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The role of perceptual grouping and the encoding of closure of local elements in the
processing of hierarchical patterns was studied. Experiments 1 and 2 showed a global
advantage over the local level for 2 tasks involving the discrimination of orientation and
closure, but there was a local advantage for the closure discrimination task relative to the
orientation discrimination task. Experiment 3 showed a local precedence effect for the closure
discrimination task when local element grouping was weakened by embedding the stimuli
from Experiment 1 in a background made up of cross patterns. Experiments 4A and 4B found
that dissimilarity of closure between the local elements of hierarchical stimuli and the
background figures could facilitate the grouping of closed local elements and enhanced the
perception of global structure. Experiment 5 showed that the advantage for detecting the
closure of local elements in hierarchical analysis also held under divided- and selective-
attention conditions. Results are consistent with the idea that grouping between local elements
takes place in parallel and competes with the computation of closure of local elements in
determining the selection between global and local levels of hierarchical patterns for response.

Glyn W. Humphreys

University of Birmingham

There is now considerable evidence from experimental
psychology that the perceptual organization of one’s visual
world can be determined by gestalt factors, which operate in
a rapid and spatially parallel manner in early vision,
segmenting the visual scene into separate figural units or
objects for further operation by focal attention (Baylis &
Driver, 1992; Duncan, 1984; Kahneman & Henik, 1981;
Neisser, 1967). Proximity and similarity are two gestalt
factors governing perceptual grouping so that spatially close
objects and the most similar elements tend to be grouped
together (Wertheimer, 1923/1950). Studies have shown that
grouping by proximity may occur earlier (Chen, 1986; Han,
Humphreys, & Chen, 1999) and be perceived faster (Ben-Av
& Sagi, 1995) than grouping by similarity of shapes. The
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other gestalt factor of interest in the current research,
closure, can be detected in parallel across a display of open
elements (Elder & Zucker, 1993). Closure discrimination
may occur earlier than orientation discrimination (Chen,
1982, 1986; Pomerantz, Sager, & Stoever, 1977). Closure
also leads to the grouping together of elements regardless of
the number of elements making up the group (Donnelly,
Humphreys, & Riddoch, 1991). It also appears that closure
is perceived as an emergent property in visual displays, so
that it can be detected faster (Treisman & Paterson, 1984)
than the component elements (e.g., line orientation) that
make up the closed shape.

Other work, however, indicates that perceptual organiza-
tion is contingent on a hierarchical analysis of patterns, from
an initial coding of global shape to subsequent analysis of
the local parts. Navon (1977) presented participants with
compound large, global letters made up of smaller, local
letters. The global and local letters could be either compat-
ible or incompatible with each other. Participants made
identification responses to either the global or the local
letters. Navon found that participants responded faster to the
global relative to local letters and that global letters inter-
fered with responses to local letters when the two levels
were incompatible, but not vice versa. These two aspects of
performance are termed the global reaction time (RT)
advantage and global interference. On the basis of perfor-
mance advantage for global letters, Navon (1977) put
forward a “‘global precedence hypothesis,” suggesting that
““perceptual processes are temporarily organized so that they
proceed from global structure towards more and more
fine-grained analysis™ (p. 354). Note that in this original
formulation, it would matter little how local elements
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grouped together (e.g., grouped by proximity or similarity)
and whether local elements themselves formed ‘“‘good”
gestalts (e.g., whether local elements were closed).

More recent research, leading on from that of Navon
(1977), reveals that there is considerable variability in both
the global RT advantage and the global-to-local interference
effect. For example, the effects vary as a function of the
absolute size of the global shapes (Kinchla & Wolfe, 1979),
the density of the local elements (Lagasse, 1993; Martin,
1979; Navon, 1983), the location and spatial uncertainty of
the stimuli (Grice, Canham, & Boroughs, 1983; Lamb &
Robertson, 1988; Pomerantz, 1983), the exposure duration
(Luna, 1993; Paquet & Merikle, 1984), luminance level
(Hughes, Layton, Baird, & Lester, 1984), and spatial fre-
quency components contained in the compound stimuli
(Badcock, Whitworth, Badcock, & Lovegrove, 1990; Hughes,
Fendrich, & Reuter-Lorenz, 1990; Hughes, Nozawa, &
Kitterle, 1996; Lamb & Yund, 1993, 1996). Such variability
suggests that hierarchical analysis of patterns, from global
shape to the encoding of local parts, does not necessarily
operate; rather, there may be some flexibility in perceptual
organization, with the dominant perceptual structure being
determined by the interplay between several factors, includ-
ing the hierarchical level of stimulus coding (global shape
vs. part shape), the relative strength of grouping between
local elements (e.g., determined by spacing), and the ease
with which local parts themselves are selected and local
features are computed for response. For instance, when
grouping between local elements is weakened, the percep-
tion of global stimuli may be retarded and the ease of
selecting individual local elements may be increased. Accord-
ing to this account, perceptual organization is a competitive
process involving the computation of alternative perceptual
structures across a display. The response speed to global and
local stimuli can be determined by whichever organization
occurs first.

Evidence for competitive processes operating in percep-
tual organization comes from neuropsychological studies of
patients with brain damage who have impairments in
computing some perceptual structures. For example, pa-
tients with right-hemisphere lesions, when asked to draw
Navon-type stimuli from memory, tend not to produce the
global shape but do reproduce local elements; the opposite
pattern can occur in patients with left-hemisphere damage
(Delis, Robertson, & Efron, 1986). Also, even in non-
memory tasks, an unusual pattern of a local rather than a
global advantage can be found in patients with right-
hemisphere lesions, whereas an abnormally large global
advantage is associated with left-hemisphere lesions (Lamb,
Robertson, & Knight, 1989, 1990; Rafal & Robertson, 1995;
Robertson, Lamb, & Knight, 1988; Robertson, Lamb, &
Zaidel, 1993). Consistent with the indications of these
neuropsychological findings, the results of research on
normal participants measuring event-related potentials (Han,
Fan, Chen, & Zhuo, 1999; Heinze, Johannes, Miinte, &
Magun, 1994; Heinze & Miinte, 1993) and regional cerebral
blood (Fink et al., 1996) also showed strong activation in the
left hemisphere when detecting local targets and strong
activation in the right hemisphere when detecting global
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targets (however, see Han, Fan, Chen, & Zhuo, 1997). Such
work suggests that competing perceptual structures may
normally be formed that differ in each hemisphere. In
addition, the presence of a gestalt property at the local level,
such as closure, can bias performance in patients. Hum-
phreys, Riddoch, et al. (1994) reported a single case study of
a patient with bilateral parietal lesions in a task requiring the
identification of global compound letters. The patient had
symptoms of Balint’s syndrome (Balint, 1909), being highly
impaired at switching attention once he was engaged on one
object (see Humphreys, Romani, Olson, Riddoch, & Dun-
can, 1994, for additional evidence on this). Interestingly,
identification of global forms was particularly poor if the
local letters were closed rather than open. With closed local
elements, the patient reported that he was able to see only the
local forms and that it was impossible to detect whether a
global shape was formed. This latter finding is consistent
with local closure being a strong cue for selection in vision.

In two studies involving healthy participants, the relative
roles of gestalt factors and hierarchical pattern coding in
perceptual organization were assessed. Kimchi (1994) pre-
sented participants with displays composed of closed or
oriented elements, which could themselves form closed or
oriented global shapes. Participants had to classify the
stimuli based on closure or orientation. The response-
relevant property could be present at a global or local level
in the compound stimulus. Kimchi found that classification
based on closure was faster than that based on orientation,
particularly for local stimuli. There was a global RT
advantage for the orientation discrimination task, but not for
the closure discrimination task. Kimchi argued that config-
ural properties (e.g., closure) are salient to the perceptual
system, regardless of their level of coding within a hierarchi-
cal system. According to this account, only nonconfigural
properties (e.g., line orientation) benefit from coding into
global forms. Using a visual search paradigm, Enns and
Kingstone (1995) had participants search for target feature
(e.g., triangle vs. square), which was equally likely to occur
at the local, global, or both levels of compound patterns,
among distractors that were also compound patterns. They
found that search slopes were generally larger for global
than for local targets and that manipulations of local element
size and spacing had large influences on the search slopes for
global targets, but not for local targets. Enns and Kingstone
asserted that their results indicate that perception of the
global structure in a compound stimulus requires an attention-
demanding grouping operation over that needed for the
perception of the local elements.

However, some questions about the role of gestalt factors
in hierarchical analysis still remain unclear. For instance,
why do classification tasks based on closure not show a
global RT advantage? Do variations in the global RT
advantage simply result from faster RTs for classification
based on closure than for classification based on orientation?
Are there also differences in the interference effects between
classifications based on closure and orientation? In addition
to these questions, empirical data are necessary to demon-
strate the role of perceptual grouping in hierarchical analy-
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sis. To our knowledge, there has been little research on how
different gestalt factors (grouping by proximity, similarity,
and closure) interact in the perception of hierarchical
stimuli. For example, how does the perception of closure of
local elements interact with grouping between discrete local
elements in determining the relative advantage of global and
local processing of compound stimuli? What is the relative
importance of grouping by proximity and similarity in the
perception of global structure? In the present research, we
attempted to answer these questions.

The Present Research

In Experiments 14, we used a sclective-attention para-
digm, in which participants had to select a response to a
stimulus coded either at a local or at a global level. In
Experiments 1 and 2, we investigated the role of closure in
hierarchical (global-to-local) analysis. In Experiment 1, the
responses could be contingent on the orientation of the
stimuli or determined by whether the stimulus was closed.
The global and local levels of these stimuli, unlike those
used in Kimchi’s (1994) study, could be consistent or
conflicted. Therefore, by comparing the RT advantage and
the interference effect in the orientation and closure discrimi-
nation tasks, we assessed whether the bias for selection
based on a local configural property (e.g., closure) would
necessarily overrule a bias to select a global rather than a
local form. In Experiment 2 we studied whether the local
closed shape itself or the perception of closure (the feature
used for discrimination) would be responsible for the
difference in the global advantage observed in the orienta-
tion and closure discrimination tasks in Experiment 1.

Unlike Enns and Kingstone’s (1995) search task, in which
multiple compound stimuli were used in a display, in
Experiments 3 and 4 we studied the role of perceptual
grouping between local elements in hierarchical analysis
using single compound stimuli, as has been done in most
previous research. In Experiment 3, we developed a new
paradigm of manipulating perceptual grouping of local
elements of compound stimuli. The compound stimuli from
Experiment 1 were presented against a background of
crosses to attenuate the strength of local element grouping
by eliminating proximity grouping and making the similar-
ity of shapes dominate grouping. If local element grouping is
crucial for the perception of the global shape of compound
patterns, then decreasing the strength of local element
grouping by proximity should weaken global advantage and
enhance the perception of local stimuli.

