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Local and global processing:

The role of sparsity

MARYANNE MARTIN
University ofOxford, OxfordOX13UD, England

It has recently been proposed that global processing precedes local processing of a visual
scene even when the local and the global aspects are similar in nature (e.g., both alphabetic).
The two types of processing were compared here in four different ways, for stimuli with many
and with few local elements (i.e., differing sparsities). These methods consisted of assessing
naming latency, intrastimulus Stroop-like interference, intermodality Stroop-like interference,
and phenomenal judgment. The results of four experiments were consistent in demonstrating
global processing priority for many-element stimuli but local processing priority for few-element
stimuli.

A question that has recently received considerable
investigation is that of the extent to which human
information processing may be analyzed in terms of
input-driven and concept·driven mechanisms. In activities
such as reading (Levy, 1977), picture recognition
(palmer, 1975a, 1975b), speech perception (Marslen
Wilson & Welsh, 1978), and problem solving (Eisenstadt
& Kareev, 1975), these mechanisms have usually been
defined with respect to physical and semantic levels of
analysis. A purely input-driven model would postulate
the existence of a series of stages of analysis from
sensory representation to meaning, the output of each
stage of analysis forming the input to the next. Con

straints derived from the higher levels have no control
over decisions at a lower level. Concept-driven mech
anisms, on the other hand, exert important influences
of this type via high-level constraints on possible
interpretations operating at early stages of processing.

Physical and semantic elements of information often
inhere in either local or in global aspects of the stimulus
(e.g., the positions of individual letters of a written
word can be specified separately, while its meaning
is derived from all of the letters). Thus it is possible
that corresponding to the ordering in which input-driven
and concept-driven processes occur in perception, there
exists a related ordering of processing of local and
global stimulus aspects. Specifically, several theorists
have subscribed to the recent proposal by Navon (1977)
that processing of global characteristics of a visual
stimulus precedes processing of local characteristics
(e.g., Broadbent, 1977; Broadbent & Broadbent, in
press; Fox, 1978; Lupker, 1979; Norman & Bobrow,
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Note 1). Similar proposals have also been made by other
theorists (e.g., Bouma, 1971; Eriksen & Schultz, 1978;
Lockhead, 1972; Monahan & Lockhead, 1977; Neisser,
1976). This view is clearly compatible with the Gestalt
theory that perception of a part of a stimulus is
determined by perception of the whole, rather than the
reverse (e.g., Wertheimer, 1944). It may be contrasted

with feature-accumulation models that (as in the pattern
recognition model of Selfridge, 1959) view processing
as proceeding from the local to the global (e.g., Gibson,
1969; lindsay & Norman, 1972; Rumelhart & Siple,
1974; Treisman & Gelade, in press; Treisman, Sykes, &

Gelade, 1977). Pomerantz and Sager (1975) have

reported the occurrence of slight local, rather than

global, precedence even when discrimination of the
global element was easier than that of the local element.
The experiments to be reported here, on the other hand,
indicate that neither class of model holds universally.
Rather, it appears that either local or global character
istics may be extracted earlier, as proposed also by
Kinchla and Wolfe (1979). For the specific variable
manipulated here, it was found that the order of
processing of global and of local aspects depended upon
stimulus sparsity (Le., upon whether the stimulus had
many or few local elements).

The question of local and global precedence may also
be related to recent theoretical treatments (Estes, 1975;
Johnston, 1978; McClelland & Johnston, 1977) of the
word superiority effect. This refers to the fmding that
a letter in a familiar word may be perceived more
accurately (Reicher, 1969; Wheeler, 1970) or more
rapidly (Krueger, 1970) than the same letter in isola
tion or in a string of unrelated letters. The effect can
be vitiated, however, by manipulating redundancy
(Massaro, 1973) or visual angle (Purcell, Stanovitch, &
Spector, 1978). A problem in the interpretation of the
word superiority effect is that the local-global nature
of the letter-word distinction is confounded with other
factors such as degree of internal redundancy and of
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richness of encoding. This problem does not arise in

the present experiments, for which local and global

elements were made directly comparable.

