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Variations on Parts and Wholes:

Information Precedence vs. Global Precedence

MARC M. SEBRECHTS

and

JOHN J. FRAGALA

Department of Psychology
Wesleyan University
Middletown, CT 06457

Many current perceptual theories
perception in which there is a fast global analysie of a scene,
by a slover description of constituent parts.
“"global precedence.”
support an alternative model of

referred to as
results that

sssume a tvo-stage model of
followed
This general view is
This study reports experimental
"{nformation precedence.”

Using pattern goodness as an operationalization of information, 1t 1w

shown that speed of proceseing in

a "same"-"different”
by both global and local pattern {nformation.

task is affected
Thie effact is partly

strategic or attentional as demonstrated by a change in response pattern

acrose three conditions:

effects
conditions. Good patterns
the relevant dimension.

attention to global only,
global and local dimensions of a pattern.

local only, or both
There are also perceptual

a8 demonstrated by the effecte of stimulus goodness within
were processed faster when they constituted
When a dimension was irrelevant,
slowed responding through stronger response competition.

good patterns
It is argued

that any theory of perception must be able to saccount for the relative

importance of these organizational factors.

probability of consetraint

satisefaction ie one

It 18 proposed that the
way to provide a

processing description of these results.

Current models of wvisual perception
frequently make assumptione about the
order in which information ie processed.
These models are based on claims about

the kinds of components that are neces-
sary for object identification. In many
caseg, 1t {is assumed that there are
several stages of image formation, fre-
quently specified by sepatial frequency
(see Marr, 1982). Thus, Lockhead
(1972), for example, has argued that

there are two stages in visual percep-
tion, an initisal holistic or "blob pro-
cessing”™, followed by a slowver serial
analysis.

Although there has been much con-
troversy surrounding this issue, in many
basic texts it has come to be sssumed
that there 18 an initial global analy~-
sise, followed by an identification of
componentse. The moet frequently cited
evidence for thie poesition, comes from
the work of Navon (1977, 198la, 1981b).
In a series of studies he used a set of
letters composed of emaller constitutent

letters. He found that, in general,
subjects had difficulty ignoring the
global letter when asked to rapidly
identify the local letter, whereas they
were good at ignoring the component
letters when making speeded i1dentity
responses about the global letter.

Other studies have lent support to this
view, Millepaugh (1978), for example,
composed patterns out of a series of
letters; the subjects' task was to indi-

cate whether or not all of the consti-
tuent letters were the same. When the
overall pattern in which these letters
were embedded was highly organized,
subjecte had far more difficulty finding
a disparate letter than when the overall
pattern wvas less organized.

A number of studies have placed
limits on the claime of global prece-
dence. It has been shown that the
effects of order of processing can be
changed by manipulations of the visual
angle (Kinchla and Wolfe, 1979) or the

pparsity of the component stimuldl
(Martin, 1979). Otheres have argued that
the precedence effects reflect atten-
tional strategies (Miller, 1981; Boer &
Keuss, 1982; Ward, 1982). These
studies, however, argue for different
ways of viewing the baeic theory and

generally accept the fact that global
precedence is an accurate description of
much of normal perception.

In contraet to these views, others
have argued that there 18 no priority
given to global aspects of a stimulus.
Pomerantz and Sager (1975), for example,
demonstrated local precedence in a card
sorting task. Subjects were more influ-
enced by local variation in patterns
while trying to sort according to the
Rlobal dimension than they were influ-
enced by global variation when focusing
on the lucal dimension. The explanation
fur this diecrepancy 1is that Navon and
vthers have falled to match baseline
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discriminability. If the experimenter
is free tv choose tLhe perceplual sall
ence of the dimensions, it (s argued,
then eifther global or local aspects can
be said to have precedence. Crice,
Canham, and Boroughs (1983) ueed posi-
tion as a way to experimentally manipu-
late perceptual salience. They present-
ed patterns either in varying pusitions,
as did Navon, or Iin & fixed central
location. They found that when the
position varied they replicated Navon's
results. However, when the pattern was
fo a fixed location, there was no evi-
dence of global precedence. Presumably,
variation in location made it more dif-
ficult to perceive the constituent ele-
ments .