In Experiment 4A we further studied how different types
of similarity grouping would affect the relative advantage of
global and local processing. Global shapes composed of
local arrows or triangles were presented against a back-
ground of crosses. In this case, global shapes were formed
by similarity of closure for closed shape stimuli, but by
similarity of orientation for open stimuli. Given that group-
ing of local elements is crucial for the perception of global
structure, there should be a facilitation of global processing
when global shapes are formed by similarity of closure
rather than when global shapes are formed by similarity of
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orientation because grouping by similarity of closure is
stronger than grouping by similarity of orientation (Chen,
1986). In Experiment 4B we investigated the effect of the
nature of background shapes on the relative advantage of
global and local levels by presenting the hierarchical stimuli
from Experiment 4A against a background of rectangles.
This manipulation of the background shapes helped to reveal
the different function of the similarity between the local
elements of hierarchical stimuli and the dissimilarity be-
tween them and the background elements in the perception
of global structure.

In Experiment 5 we used a divided-attention procedure, in
which participants had to respond to either oriented or
closed stimuli that could occur at either a local or a global
level in a compound stimulus. Under divided-attention
conditions, attention does not need to be focused at the local
level (see Ward, 1982, for evidence on response-contingent
selection of local and global stimuli across trials under
divided-attention conditions). Hence, with divided attention,
differences in performance attributable to the ease of select-
ing local elements may be most pronounced and will not be
masked by selective attention to local forms. In this case, the
advantage for responses contingent on the closure of local
elements over those contingent on the orientation of local
elements may be increased (when the target is present only
at a local level). In addition, the bias toward responding to a
global rather than a local shape may increase under divided-
attention conditions, but most especially when local closure
is absent. The strength of local element grouping was also
varied by introducing the background patterns. We wanted
to determine whether the role of local element grouping
would still be important for the perception of global
structure under the divided-attention condition.

Taken together, the present studies provided strong manipu-
lations of the (a) grouping of local elements and (b) selection
biases toward configurations of local figures and of the
interrelations between these factors in the hierarchical
analysis of visual compound stimuli.

Experiment 1: Encoding of Closure and the Global
Precedence Effect

The stimuli used in Experiment 1 are shown in Figure 1.
In the orientation discrimination task, participants had to
respond according to the orientation of the arrow stimuli
(see Figure 1, Set A). In one block of trials they responded to
the orientation of the global stimuli; in another block they
responded to the orientation of the local stimuli. In the
closure discrimination task, participants responded accord-
ing to whether a closed stimulus was present (with the
triangles) or absent (with the arrow stimuli; see Figure 1, Set
B). Again, discriminations were made to global forms in one
trial block and to local forms in a second trial block. To
determine the role of local selection in the difference
between the orientation discrimination and closure discrimi-
nation tasks, we designed a control condition in which
participants discriminated the orientation of single local
arrows or a single local arrow versus triangle, respectively.

This study extends that of Kimchi (1994), who failed to
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Figure 1. Two sets of compound stimuli used in Experiment 1.
Set A: Global arrows are composed of local arrows. Set B: Global
arrows or triangles are composed of local arrows or triangles.

find a global advantage when responses could be contingent
on classification based on closure. In the orientation discrimi-
nation task used here, we assessed whether a global advan-
tage would occur with stimuli similar to those used in the
closure discrimination task, but in which the elements were
not configured to form closed shapes and the discrimination
was based on another attribute (orientation). In addition, we
tested for the presence of global (local) interference, as well
as for any overall global (or local) RT advantage, because
responses at the irrelevant level in the stimuli could be
compatible or incompatible with those at the relevant level.
Response interference effects provide an additional measure
of global (or local) precedence in vision (cf. Navon, 1977).

Method

Participants. Twelve graduate students (5 men and 7 women,
aged 23-29 years) from the graduate school of the University of
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Science and Technology of China participated in this experiment as
paid volunteers. All had normal or corrected-to-normal vision.

Apparatus. Data collection and stimulus presentation were
controlled by a NEC 386 personal computer. Stimuli were pre-
sented on a 21-in. (53.3 cm) NEC MultiSync 3-D color monitor at a
viewing distance of about 70 cm.

Stimuli. Two sets of compound stimuli were used, as shown in
Figure 1; each set comprised black elements on a white back-
ground. Each stimulus in Set A consisted of a global arrow made up
of local arrows pointing down left or down right. The directions of
local arrows were either consistent or inconsistent with that of the
global one. Each stimulus in Set B consisted of a global arrow or
triangle made up of local arrows or triangles. Shapes at the global
and local levels were consistent or inconsistent. The local arrows or
triangles were arranged in an 8 X 8 matrix. The global figure was
3.8 X 4.4 cm, and the local figure was 0.3 X 0.4 cm. The global and
local figures subtended a visual angle, respectively, of 3.1° X 3.6°
and 0.25° X 0.33°. The stimulus used in the control condition was
only one small arrow or triangle displayed at the center of the
screen. The size of the arrow or triangle was the same as those local
figures composing the global stimuli.

Procedure. 'We used a three-factor within-subjects design with
the following factors: task (discrimination of arrow directions and
discrimination of arrow vs. triangle), globality (discrimination of
global or local level), and consistency (the global and local levels
are consistent or inconsistent). For Stimulus Set A, participants
were required to discriminate the orientation of arrows at the global
or local levels. For Stimulus Set B, participants discriminated
between arrows and triangles at the global or local levels of the
compound stimuli. Each trial began with a 1,000-ms warning beep
and the presentation of a fixation cross located at the center of the
screen. The fixation cross was 0.4 X 0.5 cm, subtending 0.33° X
0.41° of visual angle. After another 1,000 ms, the fixation was
replaced by the stimulus that was presented at the center of the
screen and stayed on until participants responded.

‘While maintaining fixation, participants were required to discrimi-
nate the global or local figures of compound stimuli in separate
blocks of trials by pressing one of two keys on a standard keyboard
with the right and left middle fingers. Half the participants
discriminated the global figures first, and the others discriminated
the local figures first. The relationships between the stimuli and the
hands of response were counterbalanced across subjects, as was the
presentation sequence for the two sets of stimuli. For each stimulus
set, there were 16 practice trials followed by 48 trials in each block
for the identification of the global or local stimuli. Participants
were encouraged to respond as quickly and accurately as possible.
In the control condition, participants discriminated the orientations
of a small arrow or a small arrow versus a triangle presented at the
center of the visual field. There were 60 trials for each task. The
first 12 trials were for practice. Stimuli were presented on the
screen until participants made a response. Instructions stressed both
accuracy and speed.

RTs and error rates were subjected to repeated measure analyses
of variance (ANOVAs) with task (discriminating the orientation of
arrows or arrows vs. triangles), globality (discriminating the global
or local levels), and consistency (figures at the global and local
levels are consistent or inconsistent) as the main effects. The error
rates were transformed with an arcsine square-root function before
the statistical analysis.!

1 Because one of the reviewers was concerned that the interac-
tions between these factors might result from the asymmetrical
distribution of skewed reaction times (RTs), we also conducted
analyses of variance (ANOVAs) on transformed RTs (log [RT1),
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Table 1
Mean Error Rates (%) and Standard Errors for Each
Condition in Experiment 1

Global
Consistent Inconsistent Consistent Inconsistent
Discrimination M SE M SE M SE M SE

Local

Orientation 39 12 48 22 33 09 56 16
Closure 24 09 39 12 04 04 58 16
Results

Errors. The mean percentage of errors for the discrimi-

nation of arrow direction and the discrimination between
arrows and triangles were 4.4% and 3.1%, respectively. The
effects of task, globality, and consistency on error rates were
not significant, and none of their interactions was significant
(p > .05). Comparisons between the error rates and the
mean RTs indicated that there was no speed—accuracy
trade-off; therefore, the error data are not discussed further.
The mean error rates under each condition are given in
Table 1.

RTs. The average RTs for correct responses in the two
tasks are shown in Figure 2. The analysis for RTs indicated a
significant main effect of task, F(1, 11) = 64.50, p < .0005,
globality, F(1, 11) = 42.37, p < .0005, and consistency, F(1,
11) = 66.16, p < .0005. Participants responded faster in the
closure discrimination task than in the orientation discrimi-
nation task. For both tasks, discrimination at the global level
was faster than at the local level, and RTs in the consistent
condition were faster than in the inconsistent condition.

The Task X Globality interaction was significant,
F(1, 11) = 13.35, p < .004, reflecting the fact that the global
RT advantage was greater for the orientation discrimination
task (127 ms) than for the closure discrimination task (47
ms). The Consistency X Task interaction was also signifi-
cant, F(1, 11) = 12.86, p < .03; the interference effect was
stronger in the orientation discrimination task (55 ms) than
in the closure discrimination task (29 ms). The Globality X
Consistency interaction revealed a stronger interference
effect on local than on global responses, F(1, 11) = 4049,
p < .0005, for both tasks. Finally, the Task X Globality X
Consistency interaction was significant, F(1, 11) = 6.05,
p < .03; the relative global interference effect was larger for
the orientation discrimination task (91 ms) than for the
closure discrimination task (49 ms).

Orthogonal planned contrast tests further demonstrated
that there were reliable effects for global interference—
orientation discrimination task, F(1, 11) = 58.25, p < .0005;
closure discrimination task, F(1, 11) = 66.65, p < .0005—
but not local interference—orientation discrimination task,
F(1, 11) = 4.30, p > .05; closure discrimination task, F(1,

which, as the reviewer suggested, may come closer to the
assumptions underlying ANOVAs. These ANOVAs showed little
difference from those using untransformed RT data. Therefore, here
we report the results of ANOVAs on the basis of untransformed RT
data.
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11) = 3.10, p > .1. There was no difference between global
RTs for the two tasks, F(1, 11) = 3.29, p > .05, but local RTs
in the orientation discrimination task were slower than in the
closure discrimination task, F(1, 11) = 96.89, p < .0005.
Furthermore, there was no significant difference between
global RTs in the orientation discrimination task and local
RTs in the closure discrimination task, F(1, 11) = 1.584,
p> 2.

In the closure discrimination task, half the global stimuli
were composed of closed local shapes (the triangles), and
half were composed of open local figures (the arrows). RTs
to the global and local shapes in these conditions were
broken down to reflect the type of local form; no reliable
difference was found between global RTs to stimuli com-
posed from closed and open local figures (F < 1); the same
was true for local RTs, F(1, 11) = 2.59, p > .1. The mean
RTs are shown in Table 2.

