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A variable mapping task produces
symmetrical interference between
global information and local information

JUDITH M. SHEDDEN and GRAEME S. REID
McMaster University, Hamilton, Ontario, Canada

When processing global and local aspects of compound visual figures, a robust finding is that global
targets are detected faster and more accurately than local targets. Moreover, unidirectional interfer-
ence is often observed. Despite the convincing evidence that global information and local information
are available together, when attention is focused on the global level, items from the local level often
have very little, if any, effect on behavior. If local information is available with global information, then
why is global dominance so often observed under such a wide range of conditions? This paper is con-
cerned with the fate of the ignored, and apparently ineffective, local distractors. In our experiments,
at least one critical factor was stimulus-response (S-R) mapping. We compared a consistent S-R task,
which facilitated a speed advantage for global, with a variable S-R task, which required a higher de-
gree of semantic analysis for each stimulus. The two tasks produced large differences in behavior,
showing unidirectional interference in the consistent S-R task, and strong bidirectional interference
in the variable S-R task. Thus, the identity of ignored local distractors was available, even under con-
ditions that favored focused attention to global information. The results provide support for a model
in which global processing proceeds more quickly at early perceptual stages and in which local pro-

cessing can catch up if processing demands are increased at later stages.

When processing global and local aspects of compound
visual figures, global dominance over local processing is
a remarkably robust phenomenon. Much research has
been devoted to the investigation of the locus and the
mechanisms involved; however, there is still little con-
sensus with respect to the interpretation of the effect. The
phenomenon can be described as follows. Under a wide
variety of stimulus and task manipulations, it is often ob-
served that responses to global targets are faster than re-
sponses to local targets. Moreover, there is asymmetric
interference: Global distractors affect local responses,
but not vice versa (Briand, 1993, 1994; Hoffman, 1980;
Hughes, Layton, Baird, & Lester, 1984; Navon, 1977,
1981;Paquet, 1992; Paquet & Merikle, 1988). One inter-
pretation of the results is that the Gestalt configuration or
global form leads processing, followed by an analysis of
the local detail, a phenomenon that has come to be known
as global precedence (Navon, 1977). Even though a num-
ber of studies suggest that global information and local
information are available together (e.g., Boer & Keuss,
1982; Hoeger, 1997; Miller, 1981), global processing ap-
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pears to dominate local processing (see Kimchi, 1992, for
areview). The puzzle that still remains to be solved sur-
rounds the mechanism by which global dominance oc-
curs: We still do not understand the source of the global
advantage.

When Do Local Elements Influence
Global Processing?

There are many studies that show a reversal of the global
advantage, so that local elements show a processing ad-
vantage over global elements, or at least influence global
responses. However, such a reversal is most often due to
stimulus manipulations that alter the perceptual discrim-
ination of one hierarchical level over another. For example,
studies have altered perceptual discrimination by manip-
ulating factors, such as eccentricity and stimulus position
uncertainty (Grice, Canham, & Boroughs, 1983), stimu-
lus distortion (Hoffman, 1980), visual angle and size ratio
of global/local elements (Kinchla & Wolfe, 1979), periph-
eral presentation (Lamb & Robertson, 1988), local element
density (Klein & Barresi, 1985; Martin, 1979), spatial
frequency (Hughes, Fendrich, & Reuter-Lorenz, 1990),
and stimulus exposure duration (Paquet & Merikle, 1984).

For example, Grice et al. (1983) showed that global
dominance was eliminated when fixation was controlled
to ensure that the local elements were adequately per-
ceived. Likewise, if the density of local elements is re-
duced, the global item becomes more difficult to per-
ceive, and this results in local dominance (Martin, 1979).
The direction of the advantage can also be reversed by
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increasing the size of the hierarchical figure. For exam-
ple, when the global figure is very large (greater than 8°
of visual angle), local dominanceis observed (Kinchla &
Wolfe, 1979). Moreover, the transition from a global pro-
cessing advantage to a local advantage depends on the
total set or range of visual angles used (Lamb & Robert-
son, 1990). These and other studies support the idea that
the perceptual discriminability of the information at both
levels strongly influences whether a global or local pro-
cessing advantage occurs (Kimchi, 1992). Interference
between the two levels is relative, depending on the qual-
ity of both global information and local information. In
other words, the level for which the items are most dis-
criminable shows processing dominance (Hoffman, 1980;
Pomerantz, 1983).

However, the global advantage is not a function of per-
ceptual discriminability alone. In fact, even when the
global and local elements are equated for baseline per-
ceptual discriminability (values along one dimension are
as different perceptually and psychologically as values
along the other dimension; Melara & Mounts, 1993), a
global processing advantage is most often observed.

When Local Information Appears to be Unavailable

Unless the perceptual goodness of the global level rel-
ative to the local level is compromised, it is difficult to
observe local-to-global interference, even when atten-
tion is first directed to the local level. For example, Pa-
quet and Merikle (1988) presented two global/local fig-
ures, one to the left and one to the right of fixation. One
of the compound figures was framed in a square, and the
other was framed in a circle. Participants were informed
ahead of time whether to attend to the global level or the
local level of the figure embedded in the square or the
circle. Distractors were congruent, incongruent, or neutral
with respect to the target response. Within the attended
object, global dominance was observed; global targets
were identified more quickly than local targets, and there
was unidirectional interference (incongruent global dis-
tractors delayed responses to local targets, but there was
no effect of congruency due to local distractors). To elim-
inate the possibility that the location cue (square or cir-
cular frame) acted to bias participants to first process the
global information, Paquet (1992) used local informa-
tion as a cue for selection of the relevant object. A small
gap in the square or circular frame indicated the relevant
object. Even with this local cue, unidirectional global-
to-local interference was observed, providing evidence for
the priority of global processing.

