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Integrating the second term by parts yields,

t(Fl - (F, - F4)(F2 -F3)dt.

Again, if finite variances are assumed, the first term is equal to zero.
Since FI < F4 and F.2 < F3, the second integral is positive and hence
T < 0. It should be noted that the expressions derived allow for calcula-
tions of T and £'(Mn) - E ( M V i ) if the cumulative distribution functions
for the components are known or can be estimated.
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Forest Before Trees: The Precedence of Global Features
in Visual Perception
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The idea that global structuring of a visual scene precedes analysis of local
features is suggested, discussed, and tested. In the first two experiments sub-
jects were asked to respond to an auditorily presented name of a letter while looking
at a visual stimulus that consisted of a large character (the global level) made out
of small characters (the local level). The subjects' auditory discrimination re-
sponses were subject to interference only by the global level and not by the local
one. In Experiment 3 subjects were presented with large characters made out of
small ones, and they had to recognize either just the large characters
or just the small ones. Whereas the identity of the small characters had no effect
on recognition of the large ones, global cues which conflicted with the local ones
did inhibit the responses to the local level. In Experiment 4 subjects were asked
to judge whether pairs of simple patterns of geometrical forms which were pre-
sented for a brief duration were the same or different. The patterns within a pair
could differ either at the global or at the local level. It was found that global dif-
ferences were detected more often than local differences.

/'/if Principle of Global Precedence

Do we perceive a visual scene feature-by-feature? Or is the process in-
stantaneous and simultaneous as some Gestalt psychologists believed? Or
is it somewhere in between? The Gestaltists' view of the perceptual system
as a perfectly elastic device that can swallow and digest all visual informa-
tion at once, no matter how rich it is, is probably too naive. There is ample
evidence that people extract from a picture more and more as they keep
looking at it (e.g., Helson & Fehrer, 1932; Bridgen, 1933; Yarbus, 1967).
But does this mean that interpreting the picture is done by integrating in-
formation collected in a piecemeal fashion? Is the perceptual whole
literally constructed out of the percepts of its elements?
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My approach to the problem is, in a sense, in the tradition of the earh
studies ofAktualgenese (see review in Flavell & Draguns, 1957). The idea
put forward in this paper is that perceptual processes are temporally
organized so that they proceed from global structuring towards more and
more fine-grained analysis. In other words, a scene is decomposed rathci
than built up. Thus the perceptual system treats every scene as / / ' i t wcic
in a process of being focused or zoomed in on, where at first it is relative!)
indistinct and then it gets clearer and sharper.

Some Definitional Framework

The interpreted contents of a scene can be viewed as a hierarchy ul
subscenes interrelated by spatial relationships (cf. Winston, 1973; Palmer,
1975). The decomposition of a scene into parts, each of which corresponds
to exactly one node of the hierarchical network, is conceivably done in
accordance with some laws of Gestalt such as proximity, connectedness,
good continuation, and so forth (see Palmer, Note 1). This statement
does not explain the process of decomposition, but it gives an idea of i ts
product. The globality of a visual feature corresponds to the place it oc-
cupies in the hierarchy: The nodes and arcs at the top of the hierarchy arc
more global then the nodes and arcs at the bottom. The latter are said
to be more local. We cannot claim, however, that one visual
feature is more global than another one, unless we know that both cot
respond to actual nodes in the network. The operational test is to try to
construct networks in which feature "x" will dominate feature "y" (or
vice versa). If this can be done in just one direction, it can be argued that
//'"x" and "y" constitute perceptual units , then "x" must be more global

iS^than "y" (or vice versa). For an experimental test of the principle o!
global precedence one should use as stimuli figures in which the spalial
hierarchy is in tu i t ive ly transparent.

It is claimed that processing of a scene proceeds from the top of the
hierarchy to the bottom; that is to say, it is global-to-local. It follows
that the global features of a visual object that is within an observer's
effective visual span (i.e., none of its parts is either viewed peripherally
or below the threshold of visual acuity) will be apprehended before ih
local features.

As an example, consider how a picture like the one in Fig. 1 may be
processed. The structuring of the picture that comes first in the process
of perception is something like L(blob-l , frame), where blob-1 is the region
where the figure is, and L is the spatial relationship that holds between
blob-1 and the overall frame. At this point more processing effort h
directed to the analysis of blob-1, so that the structure of the scene is
refined into something like L (Rjblob-2, blob-31, frame), where blob-2
is the region of the crescent, blob-3 is the region of the star, and R is
the spatial relationship of those two. During the next stage more effort
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blob-1

FIG. I. An example of a simple picture and its parts.

goes into differentiating blob-2 and blob-3 until they are recognized as a
crescent and a star, respectively, so that the final structure is: L (R[cres-
cent, star], frame).

The view presented here does not amount to a distinction between
stages of attention (cf. Neisser, 1967). It is, rather, a claim about per-
ceptual analysis of whatever is attended to. Note that perceptual pro-
cessing is viewed as a unified process, in that both the "where" and
the "what" questions are answered while the scene is structured. Spatial
organization is treated as a sort of crude figural analysis which some-
times may even be sufficient for recognition.

functional Importance of Global-to-Local Processing

In most real situations the task of the human perceptual processor is
not just to account for given input but also to select which part
of the surrounding stimulation is worth receiving, attending to, and pro-
cessing. The constraints imposed by the optical limits of our eyes and by
the nature of the surroundings have a twofold implication for the pro-
cessing structure in the visual domain. One, the resolution of most of the
stimuli in the picture plane (or the largest part of their visible surface) is
low by default. The crude information extracted from the low-resolution
parts of the visual field should be used for determining the course of further
processing. Two, in an ecology where uncertainty is the rule, there is little
to be gained from being set for a particular type of input. The system should
be flexible enough to allow for gross initial cues to suggest the special
way for processing a given set of incoming data. These two observations
suggest that a multipass system, in which fine-grained processing is guided
by prior cursory processing, may be superior to a system that tries to
find a coherent structure for all pieces of data simultaneously.

One important function of the first pass is that of locating the stimuli,
an obvious prerequisite for any figural analysis. Note, however, that
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finding the location of stimuli provides the system with some very global
figural information.

Since perception is basically dynamic, there is often only time for partial
analysis because of the constant change in input. In that case a rough
idea about general structure is more valuable than few isolated
details. Furthermore, often we do not place the same importance on every
portion of the input. It was found (Yarbus, 1967; Mackworth & Bruner,
1970) that people tend to spend more time on the more informative sectors
of the picture. In this case we ought to have the results of some initial
gross analysis in order to determine which part of the field is likely to bear
more on our behavior or thinking. But even when we focus on an importanl
sector of the field, we may not need to build a very elaborate structure
for it. Details are detected only to the degree that they are essential for
determining contents.