In the control condition, RTs were 441 and 444 ms,
respectively, for the orientation discrimination task (with
2.8% errors) and the closure discrimination task (with 1.8%
errors). Paired ¢ tests showed no differences between RTs,
t(11) = 0.35, p > .7, or between errors, t(11) = 0.91, p > .3,
for the orientation and closure discrimination tasks.

Discussion

For both sets of stimuli, participants’ responses showed a
global precedence effect (i.e., global RTs were faster than
local RTs), and there was global but not local interference.
The global RT advantage and the global interference effect
were larger for target discriminations based on orientation
than on closure. The variation in the global advantage
resulted mainly from differences in local processing; there
were no differences in global RTs between the two tasks.
Relative to the discrimination of closure of local elements,
the discrimination of orientations of local elements was
slower and suffered more interference from the global
stimuli.

The present finding in the closure discrimination task is
different from Kimchi’s (1994) finding that classifications
based on closure were not affected by globality. It is clear
here that RTs were faster to global than to local shapes,
suggesting that the global-to-local analysis of patterns may
be conducted even when participants discriminated a config-
ural property (closure). The discrepancy between the results
of our and Kimchi’s experiments may have been caused by
the difference in the specific stimuli used. For example, the
open stimuli in Kimchi’s study had central intersections that
did not exist in our stimuli. The central intersection may be
an additional feature used for discrimination and thus
possibly fasten local RTs. Although the difference exists, our
data, consistent with Kimchi’s, did indicate that the global
advantage was weaker for the closure discrimination task
than for the orientation discrimination task, and local RTs for
the closure discrimination task were as fast as global RTs for
orientation discrimination. Thus, discriminations based on
closure were less affected by globality than those based on
orientation, even though effects on closure discrimination
could be still be observed. Both Kimchi’s and our data
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Figure 2. Mean reaction times to global and local levels of compound stimuli in Experiment 1. Data
are presented separately for the orientation and closure discrimination tasks.

indicate that both the relative speeds of global and local
processing and global-to-local interference effects depend
on the features used for the discrimination tasks.

Unlike Kimchi (1994), we examined interference effects
as well as overall RTs. Global-to-local, but not local-to-
global, interference was found for both discriminations, but
interference was larger on the orientation than the closure
discrimination task. The pattern of data was consistent with
interference being affected by the relative speed of process-
ing the local and global elements. Overall, RTs to local
elements were faster in the closure discrimination task than
in the orientation discrimination task, and global-to-local
interference was also reduced.

Note that there was no difference between closure discrimi-
nation and orientation discrimination for global targets or for
targets in the control condition, where only one local figure
was displayed. We wondered why closure discrimination
was faster than orientation discrimination only for local
targets in compound stimuli. This effect could not be
attributed solely to differences in target discriminability
between the global and local levels of compound stimuli
because the discrimination of global compound stimuli was

Table 2

Mean Global and Local RTs (in ms) and Standard Errors in
the Closure Discrimination Task for Stimuli Composed of
Local Arrows or Triangles in Experiment 1

Arrows Triangles
Consistent Inconsistent Consistent Inconsistent
RT M SE M SE M SE M SE
Global 429 9.8 426 13.0 419 115 435 10.1
Local 445 145 492 124 457 139 507 168
Note. RTs = reaction times.

only slightly faster than the closure discrimination in the
control condition (with a single local stimulus). There was
no effect of orientation versus closure discriminations for the
control condition either. One main difference between
responding to global and local elements of compound
stimuli, which has not been discussed much in previous
work, is that there is only one target in the field when
responses are made to the global stimulus, but there is more
than one potential target when responses are made to the
local stimuli. This difference also exists between the control
task and the task of responding to local parts of global
shapes. Hence, it is plausible that, for responses to the local
parts, it might be necessary to select one individual local
figure from global shapes; this selection process is not
required for responses to global shapes or to a single local
figure. We propose that the variance in local RTs between the
closure discrimination and the orientation discrimination
tasks may stem from differences in selection effort, for
which two possible mechanisms might be responsible. One
is that local closure serves as a strong cue for visual selection
(Humphreys, Romani, et al., 1994), enabling local closed
elements in a global configuration to be selected relatively
easily and thus facilitating responses to local elements. The
other possibility is that, relative to the computation of
orientation, the computation of closure can be conducted in a
more efficient parallel manner, and thus less effort is needed
for selection (Chen, 1982, 1986; Han & Chen, 1993;
Kimchi, 1994). The first account is based on what local
shapes are and predicts that local RTs to stimuli composed
from closed local elements (triangles) should be faster than
those to stimuli composed from open local elements (ar-
rows). The second account is based on what feature (closure
or orientation) is computed for the task and predicts that
responses to discriminate closure of local elements should
be faster than those to discriminate orientation of local
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elements, even with open elements present. The fact that in
the closure discrimination task local RTs to stimuli com-
posed of local arrows were as fast as those to stimuli
composed of local triangles suggests that the second ac-
count, rather than the first one, may provide the better
interpretation for the difference between the closure and
orientation discrimination tasks. This issue was studied
further in Experiment 2.

Experiment 2: Orientation Discrimination With
Closed and Open Shapes

Which factor, the closed local shape itself or the feature
required for the discrimination tasks, was behind the differ-
ence in the global advantage between the two tasks in
Experiment 1?7 To test this further, we had participants
respond to the orientation of two sets of stimuli (see Figure
3). Each item in Set A was composed of arrows (open
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Figure 3. Two sets of compound stimuli used in Experiment 2.
Set A: Global arrows are composed of local arrows. Set B: Global
triangles are composed of local triangles.
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Table 3
Mean Error Rates (%) and Standard Errors for Each
Condition in Experiment 2

Global
Consistent
Stimui M  SE M SE M SE M SE

Open 28 09 24 09 45 25 101 34
Closed 54 18 40 24 27 13 60 15

Local

Consistent

Inconsistent Inconsistent

shapes), whereas each in Set B was composed of triangles
(closed shapes). If the difference in the global advantage
observed in Experiment 1 was due to the feature used for
discrimination rather than the closed local shape itself, the
global advantage for Sets A and B should be comparable
because the features for the discrimination task are the same
(i.e., orientation). Howevey, if the identity of the 1ocal shapes
matters, a stronger global advantage should be observed for
Set B than for Set A.

Method

Participants. Twelve undergraduate students (12 men, aged
20-24 years) from the University of Science and Technology of
China participated in this experiment as paid volunteers. All had
normal or corrected-to-normal vision.

Apparatus, stimuli, and procedure. These were the same as
used in Experiment 1, except that Set A contained large arrows
made up of small arrows pointing down right or up right, and Set B
contained large triangles composed of small triangles with their
right angles pointing down left or up left, illustrated in Figure 3.
The orientations of the lines composing the arrows of Set A were
the same as those composing the triangles of Set B. Participants
were instructed to respond to the orientation of the diagonal line
elements in either the global or local shapes on separate trial
blocks.

Results

Errors. The mean error rates for Sets A and B were
4.9% and 4.5%, respectively. A three-factor ANOVA indi-
cated that the main effects of task, globality, and consistency
were not significant (p > .2). The interaction of each pair of
factors and the triple interaction of the three factors were
also not significant (p > .2), except for the interaction
between globality and consistency, F(1, 11) = 7.18, p < .02.
There was interference in the inconsistent condition for local
but not for global responses (i.e., there was global-to-local
but not local-to-global interference). Table 3 shows the mean
error rates in each condition.

RTs. The mean RTs for the open (Set A) and closed
stimuli (Set B) are shown in Figure 4. There were significant
main effects of consistency, F(1, 11) = 153.62, p < .0005,
and globality, F(1, 11) = 108.17, p < .0005, indicating that
responses to the global level were faster than those to the
local level and that inconsistency between the two levels
slowed responses. The effects of task were not significant,
F(1, 11) = 2.33, p > .15; there was no difference between
RTs for Sets A and B. The Globality X Consistency
interaction was reliable, F(1, 11) = 37.80, p < .002. This
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Figure4. Meanreaction times to global and local levels of compound stimuli in Experiment 2. Data
are presented separately for Set A (discriminating orientation of open shapes [arrows]) and Set B
(discriminating orientation of closed shapes [triangles]).

occurred because the global level interfered more with
responses to local stimuli than the reverse. The Consist-
ency X Task interaction, F(1, 11) = 7.62, p < .02, also
reached significance, indicating that the interference effect
was larger for open than for closed shapes. The interactions
between task and globality and among the three factors were
not significant (F < 1). The global RT advantage and the
increased global-to-local relative to local-to-global interfer-
ence held equally for the two sets of stimuli.

Discussion

As in Experiment 1, there was a clear global advantage for
both sets of stimuli: Overall, RTs were faster to global
shapes, and global-to-local interference was more pro-
nounced than local-to-global interference. The only differ-
ence between performance with closed and open shapes was
that the interference effect (for both levels of response) was
slightly larger on the open stimuli (we discuss this result
further after presenting Experiment 4A). Nevertheless, the
main result was that the enhanced responses to locally
closed stimuli that we observed in Experiment 1 were
eliminated; no difference was found between RTs to locally
closed and open stimuli. This was consistent with our
proposal that the features used for discrimination, rather
than local shape itself, determines the magnitude of the
global precedence effect. Slow computation of the compo-
nent orientations of closed shapes (cf. Chen, 1982, 1986;
Treisman & Paterson, 1984) here might have been balanced
against their faster selection as individual elements within
the global shape, equating performance with the closed and
open shapes (note that there was a tendency for RTs to be
slowed with the locally closed stimuli, but it was not
significant).

Opverall, the data from Experiments 1 and 2 suggest that
one component of the global precedence effect may be the

selection effort involved in responding to local parts of
compound figures. Less selection effort was needed in the
closure discrimination task than in the orientation discrimi-
nation task, and this resulted in a weaker global advantage.
However, one question was still unanswered: Why did a
global advantage still occur even when less selection effort
was required in the closure discrimination task? One other
factor, perceptual grouping between local elements, as
suggested by Enns and Kingstone (1995), may play an
important role in the perception of global structure. It is
possible that the grouping process competes with the
selection of local parts and that local selection is made more
difficult if the local elements form a strong group. Differ-
ences in grouping may contribute to the variations in the
global precedence effect across the tasks. However, there has
been little discussion in previous work (however, see
Humphreys, Riddoch, & Quinlan, 1985) of how grouping
between local elements contributes to the global advantage.
The effect of grouping was studied in Experiments 3 and 4.

