



















































































































































































































































































directed to each of the display items to find the target (or, at the very least, required
more shifts of attention than were necessary in the detection task), it was hypothesized
that these conditions would be optimal for observing muiltiple IOR. Attentional cues
were used to draw and disengage attention to and from multiple display locations, and
subjects searched for a target item in a visually complex display. These experiments
unambiguously demonstrated that at least two locations could be subject to IOR, and in
Experiment 2b there was some evidence that attention was inhibited from returning to all
three of the cued locations. Consequently, these results further reinforced the relation
between visual indexing and IOR. Moreover, as was the case in Experiments 1a and
1b, the degree of IOR at each of the cued locations varied according to the amount of
time which had elapsed since the cues were attended. Thus, although each of the cued
locations was subject to IOR, the extent to which attention was inhibited from returning
to a particular location varied. The magnitude of IOR was greater for recently attended
cues relative to the "older” cued locations, as was the case in previous studies
examining single-location IOR (e.g., Maylor & Hockey, 1985). Apart from the fact that
this a novel finding, it confirms that the attentional inhibition observed wa. due to IOR.

Recall that the post hoc analyses of the data from Experiments 2a, 2b, and 2¢
revealed that IOR was confined to the precise spatial locations of each of the multiple
cues, and did not spread to adjacent uncued items. As noted, the lack of a spatial
proximity effect in these experiments is open to interpretation, and it could very well be
the case that under some conditions attentional inhibition does spread beyond the
location of a previously attended cue (e.g., Maylor & Hockey, 1985). Nonetheless, the
fact that there were no large spatial proximity effects certainly rules out the possibility
that the single region encompassing the attentional cues was inhibited.

Finally, in Experiment 3, attentional facilitation and IOR were observed in the
multiple abrupt onset paradigm. As noted, the multiple abrupt onset paradigm provides
one of the most straightforward demonstrations of the attentional priority conferred to
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indexed items (e.g., Yantis & Johnson, 1990). In particular, when multiple abrupt onset
items simuitaneously appear, each of them is visually indexed, and they are the first
items attended and identified during visual search. In Experiment 3, it was
hypothesized that abrupt onset items would eventually be subject to IOR andg, if so, then
this would demonstrate that visually indexing subserves both attentional facilitation and
IOR. The results revealed that responses to abrupt onset targets were indeed inhibited
approximately 800 ms after they were attended, an effect which was interpreted as
being due to IOR.

Although none of these findings alone provides definitive evidence that visual
indexing subserves IOR, taken in conjunction they clearly imply a relation between these
two phenomena. The primary purpose of this investigation was to ascertain whether or
not such a relation exists, and in doing so, it has become clear that further
experimentation will be required to definitively establish the connection between visual
indexing and IOR. Nonetheless, the basic empirical results of this investigation -- that
muitiple locations can be subject to IOR, that the degree of IOR at each of these
locations varies, and the fact that both attentional facilitation and IOR can be observed
at multiple locations -- significantly contribute to what is presently known of attenticnal
inhibition. Certainly one of the most vexing theoretical issues which these findings have
raised concerns the precise relation between visual indexing, attentional facilitation, and
IOR. Determining how the allocation of attention can be directed towards or away from
multiple indexed locations may very well become a central concern for other

investigators studying IOR.
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APPENDIX

One of the hallmarks of attentional orienting is the facilitation in responding to
stimuli which appear within the current focus of attention (e.g., Posner, Snydei, &
Davidson, 1980). That is, when attention is exogenously cued to a particular location,
responses to targets appearing at the cued location are faster and more accurate than
responses to targets appearing eisewhere. Exogenous shifts of attention are elicited by
a wide variety of stimulus cues, such as movement, color changes, abrupt onsets, and
luminance increments. In Experiments 2a, 2b, and 2¢, a luminance increment was used
as an attentional cue, and it was assumed that this type of cue elicited exogenous shifts
of attention within the display. The purpose of this experiment was to confirm that this
type of cue is effective in capturing exogenous attention. To this end, a standard
cue/target paradigm was employed, in which a single cue appeared at one of eight
display locations, followed by a target presentation at either a cued or uncued location.
The cue itself was identical to the cue employed in Experiments 2a, 2b and 2c. Thus, if
this type of cue captured attention, then one would expect that targets appearing at
cued locations would be identified more rapidly than targets appearing at uncued
locations (Posner, Snyder, & Davidson, 1980)

Method

Subjects. Six graduate students from the University of Western Ontario were
each paid $10.00 to participate in the experiment. All of the subjects were naive as to
the purpose of the experiment and had no prior experience in studies of this nature.

