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Forest Before Trees: The Precedence of Global Features
in Visual Perception

DAVID NAVON
University at Haifa, Haifa, Israel

The idea that global structuring of a visual scene precedes analysis of local
features is suggested, discussed, and tested. In the first two experiments 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 discrimination responses
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 presented
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 differences
were detected more often than local differences.

The 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
information at once, no matter how rich it is, is probably too naive. There is
ample evidence that people extract from a plcture 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 early
studies of Aktualgenese (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 rather
than built up. Thus the perceptual system treats every scene as if it were
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 of
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 I). This statement
does not explain the process of decomposition, but it gives an idea of its
product. The globality of a visual feature corresponds to the place it
occupies in the hierarchy: The nodes and arcs at the top of the hierarchy
are more global than 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
correspond 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 if
"x" and "y" constitute perceptual units, then "x" must be more global
than "y" (or vice versa). For an experimental test of the principle of
global precedence one should use as stimuli figures in which the spatial
hierarchy is intuitively 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 its
local features.

As an example, consider how a picture like the one in Fig. I may be
processed. The structuring of the picture that comes first in the process
of perception is something like L (blob-1, 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 is directed to the analysis of blob-1, so that the structure of the
scene is refined into something like L (R(blob-2, b!ob-3), 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

~—— blob-3

Fig 1. 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(crescent, 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 perceptual analysis of
whatever is attended to. Note that perceptual processing 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-limes 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 processing, The
constraints imposed by the optical limits of our eyes and by the nature of the
surroundings have a twofold implication for the processing 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 simultanecously.

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 important 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 regarded 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 finally
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 candidates 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, yet it 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 interpreted, 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
excellent demonstration of how the mere presence of a higher-level perceptual
unit improves later forced-choice recognition of its individual constituents over
the case when they are presented alone (or just being focused upon, as shown
by Johnston and McClelland, 1974). Whether it is the discriminability or the
codability of the constituents which is enhanced is yet an open question.

Selfridge (in Neisser, 1967, p. 47) illustrated how the same pattern
can be interpreted as two different letters depending on the context. In
many cases it appears that the perceptual system ignores details that are
inconsistent with the interpretation indicated by the context or even
completes features that are missing in the actual scene. Pillsbury (1S97)
demonstrated how readers may not be disturbed at all by omission or
substitution of letters in texts they read. Warren (1970) reported about a
similar effect in speech perception. Huey (1908) and recently Johnson
(1975) provided some more examples in this vein. Palmer (1975a)
showed that interpretation of ambiguous elements of a picture tends to
conform to the semantic structure of the whole scene, even when it
involves some distortion or deletion of few details.

In those examples, the perception of the global unit or the overall
theme is more veridical than the perception of the elements. However,
note that in all of these examples (excluding, perhaps, the word-letter
phenomenon) the whole is more predictable than the elements,
especially when the target element is incongruent to some extent with
the rest. Therefore, it is not clear whether the veridical identification of
the whole is due to very potent extraction of global features or to highly
redundant inference made on the basis of a sample of local features.
(See Johnson, 1975; Rumelhart & Siple, 1974).

What is the evidence that global features or relationships are
perceived first? First, there are indications that people can take
advantage of peripheral information. The subjects in an experiment by
Williams (1966) were able to utilize peripherally viewed size or color to
direct their search for targets. Rayner (1975) showed that readers seem
to perceive the gross shape of peripherally viewed words to the right of
the word being fixated at the time. Since peripheral information must be
of low resolution then to he extent that recognition is aided by
peripheral cues, the precedence of the gross features falls out.

Second, even within the angular span that can be perceived with
high acuity in just one fixation, there seems to be progression with
exposure time from very gross global perception to very line-grained
recognition. In many early studies of the development of percepts
(comprehensively (viewed in Flavell & Draguns. 1957) subjects were
presented with visual stimuli for very short durations. The general
finding is that as the duration of 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 hour 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
that are processed first. It was found (Navon, 1976) that in situations of
ambiguous 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
fruit). She found that children perceived wholes at an earlier age than
parts. On the other hand, Elkind, Koegler, and Go (1964) devised a set
of figures that produced the opposite effect. The source of conflict in
those findings resides, obviously, in the stimuli. Ambiguous figures
may vary in the relative plausibility of their alternative interpretations.
If young children tend to make just one decision about a stimulus, then
they arc likely to overlook the duality of ambiguous figures and to
detect just the more salient aspect, whichever the case may be.