Why does the local information appear to be unavail-
able in these experiments? This is especially puzzling
given the evidence that both global information and local
information are available at the same time (Boer & Keuss,
1982; Hoeger, 1997; Miller, 1981). One possible expla-
nation is that, under conditions of global attention, the
ignored local information is efficiently filtered at a rela-
tively early stage by default and is not consulted under any
circumstances until global information has reached some

minimum stage of processing. In the case of a default fil-
ter, practice should not affect the results. However, Paquet
(1992) demonstrated convincingly that this was not the
case by giving observers five sessions of extended local
practice, after which response times (RTs) were equal for
local and global targets, and bidirectional interference
was obtained. Thus, extended local practice reduced the
efficiency of the global filter, clearly demonstrating that
the filter is not a default mechanism (Paquet, 1992).

If local information is not filtered by default, then an-
other possibility is that the filter is strategic, with the
ability to efficiently filter local information when it is
known to be irrelevant. For example, Miller (1981) showed
convincingly that information about both global and
local elements is available at the same time (see also Boer
& Keuss, 1982; Hoeger, 1997; Hiibner, 1997; Parker,
Lishman, & Hughes, 1996). When attention was divided
across levels and when targets appeared at both levels,
responses were faster than when the target appeared at
either the global or the local level alone, indicating that
information from both levels was integrated. In other
words, it was not the case that the dominantlevel (global)
completed first and determined the response (as in a race
model in which the response is determined by the faster
decision to be made); otherwise, there would be no dif-
ference between the conditionin which there was a single
global target and the condition in which there were two
targets, one global and one local. Rather, because the two-
target condition was significantly faster than the fastest
condition in the single-target case, the overall decision
must have been made before a decision could be made
about either source alone. In Miller’s terms, when attend-
ing to both levels, information is integrated by a single
decision process.

Importantly, only when attention was divided did local
items affect global processing; when attention was fo-
cused on global or local items, unidirectional global-to-
local interference was obtained. Miller (1981) argued that
global dominance is not an issue of order of availability
but a difference in the ease of directing attention. In
Miller’s model, global information and local information
feed into the same decision process at the same time;
however, it is easier to attend to and base decisions on the
global information because it is more salient or attention
grabbing. Moreover, the global and local channels are not
completely separable. Therefore, enhancement or atten-
uation of the signal due to attention would affect both chan-
nels. Miller claimed that the global channel has greater
strength than the local channel and that it is possible to
attend to global information and entirely filter local in-
formation, but not the other way around (Miller, 1981).

In a series of experiments examining interference from
interobjectincongruent distractors, Briand (1993, 1994)
explored the attentional filter hypothesis by making the
following prediction: If the unidirectional global-to-local
interference is due to an attentional mechanism that acts
as an efficient filter at an early stage, then compromising
the attentional mechanism should compromise the effi-
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ciency of the local filter. In other words, local-to-global
interference should be observed. Briand’s design was
similar to Paquet’s (1992) in the sense that attention was
directed to one of two simultaneously presented com-
pound figures, and interference was measured from in-
congruent distractors present in the unattended figure
(interobjectinterference). In contrast to Paquet, and sim-
ilar to Miller’s (1981) divided attention experiment,
Briand presented mixed trials during which participants
did not know from trial to trial whether the target would
appear at the global level or the local level; thus, atten-
tion was divided across global and local levels. First, he
showed that performance was indeed compromised in
the divided attention condition, in terms of increased RT's
and errors, indicating that response selection was more
difficult. Second, incongruent distractors in the unat-
tended location interfered with responses to targets only
if they were at the same global or local level, consistent
with the results of Paquet and Merikle (Paquet, 1992; Pa-
quet & Merikle, 1988). Moreover, there was a category
effect showing unidirectional global-to-local interfer-
ence, such that global distractors (irrespective of con-
gruency)interfered with responses to local targets, but not
vice versa. In other words, compromising the attentional
filter did not appear to compromise the apparent effi-
ciency of the global filter, at least in terms of interobject
interference.

Briand’s (1993) divided attention results provide strong
evidence that interference must occur later in process-
ing. Local interference was not observed even though
participants did not know the level at which the target
would occur and thus could not select the correct level
without some processing of items at both levels. As Briand
(1993) pointed out, his results are consistent with mod-
els of unlimited capacity in which identification occurs
for all stimuli, but distractors can be effectively ignored
given appropriate selection cues (Duncan, 1981) or if the
ignored information decays before interference occurs
(Van der Heijden, 1981). Importantly, identification may
occur even under conditions for which there is no effect
on behavior. The lack of effect on behavior is not neces-
sarily indicative of the stage to which unattended in-
formation is processed (Duncan, 1981). On the basis of
these results, Briand suggested that, in principle, it should
be possible to show that ignored local items are identi-
fied; however, he was not able to do so with his proce-
dure (Briand, 1993).

The question remains, then, with respect to why local
information appears to be unavailable. There is sufficient
evidence that global information and local information
are available simultaneously (Boer & Keuss, 1982; Briand,
1993; Evans, Shedden, Hevenor, & Hahn, 2000; Miller,
1981). Yet there was no interobject local interference in
a divided attention task even though the selection pro-
cess was compromised (Briand, 1993), and there was no
intraobject interference in a focused attention task even
though the stimulus remained on the screen until the re-
sponse was made (Miller, 1981), a pattern consistent with

243

other studies of global/local interference (Paquet, 1992;
Paquet & Merikle, 1988).