The experiments to be reported are similar in several

respects to those of Navon (l977). To prevent differ

ences between local and global elements arising from

extraneous factors, Navon used as stimuli single large

letters (global aspects) that were composed of several

small letters (local aspects) of a particular type. Similar

stimuli have been used also by Kinchla (1974, 1977)

and Martin (1978a, in press). Navon (1977) found that

if the subject's attention was directed toward the local

aspects, conflicting global aspects slowed down

perception of them, whereas perception of global aspects

was not impaired by conflicting local aspects. Navon

concluded that global analysis precedes local analysis,

making it possible to respond on the basis of global

aspects alone, but not to respond on the basis of local

aspects without suffering interference from the more

rapidly analyzed global information.

The above interpretation has two distinct com

ponents, both open to further empirical investigation.

The first is the postulate that global processing precedes

local processing. The second is that when two conflicting

types of information are processed, perception of the

more slowly available type is impaired by the presence

of the more rapidly available type, but not the reverse.

In the Stroop (l935) paradigm, this postulate has been

advanced as a "race" explanation for observed patterns

of interference (Cohen & Martin, 1975; Martin, 1978b;

Morton & Chambers, 1973). It is possible logically for

both, either, or neither of these two propositions to hold

in general. A series of experiments was carried out to

test them empirically.

EXPERIMENT 1

On each trial in Experiment 1, subjects were shown

a global letter composed of several examples of a

smaller, local letter. The sparsity of each stimulus was

varied by having each global aspect comprise either

many or few local ones. The subject's task was to

report in each case the name of either the local or the

global aspect (as instructed) as rapidly as possible.

Method
Subjects. The subjects were 16 right-handed members of the

Oxford subject panel, aged between 18 and 30 years. Eight were

female and eight were male. All had normal or fully corrected

vision. They were tested individually.

Stimuli and Apparatus. The two sets of nine different

patterns incorporated into the stimuli of all four experimen ts
are shown in Figures 1 and 2 (many and few local elements,

respectively). As can be seen, each of the patterns consists of

a global shape (H, S, or 0) made up of local shapes (again H,

S, or 0), with all shapes having the same height-to-width ratio.
This experiment used eight of the nine types of pattern,

excluding that with both local and global 0 shape.
The stimuli were presented as black patterns on white cards

in a Cambridge three-field tachistoscope. Each stimulus was
preceded by a central fixation point and followed by a visual

random noise mask. The cards were 10.2 x 15.2 em. The global

LOCAL AND GLOBAL PROCESSING 477

H H 0 0 5 5
H H 0 0 5 5
H H 0 0 5 5
HHHHH 00000 55555
H H 0 0 5 5
H H 0 0 5 5
H H 0 0 5 5

HHHHH 00000 55555
H H 0 0 5 5
H H 0 0 5 5
H H 0 0 5 5
H H 0 0 5 5
H H 0 0 5 5
HHHHH 00000 55555

HHHHH 00000 55555
H 0 5
H 0 5
HHHHH 00000 55555

H 0 5
H 0 5

HHHHH 00000 55555
Figure l. M a n y ~ l e m e n t stimulus patterns.

H H 0 D 5 5
H H 0 D 5 5
H H H ODD 555
H H 0 0 5 5
H H 0 0 5 5

H H H DOD 555
H H 0 0 5 5
H H 0 0 5 5
H H 0 0 5 5
H H H DOD 555

H H H DOD 555
H 0 5
H H H DOD 555

H 0 5
H H H DOD 555

Figure 2. Few~lement stimulus patterns.
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Figure 3. Latencies in Experiment 1 for reporting of local
and of global aspects of many-element and of few-element

stimuli, as a function of the level of consistency of the secondary
aspect.

compared. It was found that global attention was faster

(by 37.5 msec) than local attention for many-element

stimuli (p < .05), whereas local attention was faster

(by 174.1 msec) than global attention for few-element

stimuli (p < .01). Second, the six different categories
using many-element stimuli were compared. It was

found that for global attention the conflicting condition

was slower than both the consistent condition (by

41.0 msec) and the neutral condition (by 35.9 msec)

(p < .05), although the latter two did not differ sig

nificantly from each other; for local attention, the

conflicting condition was slower (by 82.8 msec) than

the neutral condition (p < .01), which was itself slower

(by 27.8 msec) than the consistent condition (p < .05).

