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The topic of whole/part perception has a long, contro-
versial history with many ramifications in several do-
mains of cognitive psychology. It is probably in the field
of visual perception that this topic has been studied the
most. Since the pioneering work of Navon (1977), the
central question has been whether people perceive the
whole first and then decompose it into parts, or perceive
the parts first and then integrate them into a whole. De-
spite the strong interest in this question both for visual
cognition and for cognition in general, many contradic-
tory answers have been proposed (Kimchi, 1992).

In the area of visual scene comparison, Love, Rouder,
and Wisniewski (1999) used an original manipulation of
local/global properties and obtained very interesting re-
sults that are relevant to two classically separate domains
of cognition: reasoning by analogy and visual cognition.
In their experiments, subjects performed a discrimination
task in which they had to indicate very quickly whether
a standard matrix (i.e., a source) and a comparison ma-
trix (i.e., a target), each composed of simple geometric
elements (squares, circles, and triangles), were the same
or different. The significance of this study is related to
the relationship between local and global properties. In
many experiments conducted to explore the local/global
distinction (for example, classical nested-letters experi-
ments), global precedence can be explained by the differ-
ence in the conspicuousness of local and global properties.
However, with the material used in the present study (see
Figure 1), the conspicuousness of local and global prop-

erties was controlled because it was impossible to iden-
tify global structures (i.e., to form class equivalencies
between local elements) without previously identifying
local elements. Consequently, any global precedence ef-
fect cannot be explained by differences in the conspicu-
ousness of global forms. Other, more relational or struc-
tural explanations can be proposed.

Interestingly, although the subjects could respond “dif-
ferent” only after processing local elements (source and
target matrices always differed locally on at least six local
elements), they were strongly influenced by global proper-
ties. Indeed, the subjects were slower to respond “differ-
ent” when the matrices were globally the same (Matrices
A and B)—that is, when they were analogue. Moreover,
the degrees of global and local match interacted, because
local matches slowed the subjects down only when the
two matrices matched globally. The latter result suggests
a global precedence: When matrices were globally dif-
ferent, these global differences allowed the subjects to
quickly respond “different” even when there were local
similarities. Local similarities had a clear and strong ef-
fect only when the matrices were globally the same.

Different Kinds of Local Properties and Their
Influences on Global Processing

Several crucial questions remain about the complex
relationships that exist between local and global process-
ing. These relationships are very dependent on how we
define and manipulate local and global properties. The
two experiments we describe here were designed to in-
vestigate how global similarity is processed when differ-
ent theoretical levels of local similarity are manipulated.

Our f irst experiment was designed to evaluate the
strength of global effect for a very different kind of local
elements. In previous experiments, the local elements
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task on abstract visual scenes, subjects were able to process global properties quickly, even before
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that exist between local processing and global processing. In our first experiment, we tested the ro-
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element. We showed that the global effects remain strong even when the local elements are neither con-
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diate level of similarity between purely local and purely global similarity. Furthermore, we found that
even when a stronger form of local dissimilarity is manipulated (through the introduction of different
local elements), global effects were still observed. We conclude with a discussion of the respective
roles of global and local properties in light of our findings.
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(circle, triangle, and square) had two important charac-
teristics: They were conventional geometrical shapes
that had been objects of learning in school, and they were
visually very different, thereby allowing for rapid dis-
crimination. These two characteristics can be very im-
portant because the emergence of global patterns de-
pends on the discriminability of the local elements that
make up these patterns. Global patterns are more quickly
identified when local elements are easily distinguished
and grouped (Duncan & Humphreys, 1989; Nakayama
& Silverman, 1986; Treisman & Gormican, 1988). This
is theoretically important because global effects might
be interpreted in two different ways: Either they result
from a genuine relational processing that allows subjects
to notice that the relationships between local elements
are the same in two globally identical matrices, or they
are a consequence of a low-level texture segregation
mechanisms that allow identical elements to be grouped
in a salient global pattern. In the latter case, this low-
level texture segregation mechanism should lead less ef-
ficiently to the grouping of local elements if local ele-
ments are not easily discriminable. Consequently, and
empirically, one can wonder whether the relationships
between local and global processing would remain the
same when the local elements do not have the character-
istics described above—that is, when the local elements
are neither conventional nor easily discriminable.