Note the similarity between Briand’s (1993) and Miller’s
(1981) arguments. Both argue for a late selection process
that is affected by a greater efficiency of processing for
global elements. Perhaps global precedence arises at least
in part from the more efficient processing of lower spa-
tial frequencies in the magnocellular stream (Breitmeyer,
1975; De Valois & De Valois, 1988; Hughes, Nozawa, &
Kitterle, 1996), resulting in greater salience and attention-
grabbing power because of faster conduction of informa-
tion at early stages of processing. This does not preclude
the argument that local information and global informa-
tion accumulate at the same time; it simply suggests that
global information accumulates faster at the earliest
stages and that attention may amplify this difference
(Hiibner, 1997).

Attention leads to a further advantage for global pro-
cessing if the task allows a fast response. For example,
suppose global information accumulates enough to trig-
ger aresponse. Local information is accumulating as well
but does not reach a stage where the information is suf-
ficient to interfere with the global response. However, the
advantage for global processing should be reduced if fast
responses are not possible. A similar hypothesis was sug-
gested by Hiibner (1997, p. 199), who noted that when fast
processingis not possible, there is a decrease in the contri-
bution of low spatial frequencies to the global advantage.

Imagine that the response mapping is made more dif-
ficult so that when enough information has accumulated,
a complex response must be determined. If this increases
the time needed at later stages, the total RT will have less
of a contribution from the early stages. Then, even under
global attention conditions, before response selection has
completed, enough local information may have accumu-
lated to begin to interfere with the response. The same
argument applies to local attention, except that the pro-
cessing delay will not be as great because local process-
ing is affected by the stronger global channel in any case.
In other words, the interference from global items during
local attentionis not an additional factor, whereas the in-
terference from local items during global attention is an
additional factor.

How might we change the response mapping to make
the task more difficult at later stages? Almost invariably,
global/local experiments of the type discussed above have
used small target sets. In addition, to facilitate testing of
congruentand incongruent distractor types, studies most
often use a consistent mapping between target sets and
responses. That is, over the course of a block of trials, ob-
servers search for a particular target associated with a con-
sistent response among a consistent set of distractors.

However, it may be that the global processing speed
advantage is facilitated by the consistent stimulus—
response (S—R) mapping design used in most global/local
experiments. Training with a set of consistently mapped
stimuli has been shown to lead to increases in the effi-
ciency of responding to those stimuli (Logan & Stadler,
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1991; Schneider & Shiffrin, 1977; Shiffrin & Schneider,
1977). Interference that occurs at the response stage in a
consistently mapped task may preclude interference at
intermediate stages of processing if automatically elic-
ited responses bypass or speed intermediate stages. For
example, once an automatic response to a stimulus has
developed, and when the stimulus set is small, very little
perceptual information may be necessary to trigger the
response. Intermediate steps related to stimulus evaluation,
which may be critical in terms of interference between
competing sources of information, may not contribute as
much once an automatic response has developed. Thus,
stimuli that are consistently mapped to the same response
elicit faster responses, leading to interference that occurs
in only one direction (global to local) because of the inher-
ently faster processing of global information at early stages.

In that case, a variable S—R mapping paradigm, which
demands a more thorough evaluation of each stimulus on
each trial, should make the later stages of processing
more difficult. Forcing a more complete evaluation of
each stimulus will affect the later processes that occur be-
tween perception and response. These are the same inter-
mediate stages of processing that are bypassed or speeded
when automaticity develops (Schneider & Shiffrin, 1977).
The predictionis that we should observe bidirectional in-
terference, even when attention is focused on global or
local levels.

In this paper, we present a novel variable S—R task
with certain critical elements that are different from the
typical designs used to test global/local processing. In
Experiment 1, we used a relatively large stimulus set (e.g.,
99 hierarchical stimuli). More importantly, stimuli and
responses were variably mapped across and within blocks
of trials: Any particular stimulus was sometimes a target
and sometimes a distractor. In other words, the items that
made up the target and distractor sets changed on every
trial. The result was that detection of any particular stim-
ulus did not automatically trigger a specific response, but
evaluation of each stimulus had to be carried out to com-
pletion in a controlled manner. In contrast, in Experi-
ment 2, we used a consistent S—R mapping. In both ex-
periments, we manipulated stimulus congruency by
presenting information at the ignored level that was con-
gruent or incongruent with the information at the at-
tended level. On the incongruent trials, we demonstrated
a dramatic difference in behavior between the variable
and consistent S—R tasks that may be related to the level
of semantic processing required in the variable S—R task
versus the automatic and fast responses that develop in
the consistent S—R task.

EXPERIMENT 1
Variable S-R Mapping

The number-sequence task involveda variable mapping
between stimuli and responses. Attention was not divided
but was directed globally or locally for an entire block of
trials. The task was a go/no-go task; the participants mon-

itored a repeating sequence of digits (1 through 9, re-
peated three times) and responded to occasional targets
defined as any out-of-sequence digit occurring at the at-
tended position and level. For example, in the attended
digitsequence “123956789173456789,” the first “9” and
the second “7” are targets. Note that, depending on its po-
sition in the sequence, any particular digit can be a target
for a response or a nontarget for which the response must
be withheld. Thus, no consistent mapping between a par-
ticular stimulus and a response can be made.

On nontargettrials, the distractors presented at the ig-
nored level were out-of-sequence digits. On target trials,
the three types of distractors that occurred at the ignored
level were congruent, incongruent, or neutral with re-
spect to the target response. For illustration (refer to the
example for global attention in Figure 1), consider the
fourth trial in a sequence of digits, on which the out-of-
sequence global target “9” occurs instead of the expected
global “4.” The examples in Figure 1 illustrate the three
possible types of distractors that could occur at the ig-
nored level when the attended level contained a target.
For example, the distractor digit ““7” is congruent with the
response to the target because it is also an out-of-sequence
digit; if it appeared at the attended level, it would lead to
the execution of the target response (e.g., “go”). The dis-
tractor digit “4” is the in-sequence digit, which is incon-
gruent with the response to the target; if it appeared at
the attended level, it would result in withholding the tar-
get response (e.g., “no-go”). Finally, a distractor box,
which is never part of the target set, is neutral with re-
spect to the target response.