These studies again show defects in
the experimental strategies used pre-
viously, without providing a conceptual
basls for the alternative findings.
Hoffman's (1980) studies suggested that
precedence {8 perhaps due to the rela-
tive quality of information that 1is
avalilable at local and global dimen-
slons. He selectively distorted the
local and global stimulus properties,
and then required subjects to determine
{f the stimuli matched a specified
memory set (Sternmberg, 1969). Using
this technique, he demonstrated that 1t
was possible to find either global or
local precedence by distorting the other
dimension.

The present study attempts to
extend Hoffman's results by utilizing
another paradigm and another set of
stimuli. Hoffman used the Sternberg
scanning task with a changing memory
set. The items in the memory set can
serve either as global or local targets.
The present experiment used a sequential
"same " -"different”™ task 1imn which target
items where themselves composed of both
global and local elements; as & conse-
quence, local stimulil and global stimult
were alvays present eimultaneously.
This makes it possible to examine the
effects of goodness in a physical match.
Evaluating differences In response time
for a physical {dentity match is a
fairly strong test of the power of the
independent wvariables.

The stimulus set wae also changed
for this experiment. One of the impor-
tant characteristics of "global”™ pro-
cessing 1s that {t has served as a meanas
to explain many of the Gestalt phenom=—
ena, especially pattern goodness. Lf
the global precedence hypothesis 18
correct, then the organizational proper-
ties of a stimulus mwmay be made available
before any of its elements. If, how-
ever, pattern goodness 18 & structural
characteristic of stimuli that can be
present at any level of a pattern
(Sebrechte, 1980; Sebrechte & Garner,
1981), then pattern goodness should not
be {dentified with “"global”™ characteris-—
tics alone. In addition, although most
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of the research to date has utilfized
letter stimuli, there has been only
liolted study of their informational
properties. In contrast, there 18 an
extensive literature on the relation of
perceived pattern goodness and informa-
tion (Garner, 1962; 1976).

The following experiments suggest
that perception 18 guided by the avail~-
ability of information rasther than by a
Btrict, sequential hierarchicel approach
tvo scene analysis. On this view, per-
ception 18 nelther top-down nor bottom-
up, in principle. Rather, it 18 defined
by the informational context. To test
this hypothesis, we presented subjects
with patterns that varied in Iinforma-
tional sallience (goodness) at both =«
global and local level. 1f, &n facr,
the order of perceptual processing 1is
mediated by information quality, then
response time should vary as a function
of pattern structure at the global and
local levels. In addition, the control
of perceptual consequences may be medi-
ated by attentional mechanisms. To
examine that possibility, subjects were
presented with three instructional con-
ditions: attend only te the global
properties of the stimulus (the Global
condition), attend ovnly to the local
properties of the stimulus (the Local
condition), and attend to both (the Dual
condition).

Method

Subjects

Twenty-four Wesleyan University
students served as subjects in the
experiment. All subjects were right-
handed and had normal or corrected-to-
normal wvision. Subjects who had an
error rate greater than 7.51 were elimi-
nated from the study.

Stimuli

The stimulil consisted of global
patterns made up of patterns that served
as elements. The elements consisted of
an array of 9 dots distributed in a 5 X
S matrix with at least one dot in each
row and each column. The global pattern
was then constructed as an array of 9 of
these elements distributed in a larger 5
X 5 matrix. The elements in any given
global pattern were always the same.
There were 8 patterns that could serve
a8 elements and as global patterns.
These consisted of & ~“good patterns”
which were symmetrical about their ver-
tical, horizontal, and diagonal axes,
and 4 "poor patterns” that were created
by rearranging the dots in one of the
rows or columns in the matrix of the
corresponding good pattern.

An example would therefore be =a
large "X~ (global level) construected of
small diamonds (local level). In this
case both the global snd local levels
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are "good”. Likewise a globally good,
locally poor stimulus wae formed from a
large "circle” formed from small aberra-
tions of "X"s. In this way, @& total of
64 stimuli can be constructed by com-
bining factorially the 4 good and 4 poor
arrangements on the global and local
levels. This number was reduced to 56
by eliminating those patterns which have
the same local and global arrangements
(e.g., there are no global diamonds made
up of local diamonds used in the study.)
Examples of the four types of stimuli
( Cg: Globally good, locally good;
Gp: Globablly Good, locally poor;
Pg: Globally Poor, locally good; and
Pp: Globally Poor,locally poor) appear
in Figure |Il. Each of the 56 stimuli
could be used as either the 1initial
“target” or as the following “probe” on
any given trial.