Third, the six different categories using few-element

stimuli were compared. It was found, in contrast, that

for global attention the conflicting condition was slower

(by 43.8 msec) than the neutral condition (p < .01),

which was itself slower (by 51.3 msec) than the con

sistent condition (p < .01); for local attention, there was
no significant effect of consistency.

Accuracy of report in this experiment is displayed in

Figure 4. The close similarity of this to Figure 3 means

that the particular configuration of the latter cannot be

Results

The mean reaction times for correct responses are

shown in Figure 3 as a function of stimulus sparsity

(many or few local elements), local and global consistency

(consistent, neutral, or conflicting), and attentional

instruction (local or global). It should be mentioned

that the patterns of results appeared to be similar for

the Hand S patterns, and so these data are combined

throughout.

Analysis of variance showed that reaction times were

faster for local (556.2 msec) than for global attention

(621.4 msec) [F(1,15) = 13.96, P < .01] and that

the consistent (560.2 msec), neutral (580.8 msec), and

conflicting (625.5 msec) conditions differed in their

values [F(2,30) = 36.95, P < .001], but that there was

no main effect of sparsity [F(l ,15) =: 2.73] . Importantly,

there was a two-way interaction between sparsity and

attentional instruction [F(1 ,15) = 63.44, P < .001] .

The mean reaction times were examined further, using

Newman-Keuls technique (which was used in all the

a posteriori tests to be reported). For many-element

stimuli, global (557.3 msec) was faster than local

attention (597.8 msec) (p < .05). For few-element

stimuli, in contrast, local (514.8 msec) was faster than

global attention (685.5 msec) (p < .01).
A three-way interaction among sparsity, attentional

instruction, and consistency level [F(2,30) = 18.52,

p < .001] was examined in a similar manner. First, the

four different categories of the neutral condition were

letter on each card was 2.5 x 3.6 cm; the local letters were
.30 x .43 cm for the "many" case and .45 x .60 em for the

"few" case. Each card had 1 of the 16 stimulus patterns drawn
in one of the four quadrants of that card, immediately adjacent
to the card's central and vertical axes. The viewing distance was
50.8 cm, and thus the global shape subtended 2.8 deg to the
left or right of center and 4.1 deg above or below it.

Procedure. On each trial an auditory signal warned the
subject to look at the central fixation point. This was followed
3 sec later by the stimulus, which appeared in each of the

quadrants with equal frequency. The stimulus appeared for
100 msec and was followed immediately by the mask for 1 sec.

The subject was instructed beforehand to attempt to identify
either the global or the local shape. There were 288 experimental
trials and 24 practice trials. The trials were divided into four
blocks of 72 trials each. Two of the blocks contained stimuli
with many local elements, and the remaining two blocks
contained stimuli with few local elements. Report of the global
shape was required in one block and report of the local shape
in the other, for both pairs of blocks. The order of completing

the four blocks was counterbalanced across subjects. When
SUbjects were instructed to report the global shape, they were
only presented the six stimulus patterns with global H or S (and

instructed to report either H or S); similarly, for local shape
reports, only the six stimulus patterns with local shape H or S

were used (and report was again H or S). Depending on whether

the name of the unattended shape was the same as that to be
reported (e.g., both were H), the letter 0, or the other possible
response (Le., in this example, S), each trial was categorized as

a member of the consisten t, neutral, or conflicting conditions,
respectively. The order of presentation of the different types of

stimuli within a block was randomized. Subjects were instructed
to name the local or the global shape aloud as fast as possible
without making mistakes, and the time from the onset of each
stimulus to that of its vocal response was recorded.
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Figure 4. Errors in Experiment 1 in the reporting of local
and of global aspects of many-element and of few-element
stimuli, as a function of the level of consistency of the secondary
aspect.