One prediction is that when attention is directed lo-
cally, incongruent global distractors should slow re-
sponses to local targets. This predictionis obviousbecause
of the robustness of the global dominance effect.

Two opposing predictions can be made with regard to
globally directed attention. The first prediction s that there
will be no effect of congruency of local information—
that is, responses to global targets will not depend on the
identity of the local digit distractors. This prediction may
also seem obvious because we have set up the conditions
to favor directed attention. (1) Participants know ahead
of time whether to attend to global or local items, and
the level of attention is blocked, which are conditions
that promote unidirectional global-to-local interference
(Briand, 1993; Miller, 1981). (2) Participants are not given
extra local practice, which has been shown to lead to bi-
directional interference (Paquet, 1992). (3) The distrac-
tors on nontarget trials are always out of sequence. Given
that out-of-sequence digits at the attended level were tar-
gets and required a response, out-of-sequence digits at
theignored level on nontarget trials should have provided
strong motivation to select the appropriate level and fil-
ter the unattended level, if such filtering is possible as
suggested by other studies (Miller, 1981). We might ex-
pect that this set of conditions would facilitate the effi-
ciency of globally directed attention and thus produce no
local interference effect.
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Figure 1. Variable S-R mapping task. Examples of possible sequences of stimuli in the
number-sequence task are shown for global attention (upper example) and local attention
(lower example). Only the first 7 of 27 trials are shown. The cue display at the beginning of
the block of trials informed the participant whether to direct attention globally or locally,and
it remained on the screen until the space bar was pressed to start the trials. The onset of the
first stimulus occurred after a 1,000-msec delay. Stimulus duration was 100 msec, and SOA
was 900 msec. The participants monitored an ascending sequence of digits, responding to oc-
casional targets (out-of-sequence digits). On target trials, the item at the ignored level was a
congruent distractor (the digit at the ignored level was out of sequence, congruent with the
target response), an incongruent distractor (the digitat the ignored level was the expected in-
sequence digit, incongruent with the target response), or a neutral distractor (the item at the
ignored level was a neutral box, which never required a response).

The less obvious and opposing prediction is that when
attention is directed globally, incongruent local distrac-
tors will slow responses to global targets. This prediction
is based on the hypothesis that global and local features
are available together and that ignored local information
is processed to the level of identification (Briand, 1993;
Duncan, 1981; Van der Heijden, Hagenaar, & Bloem,
1984). Our task, which requires a more controlled and
complete analysis of each attended stimulus, may allow
the observation of bidirectional interference under fo-
cused attention conditions by increasing processing de-

mands at later stages, allowing the ignored local distrac-
tors to “catch up” and affect global processing.

Method

Participants. The participants were 10 undergraduate and grad-
uate students at McMaster University who volunteered to participate
either for class credit (undergraduates) or for a small remuneration
(graduates). All participants had normal or corrected-to-n ormal vision.

Stimuli. The hierarchical stimuli were global digits (1 through 9)
constructed of local digits (1 through 9), producing 81 compound
figures, as well as global digits (1 through 9) constructed of neutral
boxes, and neutral boxes constructed of local digits (1 through 9),
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producing another 18 compound figures. A subset of the 99 hierar-
chical digit and box figures appears in the examples shown in Fig-
ure 1 (details about these example trials are provided below). The
boxes were neutral in the sense that they were never associated with
aresponse. The stimuli were constructed by designing the global and
local patterns separately and then replacing each pixel in the global
pattern with a local pattern. The global digits subtended 1.84° X
2.45° of visual angle (width X height), and the local digits sub-
tended 0.16° X 0.25° of visual angle.

Procedure. The participants were seated in front of a computer
monitor and made their responses on a computer keyboard. All tri-
als consisted of a single global/local figure presented at fixation.
Each block consisted of 27 trials, and attention was directed glob-
ally or locally for the entire block. The participants were informed
prior to each block whether global or local attention was required.
Each participant took part in one hour-long session, and each session
consisted of two demonstration blocks (one local and one global),
followed by four practice blocks (two local and two global), fol-
lowed by 60 test blocks in random order (30 local and 30 global).
The participants were monitored closely during the practice blocks
to ensure that they understood the directions and were performing
the task correctly. They were instructed to respond as quickly as pos-
sible without sacrificing accuracy.

The independent variables were attended level (global/local), and
distractor type (congruent /incongruent /neutral). Attended level was
a blocked variable, whereas distractor type was random across tri-
als within each block.

At the beginning of each block, the participants were informed
whether to attend to the global level or the local level. This informa-
tion was presented in the form of a compound figure consisting of
“1”’s and boxes, with “1”’s in the to-be-attended level (examples are
shown in Figure 1). The cue display remained on the screen until the
participant pressed the space bar to initiate the block. A blank screen
was then displayed for 1 sec, followed by the onset of the first stim-
ulus. Stimulus duration was 100 msec, and stimulus onset asyn-
chrony (SOA) was 900 msec.

On successive trials, at the attended level (global or local), digits
appeared in numerical sequence 1 through 9. The participants mon-
itored the sequence of digits for occasional targets, which were out-
of-sequence digits. The participants responded to each target with
a keypress. The examples in Figure 1 show the cue display, which
indicated whether to attend global or local, followed by possible se-
quences of global/local figures for the first 7 trials in a block. The
fourth trial in each example represents an example target and also
shows the three possible types of distractors. Responses were not
required to in-sequence digits, and, on these nontarget trials, the
distractors at the ignored level were always out-of-sequence digits.