EXPERIMENT 1

As we stated above, the primary aim of this experi-
ment was to evaluate relationships between global and
local processing for a very different kind of local differ-
ences. In this way, it constitutes both a replication and a

generalization of the results obtained by Love et al. (1999).
For this reason, the experiment differed from Love et al.’s
experiment only in the materials used.

Method
Subjects. The 18 subjects were first- and second-year psychol-

ogy students at the University of Provence.
Apparatus. The experiment was run on Macintosh computers

with 12-in. color monitors.
Stimuli. The stimuli were 3 � 3 matrices, each consisting of

three kinds of abstract, unfamiliar forms (see Figure 2). Six differ-
ent versions of each pattern were constructed by rearranging the
local elements while preserving the global pattern. All the matrices
had a salient global pattern. The sizes of the matrices were the same
as those in Love et al.’s (1999) experiments.

Design. The two factors—global similarity and local matches—
were manipulated orthogonally, and each subject underwent all four
experimental conditions. Examples of the four different conditions
are illustrated in Figure 2. Each subject participated in 144 trials, 48
of which were “same” trials, in which the target was the same as the
source. The remaining 96 trials were “different” trials, with 24 tri-
als for each of the four source–target mismatch conditions. The
order of the trials was randomized for each subject.

Procedure. The same procedure was used as in Love et al.’s (1999)
experiments . Very generally, the subjects were seated 40 cm from the
computer monitor. The source was presented for 1,000 msec on the
left half of the screen. Then, 1,000 msec after the onset of the source,
a frame with a fixation cross was displayed on the right half of the
screen for 500 msec. After 500 msec, the source and the frame disap-
peared and the target was displayed inside the previous position of the
frame. The target remained on the screen until the subjects responded.

Results
The subjects responded correctly on 87% of the “same”

trials and on 90% of the “different” trials. This percentage
differed slightly among the four “different” conditions, but
not significantly (see Table 1). However, the error rates in
the slower response conditions tended to be higher.

Source

3 local matches No local matches

Global
Match

Global
Mismatch

(A)

(C)

(B)

(D)

Figure 1. Stimuli used in Love, Rouder, and Wisniewski’s (1999) first experiment. In the “same” condi-
tion, the target is the same as the source.



180 RIPOLL AND MARTY

For the response time (RT) analysis, we discarded data
only if the RT was less than 200 msec (these discarded
trials comprised less than 1% of the total). Because we
were interested mainly in the “different” trials, only the
results relative to the four “different” conditions1 will be
discussed. Because error frequency was not the same
across the four “different” conditions, we performed two
analyses of variance (ANOVAs): one that excluded RTs
associated with error data and one that included them.
These analyses revealed exactly the same pattern of re-
sults, so we will present only the response time analysis
for correct responses.

Table 1 shows the mean correct RTs for the “differ-
ent” trials. A mean correct RT was calculated for each
subject in each condition, and a 2 (global similarity:
global match vs. global mismatch) � 2 (local matches:
three local matches vs. zero local matches) repeated
measures ANOVA was performed, with mean RT as the
dependent variable.

The subjects were slower (1,131 vs. 979 msec) to re-
spond “different” for trials in which the source and the
target were globally the same than when they were glob-

ally different [F(1,17) � 22.141, MSe � 18,806.824, p �
.001]. They were also slower (1,101 vs. 1,009 msec) to
respond “different” when there were three local matches
than when there were no local matches [F(1,17) � 22.257,
MSe � 6,809.536, p � .001]. We also found a strong
interaction between the two factors [F(1,17) � 18.593,
MSe � 7,111.933, p � .001]. The effect of local matches
was stronger in the global match condition than in the
global mismatch condition.

Discussion
As a whole, we found the same pattern of results as in

Love et al. (1999). The only differences concerned the
RTs, which were longer in this experiment. Although the
subjects took more time to answer, they experienced the
same difficulty discriminating the matrices that were
both globally and locally similar. The most interesting
finding is that we reproduced the same pattern of results
with very different materials, which suggests that the
phenomenon that Love et al. discovered is robust and
general. Even when local elements are not conventional
elements and even when their distinctiveness is not great,
global structure seems to be processed before local ele-
ments are identified.