Experiment 3: Perceptual Grouping and the Global
Precedence Effect

In Experiment 3, we presented the stimuli from Experi-
ment 1 against a background of cross elements (see Figure
5). The distance between an individual local arrow or
triangle and its surrounding crosses was equivalent to that
between two adjacent local arrows or triangles. Under this
circumstance, the coding of the global triangle or arrow
shape based on proximity grouping between the local
elements should have been reduced (i.e., the local elements
making up the global triangle or arrow should have been no
closer to each other than they were to the surrounding
background crosses). The grouping of local elements by
similarity of luminance was also weakened because the
difference in luminance between local arrows or triangles
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and the blank screen (in Experiment 1) was greater than that
between local arrows or triangles and the background
crosses (in Experiment 3). Furthermore, as the local arrows
and triangles formed rows and columns with the background
crosses, local element grouping by good continuity was
reduced in Experiment 3 relative to Experiment 1. Instead,
the local elements making up the global triangle or arrow
may group by similarity of shape because these elements are
identical (and differ from the background crosses). Grouping
by similarity of shape may operate at a relatively late stage
of perceptual processing relative to grouping by proximity
(Ben-Av & Sagi, 1995; Chen, 1986; Han, Humphreys, et al.,
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Figure 5. Two sets of compound stimuli used in Experiment 3.
The stimuli were made by embedding the stimuli in Experiment 1
in a background of crosses.
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Table 4
Mean Error Rates (%) and Standard Errors for Each
Condition in Experiment 3

Global
Consistent Inconsistent Consistent Inconsistent
Discrimination M SE M SE M SE M SE

03 03 25 09 15 07 38 09
31 09 23 06 14 07

Local

Orientation
Closure 0.1 03

1999) and may thus not generate the rapid coding of global
shape information necessary to produce the global prece-
dence effect. Evidence that decreasing the saliency of the
global shape enhances responses to local stimuli would
support the hypothesis that local selection competes with
local element grouping in response selection.

Method

Participants. The same participants as in Experiment 1 par-
ticipated in this experiment 2 weeks after they took part in
Experiment 1. .

Apparatus, stimuli, and procedure. All aspects were the same
as for Experiment 1, except that the compound stimuli were formed
by embedding the compound stimuli from Experiment 1 in a
background composed of small distractor crosses, as illustrated in
Figure 5. The vertical and horizontal sizes of each of the crosses
were the same as those of each of the local arrows or triangles. The
distance between adjacent triangles or arrows was equal to that
between each triangle or arrow and a neighboring cross. The whole
pattern was 4.8 X 5.6 cm, subtending an angie of 3.9° X 4.6°.

Results

Errors. The error rates for the orientation discrimination
and closure discrimination tasks are presented in Table 4.
The three-factor ANOVA on the error rates indicated a
significant main effect of consistency, F(1, 11) = 11.95,p <
.005, a significant Globality X Consistency interaction, F(1,
11) = 5.01, p < .05, and a significant Task X Consistency
interaction, F(1, 11) = 5.52, p < .04. Participants made
more errors when stimuli at global and local levels were
inconsistent than when they were consistent. This interfer-
ence effect was stronger on responses to global relative to
local stimuli. Furthermore, the interference effect was larger
in the orientation discrimination task than in the closure
discrimination task. Separate analyses showed that for the
orientation discrimination task, the effect of globality, F(1,
11) = 9.17, p < .02, was significant, indicating that
participants made more errors in responding to local than to
global stimuli. The effect of consistency, F(1, 11) = 28.29,
p < .0005, was also significant; there were more errors in the
inconsistent condition than in the consistent condition. The
Globality X Consistency interaction was not significant
(F < 1). For the closure discrimination task, the effects of
globality (F < 1) and consistency, F(1, 11) = 1.02, p > .3,
were not significant. However, the Globality X Consistency
interaction, F(1, 11) = 23.30, p < .001, was significant,
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Figure 6. Mean reaction times to global and local levels of compound stimuli in Experiment 3. Data
are presented separately for the orientation and closure discrimination tasks.

showing an interference effect on global but not on local
responses.

RTs. The mean RTs for the discriminations of orienta-
tion and closure are shown in Figure 6. A three-factor
ANOVA on the RT data revealed a significant main effect of
consistency, F(1, 11) = 87.26, p < .0005, indicating that
RTs in the consistent conditions were faster than those in the
inconsistent conditions. The main effects of task (F < 1) and
globality, F(1, 11) = 4.09, p > 0.6, were not significant. The
Task X Globality interaction was significant, F(1, 11) =
8.44, p < .02, reflecting the fact that the difference between
global and local RTs in the closure discrimination task was
larger than in the orientation discrimination task. There was
areliable interaction of Globality X Consistency, F(1, 11) =
15.33, p < .002; interference was stronger on global than on
local responses. The Consistency X Task interaction was
also significant, F(1, 11) = 6.15, p < .03; the interference
effect was larger in the orientation discrimination task than
in the closure discrimination task. There was no reliable
triple interaction among the three factors, F(1, 11) = 1.70,
p> .2

A separate ANOVA on RTs for the orientation discrimina-
tion task showed that there was no significant difference
between RTs for the global and local levels (F < 1). RTs in
the consistent condition were faster than RTs in the inconsis-
tent condition, F(1, 11) = 50.05, p < .0005, and the local
interference on global responses was greater than vice versa,
F(1, 11) = 543, p < .04. For the closure discrimination
task, there was a complete local advantage. Participants
responded faster to the local than to the global stimuli,
F(1, 11) = 14.80, p < .003. RTs in the consistent condition
were faster than RTs in the inconsistent condition, F(1,
11) = 84.78, p < .0005, and local interference was greater
than global interference, F(1, 11) = 41.88, p < .0005.
Another orthogonal planned contrast test showed that there

was local interference only on global responses, F(1, 11) =
86.81, p < .0005, but not the reverse, F(1, 11) = 4.61,
p>.05.

As in Experiment 1, RTs to the global and local shapes in
the closure discrimination task were broken down further
according to whether there were closed or open local shapes,
as shown in Table 5. There was a reliable effect of whether
the local shapes were closed on global RTs: RTs were faster
with closed local shapes, such as triangles, F(1, 11) = 9.01,
p < .02, but there was no significant effect of whether the
local shapes were closed on local RTs, F(1, 11) = 1.23,
p> .2

Discussion

The effect of decreasing the saliency of the global shape
(in Experiment 3 relative to Experiment 1) was to facilitate
responses to local stimuli. The global advantage in both
discrimination tasks observed in Experiment 1 was elimi-
nated in Experiment 3. Global RTs in the orientation
discrimination task were no faster than local RTs, and local

Table 5

Mean Global and Local RTs (in ms) and Standard Errors in
the Closure Discrimination Task for Stimuli Composed of
Local Arrows or Triangles in Experiment 3

Arrows Triangles
Consistent Inconsistent Consistent Inconsistent
RT M SE M SE M SE M SE
Global 553 173 614 182 537 153 599 185
Local 502 133 519 153 498 124 505 133
Note. RTs = reaction times.
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interference was stronger than global interference. For the
closure discrimination task, a complete local precedence
effect was found. Local RTs were faster than global RTs.
There was local interference on responses to global stimuli,
but not the reverse. The results indicate that both the global
RT advantage and global-to-local interference were elimi-
nated once grouping between local elements was weakened.
The results also show that local element grouping to form
global shapes competed with the selection of an individual
local element for a response. When the grouping process
was slowed by making local element group on a late-acting
factor (e.g., here, similarity of shapes), local stimuli domi-
nated visual selection. The degree of local dominance
depended on the ease of local selection. Selection was easier
for the closure relative to the orientation discrimination task
here, so the local advantage was more pronounced for
closure discrimination. These results are consistent with the
hypothesis that the bias toward grouping local elements into
a unitary whole parallels and competes with a bias for the
selection of individual local elements in determining which—
the global or the local level of compound stimuli—is
processed first. This competition depends on the presence of
gestalt factors at the local level (e.g., closure) and the
strength of local element grouping. The bias to select
individual local elements can lead to fast local RTs. Never-
theless, a global advantage will emerge when the strong
grouping of local elements overcomes the bias to select and
compute the properties of local elements. This hypothesis is
illustrated in Figure 7.2

In Experiment 1, it was likely that several gestalt factors
contributed to the grouping of local elements into global
shapes, including proximity, similarity of shapes and lumi-
nance, continuity, and so on. The gestalt laws of grouping
describe the operation of defining regions or contours of
perceptual objects at an early, preattentive stage (Rock,
1986) for further focal-attention-involved processes (Kahne-
man, 1977). Local element grouping by proximity may be

Compound stimuli

U U

Selection of individual
local elements

U U

Identification of

Local element grouping

Identification of
global targets local targets

N/

Competition for respoenses

Figure 7. Ilustration of a parallel model for the role of perceptual
grouping and local selection in hierarchical analysis.
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strong enough to overcome the bias to select an individual
local element for response even under conditions in which
local selection is relatively easy, as in the closure discrimina-
tion task, resulting in a global advantage. The paradigm
developed in Experiment 3 significantly reduced grouping
by proximity by setting the global shapes among a back-
ground of similar elements. This manipulation also weak-
ened grouping by similarity of luminance and grouping by
good continuity. Under such conditions, grouping by similar-
ity of shapes may strongly determine the segmentation of
global shapes from the background crosses. Because group-
ing by similarity of shape operates later and more slowly
than grouping by proximity (Ben-Av & Sagi, 1995; Chen,
1986; Han, Humphreys, et al., 1999), we slowed the
segmentation of global figures from their background in
Experiment 3 relative to Experiment 1; this resulted in
facilitated responses to local shapes.

For the closure discrimination task in Experiment 3, RTs
to local arrows were as fast as those to stimuli composed
from local triangles. This result provides further evidence
that the feature for discrimination, rather than the local shape
itself, is the primary determinant of fast local RTs.

One other difference between the results of Experiments 1
and 3 is that the nature of the local elements affected RTs to
the global shapes in the closure discrimination task in
Experiment 3. Global RTs were faster when the local shapes
were closed (triangles) relative to when they were open
(arrows; see Table 5). In Experiment 1, the nature of the
local elements had little effect (see Table 2). This result may
also have stemmed from people’s perceptual system being
more sensitive to differences in closure than to differences in
orientation. In Experiment 1, effects reflecting the ease of
grouping by similarity of shape might have been minimized
because global shape information may be derived from
grouping by proximity, similarity of luminance, and continu-
ity. In Experiment 3, however, the similarity of shape likely
dominated grouping. Under this circumstance, it appears
that closed shapes group more easily than open shapes
among the background crosses (open shapes). In the present
study, differences in closure between local triangles and
crosses, and differences in orientation between local arrows
and crosses, should dominate perceptual grouping for the
two kinds of target stimuli. Because grouping based on
closure differences occurs earlier than grouping based on
orientation differences (Chen, 1986), the grouping of local
triangles among the crosses may occur earlier than the
grouping of local arrows, thus facilitating responses to
global stimuli. This was studied further in Experiment 4.

