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The effect of visual angle on global and
local reaction times depends on the set
of visual angles presented

MARVIN R. LAMB and LYNN C. ROBERTSON
Veterans Administration Medical Center, Martinez, California
and University of California School of Medicine, Davis, California

It has been shown that there is a transition from a global to a local advantage in reaction
time as visual angle increases (Kinchla & Wolfe, 1979), and it has been assumed that this
transition reflects lower level (e.g., retinal) processes. In three experiments, we examined
whether higher level (e.g., attentional) processes play a role in this transition. In each experi-
ment, subjects received a different stimulus set in each of two blocks of trials. In Experiment 1,
stimuli subtending 1.5°, 3°, 4.5°, or 6° of visual angle vertically (small-stimuli set) were randomly
presented in one block, while the other block consisted of random presentations of 3°, 6°, 9°, or
12° stimuli (large-stimuli set). The subjects’ task was to identify targets that appeared randomly
at either the local or the global level. It was found that the transition from a global to a local
reaction-time advantage took place at a larger visual angle for the large-stimuli set than for the
small-stimuli set. The same effects of stimulus set were found in Experiment 2, in which the small-
stimuli set included 1.5°, 3°, or 6° stimuli while the large-stimuli set included 3°, 6°, or 9° stimuli.
In Experiment 3, eye position was monitored to rule out the possibility that subjects adopted differ-
ent fixation strategies depending on which stimulus set was being presented. The findings
suggest that attention plays a major role in determining the relative speed of processing of local-

It has been more than 10 years since Navon (1977)

and global-level information.
presented his influential series of experiments suggesting H H H H H

that visual pattern processing proceeds from a more global H

level of structure to a more local level. This global prece-
dence hypothesis was based in part on the fact that re- H H H H H
action times were faster to global (e.g., the large letter
in Figure 1) than to local (e.g., the small letters in H
Figure 1) targets. This difference in reaction time oc-
curred only when the targets appeared within hierarchi-
cally organized patterns like those in Figure 1. Perfor- H H H H H

Figure 1. Drawing of one of the stimuli used in the present study

mance did not differ for large and small target letters of
the same size presented in isolation. This suggested that

the difference in reaction times observed by Navon
reflected a difference in the order in which the visual sys-
tem processes different levels of hierarchical structure
rather than some lower level sensory effect such as a sim-
ple difference in discriminability between smaller and
larger targets.
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showing a global “E” composed of local “Hs”.

Since Navon reported his findings, a number of inves-
tigators have challenged various aspects of the global
precedence hypothesis. Several investigators have found
a performance advantage for local rather than global tar-
gets, suggesting that order of processing is not strictly
global to local but can, under the right circumstances,
be local to global (Hoffman, 1980; Kinchla & Wolfe,
1979; Lamb & Robertson, 1988, 1989; Martin, 1979;
Pomerantz & Sager, 1975). Others, including Navon,
have suggested that local and global targets might be
processed in parallel or at least with a similar time course
(Boer & Keuss, 1982; Hughes, Layton, Baird, & Lester,
1984; Miller, 1981; Navon, 1981). The hypothesis that
local- and global-level information is processed in parallel
is supported by recent neuropsychological evidence that
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suggests that there are two separate mechanisms associated
with different cortical regions—one that favors the
processing of local information and one that favors the
processing of global information (Delis, Robertson, &
Efron, 1986; Lamb, Robertson, & Knight, 1989, in press;
Robertson & Delis, 1986; Robertson, Lamb, & Knight,
1988). Thus, there is a great deal of evidence against the
notion that local and global information is processed in
a fixed order. However, the question remains as to what
factors and mechanisms are important in determining the
relative speed with which local- and global-level infor-
mation is analyzed.