The distractor type manipulation, which refers only to target tri-
als, was implemented as follows. On target trials, the identity of the
distractor at the ignored level (i.e., local if attending global; global
if attending local) was congruent, incongruent, or neutral with re-
spect to the target (Figure 1). A neutral distractor was a box. A con-
gruent distractor was an out-of-sequence digit (congruent because
the target was also an out-of-sequence digit). An incongruent dis-
tractor involved the expected in-sequence digit, but it occurred at the
unattended level instead of the attended level. Over the course of
each block of 27 trials, the probability of a target was approximately
.25, resulting in approximately 6 to 7 targets per block. The proba-
bility of each of the three distractor types given a target was .33.

Controls were implemented such that two simultaneous (same
trial) or successive (consecutive trials) digits were never the same
(including distractor digits, attended digits, or target digits), there were
never targets presented in the first two or last two trials, and there were
never two consecutive targets. Feedback was provided at the end of
each block and consisted of number of hits, misses, and false alarms,
as well as the average RT for hits. The participants were given as
much time as they wanted to rest between blocks, during which time

the cue for the upcoming block was displayed. When ready, the par-
ticipant initiated the next block by pressing the space bar.

Results

RTs for Experiment 1 are plotted in the left panel of
Figure 2, and means for RT and proportion correct are
presented in Table 1.

Response time. Bidirectional interference was ob-
served, such that incongruent distractors at the ignored
level slowed both local and global responses. This was
tested using a two-factor repeated measures analysis of
variance (ANOVA) to examine level (global/local) X dis-
tractor type (congruent/incongruent/neutral). A main ef-
fect of level showed that global responses were faster
overall than local responses [F(1,9) = 5.45,MS, = 2,777,
p <.05]. A main effect of distractor type was also observed
[F(2,18) = 8.76, MS, = 2,083, p < .01]. The interaction
between level and distractor type was not significant
[F(2,18) = 0.4, MS_ = 363,p = .68].

A Scheffé test for post hoc comparison of means ex-
amined in more detail the effect of distractor type for
global responses and for local responses. Responses to
global targets were slower when ignored local distractors
were incongruent than when they were congruent (p <
.05) or neutral (p < .001); the difference between con-
gruent and neutral local distractors was not significant
(p > .2). The same pattern occurred for local attention.
Responses to local targets were slower when ignored
global distractors were incongruent than when they were
congruent (p <.05) or neutral (p <.001); the difference
in local target RT between congruent and neutral global
distractors was not significant (p > .1).

Accuracy. The effect of local information on global
processing was further demonstrated by accuracy. Re-
sponses to global targets were less accurate when local dis-
tractors were incongruent, and there were no other effects
on accuracy. A two-factor repeated measures ANOVA
looked at level X distractor type for proportion correct.
The only significant effect was a main effect for distrac-
tor type [F(2,18) = 11.15, MS, < 0.001, p < .001]. The
effect of level [F(1,9) = 0.4,MS, = 0.001,p > .5] and the
interaction between level and distractor type [F(2,18) = 3,
MS_ < .001,p > .7] were not significant. A further analy-
sis of means (Scheffé test) to examine the effect of dis-

Table 1
Means for Response Times (RTs, in Milliseconds) and for
Accuracy (Proportion Correct Targets) in Experiments 1 and 2

Experiment 1: Experiment 2:
Variable S-R Mapping  Consistent S—R Mapping

Distractor RT Accuracy RT Accuracy

Global Targets

Neutral 535 987 407 .967

Congruent 558 .970 400 972

Incongruent 590 938 404 958
Local Targets

Neutral 561 972 511 .963

Congruent 589 968 468 976

Incongruent 627 932 532 .880
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Figure 2. Pattern of results for congruent, incongruent, and neutral distractors, comparing response
times in the variable S-R task (Experiment 1; left panel) and the consistent S-R task (Experiment 2;

right panel).

tractor type on global responses and on local responses
showed one significant difference. Responses to global tar-
gets were less accurate when ignored local distractors were
incongruent than when they were neutral (p <.05). None
of the other comparisons were significant, within global
attention conditions or within local attention conditions.

Discussion

Experiment 1 clearly demonstrated bidirectional inter-
ference, strongly indicating that, under these task condi-
tions, the local elements could not be filtered, even under
focused attention conditions. Incongruent local distrac-
tors interfered with global processing as much as or more
than incongruent global distractors interfered with local
processing.

Experiment 2 was run to address possible concerns
about interpretation of the results. It is important to em-
phasize that we are talking about a global speed of pro-
cessing advantage that occurs under specific stimulus con-
ditions. As mentioned above, varying the size (Kinchla
& Wolfe, 1979), local element density (Klein & Barresi,
1985; Martin, 1979), eccentricity (Grice et al., 1983),
stimulus duration (Paquet & Merikle, 1984), and other
stimulus factors will determine whether global or local
precedence is observed. Our interest is in the case in
which, using the same stimulus set and the same oppor-
tunity for selective attention,local interference is not ob-
served for the traditional consistent S—R mapping task and
is observed for the variable S—R mapping task. We have
argued that ignored local items are identified (see also

Briand, 1993) and that our varied S—R mapping contrib-
uted to the ability to observe local-to-global interference
because of the altered decision process for stimuli that
change their role as targets or distractors from trial to
trial. We still need to show that varied S—R mapping is
the critical factor. In other words, we have not yet shown
thatlocal-to-global interference is not obtained when we
use a consistent S—R mapping using our stimuli.