It seems, thus, that the general problem with the experimental
treatment discussed so far is lack of proper control over the stimulus
material Global and local structures may differ in complexify, salience,
familiarity, recognizabitity, 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
is to use stimuli in which the set of possible global features is identical
with the set of possible local ones. For this purpose I constructed large
letters that were made out of small letters (see Fig. 5A). When one
looks at
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these stimuli in normal viewing conditions, one cannot miss either the
ideality 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 subjects' 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-Hite 3550R filter, a Shure microphone mixer, two Hewlett—Packard
350D attenuator sets, a chin rest, and a pair of headphones. Auditory and visual
stimuli were generated and controlled 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 50 cm. The intensity 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/m?.
The room illumination was such that the luminance of the periphery of the screen
was .65 cd/m>.

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.

The 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 sequence of auditory stimuli, the subject was monitoring the
oscilloscope. A visual stimulus of the set shown in Fig, 2A could either be flashed
on the oscilloscope or not (randomly
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Fig. 2. A schematization of the experimental task in Experiment 1.

with probability .5) in very close temporal proximity to the auditory stimulus. The
primary task of the subject was to indicate after each utterance which of the two
letters he had heard by depressing either of two keys with the second or third finger of
his right hand. The secondary task was to respond by depressing a key with his
left hand to the appearance of any visual stimulus 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 response. It was also emphasized that
although he only had to respond to the presence of the visual stimulus, he would
be questioned about the identity of the visual stimulus later. He was not told before
the experiment what the visual stimuli would look like.

Each trial was preceded by a short warning beep. Simultaneously with the
onset of the beep a square frame with a side slightly larger than the longer side of
the visual stimuli appeared on the screen and persisted until the scheduled offset
time of a visual stimulus regardless of whether or not such a stimulus was actually
presented. The warning signals.
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FIG. 3. A diagram of the temporal structure of the stimuli in
Experiment 1.
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served to minimize both the temporal and spatial uncertainty of the subject with
regard to the stimuli. Accuracy and latency for both the auditory discrimination
response and the visual detection response were recorded. Latency was measured from the
start of the auditory stimulus.

Each subject was run individually in one session of 504 trials. After every block of
72 consecutive trials the subject was given a rest period of about 40 sec. The
necessary ran domizations were done for each block independently. The auditory
stimuli and the presence 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 stimuli was said to be consistent with the auditory
stimulus if they both consisted of the same letter; it was said to be conflicting with
the auditory stimulus if they were different letters (namely an H and an S); and it was
said to be neutral with regard to the auditory stimulus if it consisted of a rectangle.!
{)tl fallls out that these levels of consistency were randomized and balanced in each

ock.

There were three conditions of temporal overlap between the auditory and the
visual stimuli. As seen in Fig. 3, the exposure duration of the visual stimuli was always
the same, but the delay of their onset with respect to the start of the auditory
stimuli was either -40.0, or 40 msec. The overlap conditions were administered in
different blocks. The order of the administration of the conditions for half of the
subjects was: 1, 2, 3, 1, 2, 3, in blocks 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 the 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 by the PDP-9 computer at a sampling rate of 10 khz. It was
stored 1n 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 stimuli 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 University of
California, San Diego, who participated in the experiment as part of their course
requirement. The subjects were also paid a monetary bonus that depended heavily on
accuracy for both auditory discrimination and visual detection responses and slightly
on the speed of the first one. The subjects were asked to try to be as fast as they could
without making errors at all. All had normal vision or fully 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 indication 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-

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

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 consistency 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 coefficient 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
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(dalay in
paren theses)
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/ 1 -40 meeci
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" /,: J (40 muec)
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FIG. 4. Mean auditory latencies in Experiment I as a function of consistency level
and temporal overlap condition. The delay is of the visual stimulus with respect to the
auditory stimulus.
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TABLE I