There has been a good deal of controversy over whether
lower level (e.g., retinal) sensory mechanisms or higher
level (e.g., attentional) mechanisms are more important
in determining the relative speed of processing of local
and global information. Navon’s (1977) size control did
not answer this question satisfactorily because retinal ec-
centricity was confounded with hierarchical organization.
His single isolated targets were presented foveally, where-
as his hierarchically organized patterns were presented
peripherally, where reduced acuity would be expected to
have a greater detrimental effect on smaller (local) tar-
gets. Subsequent studies have provided evidence that reti-
nal location can in fact affect the relative speed with which
logal and global targets are identified (Grice, Canham,
& Boroughs, 1983; Lamb & Robertson, 1988; Pomerantz,
1983). This has led to the suggestion that reaction-time
differences between local and global targets are due to
low-level sensory processes and can be explained simply
by differences in discriminability between targets of differ-
ent sizes.

Kinchla and Wolfe (1979) directly addressed this ques-
tion by varying the overall visual angle of hierarchically
organized patterns. They found a global advantage in re-
action time with patterns subtending less than about 7°
of visual angle but a local advantage with larger patterns.
The authors suggested that the visual system is organized
in such a way that stimuli of a certain fixed size are
processed first, and larger or smaller stimuli are processed
subsequently.

Although data such as these suggest that low-level sen-
sory processes determine the relative speed with which
local and global levels are analyzed, there is also evi-
dence that higher level ‘‘top-down’’ processes play a con-
siderable role. A number of studies have shown that at-
tentional manipulations have a profound effect on rela-
tive reaction times to local and global targets (Kinchla,
Solis-Macias, & Hoffman, 1983; Lamb & Robertson,
1987, 1988; Miller, 1981; Robertson et al., 1988; Ward,
1982). For example, Lamb and Robertson (1988) showed
that relative reaction times for foveally presented hierar-
chical patterns varied depending on whether or not they
occurred in the context of peripheral presentations. They
argued that when stimuli appeared randomly, either at fix-
ation or in the periphery, subjects were forced to attend
to a wider area than when all presentations were central,
a distribution of attention that should favor global over
local analysis.

This interpretation suggests an alternative to the low-
level sensory explanation offered for results such as those
of Kinchla and Wolfe (1979). Those investigators ran-
domly presented patterns ranging in size from 4.8° to
22.1° of visual angle. Presumably, attention would be dis-
tributed over the display in such a way as to optimize
processing of this particular set of stimuli, and relative
performance to local and global targets would reflect this
distribution of attention. If so, a set of stimuli with a differ-
ent range of visual angles should produce a different dis-
tribution of attention, thus affecting relative performance
to local and global targets. Kinchla and Wolfe found a
global advantage for patterns subtending less than about
7° and a local advantage for larger patterns. If low-level
sensory processes are the sole determiner of this effect,
then the transition from a global to a local advantage
should occur at this same visual angle regardless of the
set of stimuli presented to the subject. However, if the
visual angle at which this transition occurs varies depend-
ing on the visual angles of the stimuli in the set, then it
would suggest that higher level (e.g., attentional) processes
are involved.

EXPERIMENT 1

The purpose of Experiment 1 was to determine whether
the visual angle at which the transition from a global to
a local advantage in reaction time occurs is fixed or varies
with context. Subjects identified local and global targets
in stimulus patterns that varied randomly in visual angle
from trial to trial in a manner similar to that in Kinchla
and Wolfe’s (1979) experiment. In one block of trials,
there were four stimulus patterns ranging from 1.5° to
6.0° of visual angle (small-stimuli set). In a separate block
of trials, the four patterns ranged between 3° and 12° of
visual angle (large-stimuli set).

Method

Subjects. Ten right-handed male volunteers served as subjects.
They ranged in age from 48 to 70 years (M = 60.7, SD = 7.3).
(One subject did not return for Day 2 of testing and thus did not
participate in the small-stimuli condition.) Visual acuity was mea-
sured with a Snellen chart, and all subjects had normal or corrected-
to-normal acuity. All subjects had performed in earlier experiments
with similar stimuli, but Experiment 2 will show that this had little
or no effect on the pattern of results observed here. The subjects
were paid for their participation.

