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Abstract

Objective: This study investigated the neural mechanisms underlying the effects of removal of low spatial frequency (SF) contents from

stimulus displays on the processing of global and local properties of compound stimuli.

Methods: Event-related brain potentials (ERPs) were recorded from 16 subjects who selectively attended to the global or local features of

compound letters, which were either white on a gray background containing broadband SFs or were contrast-balanced (CB) to eliminate low
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local targets (Han and Humphreys, 1999, 2002; Han et al.,

1999b).

Among these hypotheses, the role of SF information in

the global precedence effect has been studied extensively.

Shulman et al. (1986) first demonstrated a close relationship

between global/local processing and low/high SF channels.

They measured RTs to global and local targets after adap-

tation to sine-wave gratings of low and high SFs. They

found that the adapting frequency that most disrupted the

global task was lower than that most affecting the local task.

Shulman and Wilson (1987) showed further that low SF

gratings were more easily detected than high SF gratings

when subjects were involved in a primary task of identifying

global forms of compound stimuli. In contrast, high SF

gratings were more easily detected during identification of

local forms. These results suggest that low SF channels play

a key role in mediating information at the global level of

compound stimuli whereas high SF channels are important

in carrying information at the local level.

Other researchers have directly manipulated the SF

contents of compound stimuli. The rationale is that, if the

global precedence reflects faster response and shorter inte-

gration time of low relative to high SF channels, removing

low SF contents from compound stimuli should eliminate

the global RT advantage. In addition, if global-to-local

interference stems from inhibition of high SF channels by

low SF channels, removing low SFs from stimuli should

also weaken global-to-local interference. One method to test

these hypotheses is to use high-pass-filtered stimuli, which

are generated by weighting the spectrum of compound

stimuli with a high-pass filter and transforming the results

back to the spatial domain. Several studies indeed found that

high-pass spatial filtering eliminates the global RT advan-

tage (Badcock et al., 1990; Lagasse, 1993).

‘Contrast-balanced’ (CB) stimuli provide an alternative

to high-pass filtering, in eliminating low SFs from

compound stimuli (Hughes et al., 1990; Lamb and Yund,

1993, 1996a,b, 2000; Lamb et al., 1999; Robertson, 1996).

CB stimuli consist of bright bars (or dots) surrounded by

dark bars (or dots) to construct local letters that are pre-

sented on a gray background. The luminance levels of the

brighter and darker areas are arranged such that the space-

averaged luminance of any short segment of bright and

surrounding dark bars (or dot clusters) within the CB stimuli

is equivalent to that of the background. This method of

construction eliminates all long-distance space-averaged

luminance differences and thus produces stimuli without

low SFs (Hughes et al., 1990; Lamb and Yund, 1993,

1996a,b). As a result, both global and local shapes in the



displays. The results of previous behavioral studies are

unable to solve this problem. However, to understand this

question is important for building any computational

models of global/local processing based on SF analysis.

The current experiment sought to investigate these issues

with event-related brain potential (ERP) recordings. ERPs

arise from the synchronous activities of neuronal popu-

lations engaged in specific processing and are time locked to

stimulus events. High time resolution makes ERPs useful in

revealing the time course of specific neural activation. The

scalp distribution of ERPs also provides information about

the location of activated brain areas. ERPs have been used in

a number of studies to examine neural mechanisms under-

lying global/local processing of compound stimuli. For

instance, Heinze and Münte (1993) had subjects respond to

targets at either the global or local levels of compound

letters presented in the center of the visual field (a divided

attention procedure). They found that a posterior negative

wave (N2 with peak latency between 200 and 300 ms), with

maximal amplitudes at occipito-temporal areas, showed

larger amplitudes to local than to global targets. Similar

results were reported in studies using compound shapes

(Han et al., 2000a,b). Modulations of ERPs by global/local

processing were also evident in studies using a selective

attention procedure. For example, Han et al. (1997) had

subjects identify either global or local shapes in the center of

the visual field in separate blocks of trials. They found an

enhanced occipito-temporal N2 in the local relative to

global conditions. Similar modulations of the posterior N2

were observed during selective attention to global or local

features of compound stimuli displayed in the periphery of

the visual field (Han et al., 1999a, 2000b). The ERP com-

ponents over the anterior areas are also modulated by

global/local processing (Han et al., 1997): local targets

elicited anterior N2 and P3 waves with longer peak latencies

relative to global targets when behavioral data showed a

global RT advantage.

ERPs are also modulated by the congruency between

global and local shapes. Han et al. (Han and Chen, 1996;

Han et al., 1997) found that the posterior N2 was larger

when global and local shapes were incongruent relative to

when they were congruent. The latencies of the anterior N2

and parietal P3 were also delayed by the incongruency

between global and local shapes. Proverbio et al. (1998)

observed shorter latency effects with peripheral presentation

of stimuli: a reduced occipital N1 in the local task when

global configurations were inconsistent with local shapes.