EXPERIMENT 2

The first goal of this experiment was to clearly distin-
guish two very different kinds of local similarities/
differences that were not previously identified. Indeed,
two visual stimuli can differ locally in two ways: They
can differ either because the same local elements are not

Figure 2. Stimuli used in Experiment 1. In the “same” condition, the target is the same as the source.

Table 1
Mean Correct Response Times (RTs, in Milliseconds) and

Correct Response Percentages (%Correct) for the “Different”
Trials in Experiment 1

Three Local Matches No Local Matches

Condition RT %Correct RT %Correct

Global match 1,220 85 1,042 89
Global mismatch 982 92 975 95
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located at the same position, or because the local ele-
ments are simply different. In previous experiments,
local differences were always of the first type. In this
case, to solve the task, local processing required subjects
to simultaneously process both the nature and the loca-
tion of the local elements. Of course, this kind of local
processing must be quite costly because it implies taking
into account two pieces of information that the percep-
tual system processes differently (Lavie & Driver, 1996;
Vecera & Farah, 1997). Many studies on visual attention
have clearly shown that locating an object is more de-
manding than simply identifying it (van der Heijden,
1992). Furthermore, such complex information can hardly
be stored in visual short-term memory, whose capacity is
limited to four units (Vogel, Woodman, & Luck, 2001).
On the contrary, as was suggested by these previous at-
tentional and visual memory studies, when the nature of
local elements is involved in local differences, a more
primitive and less costly way of processing should allow
very rapid and effortless detection of local differences. It
seems probable that one can more rapidly determine
whether a local target element was present /absent in the
source than whether a given element was in the same
place in both the source and the target. Thus, one may
wonder if early global effects still occur when local pro-
cessing involves only the nature of the local elements—
for example, in situations in which one or more local el-
ement that is present in the target is absent from the
source (see Figure 3). If global effects persist for this
kind of local processing, then this would provide a stronger
demonstration that global properties can be identified and
used very early during the comparison of visual scenes.

The other goal of this experiment relates to the way in
which local similarity has been manipulated previously.
Indeed, local matches did not have the same status in
global match and global mismatch conditions. The local
matches in the global match condition (see Figures 1 and
2) necessarily were related to three contiguous elements
that were all the same (squares), whereas in the global
mismatch condition the local matches were related to
two different, noncontiguous elements (two squares and
a circle). Due to formal constraints, the local matches in
the global match condition were a part of the source’s
global pattern (a column of like elements), whereas this
was not the case in the global mismatch condition. Con-
sequently, these two kinds of local matches are theoreti-
cally and conceptually very different. In a way, the local
matches manipulated in the global match condition were
not totally local, because they were part of the global pat-
tern. From a theoretical point of view, they correspond to
an intermediate level of similarity between purely local
(involving a single element) and purely global (involving
the whole configuration) similarity.

One of the consequences of this analysis is that the
interaction we obtained previously can be interpreted in
two very different ways. The first interpretation is that
this interaction reveals a clear global precedence. The
second interpretation is that local match effects in the
global match condition were stronger because local ele-
ments formed an intermediate level between local and
global similarities. To resolve this ambiguity, local sim-
ilarity in global match and global mismatch conditions
should be perfectly comparable. However, this goal is
very difficult to reach because it is formally impossible

Figure 3. Stimuli used in Experiment 2. In the “same” condition, the target is the same as the source.



182 RIPOLL AND MARTY

to manipulate information at one level (e.g., local or
global) without affecting the other. This phenomenon re-
sults from the fact that the global pattern is defined by
the positions of the local elements: Local and global
properties are interdependent. For example, with the ma-
terial presented in Figure 1, one cannot introduce local
matches on different elements in Matrix A without chang-
ing its global organization. The local and global levels
are too dependent and too closely linked to allow for or-
thogonal manipulation. Consequently, one can solve this
problem only by modifying the constraints implicitly
adopted to generate the matrices. One solution consists
in introducing new local elements into the target (i.e.,
local target elements different from the local source ele-
ments). Thus, there are more degrees of freedom for gen-
erating the matrices and it becomes possible to give the
same properties to the local match elements in the global
match (Matrix A) and global mismatch (Matrix C) con-
ditions. For example, by using the same elements in the
source and in the target, it would be impossible, with the
global pattern of Matrix C (Figure 3), to have no more
matches than the three local matches in the top row. Un-
less new local elements are used in the target, the num-
ber of local matches will exceed three because, whatever
the global pattern, there will necessarily be at least two
other local matches in the bottom two rows. By putting
new elements in the target, it is possible to create the
global pattern we need in order to have no more than
three local matches and to preserve the same status for
the local matches in the global match and global mis-
match conditions. As is shown in Figure 3, the three local
matches in the global match and global mismatch condi-
tions are the same (three contiguous identical elements).