MEAN LATENCIES (MILLISECONDS) IN EXPERIMENT I TABULATED BY
CONSISTENCY LEVELS AND TEMPORAL OVERLAP CONDITIONS

Femporul overlup Consistency l
condion delay ——— - —— - }
|

In parentheses) Consistent Neutral Conflicting Fotal
(R 1] S3K <4 w12 LEX} 581
¥ v ¥ ¥
2 () 505 . 531 565 534
Il ] Il |
L 4] 498 < SIK 547 5
Fotal 514 < 544 SKI

Note. Results of post hoc pairwise comparisons are represented by equality (=)
and inequality (<) signs. An equal sign denotes nonsignificant comparison. One inequality sign denotes
i:omf)an'son significant to the .05 level. Two inequality signs denote comparison significant to the .01
evel.

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 I) suggests
that the differences between all pairs of levels of consistency are 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 is stronger when the
auditory stimulus starts after the onset of the flash.

Experiment 2
Method

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 stimuli. Two sessions
were administered, a test session and then a control session. The visual stimuli used in
the test session were a large H, S. or rectangle. These global characters were made out
of local characters: small Ms, Ss, or rectangles. The shapes of the local and global
characters were identical. The arrangement Hs, the centers of the small characters
making up a large one was the same as the arrangement of the dots making up the
small characters proper. The set of actual stimuli 1s shown in Fig. 5A.

The global level was factorially crossed with the local level, and each visual
stimulus was presented twice with each auditory stimulus, within 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 stimuli used were the
ones used in Experiment I. The stimuli used in the second part (See in Fig. 5B) were
just single-element characters of the stimuli from the test session presented at the
center of the display field. The square frame used for delimiting the field of the visual
stimulus was smaller during the second part of the control session. The ratio between
its size and the size of the stimuli was the same as in the test session and in the first
part of the control session.

The temporal overlap between the auditory and the visual stimuli was identical to
that in condition I of Experiment I: The flash was 80 msec long and was turned on 40
msec before the start of the auditory stimulus.
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FIG. 5. The set of stimuli used in the test session of Experiment 2 is
presented in A. The set of stimuli used in the second part of the control session is
presented in B.

Eighteen subjects were run, none of whom had served in Experiment 1. The
size of the visual display was varied between subjects. For nine of them the size of the
whole stimulus was the same as in Experiment 1; the size of the element characters (or
of the whole stimulus in the second part of the control session) was 1/8 of that size. The
other nine subjects were presented with stimuli that were 1.5 as large as the respective stimuli the
first nine subjects were presented with.

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 dining 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) = 1.64; 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 consistency 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 interactions.

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(2,28)=103.74;p <.001, and it does not interact
with the type of stimuli, F(2,28) = 0.17. The effect of the type of stimuli proper
fell short of significance, F (1, 14) = 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 overall
mean latency in the control session was nonsignificant, F (1,15)=1.21; p > .25, for
trials without visual input but significant, F(1,15)=10.44; p <,01, 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 administered after the test session. Another possibility is that
as the visual stimuli in the control session were simpler, they required less
prloce_ssing, thus enabling earlier completion of auditory processing and response
selection.

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 field. Hence it is not the smaller size of the elements per se that
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 limited depth. The global
pattern is apprehended hut not its components. All but three subjects did
not even notice that the stimuli were made of small letters. When
asked after the experiment was over, they said that the stimuli may
have been made of dots or of blocks.

There seems to be no sensory limit 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, Experiment
3, indicate that one can voluntarily 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 structure of the task, although
it might have had enough capacity for performing a more thorough anal-
ysis. I believe that such economy in processing effort is very characteristic
of human vision. Since usually the informative contribution of local fea-
tures over the information gained by processing global structures is small
or negligible, whereas the reverse is not true, the system will quit after
a scene is interpreted on the global level.