Taken together, the ERP findings suggest multiple-level

neural substrates underpin differential global/local proces-

sing and the interaction between them. However, as all the

ERP studies used broadband compound stimuli, it is unclear

how the neural mechanisms underlying global and local

processing are influenced by low SFs in compound stimuli.

In the present study, we recorded ERPs from subjects

while they responded to global or local levels of compound

letters that appeared randomly in the left visual field (LVF)





recorded from electrodes placed 1.5 cm lateral to the left

and right external canthi (i.e. F9, F10). The EEG was

amplified with a half-amplitude band pass of 0.01–80 Hz

and continuously digitized on-line at a sampling rate of

256 Hz. The ERPs to each type of stimuli were averaged

separately off-line with averaging epochs beginning 200 ms

before stimulus onset and continuing for 1000 ms. For target

stimuli, only trials with correct responses were analyzed.

For nontarget stimuli, only trials not followed by responses

were analyzed. Trials contaminated by eye blinks, eye

movements, amplifier clipping, or muscle potentials exceed-

ing 160 mv (peak-to-peak amplitude) at any electrode were

excluded from the average, resulting in exclusion of about

5–10% trials from average. Peak latencies were measured

relative to stimulus onset. Mean voltage of ERPs were

obtained (a) at 20 ms intervals starting at 60 ms after

stimulus onset and continuing until 300 ms post-stimulus

and (b) at 40 ms intervals from 300 to 700 ms post-stimulus.

Because CB stimuli elicited ERPs with peak latencies

significantly delayed relative to broadband stimuli, peak

amplitudes were measured to examine the effect of contrast

balancing. Table 1 shows time windows of the measure-

ments of each ERP component. Statistical analysis was

restricted to a small set of electrodes (F3–F4, C3–C4,

P3–P4, O1–O2, PO3–PO4, PO7–PO8, and P9–P10)

where the ERP waves of interests showed large amplitudes.



conditions, consistent with previous reports (Badcock et al.,

1990; Lamb and Yund, 1996a,b). Consequently, global/local

responses to CB stimuli became equally fast. This is in

agreement with the claim that the global precedence is



was less salient for broadband than CB stimuli, indicated by





pronounced at contralateral than ipsilateral electrodes as

indicated by a significant interaction of Level of Attention £

Hemifield £ Hemisphere (Fð1; 15Þ ¼ 5:36 to 19.6, p , 0:03).

The second sign of differential global/local processing was a

negative shift in local relative to global conditions between

240 and 400 ms at posterior electrodes (Fð1; 15Þ ¼ 11:1 to

55.4, p , 0:005).

For CB nontarget stimuli, local processing began to differ

from global processing at 180 ms and continued for 120 ms

(Fig. 6). This was reflected in larger amplitudes of the

posterior N1 in local relative global attention conditions

(Fð1; 15Þ ¼ 6:64 to 21.7, p , 0:02). This effect was more

salient over the hemisphere contralateral to stimulation

(Fð1; 15Þ ¼ 9:52 to 59.3, p , 0:007). In a later time window

(300–500 ms), the ERPs also showed a negative shift in the

local relative to global conditions at posterior electrodes

(Fð1; 15Þ ¼ 4:72 to 8.53, p , 0:04).

The ANOVA combining the data of both broadband and

CB stimuli showed a reliable interaction of Frequency

Content £ Level of Attention between 300 and 340 ms

(Fð1; 15Þ ¼ 4:91, p , 0:04), reflecting the fact that the

negative shift in the local relative to global conditions in this

time window was more salient for broadband than CB

stimuli (Table 3).

For broadband targets, the difference between global and

local processing first emerged between 180 and 200 ms over

the posterior sites (Fig. 7). However, unlike ERPs to

nontarget stimuli, the N1 was of larger amplitude to the

global than local targets (Fð1; 15Þ ¼ 7:23, p , 0:02), and

this effect was stronger at ipsilateral than contralateral

electrodes (Fð1; 15Þ ¼ 9:17, p , 0:008). The second sign of

differential global/local target processing started at 280 ms

and lasted for 180 ms. Relative to global targets, local

targets elicited a larger posterior N2 (Fð1; 15Þ ¼ 6:89 to

36.2, p , 0:02). Over the frontal–central sites, the anterior

N2 was also of larger amplitudes to local than global targets

between 340 and 420 ms (Fð1; 15Þ ¼ 13:5, to 13.6,

p , 0:003), as shown in Fig. 8. Both the anterior N2 and

P3 peaked earlier to global relative to local targets

(Fð1; 15Þ ¼ 7:48 and 18.3, respectively, p , 0:02 and

0.001, respectively).