EXPERIMENT 2
Consistent S-R Mapping

Experiment 2 used the same compound figures pre-
sented at the same visual angle and stimulus duration as
Experiment 1. The main differences involved the task
and the mapping between stimulus and response. As in
Experiment 1, attention was directed to either the global
level or the local level for the entire block, and the par-
ticipants were informed prior to the block which level was
relevant and which level should be ignored. However, the
task was a two-alternative forced-choice task, requiring
a response on every trial. There were only two targets:
the digit “1” and the digit “2.” These targets were con-
sistently mapped to a left-hand keypress for the digit “1”
and a right-hand keypress for the digit “2.” Thus, on every
trial in random order, eithera “1” or a “2” appeared at the
attended level (see Figure 3 for examples). In addition,
on every trial, the distractor that appeared at the ignored
level was congruent (the same digit), incongruent (the
opposite digit), or neutral (one of the other seven digits)
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Figure 3. Consistent S—-R mapping task. Examples of possible sequences of stimuli in the
two-alternative forced-choice task are shown for global attention (upper example) and local
attention (lower example). Only the first 7 of 30 trials are shown. The cue display at the be-
ginning of the block of trials informed the participant whether to direct attention globally or
locally, and it remained on the screen until the space bar was pressed to start the trials. The
onset of the first stimulus occurred after a 1,500-msecdelay. Stimulus duration was 100 msec,
and the screen remained blank until the response was made. The onset of each following stim-
ulus occurred 1,500 msec following the response to the previous stimulus. On each trial, the
item at the ignored level was a congruent distractor (the digit at the ignored level was the same
as the target digit), an incongruent distractor (the digit at the ignored level was the digit
mapped to the opposite response to the target digit), or a neutral distractor (the digit at the
ignored level was any one of the other seven digits, which never required a response).

with respect to the required response. There were 30 blocks
in which attention was directed locally and 30 blocks in
which attention was directed globally.

Method

Participants. The participants were 10 undergraduate and grad-
uate students at McMaster University who volunteered to participate
either for class credit (undergraduates) or for a small remuneration
(graduates). All participants had normal or corrected-to-n ormal vision.

Stimuli and Procedure. The hierarchical stimuli were identical
to the stimuli used in Experiment 1, and the stimulus duration re-
mained at 100 msec. The task, however, was substantially different.
There were only two targets: the digits “1” and “2.” The task was a
two-alternative forced-choice design, such that, on each trial, the par-

ticipant was required to press one key (“z” on the computer keyboard)
with the left index finger in response to the digit “1” or to press a
different key (“/” on the computer keyboard) with the right index
finger in response to the digit “2.” This S—R mapping was consistent
throughout the experiment, and no other responses were required.

As in Experiment 1, the participants were informed prior to each
block whether to attend to the global or local items. The attended
level was the same for the duration of the block.

Each session consisted of four practice blocks (two each of local
and global attention), followed by 36 test blocks in random order
(18 each of local and global attention). The participants were asked
to respond as quickly as possible without sacrificing accuracy.

Each block consisted of 30 trials. Examples of the first 7 trials
from a global attention block and a local attention block are shown in
Figure 3. Single hierarchical stimuli were presented at fixation. On
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every trial, either a “1” or a “2” appeared at the attended level (15 tri-
als each, in random order). Three distractor conditions (congruent /
incongruent /neutral) were presented equally often (5 trials each for
each of the two targets, in random order). A congruent distractor
was the same as the target digit (“1” or “2”), an incongruent dis-
tractor was the digit mapped to the opposite response (“2” if the tar-
get was “1,” and “1” if the target was “2”), and a neutral distractor
was randomly chosen from the other seven digits (3 through 9), which
were never targets.

The participants pressed the space bar to start each block of trials.
After a 1,500-msec delay, the first stimulus was briefly presented
for a duration of 100 msec. Upon offset of the stimulus, the screen
remained blank until the response was made. Following the response,
a 1,500-msec delay preceded the next stimulus onset. Feedback was
provided at the end of each block, including average RT for correct
trials and number of correct trials for each of the two targets.

Results

RTs for Experiment 2 are plotted in the right panel of
Figure 2, and means for RT and proportion correct are
presented in Table 1.

Response time. The classic global dominance effect
was observed in Experiment 2, such that global responses
were faster overall, and local responses were affected by
global distractor type, but not vice versa. A two-factor re-
peated measures ANOVA was performed for level (global/
local) X distractor type (congruent/incongruent/neutral).
The main effect of level again showed that responses to
global targets were faster than responses to local targets
[F(1,9) =79.93, MS, = 1,880, p < .001]. There was a
main effect of distractor type [F(2,18) = 99.07, MS, =
62, p < .001], and there was a significant interaction be-
tween the two factors [F(2,18) = 55.22, MS, = 82, p <
.001]. A comparison of means was performed to deter-
mine the effect of the three types of distractors on global
targets and on local targets. Distractor type did not affect
global responses (Scheffé p > .6; Newman—Keuls p > .2).
For local responses, however, incongruent global distrac-
tors resulted in slower responses than congruent distrac-
tors (Scheffé p < .001) and neutral distractors (Scheffé
p <.01), and neutral global distractors resulted in slower
responses than congruent distractors (Scheffé p < 01).

Accuracy. Global dominance was also reflected in the
accuracy measures, with higher accuracy for global re-
sponses than for local responses, and a disadvantage for
local targets when the global distractors were incongru-
ent. Applying the same two-factor repeated measures
ANOVA, we found two main effects and a significant
interaction. Accuracy was greater for global targets than
for local targets [F(1,9) = 12.13,MS. < 0.001, p < .01].
Distractor type was significant [F(2,18) = 17.19,MS, =
0.001, p < .001], and the interaction was significant
[F(2,18)=9.7,MS, = 0.001, p <.01]. When global dis-
tractors were incongruent, responses to local targets
were less accurate than responses in all other conditions
(Scheffé p < .01). None of the other comparisons were
significant (Scheffé p > .9).