attributed to speed and accuracy tradeoff effects. An

analysis of variance was carried out on the accuracy
data, but care must be taken in the interpretation of

its results because of potential ceiling effects, since

accuracy was greater than 90% in all but one-fourth of

the conditions. Accuracy was greater for local (92.6%)

than for global attention (85.5%) [F(l ,15) = 21.32,

p < .001]; consistent (98.6%), neutral (91.7%), and

conflicting (76.9%) conditions differed in accuracy

[F(2,30) = 69.6, p < .001]; and accuracy was greater

for many-element (92.2%) than for few-element stimuli

(85.9%) [F(I,15)=17.52, p<.OOI]. As before, there

was a two-way interaction between sparsity and atten

tional instruction [F(l ,15) = 71.84, P < .001]. For

many-element stimuli, global (97.0%) was more accurate

than local attention (87.4%) (p < .01). For few-element

stimuli, in contrast, local (97.8%) was more accurate

than global attention (73.9%) (p < .01).

A three-way interaction occurred between sparsity,

attentional instruction, and consistency level [F(2,30) =

52.90, p < .001]. In the neutral condition, global was
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numerically but not significantly more accurate (by

4.2%) than local attention for many-element stimuli,

while local was more accurate (by 21.4%) than global

attention for few-element stimuli (p < .01). For the

many-element stimuli, there was no significant effect of

consistency for global attention; the conflicting condi

tion was less accurate than the neutral (by 26.3%) and

consistent (by 31.3%) conditions (which did not differ

significantly from each other) (p < .01) for local atten

tion. For the few-element stimuli, the conflicting

condition was less accurate (by 27.3%) than the neutral

condition (p < .01), which was itself less accurate (by

20.8%) than the consistent condition (p < .01) for

global attention; there was no significant effect of

consistency for local attention .

Discussion

The latency and accuracy data reported here demon

strate that, contrary to the proposal of Navon (1977),

global aspects are not invariably favored over local

aspects in speed of processing. Depending upon con

ditions, either local or global aspects may be more

favored. A similar general conclusion has been reached

independently by Mclean (1978). Both overall and for

the neutral condition in isolation (in which response

competition is eliminated), it was found that, although

global processing was significantly faster than local

processing for stimuli with many local elements, it was

significantly slower than local processing for stimuli

with few local elements. In conjunction with the race

model (Cohen & Martin, 1975; Martin, 1978a;Morton &

Chambers, 1973), the dependency of speed of local and

global processing upon stimulus sparsity also accounts

successfully for the observed effects of variation in the

degree of consistency of local and global aspects. For

stimuli with many local elements, global aspects are

processed more rapidly than local ones, and hence the

naming of local attributes suffers more from Stroop
like interference than does the naming of global ones.

The fact that there was nevertheless significant Stroop

like interference in both directions resembles the results

of Pomerantz and Sager (1975) and may be contrasted

with the unidirectional effect found by Navon (1977,

Experiment 3). The latter result is attributed by the race

model to a smaller degree of overlap in local and global
processing times. Similarly, for stimuli with few local

elements, global aspects were found here to be processed

more slowly than local ones, and hence their naming

suffers more from Stroop-like interference than does

that of local aspects.

An important aspect of this experiment was that the

many-element and few-element stimuli both subtended

exactly the same visual angle. Thus the present pattern

of results cannot be attributed to some switch between

foveal and peripheral attention, as described by Navon

(1977, p. 380): "If the perceiver is close enough to the

forest, he will probably see a tree rather than a forest.
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In this case, however, the tree is seen foveally, whereas

everything else is seen peripherally." In practice,

whether or not a global aspect is favored in processing

can be manipulated independently of the visual angle

that it subtends.