Apparatus and Stimuli. The stimuli were generated on a Prince-
ton Graphics SR-12 monitor controlled by an 80286-based micro-
computer (IBM AT compatible) with Sigma Designs Graphic Daz-
zler I and Enhancer cards. The experiment was conducted with
ordinary room lighting. All stimulus events were white on a dark
surround. The brightness of the letters and the background were
approximately 21.9 and 0.7 cd/m?, respectively, as measured by
a Pritchard SPECTRA photometer. Stimulus timing (onset, offset,
and duration) was tied to the vertical sync puise (refresh rate approx-
imately 57 Hz). All other events [responses, intertrial interval (ITT),
etc.] were timed using the 8253 chip set to a 1-msec time base.
The status of the response keys was monitored via the game port.

A set of stimulus patterns formed from the letters ‘‘H,”” *‘S,””
““A,”” and “‘E’” were used (see Figure 1). Global letters were con-
structed from the appropriate placement of local letters ina5 x 5



matrix. The vertical aspect of the global pattern subtended either
1.5°,3°,4.5° or 6° (small-stimuli set), or 3°, 6°, 9°, or 12° (large-
stimuli set). Global letters were 7.4 times as tall as local letters.
Both global and local letters were 1.5 times as tall as they were
wide. The line segments that made up the stimulus patterns were
approximately 1 mm thick.

The letters **H’’ and **S’” served as targets, and the letters ‘‘A™’
and “‘E”" served as distractors. All possible combinations of these
letters appeared equally often, with the restriction that each stimu-
lus contain one target and one distractor letter. All stimulus events
occurred in the center of the screen.

Procedure. The subject sat with his head resting against the back
of a large easy chair. The distance between the subject’s eyes and
the CRT screen was approximately 71 cm. A 500-msec tone an-
nounced the beginning of each trial. The tone was followed by a
100-msec pause and then by a 100-msec presentation of one of the
stimulus patterns. The subject’s task was to indicate, by pressing
one of two response keys, which of the target letters (‘‘H’” or *“S’")
was present on that trial. A 1-sec ITI occurred following a response
or after 3 sec if no response occurred.

There were four blocks of 67 trials on each of 2 days of testing.
The first three trials of each block were warm-up trials that were
not included in the analysis. On Day 1 each block contained an equal
number of each stimulus in the large-stimuli set, and on Day 2 each
block contained an equal number of each stimulus in the small-
stimuli set. (Stimulus set was not counterbalanced because data from
Day 1 were being collected for comparison with brain-injured sub-
jects in another experiment. Although confounding stimulus set with
set order could affect the interpretation of the data, the results of
Experiment 2 show that order of presentation does not affect the
pattern of results.) Before data collection began each day, the sub-
jects received a block of 64 practice trials. Stimuli were presented
randomly, with the restrictions that target letter, distractor letter,
target level, and visual angle were completely counterbalanced
within each block, and that the same visual angle could not occur
on more than three consecutive trials.

Each subject used his right hand to respond, and pressed the *‘H”’
key with the index finger and the ‘S’ key with the middle finger.
The subjects were instructed to respond as quickly as possible while
keeping errors to a minimum. Reaction time (measured from
stimulus-pattern onset to key closure) and errors were recorded.

Results

Error rates were low for both the large-stimuli set
(M = 1.3%) and the small-stimuli set (M = 3.2%). A
separate repeated measures analysis of variance (ANOVA)
was performed on the reaction-time data for each stimu-
lus set. The factors included were visual angle (3°, 6°,
9°, or 12° for the large-stimuli set, and 1.5°, 3°, 4.5°,
or 6° for the small-stimuli set) and level (local or global,
for both sets). Median reaction times were calculated for
each cell in the design, and the data reported in the figures
and in the ANOVAs are means of those medians.