Apparatus

The stimuli were presented on the
monitor of a Terak 8510 microcomputer.
Subjects sat in a well-1it room, with
their heade on a chin rest to ensure
that they remained 14 inches from the
screen throughout the experiment. At
this distance, the overall pattern sub-
tended & visual angle of 7 degrees, and
each local element subtended a viesual
angle of approximately | degree. The
subjects rested the index and middle
fingers of the right hand on tvo keys of
the Terak keyboard. Half of the sub-
jects were told to use their index
fianger for “same”™, and their middle for
“"different”, and the other half were
given the opposite finger-response
assignment. The microcomputer displayed
the patterns and recorded the responses
and reaction times. All stimuld
appeared in the center of the screen.

Procedure
Each trial consisted of the fol-
lowing events. A fixation point

appeared in the center of the screen for
500 milliseconds, accompanied by a warn-
ing tone. The screen was cleared and
the first stimulus or "target™ was dis-
played for a duration of 200 milli-
seconds. The screen was again cleared,
and after a delay of 500 milliseconds
(the inter-stimulus-interval or ISI),
the second stimulus or “"probe”™ was dis-
played. Upon setriking a response key,
the screen was cleared and the next
trial followed after a delay of three
seconds. If no response was made within
four seconds, the trial was recorded as
an error, the screen was cleared and the
next trial began. Subject were
{instructed to respond as quickly as
possible while avoiding errors.

INFORMATION PRECEDENCE

Glabelly Geod, Locally geud (Gg) Glabally Geed, Losslly poes (Qp)

Clobally Peer Locally goad (Py) Glebally Poor, Lecally peer (Pp)

figure | Lxamples of the four types of etimuli.

Conditions

Each subject participated in three
experimental conditions which were
defined by the dimension(s) which were
relevant to making a response of “same”
or "different”: Global, Local, Dual. In
the Global condition, subjects were
instructed to attend only to the overall
configuration. In the Local condition,
subjects were told to base their deci-
8ions solely on comparison of the ele-
ments. Finally, in the Dual condition
the two stimuli were to be judged "same”
only when they were identical on both
the global and local dimensions.

Experimental Design

A representative sample of approxi-
mately 448 pafiringe were selected from
the pool of 3136 possible ordered pair-
ings of the 56 stimuli. This sample was
divided into two groups, with half of
the subjects receiving 224 of the pair-
ings and the other half receiving the
remaining 224 pairings. There were an
equal number of males and females
receiving each of these sets of stimuli.

Each subject received a block of
practice trials followed by seven blocks
of randomized trials for each of the
three conditions. Subjects were given a
short rest at the end of each block of
trials. The order of conditions and
blocks was determined by a Latin Square
design. Each subject received an equal
number of “"same” and “"different” trials
and an equal number of the four trial

types (Gg, Gp, Pg, Pp) 1in each
condition.

13
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Results

Since the logic of this type of
reaction time experiment assumes optimal
performance, subjects with an error rate
of greater than 7.51 were eiilminated
from the satudy. Mean error rate for the
remaining subjects was 3.71. There were
too few errors for analysis of indivi-
dual response categories. The following
analyses are based only on median cor-
rect response time for each type of
stimulus pairing for each subject.

“Same™ Response: Identity Trialse

Table | presents the response times
for those trials in which the target {8
identical to the probe, both globally
and locally. The global and local
dimensions can be either good or poor,
resulting in the four target-probe cate-
gories Gg-Gg, Gp-Gp, Pg-Pg and Pp-Pp for
each of the three conditions. The same
set of target and probe stimuli were
used In all three conditione, and a
"same” response was always required; the
only difference between conditions for
these trials was the level to which
subjects were told to attend. For
these identity triels, the goodness of
the relevant dimension affected perfor-
mance, whereas the goodness of the
irrelevant dimension did not. In the
Global condition, globally good pairs
were faster than globally poor pairs
(537 vs 563 msec; F(1,23)=7.31, p=.01)
whereas there was no difference between
locally good and locally poor pairs (550
ve 550 meec). In the Local condition,
locally good pairs were faster than
locally poor paire (537 ve 593 msec;
F(1,23)=19.44, p<.01) but no effect was
obtained for goodness on the global
dimension (565 wve 566 msec). In the
Dual condition, both dimensions were
relevant, and there were significant
effects of both global (F(1,23)=6.14,
p=.02) and local (F(1,23)=16.89, p<.01)
pattern goodness. Response time wvas
fasteet when the global and local dimen-
sions were good, slower when one of the
dimensions was poor, and slowesat for the
Pp-Pp category.