The present results are nevertheless consistent at the

empirical level with those of Navon (1977) and of

several other workers. The stimuli used by Navon (1977,

Experiment 3) consisted of 6 by 7 local elements similar

to the 5 by 7 many-element stimuli employed here,

and they yielded similar global precedence results. It

is somewhat puzzling only that Navon (1977) reported

that his local and global elements were individually

equally perceptible. However, the control conditions

on which this conclusion was based differed in several

respects from those of his Experiment 3: Presentation

was in a ftxed, rather than a variable, location, the local

elements were isolated rather than grouped, and the

global arrays were composed of a larger number of

visual elements. Stirling and Coltheart (1977) found

that the latency for naming the global attribute of a

5 by 5 stimulus was longer than that for a 5 by 7 one,
which would be expected according to the present

explanation due to the relative favoring of local pro

cessing in the former case; unfortunately, the naming

of local attributes was not examined in this study.

Finally, Pomerantz and Sager (1975) found that sorting

stimulus cards on the basis of a global attribute suffered

more interference from irrelevant local attributes for

3 by 3 stimuli than for 7 by 7 stimuli, again as would be

expected on the present account.

Although the present experiment demonstrated

several behavioral relationships between the sparsity

of a stimulus's local elements and the relative favoring
of global and of local processing, it did not investigate
the occurrence of any phenomenal correlate. Thus, the

next experiment was carried out to investigate whether

the manipulation of stimulus sparsity also affects

conscious visual experience in a similar manner.

EXPERIMENT 2

Method
Subjects. There were 10 new subjects,S female and 5 male.

Other particulars were the same as in Experiment 1.
Stimuli and Apparatus. The stimuli and apparatus were the

same as those of Experiment 1, except that the stimulus pattern
was positioned in the center of each card rather than in one of
its quadrants.

Procedure. On each trial, the subject saw two patterns
in succession that differed only in sparsity. The subject was
instructed for each trial to "compare the pair of stimuli and
decide which is the easier to see." Before each trial, the subject
was instructed to attend to either the local or the global letter
and was informed of its identity, which was either H or S. As in
Experiment 1, the unattended letter was H, S, or O.

On each trial, an auditory signal warned the subject to look
at the central fixation point. It was followed 3 sec later by the
first stimulus, which appeared for 100 msec and was followed
immediately by a visual random noise mask for 1 sec. The
fixation point then reappeared for a further 3 sec and was
followed by the second stimulus and then a mask, as before. The

subject's spoken response was recorded by the experimenter.
Each of the six stimuli with a global H or S and each of the six
stimuli with a local H or S was used twice, once with the many
element stimulus rust and once with the few-element stimulus
rust, in a randomized sequence of 24 trials per subject.

Results

For global attention, the many-element stimulus

was judged easier to see than the few-element stimulus

on 83.3% of the trials. The value was greater than 50%

for 9 of the 10 subjects (p = .011, by sign test). For

local attention, the few-element stimulus was judged

easier to see on 80.8% of the trials. The value was

greater than 50% for 9 of the 10 subjects and equal for

1 subject (p = .002, by sign test).

Discussion

The results of this experiment demonstrate that the

manipulation of stimulus sparsity affects whether local

or global processing is favored when monitoring is at

the level of consciousness in the same way as when it is

at the purely behavioral level. Stimuli with many local
elements are judged easier to process globally than those

with few local elements, whereas for local processing the

judgments are reversed. Thus, in this case the content

of consciousness appears to reflect underlying processing

in a veridical manner, although recent work has demon

strated that this need not be so (e.g., Allport, 1977;

Schneider & Shiffrin, 1977; Shiffrin & Schneider, 1977).