Small-stimuli set. The reaction-time data are presented
in Figure 2. Overall, reaction times for the small-stimuli
set decreased as the visual angle of the pattern increased
[F(3,24) = 47.36, p < .001]. More importantly, the rela-
tive reaction times to local and global targets varied with
visual angle, as evidenced by a significant visual angle
X level interaction [F(3,24) = 40.89, p < .001]. The
source of this interaction is important because it reflects
the transition from a global advantage in reaction time
to a local advantage. Inspection of Figure 2 shows that
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Figure 2. Reaction times for Experiment 1 as a function of visual
angle for local (triangles) and global (circles) targets. The top panel
shows the data for the small-stimuli set and the bottom panel shows
the data for the large-stimuli set.

this transition occurred between 1.5° and 3° for the small-
stimuli set, and an analysis that included just these two
visual angles produced a significant visual angle X level
interaction [F(1,9) = 36.68, p < .001]. In contrast, there
was no visual angle X level interaction when the three
larger patterns of the small-stimuli set were compared.
Instead, there was a local advantage in reaction time
[F(1,9) = 22.75, p < .001] that did not change as a func-
tion of visual angle. This local advantage was reversed to
a global advantage for the 1.5° patterns [F(1,8) = 47.53,
p < .001].

Large-stimuli set. Overall, the subjects responded
faster to local than to global targets when presented with
the large-stimuli set [F(1,9) = 7.39, p < .05], and re-
action times varied as a function of the visual angle of
the pattern [F(3,27) = 7.63, p < .001]. More impor-
tantly, as with the small-stimuli set, there was a signifi-
cant interaction between visual angle and level [F(3,27) =
8.69, p < .001], reflecting a transition from a global to
a local advantage in reaction time. Although this transi-
tion occurred between 1.5° and 3° for the small-stimuli
set, it occurred between 3° and 6° for the large-stimuli
set. There was a visual angle X level interaction when
the 3° and 6° patterns were considered alone [F(1,9) =
6.44, p < .05], and although this interaction also reached
significance for the three larger patterns [F(2,18) = 3.55,
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p < .05}, the local advantage associated with the larger
patterns was still clearly present at 6° [F(1,9) = 15.26,
p < .01]. Although there was a mean global advantage
at 3°, this difference did not reach statistical significance.

Discussion

The present data are consistent with those of Kinchla
and Wolfe (1979) in that there was a mean global advan-
tage in reaction time for smaller patterns but a local ad-
vantage in reaction time for larger patterns. However, the
transition from a global to a local advantage occurred at
different visual angles for the two stimulus sets used here
and at yet a third point in Kinchla and Wolfe’s experi-
ment. The transition occurred between 1.5° and 3° for
our small-stimuli set, which ranged in size from 1.5° to
6°. The transition occurred between 3° and 6° for our
large-stimuli set, which ranged in size from 3° to 12°.
Finally, the transition occurred between 6.7° and 10.3°
for Kinchla and Wolfe’s set, which ranged in size from
4.8° to 22.1°. Thus, the visual angle at which the transi-
tion occurs depends on the set of visual angles presented
to the subject: the larger the stimuli in the set, the greater
the visual angle at which the transition will occur.

These data are not consistent with Kinchla and Wolfe’s
(1979) suggestion that the visual system favors the
processing of stimuli of a specific fixed size. What con-
stitutes the optimal size depends on the context—in this
case, on the set of visual angles experienced by the sub-
ject. Furthermore, these data are not consistent with the
idea that the relative speed with which local and global
levels are processed is determined simply by low-level
sensory processes (€.g., the retinal mosaic) that might af-
fect the relative discriminability of the two levels (Grice
et al., 1983; Hoffman, 1980; Kinchla & Wolfe, 1979;
Pomerantz, 1983).