With this control, any different local match effects in
the global match and global mismatch conditions (inter-
action) should be interpreted as a manifestation of global
precedence. By contrast, the absence of an interaction
would suggest that there is an intermediate level of sim-
ilarity between purely local and purely global similari-
ties. Finally, the introduction of new elements into the
target allows us to evaluate the strength of global pro-
cessing when local elements differ in nature.

Method
Subjects. The 20 subjects were first- and second-year psychol-

ogy students at the University of Provence.
Apparatus. The experiment was run on Macintosh computers

with 12-in. color monitors.
Stimuli. The only difference from the previous experiment was that

two new forms were introduced into the set of stimulus matrices
when the source and target were different (see Figure 3). Note that
local matches could appear at any place in the matrix (top, bottom,
left, right, or center position) and could be organized in columns,
rows, or any other kind of more complex form. In this way, the sub-
jects could not predict from the visual information available in the
source anything about what information would be diagnostic or
nondiagnostic in the target.

Design. The design was the same as in the previous experiment.
The four conditions are illustrated in Figure 3. Each subject partic-
ipated in 160 trials, of which 32 were “same” trials. The remaining

128 trials were “different” trials, with 32 trials for each of the four
mismatch conditions. The order of the trials was randomized for
each subject.

For methodological reasons, two kinds of filler conditions were
introduced. The first involved the addition of 64 pairs of identical
matrices (with patterns different from those used in the experimen-
tal conditions). This was used to balance the numbers of “same”
and “different” trials. The second involved the addition of 64 pairs
of matrices in which the source and the target were made up of the
same elements but were nevertheless different (see Figure 4). This
filler condition was necessary to prevent the subjects from adopt-
ing a strategy in which they would systematically respond “same”
when the source and target elements were the same and “different”
when the source and target elements were different. It is important
to mention that the subjects could not discriminate fillers from oth-
ers pairs of matrices.2 The subjects saw a total of 288 pairs of ma-
trices (160 experimental pairs and 128 filler pairs).

Procedure. The same procedure was used as in the previous
experiment.

Results
Trials were discarded only if the RT was less than

200 msec (these discarded trials comprised less than 1%
of the total). The subjects responded correctly on 90% of
the “same” trials and on 91% of the “different” trials.
This percentage differed slightly among the four “differ-
ent” conditions, but not significantly (see Table 2). How-
ever, the error rate in the slower response conditions
tended to be higher. Given that we are interested mainly
in the “different” trials, only the results relative to the
four “different” conditions will be discussed.

Table 2 shows the mean correct RTs for the “differ-
ent” trials. A mean correct RT was calculated for each
subject in each condition, and a 2 (global similarity:
global match vs. global mismatch) � 2 (local matches:
three local matches vs. zero local matches) repeated
measures ANOVA was performed, with mean RT as the
dependent variable.

The subjects were slower (1,166 vs. 959 msec) to re-
spond “different” for trials in which the source and the
target were globally the same than when they were glob-
ally different [F(1,19) � 65.158, MSe � 13,204.387, p �
.0001]. They were also slower (1,116 vs. 1,009 msec) to
respond “different” when there were three local matches
than when there were no local matches [F(1,19) � 30.016,
MSe � 7,555.782, p � .0001]. However, there was no
interaction between the two factors [F(1,19) � 0.013,
MSe � 13,818.459, p � .91]. Each factor had a strictly

Figure 4. A pair of filler matrices.
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additive effect, and the effect of local matches was the
same in the global match and global mismatch conditions.

GENERAL DISCUSSION

The first experiment of this study clearly shows that
previously obtained global effects were not limited to a
very special class of stimuli. The strong global effect and
the interaction were replicated on a very different class
of stimuli: nonconventional, poorly discriminable stim-
uli. These initial results are theoretically important, but
they are also methodologically useful because they allow
for an accurate evaluation of the local/global effects we
observed in the second experiment.