Table 1
Mean Reaction Time (ino msec)
for "Same,” Identity Trials

INFORMATION PRECEDENCL

“Same~ Respomse: Non-Identicsl Trials

The irrelevant diwmension of target
and probe in the identity trials always
matched physically. In this section,
responses are analyzed for stimuli that
match physically on the relevant dimen-
gfon, thus requiring a "same” response,
but that do not match physicelly on the
irrelevant dimension. (This was true
only for the Global and Local condi=~
tione, eince any variation in the
stimull for the Dual condition required
a "different”™ response.) In general,
acrose these triale subjects responded
faster when the relevant dimension was
good. Thus for the Global condition,
globally good stimulil were faster than
globally poor ones (611 ve 663 msec,
t(23)=3.96, p<.01), and for the Local
condition, locally good stimulil were
faster than locally poor ones (621 wvs
68l msec; t(23)=4.01, p<.01).

In order to analyze the effect of
the goodness of the irrelevant dimen-
sion, it 18 necessary to extract those
patterns for which target and probe are
matched for goodness on the irrelevant
dimension. Table 2 containe the
response times for those terget-probe
pairs which have an identical pattern on
the relevant dimension and thue require
a "same” response, but have different
patterns with the same goodness (good or
poor) on the irrelevant dimension and
were therefore not identical. Thise
subset of patterns again showed faster
reaction time {f the relevant dimension
was good rather than poor. Thus, in the
Global condition, globally good pairs
were faster than globally poor pairs
(594 vs 662 meec; F(1,23)=12.88, p<.01),
and in the Local condition locally good
pairs were faster than locally poor ones
(626 ve 672 meec; F(1,23)=8.66, p<.01)
The opposite effect was found for the
irrelevant dimension; a good pattern on
the irrelevant dimension slowed response
time. In the Local condition, globally
good paire were elower than globally
poor ones (668 ves 630 msec;
F(1,23)=6.27, p<.02), and in the Global
condition, locally good pairse were
slower than locally poor pairs (650 ve
606 meec; F(1,23)=6.11, p=.02).

Table 2
Mean Reaction Time (io msec)
for “"Same,” Non-Identity Trials

Condition

Target Probe Dual Global Local
GCg Gg 558 544 538
Gp Cp 591 530 591
Pg Pg 581 556 537
Pp Pp 604 569 596

GClobal Local

Glob. Identity Loc. Identity

T P Loc.Same Good Glob.Same Good
Cg Cg 610 64l
Gp  Gp 578 695
Pz Pg 689 611
Pp Pp 634 648

Note. T = target; P = probe.
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Different” Trials

Whenever the relevant dimension of
target and probe were not identical, the
correct response was “different.”
Tables 3 and & present the data for
“different” triesls {n which goodness was
matched for both global and local pat-
terns of target and probe. These cases
are most comparable to the “"same”
responses already analyzed.

In general, the RT differences
within each condition were small,
salthough there was substantial consis-
tency in the pattern of responding. The
data in Table 3 are for pairings which
had different stimuli of the same good-
ness on & relevant dimension, and thus
required a “different” reeponse,
although there was a physical identity
match for one dimension of the target

and probe. In these cases, responses
were generally faster {f the relevant
dimension was good. The only effect

that wae statistically reliable at the
subjects responded more quickly if tar-
get and probe were both locally good
than 1If they were both locally poor
(F(1,23)=21.28, p<.01). Responses also
were generally faster when the dimension
that matched between target snd probe
wae poor, but these effects were again
not significant.

Ino sum, "different™ RTs were fairly
uniform within conditions with few reli-
able effects. However, the absolute
values of the RTs suggest that it may be
easler to differentiate patterns when
the relevant patterns are good rather
than poor. In contrast, a "different”
response may be slowed more by a physi-
cal wmatch of good stimuli than by =a
match of poor stimuli. This parallels
the results for the “same” trials,
although the differences are wmuch
smaller.