2 Note that we do not imply that the two processes (i.e., local
element grouping and selection of an individual local element) are
isolated, although we did not draw communication between the two
processes in this figure. A recent study (Han & Humphreys, 1999)
showed that global reaction times (RTs) were slower when local
selection was easy than when local selection was difficult and that
the effect of easing local selection on local RTs was weaker when
local element grouping was strong than when the grouping was
weak. These findings suggest that mutual iphibition exists between
grouping and local selection.
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Table 6
Mean Error Rates (%) and Standard Errors for Each
Condition in Experiment 4A

Global
Consistent
Stmuli M SE M SE M SE M SE

Open 12 08 25 09 35 12 28 1.1
Closed 09 06 39 12 20 09 30 14

Local

Consistent

Inconsistent Inconsistent

Experiment 4A: Grouping by Similarity of Shapes
and the Global Precedence Effect

In this experiment we examined how different types of
similarity grouping would affect global and local stimulus
processing. In Experiment 4A, the stimuli used in Experi-
ment 2 were presented against a background of crosses. We
thought that this would make similarity of shapes important
for grouping of local elements. For Set A, the local arrows
were different from the crosses in orientation; global shapes
were formed by similarity of orientation. For Set B, the local
triangles were different from the crosses in closure; global
shapes were formed by similarity of closure. In Experiment
4A we assessed whether the relative RTs to global and local
forms would be the same for the two types of stimuli, given
that grouping by similarity of closure occurs earlier than
grouping by similarity of orientation (Chen, 1986).

Method

Participants. Twelve graduate students (12 men, aged 22-25
years) from the University of Science and Technology of China

open stimuli

HAN, HUMPHREYS, AND CHEN

participated in this experiment as paid volunteers. All had normal
or corrected-to-normal vision.

Apparatus, stimuli, and procedure. These were the same as for
Experiment 2, except that the compound stimuli were embedded in
a background composed of small crosses, as was done in Experi-
ment 3. The vertical and horizontal sizes of each of the crosses were
the same as those of each of the local arrows or triangles. The
distance between adjacent triangles or arrows was equal to that
between each triangle or arrow and a neighboring cross. The whole
pattern was 4.8 X 5.6 cm, subtending a visual angle of 3.9° X 4.6°.

Results

Error.  The mean error rates for Sets A and B were 2.5%
and 2.4%, respectively. There were no effects of task,
globality, or consistency (p > .1), and only the interaction
between globality and consistency reached significance,
F(1, 11) = 7.77, p < .02. There was more local-to-global
than global-to-local interference. Table 6 shows the break-
down of the error rates in each condition. _

RTs. The mean RTs are shown in Figure 8. There was a
significant main effect of consistency, F(1, 11) = 104.58,
p < .0005, and RTs in the consistent condition were faster
than in the inconsistent condition. The effects of task, F(1,
11) = 3.84, p > .07, and globality (F <1) were not
significant. There were two reliable interactions: Task X
Globality, F(1, 11) = 12.69, p < .004, and Globality X
Consistency, F(1, 11) = 15.97, p < .002. For Set A, there
was a local advantage in overall RTs; for Set B, there was a
global advantage. Local-to-global interference was also
stronger overall than global-to-local interference. The inter-
actions between consistency and task, F(1, 11) = 2.37,p >
.15, and among the three factors were not significant

closed stimuli
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Figure 8. Mean reaction times to global and local levels of compound stimuli in Experiment 4A.
Data are presented separately for Set A (discriminating orientation of open shapes [arrows]) and Set
B (discriminating orientation of closed shapes [triangles]).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



PERCEPTUAL GROUPING AND ENCODING OF CLOSURE

(F < 1). Additional orthogonal planned contrast tests on RTs
demonstrated that local RTs for Set A were faster than those
for Set B, F(1, 11) = 12.75, p < .004, whereas there was no
difference between global RTs for the two types of stimuli,
F(1,11)=1.17,p> 3.

Separate analyses indicated a local advantage for Set A.
Global RTs were slower than local RTs, F(1, 11) = 7.59,p <
.02. The consistency effect was significant, F(1, 11) =
60.84, p < .0005, and the Globality X Consistency interac-
tion demonstrated a stronger local-to-global interference
than vice versa, F(1, 11) = 9.00, p < .02. Orthogonal
planned contrast tests showed that there were mutual
interference effects on the global, F(1, 11) = 2851, p <
.0005, and local, F(1, 11) = 18.51, p < .001, levels. For Set
B, global RTs were faster than local RTs, F(1, 11) = 10.68,
p < .007. The consistency effect was significant, F(1, 11) =
58.15, p < .0005. The local-to-global interference effect
was greater than the global-to-local interference effect, F(1,
11) = 18.52, p < .001, and only the former was significant,
F(1,11) = 137.9, p < .0005.

Discussion

The results of Experiment 4A are striking. With open
stimuli there was a local advantage, both in overall RTs and
in the pattern of interference effect (with local-to-global
being the larger). This may be expected given that the global
shape of the stimuli was made less salient by placing it
among a background of cross elements so that similarity of
shapes dominated local element grouping. When discrimina-
tion of the global shape is made more difficult, responses to
local information in the shapes may be initiated relatively
more quickly.

In contrast, as far as overall RTs were concerned, the
opposite pattern of results occurred for closed shapes. The
difference between the closed and open shapes was most
apparent for local responses, which were particularly slow
with closed shapes. In Experiment 3, we found that when the
stimuli were embedded in a background of crosses, compu-
tation of the global shape was facilitated by grouping
between closed items (grouping by similarity of closure).
Thus, with closed shapes, RTs to global shapes could be
quicker than those to local shapes. In Experiment 3 there
was a local advantage when judgments were based on local
closure (Is the local shape an arrow or triangle?). In
Experiment 4A we found a global advantage when judg-
ments were based on the orientation of closed shapes
(Which direction does the shape point in?). These opposite
results were found despite the fact that the global shapes
were formed by similarity grouping alone in both instances.
The results may be accounted for if the grouping of local
elements and the computation of closure of local elements
takes place in parallel and competes with each other.
Responses to locally closed stimuli will be faster or slower,
relative to global stimuli, depending on whether closure can
be used for the identification of local elements as well as for
grouping local elements to form global shapes. When the
task requires orientation judgments, local closed shapes can
contribute to grouping (facilitate the perception of global
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structure) while concurrently impairing judgment of orienta-
tion of the local shapes. The result is a global advantage.

One final point concerns the strong local-to-global inter-
ference that was found here (especially with closed items).
Unfortunately, it was not clear whether this was a genuine
effect of response interference or whether it was due to a
second factor. In the compatible display, the lines composing
the diagonal of each shape were aligned; this was not true for
the incompatible display. This alignment of local diagonals
may be particularly important for global responses. Hence, it
may be that there was a pseudocompatibility effect on global
responses attributable to the alignment of local line orienta-
tion in this study.

Experiment 4B: The Nature of Background Shapes
and the Global Precedence Effect

In Experiment 4B, we further examined how the nature of
the background patterns would affect the relative advantage
of global and local levels in a hierarchical analysis. When
background patterns are introduced, the grouping of local
elements is a function of both the similarity between the
elements of the hierarchical patterns and the dissimilarity
between them and the background elements. Which of the
two factors is more important in determining the relative
advantage for global and local processing? The compound
stimuli used in Experiment 4B were the same as those used
in Experiment 4A but were embedded in a background
composed of rectangles, as shown in Figure 9. Under this
condition, the similarities between the elements of the
hierarchical patterns were unchanged in comparison with
those in Experiment 4A. However, because the rectangles
were closed shapes, the local arrows of the open stimuli (Set
A) were different from the background rectangles in closure
and thus were grouped based on closure difference. The
local triangles of the closed stimuli (Set B) differed from the
background rectangles in orientation (both the triangles and
rectangles were closed shapes) and thus were grouped based
on orientation difference. If grouping based on closure
difference is strong and facilitates the perception of global
structure, as suggested by the results of Experiment 4A, the
background rectangles should weaken the local advantage
for the open stimuli observed in Experiment 4A. Similarly, if
grouping based on orientation difference is weak and
eliminates global processing, the background rectangles
should reduce the global advantage for the closed stimuli in
Experiment 4A.

Method

Participants. Eighteen graduate students (8 men and 10 women,
aged 20-24 years) from the University of Science and Technology
of China participated in this experiment as paid volunteers. All had
normal or corrected-to-normal vision.

Apparatus, stimuli, and procedure. These were the same as for
Experiment 4A, except that the background was composed of small
rectangles, as illustrated in Figure 9. The vertical and horizontal
sizes of each of the rectangles were the same as those of each of the
local arrows or triangles. The distance between adjacent triangles
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Figure 9. Two sets of compound stimuli used in Experiment 4B.
The stimuli were made by embedding the stimuli in Experiment 2
in a background of rectangles.

or arrows was equal to that between each triangle or arrow and a
neighboring rectangle.

Results

Error.  The mean error rates for Sets A and B were 4.9%
and 3.8%, respectively. Only the main effect of consistency
was significant, F(1, 17) = 7.034, p < .02. Error rates in the
consistent conditions were lower than those in the inconsis-
tent conditions. Table 7 shows the breakdown of the error
rates in each condition.
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RTs. The mean RTs are shown in Figure 10. There was a
significant main effect of consistency, F(1, 17) = 10.723,
p < .005, and RTs in the consistent condition were faster
than in the inconsistent condition. The Globality X Consis-
tency interaction was also reliable, F(1, 17) = 8.23, p < .01.
Local-to-global interference was stronger overall than global-
to-local interference. There were no significant effects of
task and globality or interactions among the factors.

Separate analyses indicated that there was no difference
between global and local RTs for Set A, F(1,17) = 1.51,p >
.2, or for Set B (F<1). The consistency effect was
significant for Set A, F(1, 17) = 39.37, p < .0005, but not
for Set B, F(1, 17) = 2.35, p > .1. RTs were faster in the
consistent condition than in the inconsistent condition for
the open stimuli. The Globality X Consistency interaction
indicated a stronger local-to-global interference than vice
versa for Set B, F(1, 17) = 6.56, p < .02, but not for Set A,
F(1,17)=3.99,p > .05.

Discussion

The background shapes introduced in Experiment 4B
were the same for both the closed and open stimuli.
Nevertheless, they produced opposite effects on the two
types of stimuli. The background shapes reduced the local
advantage for the open stimuli and weakened the global
advantage for the closed stimuli observed in Experiment 4A.
The similarity between the local elements of the hierarchical
patterns was constant across the experiments, whereas
dissimilarities between the background figures and the local
elements were changed. Therefore, the results of Experiment
4B are consistent with the claim that, when local elements
group by shape similarity, the dissimilarity between ele-
ments in hierarchical patterns and background shapes is
crucial for determining overall global or local advantage.
Compared with the results in Experiment 4A, grouping
based on closure differences between the local arrows and
the background rectangles in Experiment 4B was strong and
facilitated the perception of global shape, resulting in a
reduction of the local advantage. In contrast, grouping based
on orientation differences between closed local triangles and
the closed background rectangles was weak and eliminated
the perception of global structure, resulting in reduction of
the global advantage.