As pointed out by Palmer (1975) and Norman and Bobrow (1976) and
supported by much empirical evidence, perceptual processing must be both
input-driven and concept-driven. That is, the activity in the system is
triggered by the sensory input but is guided by expectancies formed by
context and early indications from sensory data. Thus, perception is re
garded as a two-way process: The hypotheses about what a stimulus may
be interact with what the stimulus actually is in determining what the
stimulus is finallly perceived to be. Now, since local features often serve
as constituents in more global structures, the identification of the global
features is a very useful device of narrowing down the range of can-
didates for accounting for a certain local region. Moreover, as pointed out
by Palmer (1975, Figure 11.6), sometimes the identification of apart of the
picture merely on the basis of its own features is almost impossible, ye t i l
can be easily recognized within the appropriate context. In general, the
more definite the output of global analysis, the more concept-driven local
analysis is, so the less effort has to be expended in overcoming deficiencies
in data quality. This is a substantive advantage in view of the limited
acuity of the visual sensory mechanisms.

The point that spatial organization precedes interpretation of details
is essential for resolving ambiguities stemming from rotation, projection,
and interposition. By the time a particular stimulus in the field is inter-
preted, the more global processes have generated a hypothesis about the
angle from which that stimulus is viewed. Thus, the expected object is not
any instance of a category, but rather an actual object as seen from a
certain point of view and probably partly concealed either by other objects
or by parts of itself.

Some Empirical Evidence
It is well supported that perceiving the whole facilitates the perception

of its parts.
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The word-letter phenomenon (Reicher, 1969; Wheeler, 1970) is an ex-
tent demonstration of how the mere presence of a higher-level percep-
aal unit improves later forced-choice recognition of its individual con-
lituents over the case when they are presented alone (or just being focused
(ion, as shown by Johnston and McClelland, 1974). Whether it is the dis-
liminability or the codability of the constituents which is enhanced is
<et an open question.
Self ridge (in Neisser, 1967, p. 47) illustrated how the same pattern can

t interpreted as two different letters depending on the context. In many
.ases it appears that the perceptual system ignores details that are incon-
htent with the interpretation indicated by the context or even completes
eatures that are missing in the actual scene. Pillsbury (1897) demonstrated
iow readers may not be disturbed at all by omission or substitution of
etters in texts they read. Warren (1970) reported about a similar effect in
feech perception. Huey (1908) and recently Johnson (1975) provided
time more examples in this vein. Palmer (1975a) showed that interpreta-
jon of ambiguous elements of a picture tends to conform to the semantic
structure of the whole scene, even when it involves some distortion or
ieletion of few details.
In those examples, the perception of the global unit or the overall theme
more veridical than the perception of the elements. However, note that

iall of these examples (excluding, perhaps, the word-letter phenomenon)
k whole is more predictable than the elements, especially when the target
dement is incongruent to some extent with the rest. Therefore, it is not

ir whether the veridical identification of the whole is due to very potent
wtraction of global features or to highly redundant inference made on the
asis of a sample of local features. (See Johnson, 1975; Rumelhart & Siple,
1974).
What is the evidence that global features or relationships are perceived

irsr? First, there are indications that people can take advantage of peri-
pheral information. The subjects in an experiment by Williams (1966) were
We to ut i l ize peripherally viewed si/.e or color to direct their search for
argets. Rayner (1975) showed that readers seem to perceive the gross
iliape of peripherally viewed words to the right of the word being fixated
ilthe time. Since peripheral information must be of low resolution then to
k extent that recognition is aided by peripheral cues, the precedence of
k gross features falls out.
Second, even within the angular span that can be perceived with high

taiity in just one fixation, there seems to be progression with exposure
lime from very gross global perception to very fine-grained recognition. In
siany early studies of the development of percepts (comprehensively
:cviewed in Flavell & Draguns, 1957) subjects were presented with visual
stimuli for very short durations. The general finding is that as the duration
.{exposure got longer, subjects progressed from perceiving just the loca-
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tion of the object, through differentiating figure and ground, then to some
inaccurate apprehension of the global form, and finally to good figural
sensation. In another experiment (Navon, Note 2) subjects were presented
for a brief duration with a picture of a clock with Greek letters as houi
markers and arms in sleeves as hands. Whereas all of them identified the
clock correctly, recognition of the details was below chance level. Thus,
not only is the perception of global structure earlier than detailed figural
analysis, but it is often sufficient for identifying an object or a scene with
a fair amount of confidence.

Another relevant finding comes from motion perception. Since motion
perception has to keep up with the continual change in the visual field,
it must be affected mostly by those properties of the visual stimuli thai
are processed first. I t was found (Navon, 1976) that in situations of am-
biguous apparent motion, figural identity of the elements did not have
any effect on determining the type of motion experienced, whereas more
global features did.

On the developmental level, Meili-Dworetzki (1956) had children of
different ages respond to several ambiguous figures in which whole and
parts suggest different interpretations (e.g., a man made out of frui t I
She found that children perceived wholes at an earlier age than party
On the other hand, Elkind, Koegler, and Go (1964) devised a set of figure*
that produced the opposite effect. The source of conflict in those
findings resides, obviously, in the st imuli . Ambiguous figures may vary
in the relative plausibility of their alternative interpretations. If young
children tend to make just one decision about a s t imulus , then they arc
likely to overlook the dual i ty of ambiguous figures and to detect just Hie
more salient aspect, whichever the case may be.

It seems, thus , that the general problem with the experimental treat-
ment discussed so far is lack of proper control over the st imulus material
Global and local structures may differ in complexity, salience, familiarity,
recognizability, or relative diagnosticity for determining the identity of
the whole, and they do differ in some of these properties in all the studies
mentioned so far. Hence, the two major principles of the experimental
attack I used were: (a) control of all these properties of global and local
features; and (b) independence of global and local features, so that the
whole cannot be predicted from the elements and vice versa.

GLOBAL PRECEDENCE IN A DIFFUSE-ATTENTION SITUATION:
EXPERIMENTS 1 AND 2

The best way to equate the properties of global and local features i>
to use st imuli in which the set of possible global features is identical with
the set of possible local ones. For this purpose 1 constructed large letter*
that were made out of small letters (see Fig. 5A). When one looks at
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ihese stimuli in normal viewing conditions, one cannot miss either the
identity of the whole stimuli or the fact that they are made out of letters
whose identities are also definitely recognizable.

I constructed a task in which visual perception is slightly restricted both
by visibility conditions and by limited attention (or using the terminology
of Norman & Bobrow, 1975, the quality of the data and the availability
of processing resources). My prediction was that in such a situation sub-
jects' performance will be insensitive to the figural identity of the local
features. Perceptual awareness was measured by means of an indirect
method: an intermodality Stroop task. Stroop tasks are named after Stroop
(1935) who found that when subjects have to name the color of an ink in
which a word is written, their responses are inhibited when the word is a
name of color different from the ink color.