EXPERIMENT 2

Experiment 2 was designed to examine some of the fac-
tors that may have influenced the point at which the tran-
sition from a global to a local advantage occurred in Ex-
periment 1. As in Experiment 1, subjects received two
stimulus sets in separate blocks of trials, and both sets
had identical 3° and 6° patterns. Unlike Experiment 1,
however, it was not the case that one set had an interme-
diate (i.e., 4.5°) visual angle and one set did not. Instead,
the two sets differed only in that the large-stimuli set con-
tained one larger pattern (9°) and the small-stimuli set
contained one smaller pattern (1.5°). In addition, stricter
control over the visual angle of the stimuli was obtained
through the use of a head restraint, which ensured that
the distance between the screen and the subject was fixed.
Finally, the order of presentation of the two sets was
counterbalanced to control for possible practice effects.

Method
Subjects. Ten right-handed male volunteers recruited from a lo-
cal college served as subjects. None had been involved in previous

experiments using procedures or stimuli similar to those used here.
They ranged in age from 18 to 31 years (M = 23.2, SD = 4.2).
All subjects had normal or corrected-to-normal vision as tested by
Snellen chart. The subjects were paid for their participation.

Apparatus and Stimuli. All aspects of the apparatus were the
same as in Experiment 1, except that the distance between the sub-
ject’s eyes and the CRT screen was fixed with the use of an Ap-
plied Science Laboratories Model 115 chinrest and head restraint.
Like Experiment 1, Experiment 2 was conducted with ordinary
room lighting. The two experiments were conducted in different
rooms, so the luminance values differed in the two experiments.
In Experiment 2, the brightness of the letters and the background
were approximately 26.0 and 5.8 cd/m’?, respectively. The visual
angles used in Experiment 2 were a subset of those used in Experi-
ment 1. The vertical dimension of the global pattern subtended either
1.5°, 3°, or 6° (small-stimuli set), or 3°, 6°, or 9° (large-stimuli set).

Procedure. The procedure used in Experiment 2 was the same
as that used in Experiment 1, except that (1) all testing occurred
on a single day for each subject, (2) the order in which the two
stimulus sets were presented was counterbalanced among subjects,
and (3) the number of trials was reduced due to the smaller set sizes.
Half of the subjects received the large-stimuli set (96 trials) fol-
lowed by the small-stimuli set (96 trials), and the rest received the
two sets in the reverse order. The subjects received a block of 16
practice trials before the beginning of data collection for each stimu-
lus set.

Results and Discussion

Error rates were low for both the large-stimuli (M =
4.6%) and the small-stimuli (M = 5.5%) sets. A sep-
arate repeated measures ANOVA was performed on the
reaction-time data for each stimulus set. The factors in-
cluded were visual angle (1.5°, 3°, or 6° for the small-
stimuli set, and 3°, 6°, or 9° for the large-stimuli set),
level (local or global, for both sets), and block (first or
second, for both sets).

There was no evidence that the order in which the differ-
ent sets of stimuli were presented influenced the subjects’
performance. There was no main effect of block, and
block did not interact with any other factor for either the
large-stimuli or the small-stimuli set.

As in Experiment 1, there was an interaction between
visual angle and level for both the small-stimuli set
[F(2,16) = 8.46, p < .01] and the large-stimuli set
[F(2,16) = 8.37, p < .01] (see Figure 3). More impor-
tantly, just as in Experiment 1, the source of this inter-
action differed for the two stimulus sets, indicating that
the transition from a global advantage to a local advan-
tage in reaction time occurred at different visual angles
for the two sets of stimuli. For the small-stimuli set, the
visual angle X level interaction occurred between 1.5°
and 3°[F(1,9) = 12.28, p < .01], and there was no such
interaction between 3° and 6°. In contrast, for the large-
stimuli set, there was a visual angle X level interaction
between 3° and 6° [F(1,9) = 8.7, p < .05}, but there
was no such interaction between 6° and 9°.