The first interesting result of the second experiment is
that global effects were always observed, even in a situ-
ation in which the two matrices differed by the introduc-
tion of new elements in the target. Recall that six of the
nine target elements were new. In this case, the cost of
processing local similarity could be very low because the
nature of the new local elements (and not their position)
was sufficient to allow quick, low-risk resolution of the
task. Nevertheless, even with this stronger manifestation
of local dissimilarity, the subjects were slowed down by
global similarity. Other experiments would be necessary
to evaluate the generality of these results. In particular,
one can wonder whether global effects would remain if
different local elements in the target were more discrim-
inable and conventional.

The second interesting point is related to the disap-
pearance of the interaction. Even if one advocates an op-
portunistic theoretical approach in which the order of
processing (global first or local first) depends on the
salience of information pertinent to each mechanism, the
interaction found in previous experiments is strongly
consistent with the fact that global correspondences are
made before local correspondences. However, as we hy-
pothesized before, this interaction could be a conse-
quence of the different status of local matches in global
match and global mismatch conditions. By causing the
disappearance of the interaction, the methodological
control we introduced allows us to draw two important
conclusions. First, these results are consistent with a
strong parallel hypothesis, because if global properties
were processed before local properties we would have
found the interaction of our first experiment. Local and
global properties seem to have been processed simulta-

neously without any local or global precedence. Second,
it seems that there is an intermediate level of similarity be-
tween a purely local and a wholly global level of similar-
ity. This level of similarity corresponds to a part of the
global pattern. It seems very probable that the previous
interaction was a consequence of the fact that what we
called a local similarity in global match and global mis-
match conditions actually corresponded to two different
kinds of similarity. Any future attempt to study relation-
ships between local and global similarities should take into
account the existence of these different levels of similarity.

Implications for Analogical Models of Reasoning
by Analogy

Because the explanation of local and global process-
ing is structural rather than strictly perceptual, and be-
cause this material highlights the importance of struc-
tural principles in determining global correspondences,
these results have certain implications for theories of
structural comparison in higher level cognition (e.g.,
analogy). They suggest a more flexible approach (see,
e.g., Hummel & Holyoak, 1997) than the strictly local-
to-global ones. However, we must acknowledge that the
theoretical transfer from perceptual tasks to conceptual
tasks is not so straightforward, even if there is general
agreement that high-level cognition is strongly connected
to perceptual cognition. In fact, the main difficulty en-
countered in transferring this more flexible approach to
the domain of analogy and conceptual similarity is not
linked to the characteristics of similarity processing
per se. It would be very easy for models such as ACME,
SIAM, or LISA, which are highly parallel models, to si-
multaneously process global and local properties. The
main problems lie in defining what a global property is
and determining how subjects detect global properties
when stimuli are more conceptual than perceptual. In
previous studies on reasoning by analogy (Ripoll, 1998;
Ripoll, Brude, & Coulon, 2003; Ripoll & Coulon, 2002),
we showed that analogical retrieval, like analogical trans-
fer, was possible before subjects aligned the two struc-
tures and before they mapped the local properties of the
two analogues (for a similar approach, see also Ross &
Bradshaw, 1994; Schunn & Dunbar, 1996; Wisniewski
& Bassok, 1999). In this case, subjects used global prop-
erties inferred from the source to process the target. Such
processing of analogies or conceptual comparisons is
very useful because it substantially lightens the load and
can have great heuristic value. However, although it is
rather easy to manipulate these global properties in a
particular experimental context, it is much more diffi-
cult to formally and generally define what these global
properties are for linguistic stimuli. Nevertheless, con-
verging data from visual and conceptual tasks demonstrat-
ing the importance of global processing should encourage
researchers to define these properties more rigorously
and formally, in view of introducing them into current
models of reasoning by analogy.

Table 2
Mean Correct Response Times (RTs, in Milliseconds) and

Correct Response Percentages (%Correct) for the “Different”
Trials in Experiment 2

Three Local Matches No Local Matches

Condition RT %Correct RT %Correct

Global match 1,221 87 1,111 92
Global mismatch 1,011 90 907 95
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NOTES

1. The results of the “same” condition were consistent with Love et al.’s
(1999) results (the mean RT was 1,310 msec in this experiment).

2. Two preliminary experiments were conducted without fillers. The
same pattern of results was obtained, but global effects were slightly
weaker, probably because the subjects paid more attention to local
elements.
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