Subjects were asked to respond to a name of a letter while looking at a
visual stimulus of the type shown in Fig. 5A. The rationale was that re-
cognition of a visual stimulus may interfere with discrimination of an
equivalent auditory stimulus or with performing the appropriate responses
for it. Experiment 1 was done in order to test the validity of this rationale
and to determine the optimal parameters for such auditory-visual inter-
ference. One of the problems with Stroop tasks, which is especially pro-
nounced in an intermodality task, is ensuring that the subject is actually
exposed to the secondary channel or aspect of the stimulus. I have taken
several measures in order to do that, and they are described below.

Experiment 1

Method

Apparatus. The equipment consisted of a display Tektronix oscilloscope with a fast decay
phosphor (decays to 90% in .63 msec), a typewriter keyboard, a Krohn-Hi te 3550R
tiller, a Shure microphone mixer, two Hewlett-Packard 350D attenuator sets, a
chin rest, and a pair of headphones. Auditory and visual st imuli were generated and con-
trolled by a PDP-9 computer equipped with digital-to-analog converters. The subject sat
alone in an acoustically isolated booth in front of a table wearing the headphones;
his chin was on a chin rest and his hands were on the keyboard. The display oscilloscope
was positioned in front of the subject at eye level. Viewing distance was 50cm. The intensi ty
of the picture on the oscilloscope was adjusted so that when plotting a test square with
side of 13 mm containing 51 x 51 dots, the luminance of the square was 1.37 cd/m2. The
room illumination was such that the luminance of the periphery of the screen was .65
cd/m2.

Design and procedure. The major characteristics of the experimental task are schematized
in Fig. 2. The temporal structure of the stimuli is presented in Fig. 3. The subject listened
through the headphones to a sequence of utterances of equal duration evenly spaced in
lime.
JThe utterances could be either of the names of the letters H and S (namely
'ach" and "es") sequenced at random with equal probabilities. While listening to the

icquence of auditory s t imuli , the subject was monitoring the oscilloscope. A visual s t imulus
of the set shown in Fig. 2A could either be flashed on the oscilloscope or not (randomly
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SET OF VISUAL STIMULI

S in auditory channel

H in auditory channel

There was a fiath

SET OF
AUDITORY
STIMULI

AUDITORY
STIMULUS H

B

Fio. 2. A schematization of the experimental task in Experiment I.

with probability .5) in very close temporal proximi ty to the auditory s t imulus. The primal)
task of the subject was to indicate after each utterance which of the two letters he huii
heard by depressing either of two keys wi th the second or third linger of his right hand. The
secondary task was to respond by depressing a key with his left hand to the appearance
of any visual s t imulus regardless of what it was. The subject was instructed to perform
his response to the visual display only after he had made the auditory discrimination ic
sponse. It was also emphasized that although he only had to respond to the present <•
of the visual s t imulus, he would be questioned about the ident i ty of the visual s t imulus lulci
He was not told before the experiment what the visual stimuli would look like.

Each trial was preceded by a short warning beep. Simultaneously wi th the onset of lh«
beep a square frame with a side s l igh t ly larger than the longer side of the visual st imuli
appeared on the screen and persisted unt i l the scheduled offset time of a visual stimuli!*
regardless of whether or not such a st imulus was actually presented. The warning signal.
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FIG. 3. A diagram of the temporal s tructure of the stimuli-in Experiment I.
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served to minimize both the temporal arid spatial uncer ta inty of the subject witli regwd
to the s t imul i . Accuracy and latency for both the auditory discrimination response and Ihc
visual detection response were recorded. Latency was measured from the start of the audi tu i )
s t imulus .

Each subject was run indiv idual ly in one session of 504 tr ials . After every block of 72
consecutive trials the subject was given a rest period of about 40 sec. The necessary inn
domizations were done for each block independently. The auditory stimuli and the pro
ence or absence of visual stimuli were factorially crossed in each block, as were the visual
stimuli with the auditory ones in those trials where visual stimuli appeared. The visual stimulus
was said to be consistent with the auditory s t imulus if they both consisted of the same
letter; it was said to be conflicting with the auditory s t i m u l u s if they were different lellen
(namely an H and an S); and it was said to be neutral wi th regard to the auditory st imulus
if it consisted of a rectangle.1 I t falls out that these levels of consistency were randomized and
balanced in each block.

There were three conditions of temporal overlap between the auditory and the visual
s t imuli . As seen in Fig. 3, the exposure duration of the visual s t imul i was always the same, hui
the delay of their onset with respect to the start of the auditory st imuli was either --Ml,
0, or 40 msec. The overlap conditions were administered in different blocks. The order of the
administrat ion of the conditions for half of the subjects was: I, 2, 3, I, 2, 3, in block*
2 through 7, respectively. For the other half, the reverse order was used. The first block
was considered to be practice and the temporal overlap used during it was identical to (he
one in condition 2.

Stimuli. The auditory stimuli were generated in the following way: Each stimulus was
uttered by a male native English speaker, and its wave form was digitized b>
the PDP-9 computer at a sampling rate of 10 khz. I t was stored in digitized form
and converted back into its analog form and played to the subject whenever needed
The quality of the sound and the signal-to-noise ratio were sufficient to preclude any
possibility of acoustic confusion.

The longest vertical diameter of each of the visual s t imul i was 28 mm, thus subtending
about 3° 12' visual angle with viewing distance of 50 cm. The side of the square frame was
33 mm, thus subtending about 3° 47' visual angle.

Subjects. Eight subjects were used, all undergraduates at the Univer s i ty of California,
San Diego, who participated in the experiment as part of their course requirement. The sub-
jects were also paid a monetary bonus that depended heavily on accuracy for both audi toi)
discrimination and visual detection responses and s l ight ly on the speed of the first one. The
subjects were asked to try to be as fast as they could wi thou t making errors at all. All had
normal vision or fu l ly corrected vision.

Results and Discussion

The error percentages for the individual subjects were mostly between
1 and 2% and never exceeded 4%. Latencies for incorrect responses did
not depart much from latencies for correct responses. There was no in-
dication of a speed-accuracy tradeoff. Thus, it was decided to use in the
analysis all the latency data for both correct and incorrect responses.

Letters were considered as a random factor in the analysis and pre-
liminary tests were performed to determine for each systematic source
whether or not its interaction with the letters factor and its triple inter-

1 All the subjects in this experiment and the following one referred to the rectangle in their
later verbal description as the letter O.

action with the letters and subjects factors, should be included in the
error term. (See Winer, 1971, pp. 378-384). In all the tests described here
and later in the paper, those interaction terms were found nonsignificant,
thus the error term for each within-subject source was its interaction with
Mibjects.