The influence of set on relative global/local advantage
is clearly demonstrated by the difference in performance
between the two stimulus sets at 3° and 6°—the visual
angles shared by the two sets. The 3° and 6° patterns were
identical in the two sets, yet there was a crossover inter-
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Figure 3. Reaction times for Experiment 2 as a function of visual
angle for local (triangles) and global (circles) targets. The top panel
shows the data for the small-stimuli set and the bottom panel shows
the data for the large-stimuli set.

action between these two visual angles for the large-stimuli
set but not for the small-stimuli set.

The results of Experiment 2 replicated those of Experi-
ment 1. The transition point from a global to a local ad-
vantage changed as a function of stimulus set even though
the large-stimuli and small-stimuli sets differed by only
a single value in Experiment 2. In addition, the results
of Experiment 2 showed that the change in the transition
point was unaffected by the order in which the sets were
experienced or by the presence of intermediate visual an-
gles. Finally, the transition point changed in the same way
regardless of whether the two stimulus sets were presented
in close temporal succession (Experiment 2) or several
days apart (Experiment 1). These results show that the
process responsible for the change in the transition point
is sensitive to small differences between stimulus sets and
is a dynamic process that can act over a relatively short
time period.

EXPERIMENT 3

In Experiments 1 and 2, the visual angle at which the
transition from a global to a local advantage in reaction
time occurred differed depending on the set of visual an-
gles employed. These results suggest that the effect of
visual angle on relative level advantage is not due solely
to low-level sensory processes affecting the relative dis-
criminability of local and giobal targets. If it were, the
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relative response times to local and global targets should
have been the same for patterns of a given size, regard-
less of the set of stimuli within which those patterns oc-
curred. However, this conclusion rests on the assump-
tion that the subjects did not adopt different fixation
strategies depending on which stimulus set was presented.
That is, it assumes that patterns of a given size fell on
the same retinal locus regardless of the set of stimuli
presented. Since eye position was not monitored in Ex-
periments 1 and 2, it is possible that the subjects adopted
different fixation strategies for the different stimulus sets.
For example, assume the subjects always fixated the lo-
cation where the outside edge of the largest pattern in the
set falls. This would mean that the local targets of a 6°
pattern would be foveated if that were the largest pattern
in the set, but would not be foveated if the set contained
a 9° pattern. It is clear that such a fixation strategy could
change the discriminability of, and thus the reaction times
to, the local targets of identical 6° patterns, depending
on which set they were in.

The purpose of Experiment 3 was to determine whether
or not the effects observed in the first two experiments
could be due to the use of different fixation strategies for
the different stimulus sets. Experiment 3 repeated the
procedure used in Experiment 2, except that on each trial
a fixation point preceded the presentation of the hierar-
chical pattern. The subjects were instructed to keep their
eyes on the fixation point, and an eye-movement moni-
tor was used to determine eye position. A hierarchical
stimulus was not presented until it was determined, by
the use of the eye-movement monitor, that the subject was
looking at the fixation point. The stimulus was then
presented for 100 msec, as in Experiments 1 and 2. This
procedure ensured that the subjects fixated approximately
the same point on all trials for both stimulus sets.

Method

Subjects. Ten right-handed male volunteers recruited from a lo-
cal college served as subjects. None had been involved in previous
experiments using procedures or stimuli similar to those used here.
They ranged in age from 18 to 30 years (M = 22.8, SD = 4.2).
All subjects had normal vision and were paid for their participation.