Local and global visual processing may be further

investigated by examining the manner in which the two

types interact (if at all) with cooccurring auditory

processing of related material. It is generally found that

concurrent stimulation of a secondary modality by

information consistent with that input to the primary
modality facilitates processing of the latter in reaction

times tasks (e.g., Bernstein, 1970; Bernstein & Edelstein,

1971; Simon & Craft, 1970). This intersensory facilita

tion may be attributed to the alerting or preparatory

properties of the secondary stimulus (Bernstein, 1970;

Nickerson, 1973) and perhaps to selective sensory

processing (Seif & Howard, 1975). Conversely, incon

sistent secondary stimulation may interfere with primary
processing. Thus in a study in which the primary task

was to respond to a visual digit, Mynatt (1977) found

that reaction time was facilitated when the auditory

secondary stimulus was the same digit and was impaired

when it was a different digit (both relative to the level

for a random noise stimulus). In addition, similar results

are obtained when the latency of the P300 event-related
brain potential (see Price & Smith, 1974) is measured

(Squires, Donchin, Squires, & Grossberg, 1977).

In a study directly relevant to the present issues,

Navon (1977, Experiments 1 and 2) found that the

discrimination of auditorily presented letters was slower

when a visual display was presented concurrently (the

maximum effect occurred in fact when the auditory
discrimination was delayed by 40 msec). The magnitude
of the effect depended on the nature of the visual

stimuli's global attributes but not of their local ones.



Navon proposed that the effect arose because, in the

absence of instructions to focus attention, global, but

not local, attributes invariably receive processing. The

results reported here, however, suggest that the effect

arose from faster global than local processing of many

element stimuli, an asymmetry that might be reversed

for few-element stimuli.

EXPERIMENT 3

This experiment investigated the effects on an

auditory discrimination task of the cooccurrence of

either a few-element or a many-element stimulus at

which subjects were instructed to look.

Method
Subjects. There were eight new subjects, four female and

four male. Other particulars were the same as in Experiments
I and 2.

Stimuli and Apparatus. The visual stimuli and apparatus were
the same as those of Experiment 2, with the addition of two
stimuli displaying the previously unused patterns shown in
Figures I and 2 (Le., those with both local and global a shape).

The auditory stimuli consisted of the clearly audible spoken
names of the letters H and S (viz., "ach" and "es"). Identical

copies of the two letter sounds were presented in a random
sequence using a tape recorder. Preceding each letter sound, a
tone occurred on an additional tape channel (not linked to the
subject's headphones), which caused the tachistoscopic display
to commence 40 msec prior to the onset of the letter sound.

Procedure. On each trial, an auditory signal warned the
subject to look at the central fixation point in the tachistoscope.
It was followed 3 sec later by the visual stimulus, which
appeared for 100 msec and was followed immediately by a visual
random noise mask for 1 sec. On I trial in 10 (selected at
random), the visual stimulus was replaced by a blank white
card of the type constituting the backgrounds in the visual
letter stimuli; this blank stimulus accompanied an auditory
H and an auditory S once each in each successive set of 20 trials.
The subjects' task was in each case to report aloud as fast as
possible whether they heard an H or an S, while looking concur
rently at the visual display. The time from the onset of the
auditory stimulus to that of the response was recorded on each
trial.

There were 240 experimental trials, with 20 preceding
practice trials. The experimental trials were divided into four
equal blocks. Two blocks employed visual stimuli with many
local elements, and two employed stimuli with few elements.
The order of presentation of blocks was counterbalanced over
subjects.

Results

The mean reaction times for correct auditory

discriminations are shown in Table 1 as a function of

the sparsity of the accompanying visual stimuli and as
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a function of the levels of consistency with the auditory

stimuli of the local and global visual attributes. The

error rate was less than 1%in all conditions.

Analysis of variance did not indicate any significant

main effects or interactions in the data summarized in

Table 1. An additional analysis demonstrated that the

mean reaction times for trials with blank stimuli also did

not differ from those shown in Table 1. For few-element

stimuli, the blank stimulus value was 400.9 msec; the

mean otherwise was 396.3 msec, with 95% confidence

interval = 5.3 msec. For many-element stimuli, the

corresponding data were 403.2 msec and 401.4 msec,

with 95% confidence interval =5.9 msec.