For CB targets, negative enhancements were also seen in

local conditions: the differential global/local processing

started at 220 ms and continued for 120 ms over the

posterior sites (Fð1; 15Þ ¼ 4:91 to 9.82, p , 0:04), as

illustrated in Fig. 7. This was reflected in enhanced posterior

N1 and N2 in the local relative to global conditions.

The ANOVA combining the data of both broadband and

CB stimuli showed a significant interaction of Frequency

Content £ Level of Attention between 340 and 420 ms at

posterior electrodes (Fð1; 15Þ ¼ 8:19 to 22.8, p , 0:01),

indicating that the posterior N2 enhancement to local

relative to global targets was more salient for broadband

than CB stimuli.

Modulations of the posterior N2 by global/local attention

are consistent with the previous findings (Evans et al., 2000;

Han et al., 1997, 1999a, 2000a; Heinze et al., 1998).

Moreover we found that contrast balancing weakened the

negative shift to local relative to global nontarget stimuli

and the enlarged posterior N2 to local targets but could not

Fig. 7. ERPs to global and local targets at lateral occipital electrodes.

Fig. 8. ERPs to global and local targets at central electrodes.
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completely eliminate the effects, suggesting that classifi-

cation of global/local information based on low SF

information contributes only partially to the modulation of

the posterior N2. Modulations of the anterior N2 and P3

elicited by targets are also similar to previous reports (Han

et al., 1997, 1999a; Proverbio et al., 1998). However, these

effects were completely eliminated by contrast balancing,

paralleling the RT results. Given these facts and the notion

that the anterior N2 component reflects a stage of processing

related to stimulus identification (Mulder, 1986; Renault

et al., 1982; Ritter et al., 1983) and the P3 latency is

associated with processes of stimulus evaluation and

categorization (McCarthy and Donchin, 1981; Mecklinger

et al., 1993; Mecklinger and Ullsperger, 1993), it may be

conjectured that the effect of contrast balancing observed

in behavioral data reflects partially the delay of global

processing at the stage of stimulus identification and

evaluation.

3.2.3. Target specific difference waves

To examine the ERP effects specifically related to target

processing, the mean amplitudes of ERPs to target and

nontarget stimuli were subjected to ANOVAs with Stimulus

Type (target vs. nontarget stimuli), Hemifield, and Hemi-

sphere as independent variables for broadband and CB

stimuli, respectively. Target specific difference waves were

obtained by subtracting ERPs to nontarget stimuli from

those to targets. To illustrate the difference between global

and local targets and between broadband and CB stimuli,



between global and local conditions (Fð1; 15Þ ¼ 3:3,



of Distractor Letter (Fð1; 15Þ ¼ 6:70, p , 0:



indexed by the difference wave to CB global targets.3 The

ERP results provide electrophysiological evidence that

global target processing started earlier than local target

processing when low SFs were available in compound

stimuli (indexed by Nd190). Local target processing of

broadband stimuli, however, took place at a later time

window (indexed by Nd300) that corresponded to the late

stage of global target processing. When low SFs were

removed from the stimuli, the early global target processing

was attenuated. The Nd300 was delayed by contrast balanc-

ing (i.e. the Nd350 for both global and local target pro-

cessing of CB stimuli), but this effect was similar for both

global and local targets. Consequently the global and local

target processing was approximately equally fast.

These results clarify two distinct neural mechanisms

underlying global target processing. First, there is an early

low-SF-based processing of global targets. Contrast balanc-



(Hughes et al., 1990; Kitterle et al., 1993). However, our

ERP results lend little support for this hypothesis. Since low

SFs were not available in CB stimuli, it is unlikely that the

ERP signs of global-to-local interference reflect SF-based

sensory-level interaction. Because the largest effect of

global-to-local interference was found as early as 200 ms

post-stimulus over the lateral occipito-temporal cortex that

is involved in object perception and recognition (Kourtzi

and Kanwisher, 2000; Logothetis and Sheinberg, 1996), it

may suggest that mechanisms at the level of object per-

ception and recognition contribute to the interference

between global and local processing.

One of the key differences between global and local

processing is that there is only one object (i.e. a global letter)

in the field relevant to the global task whereas multiple

objects (i.e. local letters) are present for the local task (Han

et al., 1999b; Han and Humphreys, 2002). Accordingly,

global representation may be directly compared with an

internal template for recognition during the global task. For

the local task, however, one local element must be selected

before matching the representation of local shapes with the

internal template. Because of the additional selection pro-

cess involved in the local task, representation of global

shapes may dominate in competition with representations of

local shapes during the matching process. During a local

task, when global and local shapes are similar or identical,

the matching process is enhanced because information from

both levels of compound stimuli fits well with the template.
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