Apparatus, Stimuli, and Procedure. The apparatus, stimuli, and
procedure used in Experiment 3 were identical to those used in Ex-
periment 2, with the following exceptions. Eye movements were’
monitored using an Applied Science Laboratories Model 210 eye-
movement monitor. The monitor was interfaced with the computer
controlling the experimental events, and information about eye po-
sition was used to determine trial events. The sequence of trial events
was the same as in Experiment 2, except that a central fixation point
(a filled square subtending approximately 0.16° of visual angle)
was presented 100 mscc after offset of the warning tone. Eye posi-
tion was sampled 400 msec after the onset of the fixation point and
every 100 msec thereafter. The fixation point stayed on until eye
position was within 0.5° of the fixation point for two consecutive
samples. The hierarchical stimulus appeared 17 msec (one screen
refresh) after fixation offset.

Results and Discussion
Error rates were low for both the small-stimuli (M =
3.3%) and the large-stimuli (M = 2.1%) sets. A sep-
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arate repeated measures ANOVA was performed on the
reaction-time data for each stimulus set. The factors in-
cluded were visual angle (1.5°, 3°, or 6° for the small-
stimuli set, and 3°, 6°, or 9° for the large-stimuli set) and
level (local or global, for both sets).

As in Experiment 2, there was an interaction between
visual angle and level for both the small-stimuli set
[F(2,18) = 10.16, p < .001] and the large-stimuli set
[F(2,18) = 14.89, p < .001] (see Figure 4). More im-
portantly, just as in Experiment 2, the source of this inter-
action differed for the two stimulus sets. For the small-
stimuli set, the visual angle X level interaction occurred
between 1.5° and 3° [F(1,9) = 11.19, p < .01], and
there was no such interaction between 3° and 6°. This
replicates the findings of Experiment 2 for the small-
stimuli set. For the large-stimuli set, the visual angle X
level interaction occurred between 6° and 9° [F(1,9) =
31.76, p < .001], and there was no such interaction be-
tween 3° and 6°. This replicates the findings of Experi-
ment 2 in that the transition point from a global to a local
advantage occurred between larger visual angles for the
large-stimuli set than was the case for the small-stimuli
set. However, although the transition occurred between
3° and 6° for the large-stimuli set in Experiment 2, it did
not occur until after 6° in Experiment 3.
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Figure 4. Reaction times for Experiment 3 as a function of visual
angle for local (triangles) and global (circles) targets. The top panel
shows the data for the small-stimuli set and the bottom panel shows
the data for the large-stimuli set.

Although the results of Experiments 2 and 3 were the
same in the most important respects, there were differ-
ences in the data from the two experiments. As already
noted, the transition occurred between 3° and 6° for the
large-stimuli set in Experiment 2, but between 6° and 9°
in Experiment 3. In addition, reaction times tended to be
longer and more variable in Experiment 3 than in Experi-
ment 2. The reason for these discrepancies is not clear.
The procedures in the two experiments were identical ex-
cept for the addition of the fixation routine and the
monitoring of eye movements in Experiment 3. One pos-
sibility is that eye position varied more in Experiment 2
than in Experiment 3, and that this accounts for the differ-
ences in performance between the two experiments.
Another possibility is that the process of monitoring eye
movements itself affected performance. The subjects in
Experiment 3 wore glasses with sensors mounted on the
frames that were clearly in the field of view, and this might
have affected performance. Furthermore, since the
presentation of the hierarchical stimulus depended on the
subjects’ proper fixation in Experiment 3, the timing of
its onset was more variable than in Experiment 2, where
it always occurred exactly 100 msec after the warning
tone. In either case, the differences in performance be-
tween Experiments 2 and 3 do not affect the conclusion
of importance here: that the effect of visual angle on rela-
tive level advantage depends on the set of visual angles
presented. The important finding is that, just as in Experi-
ments 1 and 2, the transition from a global to a local ad-
vantage in reaction time occurred at larger visual angles
for the set that contained larger patterns. Furthermore,
the results of Experiment 3 show that this effect does not
depend on the use of different fixation strategies for the
different sets.