THE INEVITABILITY OF GLOBAL PROCESSING: EXPERIMENT 3

We have already seen that in certain conditions when no specific
demands are made to the viewer with regard to what should be rec-
ognized, his visual system is tuned to pick just the identity of the global
pattern. What happens, however, when the viewer is told what to focus
at and what to ignore? Can the 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 stimuli of the type
used in Experiment 2, this time without any auditory stimuli, and to have
subjects 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 stimuli as long as they want, they probably would
not be able to concentrate well on either of the levels uniquely.
Therefore, I used brief presentation with postexposure masking. In
addition, because when subjects know exactly where the stimulus will
appear they might focus on a spot that contains just one element, I
introduced spatial uncertainty into the task.

Method

Apparatus, The apparatus was the same as in Experiment 1 and 2, without the
acoustical equipment.
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Stimuli. This experiment used the set of visual stimuli from the test session of Experiment 2 (see
Fig. 5A) in the small size condition.

Design and procedure. In each trial of the experiment the subject saw a stimulus of the type
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 was H or S. (In this condition stimuli 2, 5, and 8 from Fig. 5A were not used.) In the
local-directed condition the subject was supposed to indicate whether the element
character was H or S. (In this condition stimuli 4, 5, and 6 from Fig. 5 A were not used.
Each trial was preceded by a 50-msec warning beep. The beep started simultaneously
with the onset of a fixation point at the center of the oscilloscope that remained in the
held for M)0 msec. I lie stimulus followed [lie 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 24 mm. The stimulus
was presented for40 msec and was immediately masked by a square of 33 x 33 dots.! The
mask remained on the oscilloscope until the subject depressed either of two keys
with his second or third finger of his right hand to indicate his response. The
subject's response initiated the generation of the next trial which started about 3 sec
later. Both accuracy and latency measured from the onset of the stimulus were recorded
for each trial.

Each subject was run individually 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 stimuli appeared six times in a block in a random fashion, and each spatial
position at which the stimulus 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 last. The first two blocks for each condition were
considered as practice blocks.

Subjects, Fourteen subjects were run. All of them were undergraduates at the
University of California, San Diego, who participated in the experiment as part of their
course requirement. The sub_]ects were also paid a monetary bonus that depended heavily
on accuracy and slightly on speed. The subjects were asked to be as fast as they
could while making as few errors as possible, None of the subjects had participated in
Experiment 1 or 2, and all had normal vision or fully corrected vision.

Results

The overall error percentage was 3.3%. However, unlike 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 function of the attention
condition and the consistency of the stimuli 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 (p <.001), F (2,24) = 72.48 (p < .001), and
F(2,24) =16.59 (p <.001), respectlvely

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

" In fact, the mask was not strictly immediate because the dots were sequentially
plotted at a rate of 10 usec per dot.



370

DAVID NAVON
70ap CONDITION
¥ oineo
430
400
S
E 850
&
300
_,-" GLOBAL-
I._,._______\ e DIRECTED
"--.__,___‘_‘_‘_\_“"_._'_‘__-—'_'_H_F
450}
L
. L i
CONSISTENT NEUTRAL CONFLICTING
CONSISTENCY LEVEL

FIG. 8. Mean latencies in Experiment 3 as a function of consistency level and
attention condition.

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. All 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, p <.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
conditions was very small (1.8%) and nonsignificant, F( 1,12) = 2.86;
p > .1, the results cannot be attributed to poor resolution of the elements.
Although this experiment lacks a size control of its own, an indirect control is
supplied by the results of the control session of Experiment 2 (see Fig. 7): If
size per se had had an effect, the smaller visual stimuli should probably have
delayed more the responses to the auditory stimuli and/or interfered less
with them, but they do not.

The order of the attention conditions interacts significantly with
both Attention condition. F(1,12) = 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
responded to faster than the elements. Moreover, whereas people can
voluntarily 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 voluntarily degrade the
quality of the local sensory data (for example, by changing the focus of the
eye tense). 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
vividness of the global percept. Nevertheless, the local features could still be
processed if a deliberate attempt were made to do so. The next experiment
purports to examine whether or not there are conditions under which local
features are less likely to be processed (or alternatively, 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 stimulus, 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
cutting the lines of input by replacing the stimulus with a masking held, 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 for a task that requires the subject to place equal im-
portance on both levels. It also requires critical duration of exposure that is not
long enough to enable good perception of both levels, but not short enough
to disrupt any perception at all. The stimuli should not be too complex,
because the effects must be attributed to perceptual processing 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 stimulus 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 geometrical
forms. The possible global patterns were chosen to be very similar in all
respects to the possible local elements.! 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" judgments 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 squares circumscribing the
clusters could relate to each other in precisely the same ways as the squares within