Discussion

The presence of a secondary visual stimulus did not

affect performance on the primary auditory discrimina

tion task in this experiment. Although this result is

perhaps surprising, one possible explanation lies in the

fact that the subject did not have to respond to the

visual stimulus in this experiment, which is different

from the corresponding experiment of Navon (1977).

Evidence exists that the making of a response to the

secondary stimulus in such a situation is an important

determiner of the resulting level of interference (Egeth,

1977; Massaro & Warner, 1977; Tulving & lindsay,
1967).

Thus, a new experiment was carried out that resembled

Experiment 3, except that the subject had to identify

the visual stimulus at the end of each trial. In addition,

Experiment 3 differed from that of Navon (1977) in

having the visual stimulus followed by a random noise

mask that prevented prolonged processing from the

sensory image (see Turvey, 1973). In Experiment 4,

this mask was omitted.

EXPERIMENT 4

Method
Subjects. There were 16 new subjects, 8 male and 8 female.

Other particulars were the same as in Experiments I, 2, and 3.
Stimuli and Apparatus. Stimuli and apparatus were the same

as those of Experiment 3.
Procedure. The procedure was the same as that of Experi

ment 3 except in three respects. First, the visual random noise
mask after each visual stimulus was replaced by a blank white
field. Second, the subjects were instructed that, after reporting
the auditory stimulus, they were to describe, if possible, the
visual stimulus, although this was of only secondary importance.
Third, the blank trials were omitted, resulting in 216 experi
men tal trials (four blocks of 54 each).

Table 1
Auditory Discrimination Latencies in Experiment 3 for Different Types of Accompanying Visual Stimuli

Global Aspect

Few-Element Stimuli Many-Element Stimuli

Local Aspect Consistent Neutral Conflicting Consistent Neutral Conflicting

Consistent 394.00 391.50 394.71 406.67 404.53 398.50
Neutral 393.25 407.34 388.68 401.59 415.06 390.23
Conflicting 408.06 397.86 391.25 393.93 395.38 406.37



Discussion
In this experiment, the effect of visual stimulation

Many visual scenes have aspects that can be cate

gorized as either local or global. It has recently been

proposed that global aspects are always processed

before local ones (e.g., Broadbent, 1977; Navon, 1977).

The experiments reported here demonstrate, however,

that global precedence is not a universal phenomenon.

These experiments used as visual stimuli arrays of small

letters (local aspect), all of the same type, which

together constituted a large letter (global aspect).
Depending on the experimental condition, the two types
of letter could be conflicting, neutral, or consistent with
respect to each other (and also with respect to a possible
further auditory stimulus letter). The results appeared

to be satisfactorily accounted for by consideration of
the effects of variation in the relative speeds of global

and local processing as a function of stimulus sparsity.

It was found that for stimuli with many local elements,

global discrimination latencies were indeed faster than
local ones; for stimuli with few local elements, however,

the result was reversed (see neutral conditions of Experi

ment 1). It is of interest that phenomenal judgments

were in agreement with behavioral methods of assess

ment, in that perception of global aspects was found

easier for many-element than for few-element stimuli,

whereas for few-element stimuli, the result was reversed
(Experiment 2).

Since the occurrence of Stroop-like interference is
sensitive to the relative times of processing of its differ

ent constituents (Murray, Mastronardi, & Duncan,

1971), it was used as a further index of relative speeds

of processing. It was assumed that information from

two different sources is processed in parallel until a

limited-capacity bottleneck is encountered (see Martin,

1977; Treisman, 1969; Treisman & Davies, 1973).