Note that in Experiment 4B, neither the dissimilarity in
orientation produced a local advantage for the closed stimuli
nor did the dissimilarity of closure produce a global

Table 7
Mean Error Rates (%) and Standard Errors for Each
Condition in Experiment 4B

Global Local
Consistent Consistent
Stimui M  SE M SE M SE M SE

Open 28 17 77 20 48 12 43 13
Closed 19 08 50 13 34 10 51 13

Inconsistent Inconsistent
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Figure 10. Mean reaction times to global and local levels of compound stimuli in Experiment 4B.
Data are presented separately for Set A (discriminating orientation of open shapes [arrows]) and Set
B (discriminating orientation of closed shapes [triangles]).

advantage for the open stimuli (as in Experiment 4A). This
may have stemmed from differences in local processing
between the two tasks. The computation of the component
orientations of elements in open shapes might have been
faster than the computation of the component orientations in
closed shapes (cf. Treisman & Paterson, 1984). It is possible
that the fast computation of the component orientation of
open figures (local arrows of Set A) competed with the
strong grouping of local elements based on the dissimilarity
of closure. Similarly, computation of the component orienta-
tions of closed figures (local triangles in Set B) might have
slowed the local responses, whereas the grouping of local
elements based on the dissimilarity of orientation was weak.
This difference in the local processing between the two tasks
might have resulted in no local advantage for the open
stimuli (Set A) or no global advantage for the closed stimuli
(Set B).

Although we have discussed the results of Experiments 3
and 4 in terms of the background crosses disrupting group-
ing, one other account also needs consideration: the back-
ground patterns might have reduced the saliency of the
global shape by introducing low spatial frequency noise.
There has been evidence that low spatial frequency compo-
nents of images are computed faster than the high spatial
frequency components that may be involved in grouping by
similarity (Breitmeyer, 1975; Hughes, 1986), and global
shapes may be perceived based on the low spatial frequency
components in an image (e.g., Hughes et al., 1990, 1996;
Lamb & Yund, 1993, 1996; Shulman, Sullivan, Gish, &
Sakoda, 1986). In Experiment 3, the background with
crosses might have introduced noise into the low spatial
frequency components that specified the global triangles or
arrows, and the most salient low spatial frequency compo-
nents might have specified the background square rather
than the global arrow or triangle shapes. It may be this

masking of the low spatial frequency components that
eliminated the global advantage in Experiments 3 and 4.

To assess the contribution of low spatial frequency
information, we analyzed the relative amplitude spectra of
the Fourier transformations for each of the stimuli used in
Experiments 1-4A. The results (illustrated in Figure 11)
show that, first, the distribution of the spectra power for
stimuli composed from local triangles and local arrows were
similar, primarily distributing along three directions (i.e., a
vertical, a horizontal, and a diagonal line through the center
of the stimulus pattern). Second, the background crosses
produced both high- and low-frequency noise (note that
there was a general increase in high and low spatial
frequency components when background crosses were
added). Finally, the noise on the spectra produced by the
background crosses was also similar for stimuli composed of
local triangles and local arrows in the way that the additional
noise distributed along the vertical, horizontal, and diagonal
lines through the center of the stimulus. If low spatial
frequency information dominated the variations in grouping,
the background crosses should have produced similar effects
on stimuli composed from local triangles and local arrows,
although they grouped by closure and orientation, respec-
tively. In particular, the same stimulus (i.e., the global
triangle composed of local triangles) appeared in Set B of
Experiment 3 and Set B of Experiment 4A. The spatial
frequency components were mathematically the same for
this stimulus in the two experiments. Nevertheless, the
background crosses produced much different effects on the
relative advantage of global and local processing in the two
experiments: There was a local advantage in Experiment 3
and a global advantage in Experiment 4A. Furthermore, the
same variation in the background patterns from Experiment
4A to Experiment 4B produced opposite effects on the
relative advantage of the global and local processing,
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PERCEPTUAL GROUPING AND ENCODING OF CLOSURE

although the variation of the spatial frequency components
induced by the background patterns were the same through
the experiments. Together, it seems that the strength of
grouping and the features used for discrimination, rather
than variance in spatial frequency spectra, were more
important for the results in the present set of studies. This
argument, against a low spatial frequency account of the
global precedence effect, fits with the recent studies in which
the global advantage was unaffected by high-pass spatial
frequency filtering (Hiibner, 1997). In addition, Lamb and
Yund’s (1993, 1996) research has shown that interference
between global and local forms is not affected by eliminat-
ing low spatial frequency components in images. However,
the background crosses in Experiments 3 and 4A eliminated
both the global RT advantage and global-to-local interfer-
ence. This also suggests that the manipulation of grouping
factors affects the relative global or local advantage in a way
different from filtering low spatial frequencies.

Experiment 5: Divided Attention

In Experiments 14 we used a selective-attention para-
digm, in which participants were directed to respond to
either a global or local level of a stimulus. Other investiga-
tors have examined hierarchical pattern coding using a
divided-attention paradigm, in which participants can re-
spond as soon as they detect a target at either the local or
global level of stimuli (Hoffman, 1980; Lamb & Robertson,
1989; Miller, 1981; Navon & Norman, 1983). Under this
circumstance, there may be less incentive for participants to
focus attention at a local rather than at a global level relative
to local discrimination task in the selective-attention para-
digm, given that it may be more difficult to discriminate
local relative to global stimuli. As a result, task-determined
biases to select a local form may be weakened because
responses may be determined by the global form as well as
by the local target form. Consequently, the global advantage
may increase. Note that according to our parallel coding
account (see Figure 7), local responses in a closure discrimi-
nation task should be better able to withstand this increase.
Responses based on the closure of local shapes should have
a particular advantage over those based on the orientation of
local figures because either closure facilitates selection at the
local level (Humphreys, Romani, et al., 1994) or the
detection of closure occurs earlier (Chen, 1982, 1986;
Pomerantz et al., 1977).
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Figure 12. Set A without background crosses used in Experiment

5. The target was the arrows pointing down left or down right
appearing at global or local levels.
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Method

Participants. Ten undergraduate and graduate students (8 men
and 2 women, aged 2024 years) from the University of Science
and Technology of China participated in this experiment as paid
volunteers. All had normal or corrected-to-normal vision.

Apparatus, stimuli, and procedure. The apparatus was the
same as in Experiment 1. Two sets of compound stimuli were used,
as illustrated in Figures 12 and 13. For each set, half the trials were

Figure 11 (opposite).

Example of the results of spatial frequency analysis. A: Relative amplitude

spectra for the lower left compound pattern in Set A of Figure 3 (global arrows composed of local
arrows). B: Relative amplitude spectra for the lower left compound pattern in Set A of Figure 3
embedded against the background of crosses. C: The difference in relative amplitude spectra between
Figures 11A and 11B. D: Relative amplitude spectra for the upper right compound pattern in Set B of
Figure 3 (global triangles composed of local triangles). E: Relative amplitude spectra for the upper
right compound pattern in Set B of Figure 3 embedded against the background crosses. F: The
difference in relative amplitude spectra between Figures 11D and 11E.
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Figure 13. Set B without background crosses used in Experiment
5. The target was the triangles appearing at global or local levels.

presented without background crosses, and for the other half of the
trials the compound stimuli were embedded in the background
crosses to eliminate the role of proximity in grouping and thus to
reduce the salience of the global figure. Set A was composed of
global arrows made up of local arrows. The task was to detect the
presence of an arrow pointing down left or down right at the global
level, the local level, or both. Set B was composed of global
triangles or arrows made up of local triangles or arrows. The task
was to detect the presence of closed triangles at the global level, the
local level, or both. Hence, for Set A, participants detected the
presence of targets based on orientation, whereas discriminations
were based on closure for Set B. For all the compound stimuli, the
local elements were arranged in an 8 X 8 matrix. The size of the
global and local figures and the background crosses were the same
as those used in Experiment 3.

A yes—no detection task was used. Participants were instructed to
identify whether the compound stimulus contained the target
figure. They pressed one of the two keys on a keyboard if the target
figure appeared at the global level, the local level, or both and
pressed another key if the target figure did not appear, using the
right and left middle fingers, respectively. Each trial began with a
1,000-ms wamning beep and a presentation of the plus-shaped
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fixation located at the center of the screen. The fixation was
presented for 1,000 ms. The stimulus appeared after the offset of
the fixation and remained on the screen until the participant made a
response. The presentation sequence for the two sets of stimuli was
counterbalanced across participants. For each set of stimuli, after
20 practice trials, a total of 320 trials in four blocks were presented.
There were no targets on 40% of the trials. The probability of a
target appearing on global level, local level, or both was equal
(20%). Participants were instructed that both the speed and the
accuracy of the response were important.

Results

Errors. Mean error rates were low for both Set A (2.8%
for stimuli with a blank background; 1.6% for stimuli with a
cross background) and Set B (2.4% for stimuli with a blank
background; 1.7% for stimuli with a cross background).
There was no indication of a speed—accuracy trade-off;
therefore, error data are not discussed further. Table 8 shows
the mean percentage of errors in each condition.

RTs. Average RTs to the targets appearing at the global,
local, or both, along with the no-target responses, are shown
in Figure 14 for the trials with and without the background
crosses. RTs for ‘“‘yes” responses were subjected to a
repeated measures ANOVA with task (Set A vs. Set B),
background (crosses present or absent), and level (global,
local, or both) as within-subjects factors. The main effect of
task was significant, F(1, 9) = 6.67, p < .03, reflecting the
fact that RTs in detection of closure (546 ms without and 636
ms with background crosses) were faster than in the
detection of orientation (612 ms without and 682 ms with
background crosses). The effect of the background was also
significant, F(1, 9) = 52.71, p < .0005. RTs were faster
when there was no background present. Furthermore, there
was a reliable effect of level, F(2, 18) = 55.52, p < .0005;
responses to targets presented at both levels were faster than
those to targets presented at only one level. The Task X
Level interaction reached significance, F(2, 18) = 21.75,
p < .0005. For Set A (detection of orientation), the
both-level condition was faster than the global-only condi-
tion: blank background, F(1, 9) = 9.13, p < .01; cross
background, F(1, 9) = 27.41, p < .001. This in turn was
faster than the local-only condition: blank background, F(1,
9) = 5.94, p < .04; cross background, F(1,9) = 11.77,p <
.007, regardiess of whether background crosses were present
or absent. For Set B (detection of closure), there was an
advantage for the both-level condition only when there were
no background crosses, F(2, 18) = 128.1, p < .0005;
performance was the same for global and local level stimuli
alone (F < 1). When there were background crosses, RTs to
local targets were faster than to global ones, F(1, 9) = 6.97,
p <.03.

