

Concerning the first issue, the results of the three
experiments were clearly consistent with the specific
location hypothesis and inconsistent with the general
region hypothesis. The finding that performance was
better at the cued location than at another location in the
same visual hemifield (Experiments 1-3) and better at the
cued location than at another location in the same visual
quadrant (Experiment 1) strongly suggests that exogenous
visual attention can be allocated to a specific location in
the visual field, as proposed by theories that give visual
attention a central role in feature binding and eye
movement control. It is important to note that our evi
dence supports the specific-location hypothesis even
though targets were presented in an otherwise empty field.
This finding is important because it has previously been
suggested that evidence will only be found for the specific
location hypothesis when the display field contains other
nontarget stimuli (Hughes & Zimba, 1987). The notion
seems to be that when other markers are present, they
will be used to help constrain the distribution of atten
tion, particularly the distribution oflocational inhibition.
Instead, however, the current results suggest that ex
ogenous attention can be allocated to a specific location
even in the absence of other markers in the visual field.

The second issue that we addressed concerned whether
the visual meridians play any role at all in the allocation
of visuospatial attention. In Experiments 1 and 2, with
response accuracy as the primary dependent measure, we
found no effect of the visual meridians on that measure.
Accuracy was equivalent for uncued locations within the
cued quadrant and outside the cued quadrant (Experi
ment 1) and equivalent for uncued locations across the
vertical and horizontal meridians (Experiment 2). There
was a nonsignificant tendency in both experiments for re
sponse times to be longer when the target appeared at a
location across the vertical meridian from the cued loca
tion than when the target appeared across the horizontal
meridian. However, these response times were difficult
to interpret in Experiment 1 because of a positional con
found, and in both experiments because of high error
rates. In Experiment 3, we examined response times more
directly and with more statistical power and found no evi
dence for a meridian effect. The observed difference be
tween the diagonal condition and the other two invalid
conditions in all three experiments suggests that we do
have the sensitivity to detect differences in the invalid
conditions. These results strongly suggest that when ex
ogenous attention is deployed in a stimulus discrimination
task, the primary visual meridians play no significant role.

Taken together, our findings of better performance at
the specific cued location compared with other locations
in the same visual quadrant or hemifield, along with our

findings that visual meridians played no role in invalid
trials, calls into question any version of Hughes and
Zimba's (1985, 1987) meridian boundary model for ex
ogenous attention. However, our findings with respect to
exogenous attention do not necessarily imply that the
general-region hypothesis would not hold in endogenous
attentional paradigms. All we can conclude from our ex
periments is that exogenous attention does not appear to
be constrained by the visual meridians. On the other hand,
we note that several recent experiments call into ques
tion the viability of the meridian boundary model for par
adigms engaging the endogenous attention system as well.
For example, McCormick and Klein (1990; also Klein
& McCormick, 1989) have recently provided evidence
that the meridian effects reported by Hughes and Zimba
may be due to an artifact in their paradigm. Specifically,
it appears that Hughes and Zimba induced their subjects
to attend equivalently to the two target locations tested
in the cued hemifield (1985) and quadrant (1987). Finally,
there is evidence in a simple detection experiment of the
type used by Hughes and Zimba that subjects can en
dogenously attend to a specific location within a region
defined by a major meridian (Downing & Pinker, 1985).
Therefore, the evidence for the meridian boundary model
is weak at best (see also Egly & Homa, 1991).

The third issue that we addressed concerned the spatial
distribution of exogenous visual attention. The results of
the three experiments reported here are best character
ized as a performance gradient over space. That is, per
formance was best at the cued location, and it dropped
off as distance from the cued location increased. We be
lieve that the most parsimonious account of this perfor
mance gradient is to assume that it reflects a similar
underlying attentional gradient. On this view, a peak in
the attentional gradient forms over the cued location (in
an internal representation of visual space), and attention
diminishes as spatial distance from this location increases.
Because the rate of processing a stimulus at a given loca
tion is an increasing function of the distance of the loca
tion from the gradient peak, data-limited stimuli will be
identified less accurately, and resource-limited stimuli will
be identified less rapidly, as distance from the peak in
creases. Further, we assume that in the neutral condition,
the resource gradient is flat, whereas in the cue condi
tions, the peak in the gradient forms by removing atten
tional resources (inhibiting) locations away from the peak
and increasing resources (facilitating) locations at the peak
(Henderson, 1991). In this way, benefits in performance
are observed at the cued location, while costs are observed
at uncued locations.

An alternative account of the effects of spatial distance
on performance involves the suggestion that attention must
be reoriented following an invalid cue, and that the time
to reorient attention is a function of distance. Such an
account would be consistent with any version of the spot
light view, such as the zoom-lens model (Eriksen &
St. James, 1986; Eriksen & Webb, 1989), in which the
spotlight must travel through an analogue representation



of space as it is reoriented (see, e.g., Shulman, Reming
ton, & McLean, 1979; Tsal, 1983). In fact, Egly and
Homa (1991) have recently proposed this type of account
to explain the effects of spatial distance in a series of ex
periments similar to those reported here. However, we
believe that there are a number of reasons for preferring
the gradient model over an analogue-movement spotlight
model. First, at this time there is very little empirical evi
dence that analogue movements of attention occur (see,
e.g., Murphy & Eriksen, 1987; Remington & Pierce,
1984; Yantis, 1988). Second, one of the main motivations
leading Egly and Homa (1991) to propose an analogue
movement model was their finding that performance was
worse for a same-quadrant invalid location than for a
different-quadrant invalid location (Experiment 7; see also
Tassinari et al., 1987). Because of this effect, Egly and
Homa (1991) suggested that it would not be parsimoni
ous to propose a gradient with such an unusual shape.
However, we have found no such effect in six experiments
(five experiments in Henderson, 1991, and Experiment 1
here). At this point, we are not sure how to account for
the discrepancy in the results, but given that we cannot
replicate their effect, we feel that the gradient model offers
the most parsimonious account of the general pattern of
data from the exogenous cuing paradigm.
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