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 not 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 that they should respond "same" only in case of perfect congruence
between the two

3 This was true for the stimuli of experiment 1 and 2, too. However, there the
distance between two adjacent elements was somewhat arbitrary. As will be seen,
in the stimuli of this 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 ~ Xnen-
trials in Experiment 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 likely 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 within 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 where the patterns appeared during the test session; and Spatial Uncertainly,
where the clusters appeared randomly at either of the eight positions in which they could fall
during the test session. . _

Several variables were varied between subjects. There were two modes of

presentation: sequential mode, in which a target stimulus was presented for a fixed brief
duration followed
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by a probe stimulus terminated by the subject's response; and simultaneous mode, in
which both stimuli were presented at the same time for a fixed brief duration.

There were two conditions of readiness for the onset of the display: temporal
certainty, in which the subjects were given both an auditory warning and a fixation
point before each trial; and temporal uncertainty, in which subjects did not get any
warning and the inter-trial intervals were Poisson-distributed.

In the sequential mode the size of the patterns was varied: the large size was
three times as large as the small size, so a single square of the large size had the
same side as the imaginary square circumscribing a cluster of the small size. In the
simultaneous mode only small size patterns were used because the display
oscilloscope could not accommodate two large patterns, but the orientation of the
two patterns to each other was varied. In the horizontal comparison condition the
patterns were presented side by side. In the vertical comparison condition they were
presented one above the other. In both conditions the space between the two figures
was the size of a figure. Examples of the displays in each of the conditions and
sessions are presented in Fig. 10.

The temporal structure of a trial in each of the conditions is schematized in
Fig. 11. Both accuracy and reaction time were recorded. In the sequential mode,
reaction time was measured from the onset of the probe stimulus. In the
simultaneous mode, reaction time was measured from the onset of the
postexposure mask.

Each subject was run individually. The subject was dark adapted for 5 min,
then the practice session began followed by the test session and then the control
session. The subject was given a rest period of about 1 min after every block of 32
consecutive trials. In every block, each pattern appeared twice as a target
stimulus, once in a Same-trial, and once in a Different-trial. (In the simultaneous
mode the right pattern or the upper pattern was considered as the target.) The order
of presentation within a block was randomized. A given
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Fig. 10. Examples of the displays in each of the conditions and sessions of Experiment 4.
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the simultaneous mode).
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pattern was paired in different blocks with different patterns as probe stimuli, so that
across 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 once as a probe. In the control session a block consisted of 24
consecutive trials, and each cluster appealed 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 uncertainty was administered in
even-numbered blocks.

Apparatus. The equipment was the same as in Experiment 3. The subject
sat in from of a keyboard. Two different 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' visual 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 stimulus contained about .3000 dots and
the side of a masking square was 21 mm®*. The large size patterns were three times as
long. The illumination of the booth was dim to avoid reflection of the subject's image
in the oscilloscope's screen, The intensity 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/m? and the luminance of the
periphery of the screen was .53 cd/m?.

Subjects. Sixteen subjects were run, eight in each mode of presentation. They
were assi%ned evenly to all the combinations of the between-subjects
treatments.”. A1l the subjects were undergraduates at the University of California.
San Diego, who participated in the experiment as part of their course requirement.
The subjects were also paid a monetary bonus that depended on accuracy and
slightly 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 excluded from the
major analysis because they were irrelevant for the purpose of the experiment.