Table 3
Mean Reaction Time (in msec)
for "Different™ Triale
with Physical Identity on One Dimension

Condition

Dual Global Local

T P Gloubal Local
Tdentity Identity

Gg Gg K04 641 661 637
Gp GCp 713 615 630 666
Pg  Pg 601 641 660 608
Pp Pp 660 651 652 A48

Note. T = target; P = probe.
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Table 4 contsins the results for
stimull Iin which neither global nor
local patterns of target and probe match
physically, although they are matched
for goodness. For these pairings, the
dats are lese consistent, and there are
no significent differences betwveen RT to
good and RT to poor patterns.

Discussion

To the extent that resction time 18
used as &8 measure of order of process-
ing, the pattern of results reported
here 18 not consistent with any simple
view of global precedence. Rather,
pattern perception seems to reflect a
parallel analysis of global and local
characteristics. The speed of response
to either dimension depends on the stra-
tegic constraints (manipulated by the
attention conditions here) and informa-
tional constrainte (menipulated by
changes in pattern goodness).

A strong versfion of global prece-
dence claimse that, for any object or set
of objects, the visual system analyses
the overall global properties first.
The validity of that claim was tested
here by determining whether or not
changes Iin global and local goodness
could affect the relative speed of
response to a gilven pattern. In the
limit case, on a strict precedence view,
RT should take longer for local than for
global aspects of a pattern. That pre-
diction wae violated by our data, as
indicated by ¢the results for the
identity trials (Table l). The stimulus
pairs were the same in all three condi-
tions, but speed of responding changed
with the attentional requirements of the
task. Thus a Gp pair was responded to
faster when attention wase directed to
the global dimension, but a Pg pair
resulted in & faster response in the
local condition.

Table &

Hean Reaction Time (in msec)
for "Different”™ Triale
with Ro Physical Identity
on Either Dimension

Condition
Target Probe Dual Global Local
Gg Gg 556 756 653
Cp Gp 602 678 665
Pg Pg 572 688 644
Pp Pp 593 702 652

15
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A somewhat less strict view de-
scribes visual precedence as a theory
about relative interference. On that
view, global properties interfere with a
response to local properties, whereas
local properties do not interfere with
global processing. That description of
precedence le also contradicted by the
present results. When subjects are
required to attend only to the global
dimension, processing speed 1s affected
by conflicting information on the local
dimension. Likewise, information from
the global dimension can interfere with
that oo the local dimension.

These results conflict with those
presented by Navon (1977, 198l1a, 1981b).
It has been suggested that such differ-
ences can be attributed to the fact
that in Navon's study there was no basis
for determining an appropriate baseline
condition. The global dimension in his
study, it is argued, was more discrimi-
nable than the local dimension. As
Pomerantz has noted (Pomerantz and
Sager,1975; Pomerantz, 1983), a reaction
time advantage can be shifted from
global to local by changing the salience
of dimensions. The same kind of effect
has been shown through the use of
changes in pattern size (Kinchla and
Wolfe, 1979) and in pattern distortion
(Hoffman, 1983). One response to this
argument is that matching discriminablil-
ities indirectly eliminates the global
precedence effect. Thus the question
remains, wvhat should be given priority:
stimulue discriminability, or global
precedence.

In the present study, an alterna-
tive strategy was used to establish a
baseline that avoids the need for an a
priori solution to that question.
Rather than trying to match the global
and local dimensions, comparieons
focused on the relative import of these
dimensions across conditions. What was
important, was not an absolute differen-
tiation between times for global and
local dimensfons, but the way Iin which
it was possible to manipulate the
response on those dimensions by changing
the attentional or {inforwational con-
straints on the task.

The three conditionse indicated that
changes in attentional focus can influ-
ence speed of processing for a particu-
lar pattern, as demonstrated most strik-
ingly in the physical identity pairings
(Table 1). Although target and probe
were idential and were separated by only
a 500 msec interval, the pattern of
responding changed among attentional
conditions.