The mean latencies to auditory discrimination responses for each of the
three temporal overlap conditions are plotted in Fig. 4 as a function of the
consistency between the auditory and the visual input. The effect of con-
sistency on latency is highly significant, F(2,12) = 39.09; p < .001. The
agreement among individual subjects with respect to the order of mean
latencies for the different levels of consistency is very high (Kendall co-
efficient of concordance of .89). The different conditions of temporal
overlap not only vary with regard to their effect on mean latency, F(2,
12) = 26.30; p < .001, but also interact with the variable of consistency,

TEMPORAL
OVERLAP

CONDITION
(delay in
parenttwas)

oc
O}-
5
3

630

60O

55O

500

45O

1 (-40 mud

CONSISTENT NEUTRAL CONFLICTING

CONSISTENCY LEVEL

FIG. 4. Mean auditory latencies in Experiment I as a function of consistency level and
icmporal overlap condition. The delay is of the visual s t imulus with respect to the auditory
il imulus.
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TABLE 1

M E A N LATENCIES (MILLISECONDS) IN E X P E R I M E N T I TABULATED BY CONSISTENCY
L E V E L S A N D TEMPORAL OVERLAP CONDITIONS

r t,«.,..,.,,, lumpen IMJMS are represented by equality ( = ) M
inequal i ty (<) signs. An equal sign denotes nonsignif icant comparison. One inequali ty ,sip
denotes comparison significant to the .05 level. Two inequa l i t y signs denote compariuw
significant to the .01 level.

F(4,24) = 3.45; p < .025. A closer inspection of the data by means of
Newman-Keuls procedure for post hoc comparisons (See Table 1) sug-
gests that the differences between all pairs of levels of consistency art
significant and that there is a significant difference between the negative
delay of the flash and the two other delays. The difference between the
last two is not significant. It also appears that the effect of consistency i>
stronger when the auditory s t imulus starts after the onset of the flash.

Method
Experiment 2

This experiment has the main characteristics of" Experiment I with regard to procedure
apparatus, and setting. The major difference is in the set of visual s t imul i . Two sessions wen
administered, a test session and then a control session. The visual stimuli used in the ten
session were a large H, S, or rectangle. These global characters were made out of local
characters: small Hs, Ss, or rectangles. The shapes of the local and global characters weie
identical. The arrangement of the centers of the small characters making up a large OIK
was the same as the arrangement of the dots making up the small characters proper, The
set of actual s t imul i is shown in Fig. 5A.

The global level was factorially crossed with the local level, and each visual stimulus wa>
presented twice with each auditory s t imulus , w i t h i n each block. The test session consisted
of one practice block and three test blocks. The control session included two parts of two
blocks each. In the first part the s t imu l i used were the ones used in Experiment 1. "Hit
s t imul i used in the second part (See in Fig. 5B) were just single-element characters of the
s t imu l i from the test session presented at the center of the display field. The square frame
used for de l imi t ing the f ield of the visual s t i m u l u s was smaller during the second part at
the control session. The ratio between its size and the size of the s t imuli was the same a»
in the test session and in the first part of the control session.

The temporal overlap between the auditory and the v i sua l s t i m u l i was identical to thai in
condition I of Experiment I: The Hash was 80 msec long and was turned on 40 msec betuic
the start of the auditory s t imulus .

Temporal overlap
condition (delay
in parentheses)

1 ( -40 )

2 (0)

3 (40)

Total

Consistency

Consistent

5. 1H «*'

505 <

498 <*

514 <

Neutral

572 <t

53 1 <S

528

544 <5=

Conflicting Total

633 581

565 534

547 524

581

i
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B

FIG. 5. The set of s t imul i used in the test session of Experiment 2 is presented in A.
The set of s t imul i used in the second part of the control session is presented in B.

Kighteen subjects were run , none of whom had served in Experiment I . The size of the
visual display was varied between subjects. For nine of them the size of the whole s t imulus
was the same as in Experiment 1; the size of the element characters (or of the whole st imulus
in the second part of the control session) was 1/8 of that size. The other nine subects were
presented with s t imul i that were 1.5 as large as the respective s t imul i the first nine subjects
were presented wi th .

Results

The same type of analysis as in Experiment 1 was applied. The data
of two subjects, one from each size condition, were eliminated because
their error rates were too high (greater than 4%).

The mean latencies to auditory discrimination responses during the test
session are plotted in Fig. 6 as a function of the consistency between the
auditory input and both the global level and the local level of the visual
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FIG. 6. Mean auditory latencies in the test session of Experiment 2 as a function of global
consistency and local consistency.

input. The effect of consistency of the global level with the auditory stimuli
is highly significant, F(2,28) = 94.90;p < .001, whereas the consistency of
the local level does not have any significant effect,F(2,28) = l.64;p > .20.

The agreement among individual subjects with respect to the order of
mean latencies is very high for the global level but very low for the local
ones (Kendall coefficients of concordance were .94 and .09, respectively).
The post hoc pairwise comparisons between the levels of global con-
sistency done by means of Newman-Keuls procedure were all significant
at the .01 level.

No other factor in the design, including size, was found to be sig-
nificant, except for the factor of subjects and for two quadruple inter-
actions.

The mean latencies to auditory discrimination responses during each of
the parts of the control session are plotted in Fig. 7 as a function of the
consistency between the auditory and the visual input . The effect of con-
sistency is highly significant, F(2,2S) = 103.74; p < .001, and it does not
interact with the type of st imuli , F(2,28) = 0.17. The effect of the type of
stimuli proper fell short of significance, F ( l , l 4 ) = 2.89; p > .10. The
agreement among individual subjects with respect to the order of mean
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FIG. 7. Mean auditory latencies in the control session of Experiment 2 as a function of
consistency level and type of stimuli.

latencies was high for either of the two types (Kendall coefficients were
.79 for the larger bold type and .74 for the small thin type). The post
hoc pairwise comparisons were all significant at the .01 level. The factors
of subjects and letters were found significant as well as five interactions
involving at least one of these factors.

The difference between overall mean latency in the test session and over-
all mean latency in the control session was nonsignificant, F(l,15) = 1.21;
p > .25, for trials without visual input but significant, F(l ,15) = 10.44;

* p < .Q], for trials with visual input. The significant drop in average
* latency from test to control may be due to the fact that the subjects may
| have been more practiced during the control session since it was ad-
> ministered after the test session. Another possibility is that as the visual
< stimuli in the control session were simpler, they required less processing,
1 thus enabling earlier completion of auditory processing and response
| selection.

l Discussion

| The interference effect applied just to the global visual pattern and
not at all to the elements of which it was made. The same effect holds
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for stimuli as small as the elements when they stand alone in the
visual f ie ld . Hence it is not the smaller size of the elements per se tha i
makes them relatively or absolutely unnoticed.