The extent to which irrelevant information causes

GENERAL DISCUSSION

on concurrent auditory discrimination was reliably

detected. The results again appeared in conflict with

the global precedence hypothesis, since there was an

effect not only of the level of consistency with the

auditory stimulus of the global attributes, but also of

that of the local attributes. The speed of processing

model, on the other hand, correctly predicts a significant

effect of the local level of consistency for few-element,

but not for many-element, stimuli. Further, a significant

effect of the global level of consistency for many

element stimuli is correctly anticipated. The absence of

an interaction between global consistency and sparsity

was not expected, however. One admittedly speculative

possibility is that processing of the global attribute of

few-element stimuli was enhanced (presumably at some

cost to local processing) by involuntary defocusing

while the concurrent auditory discrimination was being

carried out. Consistent with this is the finding that

detailed visual processing may be impaired by arousing

circumstances such as auditory noise (Kahneman, 1973,

p.38).

1

Local consistency level
and sparsity:

0-0 conflicting-few
o-a neutral-few

t:r--6. consistent-few
....... conflicting-many
........ neutral-many

....... consistent-many

01 I

Consistent

, I

Neutral Conflicting

Global Consistency Level

Figure S. Auditory discrimination latencies in Experiment 4
as a function of the sparsity of accompanying visual stimuli
and of the levels of consistency of their local and global aspects.
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Results

The mean reaction times for correct auditory dis
criminations are shown in Figure 5 as a function of the
sparsity of the accompanying visual stimuli and as a
function of the levels of consistency with the auditory
stimuli of the local and global visual attributes. The

error rate was less then 1% in all conditions.
Analysis of variance showed that reaction times were

faster for many-element accompanying visual stimuli

(519.4 msec) than for few-element stimuli (542.9 msec)

[F{1 ,IS) = 10.72, p < .01]. They differed also for the

globally consistent (509.8 msec), globally neutral

(543.1 msec), and globally conflicting (540.5 msec)

conditions [F(2,30) = 8.25, P< .01] and for the locally

consistent (523.4 msec), locally neutral (532.7 msec),

and locally conflicting (537.3 msec) conditions

[F{2,30) = 3.44, P < .05]. For the few-element stimuli,

there was a significant difference between consistent
(529.1 msec) and conflicting (556.1 msec) stimuli

(p < .05), with neutral stimuli intermediate (543.7 msec).
The many-element stimuli values for the consistent,
neutral, and conflicting levels (517.7, 521.7, and

518.6 msec, respectively), on the other hand, did not

differ significantly. No other interactions reached

significance.



interference at that point is assumed to depend upon

how fast that information was processed previously

(e.g., Cohen & Martin, 1975; Martin, 1978a; Morton &

Chambers, 1973). Thus, on the basis of the results

previously discussed, it would be expected that maxi

mum Stroop-like interference should derive from the

global aspects of many-element stimuli and from the

local aspects of few-element stimuli. This pattern of

interference was indeed observed both for purely visual

stimuli (Experiment 1) and for auditory discrimination

(Experiment 4), although in the latter case global aspects

of few-element stimuli also gave rise to significant

interference.

The present results provide substantial evidence that

stimulus sparsity is a powerful determinant of the

relative ease of processing global and local aspects of

stimuli. It is thus appropriate to consider the concept

of sparsity itself further. In nonnal usage the word's

connotation concerns the number of events that may be

observed in a unit area, and it thus appears an appropri

ate term for referring to the factor along which the

stimuli of Figures 1 and 2 differ. It must be recognized,

however, that several different metrics may be proposed

for representing the difference between the two sets of

stimuli. A priori, the three most important are perhaps

the numerical ratio of local to global elements, the

average distance between local elements, and the ratio of

the lengths of continuous contour of local to global

elements. The last of these is particularly important,

since it would be closely dependent upon the products

of spatial frequency analysis (e.g., Campbell, 1974;

Ginzburg, 1976), which has previously been suggested to

underlie differences between local and global processing

(KincWa & Wolf, 1979). For the present, however,

further analysis of the precise role of sparsity in local

and global processing must await additional empirical

investigation.
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