Apparatus. The apparatus was the same as that used in Experiment 2a, 2b and
2c. The viewing distance was approximately 50 cm. Responses were made by pushing
buttons marked "E" and "F" on a response box piaced on a table in front of the subject.
The presentation of stimuli was synchronized with th-  artical scanning rate of the

monitor (14 ms), and response latencies were measured to the nearest millisecond.



Procedure. Subjects were provided with written instructions prior to the
experiment, which were summarized by the experimenter before the session began.
Each trial consisted of a placeholder display of eight figure-eight characters, a brief
luminance increment cue, and a search display composed of eight letters. The subject's
task was to find an “"E" or an "F" letter in the search display, and to respond by pressing
the "E" or the "F" button as quickly and accurately as possibie (only an "E" or an "F" was
present on each trial). Subjects were irstructed to maintain their gaze at the central
fixation cross until the onset of the search display of each trial.

Each trial was initiated by a 1 s, 2000 Hz warning tone and the simultaneous
presentation of a fixation cross in the centre of the display. Two seconds later the
placeholder display was presented, which consisted of eight figure-eight characters
arranged around the circumference of an imaginary circle centred at fixation. This
display was identical to the placeholder display used in Experiments 2a, 2b and 2¢c (see
Figure 2). After a delay of 2 s, one of the figure-eights underwent a luminance
increment. This luminance increment was created by superimposing a solid white
rectangle over one of the figure eight characters for 57 ms and then removing it. This
cue was identical to the luminance cue used in Experiments 2a, 2b, and 2c.

Immediately after the cue was offset, the search display was presented. Each
search display was composed of the letters H, P, S, L, J, A, U, and either an E or an F.
The letters were created by removing line segments from the figure-eights characters
simuitaneously. The subjects’ task was to determine if an "E" or an “F" was present.
The search display remained on the screen until the subject responded.

Design. The single factor manipulated in this experiment was Cueing Condition;
i.e., whether the target appeared at a cued or an uncued location. If responses to cued
targets were faster than responses to uncued targets, then this would indicate that the
luminance cue was capturing attention and hence facilitating target identification.
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The trial contingencies were designed in such a way as to preclude the
possibility that subjects could successfully predict the location of the target from trial to
trial. Across all the trials, the target letter appeared in each of the eight display locations
equally often. Thus, the probability that a target would appear at any one position in the
search display was identical (12.5%). Given this contingency, the probability that the
target would appear in a cued location was 12.5%. Thus, the likelihood that the target
would appear at a cued location was quite low, and subjects would therefore have no
incentive to strategically (endogenously) allocate attention to the location of the cue.

Each subject completed 20 randomly selected practice trials prior to the
collection of data. There were a total of 256 trials in the experiment, and the order in
which they were presented was randomized separately for each subject. Subjects were
provided with a rest period after every 32 trials.

Results and Discussion

The mean response latencies of correct responses and the mean error rates
weie each submitted to a one-factor (Cueing Condition: cued vs. uncued) repeated
measures ANOVA.

In the analysis of response latencies, the effect of Cueing Condition was
significant (F(1.5) = 7.83, p <.05). Responses to targets appearing at cued locations
(751 ms) were significantly faster than responses to targets appearing at uncued
locations (917 ms). This result confirms that the luminance increment cue employed in
Experiment 2a, 2b, and 2¢ captured attention. There was no significant difference in
error rates between these two conditions (F(1,5) = 1.58, p > .20).

Another characteristic of the exogenous allocation of attention is the gradient of
facilitation surrounding the cued location. That is, the processing of stimuli appearing at
the precise location of the cue is maximally facilitated, with stimuli appearing adjacent to
this region incurring some processing benefit relative to more distant stimuii. If such a
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proximity effect was present in the current data, then this would further reinforce the
conclusion that this type of cue was effective at summoning exogenous attention.

To this end, the trials in which the target appeared at an uncued location were
divided into four groups, according to the spatial proximity of the target from the cued
location. For targets appearing adjacent to the cued location, the mean response time
was 847 ms. For targets appearing two items away from the cued location, the mean
response time was 919 ms, and for targets appearing three and four items away, the
mean response times were 959 ms and 942 ms, respectively. A one-factor repeated
measures ANOVA of these data did not yield a significant effect of proximity (F(3.15) =
2.08, p > .15), most certainly due to the lack of statistical power (only six subjects
participated in the experiment). However, the trend in the data clearly show a proximity
effect -- responses to targets adjacent to the cued location (847 ms) were much faster
than responses to targeis appearing at nonadjacent locations (mean response time of
940 ms). Thus, these data provide additional evidence that this type of luminance cue
captured exogenous attention.
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