Discussion

Under the divided-attention conditions, participants should
have had less incentive to maintain attention at a local level
than under selective-attention conditions. If attentional selec-
tion is crucial for the perception of local properties, as
illustrated in Figure 7, then the global advantage may have
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Table 8
Mean Error Rates (%) and Standard Errors for Each Condition in Experiment 5
Global level Local level Both None
Condition M SE M SE M SE M SE
Set A with blank back-
ground 27 1.5 42 1.1 0.7 0.7 3.0 0.8
Set A with cross back-
ground 0.0 0.0 2.6 1.8 0.7 0.7 3.0 1.0
Set B with blank back-
ground 2.1 1.1 33 1.8 2.1 1.1 2.3 0.8
Set B with cross back-
ground 2.8 11 2.0 14 0.7 0.7 14 1.0

been expected to be stronger in the divided-attention condi-
tions than in the selective-attention conditions. Consistent
with this, we found an overall global advantage in the
orientation discrimination task, both when there was a blank
background and when there was a background of crosses. In
the equivalent selective-attention task (Experiments 1 and
3), the global advantage was eradicated when the back-
ground of crosses was used and the global shape was made
less salient.

However, in the closure discrimination task, we failed to
find any evidence of a global advantage, and a local
advantage was still observed even when background crosses
were used. Again, the results demonstrate the benefit of
computing closure for the selection of local elements in
compound stimuli. The fast computation of closure of local
elements can overcome any bias to respond to outputs

derived from the grouping of local shapes to form global
shapes, even in a divided-attention paradigm.

Finally, we note that for each task, performance was better
when targets were presented at both levels rather than at one
level alone. This can be expected if there is overlap in the
distributions of RTs to the local and global levels (Miller,
1981).

General Discussion

In the present experiments we investigated the role of
perceptual grouping and the computation of closure in the
processing of the global and local properties of hierarchical
stimuli. Participants were required to discriminate two types
of features, orientation and closure, in either selective- or
divided-attention conditions. The strength of grouping of

V——=V Stimuli with background crosses
@——@ Stimuli without background crosses

detection of orientation

detection of closure
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Figure 14. Mean reaction times to global and local levels of compound stimuli in Experiment 5.
Data are presented separately for the task of detecting the presence of arrows pointing down left or
down right and the detecting of the presence of triangles.
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local elements of hierarchical patterns was manipulated by
inducing background figures.

In Experiment 1, we found that when local elements
grouped strongly into global forms (i.e., when compound
stimuli were presented without background crosses), the
magnitudes of the global RT advantage and global interfer-
ence were greater when judgments had to be made on the
basis of the orientation of shapes relative to when they were
made, on the basis of whether the shapes were closed or
open. The differences between the orientation and closure
discrimination tasks were found only when responses were
made to local stimuli embedded in global shapes, but not
when responses were to single small or global stimuli.
Within global stimuli, there was an advantage for local
responses in closure discrimination tasks. This advantage for
closure over orientation discrimination was found even on
trials in which open stimuli were presented in the closure
discrimination task (i.e., with global arrows or triangles
composed of local arrows in Experiment 1). Thus, the effect
was due to the stimulus features used to support discrimina-
tion rather than to the particular stimulus on a trial;
discrimination of closure particularly facilitated the selec-
tion of local elements for responses. In Experiment 2, the
global advantage was reinstated when participants re-
sponded to the orientation of line elements in closed shapes.
Again, this iterates that the selection of local stimuli was
affected by the judgment required (closure discrimination)
rather than by the stimuli presented. We also found, in
Experiment 5, that under divided-attention conditions, there
was a global advantage for orientation but not for closure
discrimination tasks. This is consistent with the results from
the selective-attention paradigm, indicating that discrimina-
tion of closure facilitates local processing.

We also manipulated the strength of local element group-
ing by introducing background patterns. When the grouping
of local elements was weakened by making shape similarity
dominate grouping, the global advantage was generally
reduced (Experiments 3-5). Indeed, there was a complete
local advantage in terms of both RTs and interference in
closure discrimination tasks when local elements grouped
by shape similarity (Experiment 3). This local advantage for
the closure discrimination task was found under divided- as
well as selective-attention conditions (Experiment 5), whereas
the local advantage for the orientation discrimination task
under the condition that local elements group by similarity
of shapes was found only under selective-attention condi-
tions (Experiment 4A). When the task required the discrimi-
nation of local line orientation within closed shapes and
local elements grouped by similarity of closure, RTs to local
shapes were particularly slow and a global RT advantage
was observed (Experiment 4A). The variation in the global
advantage produced by background patterns could not be
attributed solely to effects on the low spatial frequency
components in the images. The background crosses added
both low and high spatial frequency noises; however, this
was equivalent for the stimuli through experiments (Experi-
ments 3 and 4A). Furthermore, the same variation of
background patterns could produce opposite effects on the
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relative advantage of global and local processing depending
on the experiment (Experiments 4A and 4B).

The present results fit an account of perceptual organiza-
tion in which gestalt factors such as grouping by proximity
and similarity and computation of closure take place in
parallel and compete with each other in determining which
level of a compound stimulus dominates visual selection for
responses (see Figure 7). By and large, strong grouping
between local elements (e.g., grouping by proximity when
there were no background patterns in Experiments 1 and 2)
facilitated the perception of global structure, and thus there
was a global advantage. When detecting closure for the
response, there was an easier selection of local elements in
compound figures. In this way, the computation of closure of
local elements interacted with the effects of grouping
between the local elements to form the global figure and
assisted the perception of local level of compound stimuli.
However, the presence of closure at the local level did not
necessarily lead to a local precedence effect. The discrimina-
tion of closure reduced the benefit of global shape when the
elements grouped strongly (Experiment 1). Only when the -
grouping was weakened (e.g., when the elements were
grouped by similarity of shapes in Experiment 3) did a local
precedence effect emerge.

One consequence of participants responding to closure
seems to be that the selection of local elements from their
more global contexts was eased. Differences between the
closure and the orientation discrimination tasks emerged
only when the selection of local elements was required, not
when single small (local) or large (global) stimuli were
presented. This facilitation of selection in the closure
discrimination task occurred under divided- as well as
selective-attention conditions (Experiment 5), suggesting
that it reflects relatively automatic aspects of visual
processing.

In Experiment 4A, the advantage for responding to locally
closed elements was reversed when the task required
responses to a part of the local shapes (to their orientation)
and when the elements grouped by the similarity of shapes
(when background crosses were present). We suggest that
this reversal occurred because grouping by dissimilarity of
closure is stronger than that by dissimilarity of orientation
(Chen, 1986) when compound patterns are presented against
the background crosses, and that grouping between stimuli
disrupts responses to local parts within group members.

How do we reconcile this suggestion for strong grouping
between closed, local stimuli with the proposal that the
selection of such stimuli is facilitated in closure discrimina-
tion tasks? One possibility is that when a group is formed,
there can be selection of the parts of that group (e.g., the
local triangles), but not the parts of these parts (¢.g., the line
orientation making up the triangles). Thus, there is relative
facilitation of selection for locally closed shapes, but not
for the orientation of parts of the closed shapes. This may
occur if structural descriptions of objects are derived in a
hierarchical fashion, in which parts are articulated only with
respect to reference frame at the next highest level of
representation. For example, hands but not fingers may be
represented as parts relative to the body, and fingers may be

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



PERCEPTUAL GROUPING AND ENCODING OF CLOSURE

represented only as parts relative to hands (cf. Marr, 1982).
According to this account, grouping may disrupt local
orientation judgments even if selection of local stimuli
benefits when closure discrimination is required.

In summary, we propose that the relative advantage for
global or local coding in hierarchical patterns depends on the
parallel processing in perceptual organization: the nature
and strength of grouping between the local stimuli, the ease
of selecting local stimuli for response, and the presence of
configural elements (see Figure 7). This notion can provide a
consistent interpretation of some of the previous confused
results in the literature. For example, increasing the overall
visual angle of compound stimuli (Kinchla & Wolfe, 1979;
Lamb & Robertson, 1990; Luna, Marcos-Ruiz, & Merino,
1995) and decreasing the number of local figures while
keeping the overall visual angle constant (Martin, 1979;
Navon, 1983; Podrouzek, Modigliani, & Lollo, 1992) ex-
tend the distance between adjacent local elements and thus
weaken the role of proximity in grouping. These manipula-
tions facilitate local processing by weakening local element
grouping. On the other hand, presenting the compound
stimuli centrally (Grice et al., 1983; Pomerantz, 1983), at a
constant location (Lamb & Robertson, 1988), and with a
long exposure duration (Paquet & Merikle, 1984) facilitates
selection of local elements and so reduces or eliminates the
global advantage. In contrast, presenting the local figures
pedpherally (Luna, 1993; Navon & Norman, 1983), with
uncertain locations (Lamb & Robertson, 1988), or with a
short duration (Paquet & Merikle, 1984) makes the selection
of individual local elements difficult, leading to a strong
global precedence effect.

References

Badcock, J. C., Whitworth, F. A., Badcock, D. R., & Lovegrove,
W. J. (1990). Low-frequency filtering and the processing of
local-global stimuli. Perception, 19, 617-629.

Balint, R. (1909). Seelenlahmung der “Schauens” optische Ataxie,
reumliche storunge der Aufmersamkeit [Psychic paralysis of
‘“gage,” optical ataxia, spatial distortion of attention]. Mon-
atschrift fiir Psychiatrie und Neurologie, 25, 51-81.

Baylis, G. C., & Driver, J. (1992). Visual parsing and response
competition: The effect of grouping factors. Perception &
Psychophysics, 51, 145-162.

Ben-Av, M. B,, & Sagi, D. (1995). Perceptual grouping by
similarity and proximity: Experimental results can be predicted
by intensity autocorrelations. Vision Research, 35, 853-866.

Breitmeyer, B. G. (1975). Simple reaction time as a measure of the
temporal response properties of transient and sustained channels.
Vision Research, 15, 1411-1412.

Chen, L. (1982). Topological structure in visual perception. Sci-
ence, 218, 699-700.

Chen, L. (1986). Topological perception: A possible dark cloud
over computational theory. In X. S. Qian (Ed.), Essays on
cognitive sciences (pp. 250-301). Shanghai, China: People’s
Press of Shanghai.