The results of this experiment suggest that there are situations in which
visual processing is carried just to a l imi ted depth. The global pattern is
apprehended but not its components. All but three subjects did not even
notice that the s t imul i were made of small letters. When asked after
the experiment was over, they said that the s t imul i may have been
made of dots or of blocks.

There seems to be no sensory l imi t responsible for the superficial
account for the visual data; the second part of the control session of
this experiment, as well as the results of a later experiment, Experimenl
3, indicate that one can voluntari ly attend to the local features as well.
The visual system seems rather to have made a decision to neglect the
processing of the elements in view of the s t ructure of the task, although
it might have had enough capacity for performing a more thorough anal-
ysis. 1 believe that such economy in processing effort is very characteristic
of human vision. Since usually the informative contribution of local tea- j
tures over the information gained by processing global structures is small f
or negligible, whereas the reverse is not t rue, the system will quit after
a .scene is interpreted on the global level.

THE INEVITABILITY OF GLOBAL PROCESSING: E X P E R I M E N T S

We have already seen that in certain conditions when no specific de-
mands are made to the viewer wi th regard to what should be rec-
ognized, his visual system is tuned to pick just the identi ty of the global
pattern. What happens, however, when the viewer is told what to focih
at and what to ignore? Can th? viewer control his own perceptual pro-
cesses? And if he does, can he ignore any aspect at will?

The basic experimental idea is to use visual s t imuli of the type used
in Experiment 2, this time without any auditory s t imul i , and to have sub-
jects respond either just to the global level or just to the local level.
The assumption is that if they are aware of the other level too, it should
interfere with their performance. However, if subjects were allowed to
look at the st imuli as long as they want, they probably would not be able
to concentrate well on either of the levels un ique ly . Therefore, I used
brief presentation with postexposure masking. In addition, because when
subjects know exactly where the s t imu lus will appear they might focus on
a spot that contains just one element, 1 introduced spatial uncertainty
into the task.

Method

Apparatus. The apparatus was the same as in Experiments 1 and 2, without the acousti-
cal equipment.
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Stimuli. This experiment used the set of visual s t imuli from the test session of Experiment
'(.see Fig. 5A) in the small size condition.

Design and procedure. In each trial of the experiment the subject saw a s t imulus of the
lype presented in Fig. 5A. Each subject was run through two attention conditions: In the
global-directed condition the subject was supposed to indicate whether the global character
»as H or S. ( In this condition st imuli 2, 5, and 8 from Fig. 5A were not used.) In the
lucul-directed condition the subject was supposed to indicate whether the element character
*as H or S. ( In this condition s t imuli 4, 5, and 6 from Fig. 5A were not used.) Each trial
was preceded by a 50-msec warning beep. The beep started simultaneously wi th the onset
of a fixation point at the center of the oscilloscope that remained in the held for 500 msec.
1 he s t imulus followed the offset of the fixation point immediately, and it appeared randomly
at either of the four quadrants of the oscilloscope. The distance between the center of any of
the stimuli and the fixation point was 24mm. The stimulus was presented for 40 msec and was
immediately masked by a square of 33 x 33 dots.2 The mask remained on the oscilloscope
u n t i l the subject depressed either of two keys with his second or third finger
ul his right hand to indicate his response. The subject's response ini t iated the generation
of the next trial which started about 3 sec later. Both accuracy and latency measured from
the onset of the st imulus were recorded for each trial.

Each subject was run ind iv idua l ly in one session. There were 288 trials in a session.
Alter every block of 36 trials the subject was given a rest period of about 20 sec. The
necessary randomizations were done for each block independently. Each of the six possible
slitmili appeared six times in a block in a random fashion, and each spatial position at which
ihe st imulus could appear was used nine times in a block in a random fashion. One attention
condition was administered in the first six blocks, and the other one in the last six blocks.
Half of the subjects received the global-directed condition first, and the other half received it
hist. The first two blocks for each condition were considered as practice blocks.

Subjects. Fourteen subjects were run. All of them were undergraduates at the Univers i ty
of California, San Diego, who participated in the experiment as part of their course require-
ment. The subjects were also paid a monetary bonus that depended heavi ly on accuracy and
^lightly on speed. The subjects were asked to be as fast as they could while making
as tew errors as possible. None of the subjects had participated in Experiments I or 2, and
all had normal vision or fu l ly corrected vision.

Results

The overall error percentage was 3.3%. However, unl ike the earlier
experiments, the pattern observed in latency data was apparent in error
percentages as well. Therefore, only latencies for correct responses were
analyzed. Mean latencies to correct responses are plotted in Fig. 8 as a
(unction of the attention condition and the consistency of the s t imul i in
the attended and supposedly unattended levels. The factors of attention
condition, consistency, and their interaction were found to have significant
effects. The F values for these factors were F( 1 ,12) = 855.85
(/> < .001), .F(2,24) = 72.48 (p < .001), and F(2,24) = 16.59 (p < .001),
respectively.

Post hoc pairwise comparisons between the different levels of consis-
tency were performed by means of Newman-Keuls procedure for each

* In fact, the mask was not str ict ly immediate because the dots were sequential ly plotted
at a rate of 10 /^sec per dot.
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FIG. 8. Mean latencies in Experiment 3 as a function of consistency level and attention con
dition.

of the attention conditions. The mean latencies in the neutral, con-
sistent, and conflicting consistency conditions were 573, 581, and 664 msec,
respectively, for the local-directed attention condition and 462, 471, and
477 msec, respectively, for the global-directed one. Al l the differences are
nonsignificant at the .05 level, except for the ones between the con-
flicting consistency condition to each of the other ones when attention is
directed at the elements,/? < .01. The agreement among individual subjects
with respect to the order of the mean latencies for the different levels
of consistency was high for the local-directed condition (Kendall co-
efficient of .78) but very low for the global-directed condition (Kendall
coefficient of. 12). In the local-directed condition the mean latency in "con-
flicting" trials was higher than the mean latency in "consistent" trials for
each of the 14 subjects. (The Binomial probability of this occurring by pure
chance is .0001). In the global-directed condition the same relationship
holds for just eight of the subjects (Binomial probability of .395).
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Since the difference in accuracy rate between the two attention con-
ditions was very small (1.8%) and nonsignificant, F(1.12) = 2.86;
! > > . ! , the results cannot be attributed to poor resolution of the elements.
Although this experiment lacks a size control of its own, an indirect control
ii supplied by the results of the control session of Experiment 2 (see Fig. 7):
II size per se had had an effect, the smaller visual stimuli should probably
have delayed more the responses to the auditory stimuli and/or inter-
Icred less with them, but they do not.