Results of the "same™ trials indi-
cate thet matches of good patterns
result Iin faster RTe than matches of
poor patterns. Thie was true, however,
only for the relevant dimensions. In
the identity trials, the goodness of the
frrelevant dimension did not reliably
affect RT. In the non-identity “same”

INFORMATION PRECEDENCE

trials (Table 2), the goodnese of the
irrelevant dimension did i{nfluence RT;
good patterns slowed responding. At
first glance this may seem counterintui-
tive, since good patterns normally speed
processing. However, in thie case, the
irrelevant dimension is providing evi-
dence for a mismatch. Thus a good mis-
match may provide stronger evidence for
a "different”™ response and thus inter-
feres with a corrrect “ssme” response.

In addition, there ls interference
both of global matches on local
responses and of local matches on global
responses. Thus, the quality of infor-
mation can influence speed of processing
at either level.

In contrast, there were few signif-
icant effecte of goodness for the
"different” trials, and the results are
consistent with a deadline model 1in
which a "different™ response 18 made 1{f
a match {8 not found after a specified
period. As noted in the results sec~-
tion, the absolute values of "different”
RTe indicete that there may be some
small effects of an irrelevant match,
similar to those for “eame” trials.

These results are generally consis-
tent with a parallel-processing associa-
tive model 1like that proposed by
Ratcliff (1978; 1981). Evidence 1is
accumulated over time for both a match
and a non-match of probe to target. A
responsee depends on sufficient accumu~-
lated evidence to reach a criterion. In
this experiment, {t can be argued that
global and local information are accumu-
lated in parallel. An identicsl match
in the Dual condition, for example,
takes roughly the same amount of time as
a match in the longer of the equivalent
Global and Local conditions. This
argues againset serial analysis of the
two stimulus dimensions.

RT differences within condition,
however, indicate that the rate of
accumulation of evidence 1is dependent on
stimulus goodness or information qual-
ity. Interestingly, the goodness of
stimuli that matched on the irrelevant
dimension did not Iinfluence the “"gsame”
RT. It may be that any positive evi-
dence 18 balanced by a greater diffi-
culty with focusing of attention. Thus
a good irrelevant match would add to the
evidence for a match more rapidly than a
poor irrelevant match; at the same time,
insofar as good patterns are wmore effec—
tive in capturing attention, they would
tend to make attentional allocation to
the relevant dimension more difficult.

The major intereference effect that
was observed appears to result from
response competition. Good stimuli
provide evidence more quickly,; when they
conflict with the match on the relevant
dimension they 1inhibit a matching
response.

0f course, the kinds of matching
described here, are only one part of
scene analysis. As Pomerantz (19831) has
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noted, there are different ways to
describe “global”™ stimuli, and posi~-
tional location of elements is only one
category of description. Nevertheless,
the general problem of segregation and
combination evidenced in our experimen-
tal stimull 18 an essential component of
more complex analyses. A classeic case
of a related problem 18 the blocks world
that has been carefully examined 1in
computer vision systems (Brady, 1981).
This Bscene consists of a collection of
objects which themeelves may be organ=-
ized into more complex objects. In that
context, it could be asked, for example,
if an arch is detected first and then
decomposed into supports and bridge or
{f the supports and bridge are isolated
end then used to constitute am arch.
The present experiment argues that there
is no single answver. It depends upon
the characteristicse of the components
and the overall structure. If there are
8 number of f{rregular blocks that com~
pose a regular arch, the arch will be
perceived more readily. If, on the
other hand, the arch itself is irregular
(as in some of the architectural works
of Gaudi) whereas the components are
themselves more regular structures (good
patterns), then the components will
stand out firset.

The processing explanation that may
account for these data is a system that
engages in parallel constraint satis-
faction (Huffwan, 1971; Clowes, 1971).
Objects can be defined and segregated by
selecting features. The features, how-
ever, can be grouped together in omnly
certain ways, that is, there are con-
straints on the possible combinations of
lines forming objects. If this is the
kind of analyseies that is performed in
vislion, however, then there 18 no strict
hierarchy of perception. Rather, the
source of constraint satisfaction can be
thought of as the source specifying
pattern information. If the global
pattern provides constraimt quickly,
then perception can be thought of as
top-down. However, if the constraints
are generated by individual elements,
then perception will appear bottom=-up.
Information precedence fits the data
better than global precedence, and {t
also provides a framework for a reason-
ably parsimonious processing mechanism.
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