Delis, D., Robertson, L. C., & Efron, R. (1986). Hemispheric
specialization of memory for visual hierarchical stimuli. Neuro-
psychologia, 24, 205-214.

Donnelly, N., Humphreys, G. W., & Riddoch, M. J. (1991). Parallel
computation of primitive shape descriptions. Journal of Experi-

1431

mental Psychology: Human Perception and Performance, 17,
561-570.

Ducan, J. (1984). Selective attention and the organization of visual
information. Journal of Experimental Psychology: General, 113,
501-507.

Elder, J., & Zucker, S. (1993). The effect of contour closure on the
rapid discrimination of 2-dimensional shapes. Vision Research,
33, 981-991.

Enns, J. T., & Kingstone, A. (1995). Access to global and local
properties in visual search for compound stimuli. Psychological
Science, 6, 283-291.

Fink, G. R., Halligan, P. W., Marshall, J. C, Frith, C. D,
Frackowiak, R. S. J., & Dolan, R. J. (1996). Where in the brain
does visual attention select the forest and the trees? Nature, 382,
626-628.

Grice, G. R., Canham, L., & Boroughs, J. M. (1983). Forest before
trees? It depends where you look. Perception & Psychophysics,
33, 121-128.

Han, S., & Chen, L. (1993). The effects of central and peripheral
cues on visual discriminability: A topological explanation. In
S. S. Valenti & J. B. Pittenger (Eds.), Studies in perception and
action (Vol. 2, pp. 61-65). Hillsdale, NJ: Erlbaum.

Han, S., Fan, S., Chen, L., & Zhuo, Y. (1997). On the different
processing of wholes and parts: A psychophysiological study.
Journal of Cognitive Neuroscience, 9, 686-697.

Han, S., Fan, S., Chen, L., & Zhuo, Y. (1999). Modulation of brain
activities by hierarchical processing: A high-density ERP study.
Brain Topography, 11, 171-183.

Han, S., & Humphreys, G. W. (1999). Segmentation and selection
contribute to the local processing in hierarchical analysis.
Manuscript in preparation.

Han, S., Humphreys, G. W., & Chen, L. (1999). Uniform connect-
edness and gestalt principles of perceptual grouping. Perception
& Psychophysics, 61, 661-674.

Heinze, H.-J., Johannes, S., Miinte, T. F., & Magun, G. R. (1994).
The order of global- and local-level information processing:
Electrophysiological evidence for parallel perception processes.
In H. Heinze, T. Muente, & G. R. Mangun (Eds.), Cognitive
electrophysiology (pp. 1-25). Cambridge, MA: Birkhauser
Boston.

Heinze, H.-J., & Miinte, T. F. (1993). Electrophysiological corre-
lates of hierarchical stimulus processing: Dissociation between
onset and later stages of global and local target processing.
Neuropsychologia, 31, 841-852.

Hoffman, J. E. (1980). Interaction between global and local levels
of a form. Journal of Experimental Psychology: Human Percep-
tion and Performance, 6, 222-234.

Hiibner, R. (1997). The effect of spatial frequency on global
precedence effect and hemispheric differences. Perception &
Psychophysics, 59, 187-201.

Hughes, H. C. (1986). Asymmetric interference between compo-
nents of suprathreshold compound gratings. Perception & Psy-
chophysics, 40, 241-250.

Hughes, H. C., Fendrich, R., & Reuter-Lorenz, P. A. (1990). Global
versus local processing in the absence of low spatial frequencies.
Journal of Cognitive Neuroscience, 2, 272-282.

Hughes, H. C., Layton, W. M., Baird, J. C., & Lester, L. S. (1984).
Global precedence in visual pattern recognition. Perception &
Psychophysics, 35, 361-371. ‘

Hughes, H. C., Nozawa, G., & Kitterle, F. (1996). Global prece-
dence, spatial frequency channels, and the statistics of natural
images. Journal of Cognitive Neuroscience, 8, 187-230.

Humphreys, G. W., Riddoch, M. J., Donnelly, N., Freeman,
T. A. C., Boucart, M., & Muller, H. M. (1994). Intermediate
visual processing and visual agnosia. In M. J. Farah & G. Ratcliff

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



1432

(Eds.), The neuropsychology of high-level vision (pp. 63-102).
Hillsdale, NJ: Erlbaum.

Humphreys, G. W., Riddoch, M. J., & Quinlan, T. T. (1985).
Interactive processes in perceptual organization: Evidence from
visual agnosia. In M. 1. Posner & O. S. M. Marin (Eds.),
Attention and performance XI (pp. 301-318). Hillsdale, NJ:
Erlbaum.

Humphreys, G. W., Romani, C., Olson, A., Riddoch, M. J,, &
Duncan, J. (1994). Non-spatial extinction following lesions of
the parietal lobe in humans. Nature, 372, 357-359.

Kahneman, D. (1977). Attention and effort. Englewood Cliffs, NJ:
Prentice Hall.

Kahneman, D., & Henik, A. (1981). Perceptual organization and
attention. In M. Kubovy & J. Pomerantz (Eds.), Perceptual
organization (pp. 181-211). Hillsdale, NJ: Erlbaum.

Kimchi, R. (1994). The role of wholistic/configural properties
versus global properties in visual form perception. Perception,
23, 489-504.

Kinchla, R. A., & Wolfe, J. M. (1979). The order of visual
processing: “Top-down,” “bottom-up,” or “middle-out.” Per-
ception & Psychophysics, 25, 225-231.

Lagasse, L. (1993). Effects of good form and spatial frequency on
global precedence. Perception & Psychophysics, 53, 89-105.
Lamb, M. R, & Robertson, L. C. (1988). The processing of
hierarchical stimuli: Effects of retinal locus, locational uncer-
tainty, and stimulus identity. Perception & Psychophysics, 44,

172-181.

Lamb, M. R., & Robertson, L. C. (1989). Do response time
advantage and interference reflect the order of processing of
global- and local-level information? Perception & Psychophys-
ics, 46, 254-258.

Lamb, M. R., & Robertson, L. C. (1990). The effect of visual angle
on global and local reaction times depends on the set of visual
angles presented. Perception & Psychophysics, 47, 489-496.

Lamb, M. R., Robertson, L. C., & Knight, R. T. (1989). Attention
and interference in the processing of global and local informa-
tion: Effects of unilateral temporal-parietal junction lesions.
Neuropsychologia, 27, 471-483.

Lamb, M. R., Robertson, L. C., & Knight, R. T. (1990). Component
mechanisms underlying the processing of hierarchically orga-
nized patterns: Inferences from patients with unilateral cortical
lesions. Journal of Experimental Psychology: Learning, Memory,
and Cognition, 16, 471-483.

Lamb, M. R., & Yund, E. W. (1993). The role of spatial frequency
in the processing of hierarchically organized stimuli. Perception
& Psychophysics, 47, 489—496.

Lamb, M. R., & Yund, E. W. (1996). Spatial frequency and
attention: Effect of level-, target-, and location-repetition on the
processing of global and local forms. Perception & Psychophys-
ics, 58, 363-373.

Luna, D. (1993). Effects of exposure duration and eccentricity of
global and local information on processing dominance. Euro-
pean Journal of Cognitive Psychology, 5, 183-200.

Luna, D., Marcos-Ruiz, R., & Merino, J. M. (1995). Selective
attention to global and local information: Effects of visual angle,
exposure duration, and eccentricity on processing dominance.
Visual Cognition, 2, 183-200.

Marr, D. (1982). Vision. New York: Freeman.

Martin, M. (1979). Local and global processing: The role of
sparsity. Memory & Cognition, 7, 476-484.

HAN, HUMPHREYS, AND CHEN

Miller, J. (1981). Global precedence in attention and decision.
Journal of Experimental Psychology: Human Perception and
Performance, 7, 1161-1174.

Navon, D. (1977). Forest before trees: The precedence of global
features in visual perception. Cognitive Psychology, 9, 353-383.

Navon, D. (1983). How many trees does it take to make a forest?
Perception, 12, 239-254.

Navon, D., & Norman, J. (1983). Does global precedence really
depend on visual angle? Journal of Experimental Psychology:
Human Perception and Performance, 9, 955-965.

Neisser, U. (1967). Cognitive psychology. Englewood Cliffs, NJ:
Prentice Hall.

Paquet, L., & Merikle, P. M. (1984). Global precedence: The effect
of exposure duration, Canadian Journal of Psychology, 38,
45-53.

Podrouzek, K. W., Modigliani, V., & Lollo, V. D. (1992). Lateral
masking as a determinant of global dominance. Perception, 21,
705-716.

Pomerantz, J. R. (1983). Global and local precedence: Selective
attention in form and motion perception. Journal of Experimen-
tal Psychology: General, 112, 512-540.

Pomerantz, J. R., Sager, L. C., & Stoever, R. J. (1977). Perception
of wholes and of their component parts: Some configural -
superiority effects. Journal of Experimental Psychology: Human
Perception and Performance, 3, 422-435.

Rafal, R., & Robertson, L. C. (1995). The neurology of visual
attention. In M. Gazzaniga (Ed.), The cognitive neurosciences
(pp. 625—-648). Cambridge, MA: MIT Press.

Robertson, L. C., Lamb, M. R., & Knight, R. T. (1988). Effects of
lesions of temporal-parietal junction on perceptual and atten-
tional processing in humans. Journal of Neuroscience, 8, 3757—
3769.

Robertson, L. C., Lamb, M. R., & Zaidel, E. (1993). Callosal
transfer and hemisphere laterality in response to hierarchical
patterns: Evidence from normal and commisurotomized sub-
jects. Neuropsychology, 7, 325-342.

Rock, L. (1986). The description and analysis of object and event
perception. In K. R. Boff, L. Kaufman, & J. P. Thomas (Eds.),
Handbook of perception and human performance (pp. 1-71).
New York: Wiley.

Shulman, G. L., Sullivan, M. A., Gish, K., & Sakoda, W. J. (1986).
The role of spatial frequency channels in the perception of local
and global structure. Perception, 15, 259-279.

Treisman, A., & Paterson, R. (1984). Emergent features, attention,
and object perception. Journal of Experimental Psychology:
Human Perception and Performance, 10, 12-31.

Ward, L. M. (1982). Determinants of attention to local and global
features of visual forms. Journal of Experimental Psychology:
Human Perception and Performance, 8, 562-581.

Wertheimer, M. (1950). Untersuchungen zur Lehre von der Gestalt:
1I [Principles of perceptual organization]. In W. D. Ellis (Ed. and
Trans.), A sourcebook of Gestalt psychology (pp. 71-81). New
York: Humanities Press. (Original work published 1923)

Received April 24, 1997
Revision received January 23, 1998
Accepted September 15, 1998 =

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