The proportions of correct " Different" responses in the sequential mode
were .88 for global difference and .72 for local difference, F(1,4) =
23.16; p < .01. The corresponding proportions in the simultaneous mode
were .80 and .54, F(1,4) = 12.75; p < .025. The agreement among individual
subjects is very high: The proportion of detecting global differences is higher
than the proportion of detecting local differences for

!'It should be noted that the mask was not strictly immediate because the dots
were sequentially plotted at a rate of 10 usec 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
significant, 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 norits
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 within clusters, whereas global disparity is likely 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

The. PROPORTIONS OF CORRECT "DIFFERENT" RESPONSES IN
EXPERIMENT 4 TABULATED ACCORDING TO MODE OF PRESENTATION,
TYPE OF DIFFERENCE, AND ANGULAR DISPARITY BETWEEN THE PROBE
STIMULUS AND THE TAUGHT STIMUL US

Mode of presentation

Angulur disparity Sequential Simultaneous
imeasured in degrees Type of difference F'ype of difference
clockwise from
target 1o probe) Gilobal [Loscal Cilobal Local
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test session should be compared to the performance in the control session.
The idea is to compare detection of differences within clusters when a cluster
i1s embedded within a larger configuration to detection of differences when the
cluster stands alone. However, in different patterns, the clusters may appear
indifferent locations, so one might argue that, while the subject always
knows where to look for the global features, he is somewhat uncertain
about the exact location of the local features, so he has to spend some
time to locale them before processing. Therefore, the control session
included both conditions of spatial certainty and spatial uncertainty. 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 fake 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 test session, on the one hand,
and to the proportion of the sum of correct "Sanie-trials" and correct local
difference detections in the test session on the other hand. This way the
decision criterion does not matter. Those proportions for both modes of
presentation are presented in Table 3.

TABLE 3

COMPARISON OF ACCURACY MEASURES IN THE TEST AND CONTROL SESSIONS OF EXPERIMENT 4 TOR
BOTH MODES OF PRESENTATION

Mode ol presentation
Proportion of correct _—
Fesponses sequentiul Simultancous
[esl session
Same-trials plas global
different-trials 7h 13
Same-1nils |'l'illﬁ focal
different-trials 71 b
Cantrol session
Spatial certuinty all trials B AR
Spatial uncertamty all trials W M
O Signtticantly higher than 76 [yF6) - 3324 p < 01,
" sigmibicantly higher than 73 |y tl6) = 39.84; p < 001,
" Not significantly dilferent Trom 76 [ y*(16) - 13,09 p - .50

* Signticantly higher thin 73 [yGl6) = 4272 p < 001,
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The statistical comparisons were done by means of 2 tests for pro-
portions within subjects and then by a x2 for combining the z values across
subjects (See Winer, 1971, pp. 49-50), The results clearly indicate that 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,
F(1,4) =4.95; p <.10. If the between-subject variables are excluded from
analysis, F'(1,7) = 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(1,4) =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 remembered that those latencies
are measured when the target stimuli are no longer on, so they correspond
to decision processes more than to perceptual processing. The data do not
seem to teach us very much about either of those processes.

Discussion

The data indicate clearly that global differences are more frequently
detected than local differences. Since both levels are critical for the sub-
jects' judgments and since the criterion of discrimination between the
possible stimuli 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 likely to be perceived
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 sensitive to particular spatial frequencies, that is, stimulation 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., Broudbent, 1975). One might try to
interpret the findings of the experiments reported in this paper as reflecting
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 nm
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
correlated, 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 structures that do not contain
them. For example, consider a stimulus 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 stimuli
seem to offer a proper testing field for weighing the plausibility of the two
interpretations.

Another question is whether or not we are justified in
generalizing from the size ranges used in the reported experiments. If the
perceiver is close enough to the forest, he will 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 visibility, be it
high or low. This is the more general case, because usually 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 stimuli. 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 patiently await the time that we have a
better idea of how a scene is decomposed into perceptual units.
However, the difficulty in providing objective criteria for determining what
in a real-world situation corresponds to a certain psychological term that
does have an objective definition within the laboratory should not deter
us from using
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such a term. (Think, for example, of the terms "stimulus," "reinforce-
ment," "familiarity," "utility," 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
in more and more fine-grained analysis. The global precedence has a number
of possible advantages such as utilization of low-resolution information,
economy of processing resources, and disambiguation of indistinct details.
Although evidence from the psychological literature supports the notion that
global features are extracted earlier and/or better than local ones, in most
previous research little 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 discrimination 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 3, 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 patterns 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 analysis is
completed.
In sum, this is a diverse set of findings, and along with previous findings it
constitutes a body of evidence supporting the notion of global precedence
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