The order of the attention conditions interacts significantly with both
attention condition, F(l,12) = 47.59; p < .001, and consistency, F(2,24)
- 7.70; p < .005, but not with the interaction of the latter two. Neither
interaction is easy to interpret.

Discussion

The results of this experiment indicate that the global pattern is re-
sponded to faster than the elements. Moreover, whereas people can volun-
tar i ly attend to the global pattern without being affected by the local
features, they are not able to process the local features without being
aware of the whole. The subjects' ability to restrict their attention to the
whole suggests either that they can "turn off recognition processes after
the categorization of the global pattern has been completed, or that per-
ceptual processes proceed but have no effect on the response based on the
results of global analysis, or that the subjects can voluntari ly degrade the
qual i ty of the local sensory data (for example, by changing the focus of the
eye lense). Either way, the finding that attention cannot be efficiently
diverted from the whole may be interpreted as a support to the notion that
global processing is a necessary stage of perception prior to more fine-
grained analysis.

All the experiments reported thus far demonstrate the potence and vivid-
ness of the global percept. Nevertheless, the local features could still be
processed if a deliberate attempt were made to do so. The next experi-
ment purports to examine whether or not there are conditions under which
local features are less l ike ly to be processed (or a l ternat ively, processed
less thoroughly) than global features, although both levels are equally
critical for performance.

GLOBAL PRECEDENCE IN NEAR-THRESHOLD CONDITIONS:
EXPERIMENT 4

If processing of global features precedes processing of the local ones,
then at a certain moment after the onset of a visual s t imulus , a viewer must
have an idea of the gross structure yet no idea of the finer details. If
we managed to capture his percept at that moment, we would be able
to test the global precedence hypothesis. Certainly, there are difficulties
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.stemming from the fact that, although we may be reasonably successful
in cutt ing the lines of input by replacing the s t imulus with a masking
field, there is no guarantee that we can eliminate all unprocessed or half-
processed "traces." Since the perceptual system may be parallel to some
degree, the processes of local analysis may already have begun before
the global analysis is completed. However, even if this is the case, the
order of processing should be reflected in higher likelihood of error in
local analysis than in global analysis.

The question calls fora task that requires the subject to place equal im-
portance on both levels. It also requires critical duration of exposure thai
is not long enough to enable good perception of both levels, but noi
short enough to disrupt any perception at all. The stimuli should not be
too complex, because the effects must be attributed to perceptual pro-
cessing rather than to memory. The shapes of the global pattern and of
the local elements must be equally complex and all the elements in a given
st imulus must be the same. It is highly important to make sure that any
effect is not due to factors such as size or spatial uncertainty.

One experimental task that meets all those requirements is the making
of the "Same-Different" judgments on pairs of simple patterns of geo-
metrical forms. The possible global patterns were chosen to be very similar
in all respects to the possible local elements/1 The patterns of a pair
could differ either on the local level or on the global level.

Method

Design and procedure. The experimental task was to make "Same-Different" judg-
ments on pairs of patterns of the type presented in Fig. 9. Each pattern consisted of nine
squares grouped in three clusters of three squares each. The squares were arranged within
each cluster so that their centers of gravity fell on the vertices of an imaginary isosceles
triangle pointing upwards, downwards, to the right, or to the left. The same is true for the
spatial arrangement of the three clusters with respect to each other: The imaginary square*
circumscribing the clusters could relate to each other in precisely the same ways as the
squares w i t h i n a cluster, only three times magnified.

In a given pattern the particular arrangement of the squares within the clusters (namely
the orientation of the imaginary isosceles triangles) was identical across the three clusters.
This will be called the local configuration. The local configuration was varied orthogonally
to the particular spatial arrangement among the three clusters. The configuration formed by
the three clusters will be called the global configuration.

There were 16 patterns in total. The two patterns presented on a trial were the same 50?(
of the time. When they were different from each other, the difference was either in the
global configuration (25% of the time) or in the local configuration (25% of the time), but noi
in both levels. Examples for the three possible combinations are shown in Fig. 9.

The subjects were carefully instructed about the shape of the patterns and they were told
thai they should respond "same" only in case of perfect congruence between the (wo

•' This was true for the s t imu l i of Experiment 1 and 2, too. However, there the distance
between two adjacent elements was somewhat arbitrary. As wil l be seen, in the s t imul i of
th is experiment even the spatial relationships of the components were identical for the global
pattern and the elements.
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FIG. 9. Examples of pairs of patterns shown in each of the three types of trials in Experi-
ment 4.

patterns. Each subject was run through a practice session, a test session, and a control
session. Each session consisted of 192 trials. The practice session and the test session were
completely identical with respect to procedure, only the practice session served to determine
for each subject a presentation time for the test session that would be l ike ly to produce an
overall rate of 70-80% correct responses. For this purpose six different presentation dura-
tions were used during the practice session in decreasing order and the percentage correct
for each duration was computed. The data from the practice session were not otherwise
analyzed.

During the control session the procedure was the same, only the figures to be compared
were clusters of just three squares in either of the four arrangements they could have
wi th in the nine-squares patterns. Two different conditions were administered in the control
session: Spatial Certainly, where the clusters appeared always at the center of the field
*here the patterns appeared during the test session; and Spatial Uncertainty, where the
Justers appeared randomly at either of the eight positions in which they could fall during the
KM session.

Several variables were varied between subjects. There were two modes of presentation:
trquential mode, in which a target stimulus was presented for a fixed brief duration followed
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FIG. 11. A schematized diagram of the temporal structure of a trial in both modes of presentation and both conditions of temporal certainty in

Experiment 4. The exposure time was adjusted for each subject individually to achieve an overall level of about 70-809? correct. The durations

actually used during the test and control sessions ranged from 48 to 100 msec in the sequential mode and from 100 to 300 msec in the simultaneous

mode. During the practice session 6 different exposure durations were used (140. 120, 100. 80. 60. and 40 msec in the sequential mode, and 400, 330.

260, 190. 120. and 50 msec in the simultaneous mode).
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pattern was paired in different blocks wi th different patterns as probe stimuli, so that acorn
the six blocks of a session each pattern was shown twice with each of the patterns from
which it differed on just one aspect, either globally or locally: once as a target and on«
as a probe. In the control session a block consisted of'24 consecutive trials, and each cluster
appeared as a target once in a Same-trial and once in a Different-trial in each sequence of
eight consecutive trials. In every block each cluster was shown twice with each of the other
clusters, once as a target and once as a probe. The condition of spatial certainty was
administered in odd-numbered blocks, and the condition of spatial uncer ta inty was ad-
ministered in even-numbered blocks.