GENERAL DISCUSSION

The present data argue against the idea that the relative
speed of processing of local and global information is
solely dependent on low-level sensory processes that de-
termine the relative discriminability of local and global
targets. It is not the case that local targets are identified
more slowly than global targets for patterns of a given
size simply because limited acuity makes the smaller lo-
cal targets less discriminable. If this were the case, the
relative speed with which local and global targets are iden-
tified should be fixed for any given size of pattern.
Whatever acuity problem might exist for patterns of a
given size should remain, regardless of whether or not
patterns of other sizes are also presented. Yet the abso-
lute size of the pattern did not determine relative local
and global reaction times in the present experiments. In-
stead, relative reaction times depended on which visual
angles were included in the stimulus set.

The present data are consistent with the hypothesis that
attention is an important determiner of the relative speed
of processing of local and global information (Kinchla



et al., 1983; Lamb & Robertson, 1987, 1988; Miller,
1981; Robertson et al., 1988; Ward, 1982). For exam-
ple, it has been argued that one mechanism affecting rela-
tive level advantage is the size of the attended area. Ac-
cording to this hypothesis, local processing is facilitated
when attention is focused on a small area, whereas global
processing is facilitated by a broader focus of attention
(Lamb & Robertson, 1988; Ward, 1982). Lamb and
Robertson (1988) showed that reaction times to the local
level of foveally presented stimuli were slower if those
stimuli occurred randomly and were intermixed with
peripherally presented stimuli than if all stimuli occurred
in the center. They argued that this change in local re-
action times reflected the benefit derived from maintain-
ing a smaller focus of attention when all stimuli were
presented centrally. A similar account can be offered for
the present results (and for those of Kinchla & Wolfe,
1979). Attention should have been distributed over a wider
area for the large-stimuli set than for the small-stimuli
set to accommodate the larger stimuli in that set. This in-
crease in the size of the attended area should in turn benefit
global over local processing.

Another possibility is that the different stimulus sets af-
fected the distribution of attention among spatial frequency
channels rather than the distribution of attention in space.
There is recent evidence suggesting that different spatial
frequency channels may be involved in processing local-
and global-level information and that there is selective at-
tention among these channels (Shulman, Sullivan, Gish,
& Sakoda, 1986; Shulman & Wilson, 1987). Shulman
et al. (1986) adapted subjects to sign-wave gratings of
different spatial frequencies and then had them identify
target letters at either the local or the global level. They
found that the adapting frequency that most affected per-
formance on the global task was lower than the adapting
frequency that most affected performance on the local
task, which suggests that higher spatial frequency chan-
nels contribute more to identifying local-level informa-
tion and lower spatial frequency channels contribute more
to identifying global-level information. Furthermore,
Shulman and Wilson (1987) provided evidence suggest-
ing that the changes in reaction time to local and global
targets caused by attentional manipulations result from
selection among these different spatial frequency chan-
nels. In their experiment, subjects were told to identify
letters at either the local or the global level in separate
blocks of trials, in an attempt to induce the subjects to
attend selectively. On a small number of probe trials, the
subjects were also asked to detect sign-wave gratings of
different spatial frequencies. Low-frequency gratings were
detected more easily than high-frequency gratings in the
context of the global task, whereas the reverse was true
in the context of the local task. In the present experiments,
it could be that the subjects attended to lower spatial fre-
quencies for the large-stimuli set than for the small-stimuli
set in order to accommodate the lower spatial frequen-
cies of the larger stimuli in that set, thus facilitating global
processing relative to local processing.
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The present data cannot distinguish between these two
attentional hypotheses. In our opinion, there is good evi-
dence that both mechanisms operate. Some data are not
easily accounted for by the spatial frequency hypothesis
(Lamb & Robertson, 1988), and others cannot be ac-
counted for by the spatial attention hypothesis (Paquet &
Merikle, 1988). It seems quite possible that both mecha-
nisms may have been operating in the present experiments.
In any case, the important point here is that the present
data show that higher level, top-down processes are im-
portant in determining the relative speed with which lo-
cal and global information is processed.
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