Discussion
The results of Experiment 2 confirmed that our ig-
nored local distractors do not affect responses to global
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targets when we use a consistent S—R mapping task. The
RT means showed a clear global advantage, in terms of
faster global responses and unidirectional global-to-
local interference. Furthermore, global responses ap-
peared to be immune to the identity of local distractors
in terms of accuracy as well.

In summary of the two experiments, responses to
global targets in the variable S—R task were slowed rela-
tive to those in the consistent S—R task, to a greater de-
gree than were responses to local targets. Importantly,
incongruent local distractors affected global RTs only in
the variable S—R task. In contrast, the RT results from
the consistent S—R task showed the typical global ad-
vantage without showing interference from incongruent
local distractors.

These results support the idea that at least part of the
reason we were able to observe the bidirectional inter-
ference in Experiment 1 was due to the variable mapping
between stimulus and response, which required a greater
degree of semantic analysis for each stimulus. There are
two other differences between the two experiments that
might have contributed to increase the processing de-
mands of Experiment 1 relative to Experiment 2. Itis pos-
sible that the number of potentially relevant stimuli could
be a factor (nine in Experiment 1 vs. two in Experiment2).
It is also possible that processing demands might differ
between the go/no-go responses and the two-alternative
forced-choiceresponses. In any case, the explanationbased
onincreased processing demands at later stages still holds.

GENERAL DISCUSSION

To summarize our results, under consistent S—R map-
ping conditions, it appeared that the identity of the ig-
nored local distractors did not affect global responses,
and unilateral global-to-local interference was observed.
In contrast, when the variable S—R mapping was used,
global responses were very sensitive to ignored local in-
formation, and bilateral global-to-local and local-to-global
interference was observed. The two tasks were not dif-
ferent in terms of directed attention or blocked attention
conditions;in both cases, the participants were instructed
to select only the global levels or the local levels for an
entire block of trials. In addition, distractors on nontar-
get trials in the variable S—R task were incompatible with
required no-go responses, so that the participants were
highly motivated to selectively attend to the relevant
level. Moreover, the stimuli used in both tasks were iden-
tical, so the differing patterns of results cannot be ex-
plained by differences in perceptual discriminability.

The critical factor seems to be that the tasks differed
in the responses that were required. The consistent S—R
task, which is the norm for most global/local studies, in-
volved a two-alternative forced choice, for which one of
the two possible responses was required on every trial.
The variable S—R task was a go/no-go task, involving a
single response, which was withheld on nontarget trials
and executed on target trials. The more dramatic difference
between the two tasks was that the participants were able
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to learn a consistent mapping between the two target stim-
uli and the two possible responses in the consistent S—R
task. In contrast, the identity of the targets and distractors
changed from trial to trial in the variable S—R task.

Why does bidirectional interference occur in the vari-
able S—R mapping task and not in the consistent S—R
mapping task? This question relates directly to the source
of the global advantage. Some attempts to account for the
source of the global advantage have supported an early
perceptual source (Hughes et al., 1990; Hughes et al.,
1984; Hughes et al., 1996; May, Gutierrez, & Harsin,
1995; Shulman & Wilson, 1987), and others have sup-
ported the idea that the source is postperceptual (Boer &
Keuss, 1982; Delis, Robertson, & Efron, 1986; Lamb &
Robertson, 1989; Miller, 1981; Robertson, Lamb, &
Knight, 1988; Ward, 1982). A review of many of these
studies can be found in Kimchi (1992). In favor of the idea
that the global advantage is a perceptual effect, there is
evidence for a strong relation between global and local
information processing and low and high spatial frequen-
cies, respectively (Shulman, Sullivan, Gish, & Sakoda,
1986; Shulman & Wilson, 1987). The global advantage
may be accounted for by differences in transmission rates
for low spatial frequency information (carried by the mag-
nocellular pathway) and high spatial frequency informa-
tion (carried by the parvocellular pathway; De Valois &
De Valois, 1988). Low spatial frequencies, which usually
carry the global information, are available earlier than
are higher spatial frequencies (Breitmeyer, 1975; De Val-
ois & De Valois, 1988; Hughes et al., 1996). The magno-
cellular pathway has faster conduction rates, there is a
higher contrast gain, and there may even be inhibition
between parallel spatial frequency channels that further
enhances the dominance of global information (Hughes
etal., 1996; May et al., 1995). This does not preclude the
argument that local information and global information
accumulate at the same time; it simply suggests that global
information accumulates faster at early stages.

Several studies have shown that the global RT advan-
tage is eliminated or greatly reduced if the low spatial
frequencies in the compound stimuli are eliminated by
presenting highpass-filtered stimuli or by using contrast-
balanced stimuli (Hughes et al., 1990; Lamb & Yund,
1993; Lamb, Yund, & Pond, 1999; Michimata, Okubo, &
Mugishima, 1999). Such evidence supports the hypoth-
esis that the global advantage has an early perceptual
source. If global precedence arises at least in part from
the more efficient processing of lower spatial frequencies
in the magnocellular stream, this could subsequently re-
sultin greater salience and attention-grabbing power be-
cause of faster conduction of information. These two fac-
tors together provide the global advantage. Evidence from
brain-imaging studies supports the hypothesis that at-
tention enhances processing of global information, rela-
tive to local information, as early as extrastriate cortical
areas (Evans et al., 2000; Fink et al., 1996; Fink et al.,
1997). An important consideration for our arguments is
that this advantage at early stages may be measured at

the response stage under conditions for which fast re-
sponses can be made. If evaluation of the stimulus must
become more deliberate, global processing may lose its
advantage over local processing.