Apparatus, The equipment was the same as in Experiment 3. The subject sat in from
of a keyboard. Twodifferent keys were assigned for "Same" and for "Different" responses.
Half of the subjects used their dominant hand (two were left-handed) to respond "Same" and
the others used it to respond "Different." The display oscilloscope was positioned in from
of the subject at about eye level. Viewing distance was about 100 cm. The side of a square
of the small size was about 2.4 mm, thus subtending about 0° 8' v isual angle, and it was
plotted as 10 equally spaced dots. The side of the imaginary square circumscribing a cluster
was three times as long, and the side of the imaginary square circumscribing a whole pattern
was nine times as long. The masking s t imulus contained about 3000 dots and the side of a
masking square was 21 mm.4 The large size patterns were three times as long. The i l luminat ion
of the booth was dim to avoid reflection of the subject's image in the oscilloscope's screen.
The intensi ty of the picture on the oscilloscope was adjusted so that, when plotting a test
square with side of 13 mm containing 51 x 51 dots, the luminance of the square was 1.46
cd/m2 and the luminance of the periphery of the screen was .53 cd/m2.

Subjects. Sixteen subjects were run, eight in each mode of presentation. They were as-
signed evenly to all the combinations of the between-subjects treatments. 'All the subjecls
were undergraduates at the Univers i ty of California, San Diego, who participated in the
experiment as part of their course requirement. The subjecls were also paid a monetary bonus
that depended on accuracy and s l igh t ly on speed. The subjects were asked to be as accurate
as they could and, in case they were not confident, to make their best guess based on what
they perceived. All of them reported normal vision with or without the aid of correcting
lenses.

Results

Data from the two modes of presentation, sequential and simultaneous,
were analyzed separately.

Accuracy data. The data analysis was done by an analysis of variance
performed on arcsine square root transforms of the proportions of
correct responses in each cell (See Winer, 1971). Same-trials were ex-
cluded from the major analysis because they were irrelevant for the pur-
pose of the experiment.

The proportions of correct "Different" responses in the sequential mode
were .88 for global difference and .72 for local difference, F(l ,4)
= 23.16; p < .01. The corresponding proportions in the simultaneous
mode were .80 and .54, F(l ,4) = 12.75; p < .025. The agreement among
individual subjects is very high: The proportion of detecting global dif-
ferences is higher than the proportion of detecting local differences for

4 It should be noted that the mask was not strictly immediate because the dots were
sequentially plotted at a rate of 10 /xsec per dot.
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all the eight subjects in the sequential mode (the Binomial probability
of this occurring by chance is .004) and for seven of the eight subjects in
the simultaneous mode (Binomial probability of .035).

None of the between-subject variables (readiness for onset of trial,
size of stimulus, or orientation of comparison) had any main effect.
In the sequential mode the effect of type of difference did not interact
with any other factor of the design. In the simultaneous mode one triple
interaction that was hard to interpret was found to be marginally sig-
nificant, F( 1,4) = 8.24; p < .05.

The effect of the amount of difference between the two patterns was also
inspected. The amount of difference within levels of globality was defined
in terms of the angular disparity between the units being different in a given
trial (either the clusters or the global configuration). The proportions of
correct detections of the difference for the three levels of angular disparity
and both types of difference are presented in Table 2. For the sequential
mode neither the factor of amount of difference proper nor its interactions
with any other factor are significant.

For the simultaneous mode, however, the main effect is significant,
F(2.8) = 6.70; p < .025, and it also interacts significantly, F(2,8) = 6.44;
p < .025, with the orientation of comparison, so that it exists in the side-
by-side display but not in the vertical one. The results suggest that at
least in the simultaneous mode a rotation of 180° produces a more dis-
cernible difference than a rotation of 90° in either direction (p < .01 in the
post hoc pairwise comparisons by the Newman-Keuls procedure). It may
well be, although it is not reliably indicated by the data, that this is
true for rotation wi th in clusters, whereas global disparity is l ikely to be
detected regardless of its "degree."

Results in the control session. To show that the greater accuracy for
global features is not due just to effects of size, the performance in the

TABLE 2

TUB PROPORTIONS OF CORRECT "DIFFERENT" RESPONSES IN E X P E R I M E N T 4 T A B U L A T E D
ACCORDING TO MODE OF PRESENTATION, TYPE OF DIFFERENCE, A N D A N G U L A R

DISPARITY BETWEEN THE PROBE STIMULUS A N D THE TARGET S T I M U L U S

Angular disparity
(measured in degrees

clockwise from
target to probe)

90
180
270

Mode

Sequential
Type of difference

Global Local

.86 .68
.89 - .78
.89 .69

of presentation

Simultaneous
Type of difference

Global

.78
.81
.80

1 ,ocal

.52
.61
.49
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test session should be compared to the performance in the control ses-
sion. The idea is to compare detection of differences w i t h i n clusters when a
cluster is embedded wi th in a larger configuration to detection of differences
when the cluster stands alone. However, in different patterns, the clusters
may appear in different locations, so one might argue that , while the subjeci
always knows where to look for the global features, he is somewhat tin-
certain about the exact location of the local features, so he has to
spend some time to locate them before processing. Therefore, the control
session included both conditions of spatial certainty and spatial un-
certainty. The spatial uncertainty in the control session was actually even
larger than the spatial uncertainty in the test session (3 bits vs 1.37 bits),

Another problem is what index to use for comparing the test with the
control. The percentages of correct detections of differences, global and
local in the test and overall in the control, could have been used under
the assumption that the subject had used the same decision criterion in
both sessions. If he had not, he could gain, for example, more correct
detections of differences in the control session just by making more false
detections as well. However, this assumption seemed too risky. Therefore,
it was decided to compare the proportion of total correct responses in
either condition of the control session to the proportion of the sum of
correct "Same-trials" and correct global difference detections in the tesi
session, on the one hand, and to the proportion of the sum of correct
"Same-trials" and correct local difference detections in the test session on
the other hand. This way the decision criterion does not matter. Those pro-
portions for both modes of presentation are presented in Table 3.

TABLE 3

COMPARISON 01- ACCURACY MEASURES IN THE TEST A N D CONTROL SKSSIONS
OF E X P E R I M E N T 4 FOR BOTH MODES or PRESENTATION

Proportion of correct
responses in:

Mode of presentation

Sequential Simultaneous

Test session
Same-trials plus global

different-lriuls
Same-trials plus local

different-trials

Control session
Spatial certainty all trials
Spatial uncertainty all (rials

.76

.71

.82"

.7.V

.73

.66

.88''

.80"

" Significantly higher than .76 lx L ' < !6 ) - 35.24;/; < .01).
'' Significantly higher than .73 Ir'H^I = 59.X4; /> < .001).
' Not significantly different from .76 | \2( I6) = 15.09;/) • .50).
''Significantly higher than .73 | \ - ( I6) - 42.72: / ' < .001].
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The statistical comparisons were done by means of i tests for pro-
portions w i t h i n subjects and then by a \* for combining the z values
across subjects (See Winer, 1971, pp. 49-50). The results clearly indicate
tha t the poor detection of local differences cannot be accounted for by
the smaller size of the local features, since accuracy in the control session
is greater than accuracy with regard to the global structure in the test
session.

Latency data. In the sequential mode the mean latency for local dif-
ferences was 1126 msec and that for global differences was 935 msec,
I-'(1,4) = 4.95; p < .10. If the between-subject variables are excluded
from analysis, F(\,l) = 5.72; p < .05. That relationship holds for seven
out of eight subjects. (The binomial probability of this occurring by
chance is .035.) However, in the simultaneous mode there was no
clear pattern. The mean latency for local differences was 1345 and that
for global differences was 1315, F(\,4) = 0.93, and only five out of eight
subjects show the same relationship. In sum, the latency data, especially
from the simultaneous mode, are not very suggestive. It should be re-
membered that those latencies are measured when the target s t imul i are no
longer on, so they correspond to decision processes more than to percep-
tua l processing. The data do not seem to teach us very much about either of
those processes.

The data indicate clearly that global differences are more frequent ly
detected than local differences. Since both levels are cri t ical for the sub-
jects ' judgments and since the criterion of discrimination between the pos-
sible s t imul i is very clear, it is not plausible that the effect is due to
decision processes. If the effect resides in the perceptual system, the con-
clusion must be that the global configuration is more l ike ly to be per-
ceived on brief exposures than the local pattern. Since on longer exposure
one can see both, it follows that local analysis is done relatively late in
the process.

GENERAL DISCUSSION

There is now much evidence about the existence of receptors or chan-
nels sensit ive to part icular spatial frequencies, that is, st imulation with
particular spatial separations between its highly stimulated regions (See
Campbell, 1974). Low frequency channels have some different properties
from high frequency ones (see e.g., Broadbent, 1975). One might try to
interpret the findings of the experiments reported in this paper as re-
flecting the relative speed of operation of the lower versus higher spatial
frequency channels in the range of spatial frequencies (viz. , sizes) used
in these experiments. However, if this is true, the performance of subjects
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should be a function of absolute size. However, small elements were mil
processed less frequently, less rapidly, or less accurately than the larger
ones, unless they were also more local. Thus, across patterns size had no
effect. However, it is still true that within a given structure the global
features were larger than the local ones. That confoundedness raises the
question whether or not the findings can be interpreted in terms of relative
size within a given pattern. In other words, one may conclude from the
results that in a given scene, the larger features have priority in attracting
attention.

To the extent that globality and relative size are ecologically cor-
related, it would just be a matter of personal choice, which term
to use. However, one can conceive of patterns in which some local features
are larger than some more global s t ructures that do not contain them. For
example, considera s t imulus made up of two patterns of the type in Fig. 9,
one beside the other, in which the side of a square in the first one is four
times as long as the side of a square in the second one. The local level
(within-cluster arrangement) of the first one is larger than the global level
(between-cluster arrangement) of the second one. Such s t imul i seem to
offer a proper testing field for weighing the p laus ib i l i ty of the two inter -
pretations.

Another question is whether or not we are just if ied in generalizing
from the size ranges used in the reported experiment's. If the perceiveris
close enough to the forest, he wil l probably see a tree rather than a forest.
In this case, however, the tree is seen foveally whereas everything else is
seen peripherally. Global precedence will presumably hold when both
global and local levels have the same v i s i b i l i t y , be it high or low. This is
the more general case, because usua l ly the objects we attend to subtend
fairly small visual angles. For example, when you are reading these words,
your retinas encompass a portion of a much larger scene, such as a desk,
an opposite wall, and so forth, but this is the stationary ground; the bulk of
visual processing effort is probably expended on figuring out what the
words are. Thus, usually what we direct our visual attention on is small
enough to be subject to global precedence.

No attempt was made here to formulate an operational definition of
globabity of visual features which enables precise predictions about the
course of perception of real-world s t imuli . What is suggested in this paper
is that whatever the perceptual units are, the spatial relationship among
them is more global than the structure within them (and so forth if the
hierarchy is deeper). Thus, I am afraid that clear-cut operational measures
for globality will have to paiently await the time that we have a better idea
of how a scene is decomposed into perceptual un i t s . However, the dif-
ficulty in providing objective criteria for determining what in a real-world
situation corresponds to a certain psychological term that does have an
objective definition wi th in the laboratory should not deter us from using
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Hii'h a term. (Think, for example, of the terms "stimulus," "reinforce-
ment ," "familiarity," "util i ty," and many others). For the time being, we
can use some Gestalt laws and a pinch of common sense.

SUMMARY

In this paper, I propose that perception proceeds from global analysis
(o more and more fine-grained analysis. The global precedence has a
number of possible advantages such as utilization of low-resolution in-
formation, economy of processing resources, and disambiguation of in-
dist inct details. Although evidence from the psychological literature sup-
ports the notion that global features are extracted earlier and/or
better than local ones, in most previous research l i t t le attention has been
given to the control over the complexity of global and local features.

In the first two experiments reported in this paper, subjects were asked
to respond to an auditorily presented name of a letter while looking at a
visual stimulus that consisted of a large character (the global level) made
out of small characters (the local level). The subjects' auditory dis-
cr iminat ion responses were subject to interference only by the global
level and not by the local level. These results demonstrate that when visual
stimulation is attended to, but is not the unique source of information that
bears on behavior, visual processing may stop when the gross features
have been accounted for.

If global precedence is not an inherent property of visual perception but
just a consequence of an ad hoc policy of allocating resources, then one
should be able to voluntarily force himself to skip global analysis and
process just the elements. To answer this question I performed Experiment
\, in which subjects were presented with large characters made out of small
characters. They had to respond either just to the global level (the large
characters) or just to the local level (the small characters). Whereas the
identity of the local level had no effect on global recognition, global cues
which conflicted with the local ones inhibited the response to the local
level. This result shows that in some circumstances, while people can
voluntarily attend just to the global level of a scene, they cannot skip global
processing, thus the latter is a necessary stage of perception.

In Experiments 2 and 3 the local level was ignored or could be ignored;
nevertheless, it could be processed if a deliberate attempt was made to do
so. In Experiment 4 the exposure was short enough to make local
processing very difficult even though the subject was motivated to obtain
its output. The subjects were asked to judge whether pairs of simple pat-
terns of geometrical forms which were presented for a brief duration were
the same or different. The patterns within a pair could differ either on the
global or on the local level. It was found that global differences were
detected more often than local differences. This may be interpreted as a
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support to the idea that global processing is done before more local analysh
is completed.

In sum, this is a diverse set of findings, and along with previous findings!!
constitutes a body of evidence supporting the notion of global precedence
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