Consistent S—R mapping may facilitate the develop-
ment of fast, automatic responses (Schneider & Shiffrin,
1977). Because the varied S—R mapping induces a greater
degree of semantic analysis, the time required to respond
to global targets is increased. In that case, the initial
global speed advantage may contribute less to the over-
all processing time, resulting in more equal global and
local RTs. In other words, in our variable S—R task, there
may be some “catch-up” involved for the local informa-
tion. Even though attentionis directed to either global or
local elements for the duration of a block of trials, if ig-
nored items are processed along with attended items,
then a higher level of semantic analysis will occur for the
ignored items as well. In fact, relative to consistent S—R
mapping tasks, our results showed that, under varied map-
ping conditions, responses to global targets were slowed to
a greater degree than were responses to local targets. This
should allow ignored local information to have a greater
effect on responses, resulting in bidirectionalinterference.

Why does our manipulation affect global responses to
a greater extent than local responses? Hiibner (1997) hy-
pothesized that, under conditions in which fast process-
ing of information at a level is not possible, there is a de-
crease in the contribution of low spatial frequencies to
the global advantage. This makes sense if one considers
that the speed advantage occurs at the very early stages.
Once later stages are reached, processing for local and
global most likely continues at similar rates. If the task
becomes demanding at later stages, the local processing
can catch up to a point at which it interferes with global
responses. In our case, fast processing was made diffi-
cult by requiring semantic analysis on every trial. What
we have shown is that, under the same focused attention
conditions that show a clear global dominance when re-
sponses are fast, responses can be slowed and global
dominance can be eliminated by increasing the process-
ing demands at later stages of semantic evaluation. This
slowing of responses was much more dramatic for global
targets than for local targets, suggesting that there were
new influences on global processing (namely, the inter-
ference from local elements). Local processing was also
slowed but not to the same extent because interference
from global elements was not a new influence (global el-
ements interfere with local in any case). Thus, the big-
gest change was for global processing.

There is another factor in our variable S—R mapping
design and the number-sequence task that may be im-
portant to understanding the nature of the interference.
In our task, location information must be confirmed. In
global/local tasks with consistent S—R mapping, partic-
ipants have a target (or targets) in mind and search each
display, making particular responses when the expected
item matches the presented item. In other words, a match
is coupled with a response. In the number-sequence task,
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however, a target is defined by a nonmatch rather than a
match. The target for the response is different from the
target for the match on each trial. In the incongruent dis-
tractor condition, the expected digit appears at the ig-
nored level. If the ignored item is identified, then evidence
for both a nonmatch (with the target) and a match (with
the distractor) occurs. In that case, there may be some
confusion about the locations from which the match and
nonmatch information arose. Given that information
aboutboth global and local identity is available, the slowed
responses that occur in the incongruent condition may be
due in part to extra processing required to confirm the
location of the incongruent item. Clearly, this is a very
late process, occurring for confirmatory purposes after
all items have been identified.

If we accept that global information and local infor-
mation are available together at early stages of process-
ing (Boer & Keuss, 1982; Evans et al., 2000; Miller, 1981)
and that global information and local information are ac-
cumulating in support of identification of both global
and local elements, then it makes some sense that it might
be efficient to perform the identification in separate pro-
cessing streams. When identity of both local and global
is needed, it would not be efficient for the information to
accumulate toward the same identifier. There are many
studies that support a right- and left-hemisphere bias for
processing global and local aspects of a stimulus, respec-
tively. This evidence comes from behavioral studies
(Blanca, Zalabardo, Garcia-Criado, & Siles, 1994; Kimchi
& Merhayv, 1991; Shedden, Marsman, & Paul, 2001), ex-
periments in neuropsychology (Delis et al., 1986; Lamb,
Robertson, & Knight, 1989; Robertson & Delis, 1986;
Robertson & Lamb, 1991; Robertson, Lamb, & Zaidel,
1993), and brain-imaging studies (Evans et al., 2000;
Fink et al., 1996; Heinze, Hinrichs, Scholz, Burchert, &
Mangun, 1998; Heinze & Munte, 1993). One advantage
of parallel streams in the right and left hemispheresis the
ability to process in parallel different kinds of informa-
tion that must be integrated yet remain separate at the
same time. We do not lose the individuation of the parts
when we contemplate the whole.

At early stages of processing, the visual system con-
structs a detailed image from relatively simple features
(Hubel & Wiesel, 1959; Hubel, Wiesel, & Stryker, 1977,
Livingstone & Hubel, 1987). The specificity of responses
of cells in early visual areas and the increasing complex-
ity of effective stimuli as one travels up the visual pro-
cessing stream suggest that it is not unreasonable to hy-
pothesize that recognition of an object must in some
sense begin with an analysis of its parts from which the
whole is constructed. Simple features exist for both global
and local elements, although at different spatial frequen-
cies, and these simple features are analyzed at the same
time at early visual stages. The lower spatial frequencies
inherent in the global information may be processed
more quickly than the higher spatial frequencies of the
local information, leading to faster accumulation of global
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information at early stages. This advantage is enhanced
with global attention, and a strong global advantage is
observed when fast responses are possible. However,
analysis of local information does not wait for some as-
pect of global analysis to complete, but it occurs along
with global analysis, even when local elements are not
attended. When fast responses are not possible, speed of
processing at early stages contributes less to the overall
RT, and global responses become as sensitive to local in-
formation as local responses are to global information.
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