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Abstract The purpose of this study was to examine the

effects of conceptual similarity between target and non-

target stimuli on the P300 component of event-related

potentials using a multi-stimulus oddball paradigm. The

stimuli were pictures of three objects and their corre-

sponding Chinese and English words. The pictures and

their corresponding Chinese and English words were con-

sidered to the target stimulus, respectively. The experi-

ments elucidate that imagery and verbal information are

processed by distinct but interconnected systems.

Keywords Event-related potentials � Target stimulus �
Nontarget stimulus � P300

Introduction

Event-related potential (ERP) has been used extensively in

both clinical and experimental studies [1, 5, 12, 17, 23, 32–

37]. The P300 is an endogenous component of ERP;

changes in P300 amplitude, latency, and scalp topography

have been correlated with a number of psychometric and

cognitive variables [11, 29–31]. The most frequently used

paradigm in P300 research has been the two-stimulus

oddball task, in which a participant must discriminate

between infrequent target and frequent nontarget stimuli. In

these paradigms, the infrequent, task-relevant target stim-

ulus is associated with large P300 components with max-

imal amplitude at posterior electrodes. A major difference

between our paradigm and previous paradigms is that we

have used multiple stimuli that all occur with the same

probability. This allows us to use the ERP to index the

brain’s spontaneous categorization of stimuli.

Although ERP studies of semantic priming have often

focused on the N400, the P300 also appears to be sensitive

to the effect. For example, Bentin et al. [4] reported that

P300 latency is significantly reduced for semantically

primed targets. Targets were also associated with increased

P300 amplitude. More recently, it has been demonstrated

that the P300 is also useful as an index of the degree of

semantic relatedness between primes and targets. The

authors [18] found increased P300 amplitude for targets

that had a direct semantic relationship with the prime, as

well as for targets that had only an indirect semantic

relationship with the prime compared to targets that were

unrelated to the prime and pseudo-word targets. Similarly,

McPherson and Holcomb [25] demonstrated that long

latency ERP negativities can differentiate the level of

relationship between primes and targets using pictorial

stimuli. The results of Experiment 1 of the present study

extend these findings by suggesting that the degree of

similarity between stimuli can be indexed physiologically

using a multi-stimulus oddball paradigm.

Recently, several researchers explored the properties of

nontarget P300 in three-stimulus paradigms [7–10, 20, 21,

24, 34]. It was found that target and nontarget P300s are

differentially sensitive to the effects of stimulus context.

Although the amplitude of the target P300 is influenced by

its similarity to frequent standard stimuli, it is unaffected

by the perceptual aspects of infrequent nontarget stimuli.

However, P300s to infrequent nontarget stimuli are influ-

enced by the perceptual context of both target and infre-

quent standard stimuli. It has also been shown that for

auditory stimuli, the perceptual distinctiveness of the

infrequent nontarget and target stimuli directly influences
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the amplitude and topography of nontarget P300s. In

summary, these studies have demonstrated that the rela-

tionship between nontarget and target stimuli affects the

properties of nontarget P300s.

A drawback of this previous study was that it was dif-

ficult to distinguish the effects of conceptual and percep-

tual/physical similarity between a target and nontarget

stimuli. Similar-to-target stimuli were both conceptually

and perceptually related to the target stimuli. For instance,

while target and nontarget stimuli shared features that are

commonly considered conceptual, such as race (black/

white) and gender (male/female), they also shared common

perceptual features such as color contrast, facial morphol-

ogy, and hair length.

Three counterbalanced studies (‘‘picture’’ as target,

‘‘English word’’ as target and ‘‘Chinese word’’ as target)

were performed in the current study. In the first study, the

picture ‘‘bag’’ was designated as the target stimulus. We

hypothesized that the target stimulus (picture of bag) would

elicit a prominent P300 component. We also hypothesized

that the related nontarget stimulus (Chinese word and

English word of bag) would elicit a significant nontarget

P300. The remaining nontarget stimuli were both percep-

tually and conceptually distinct from the target and there-

fore failed to generate a prominent P300 effect. In the

experiment 2, the Chinese word of bag was designated as

the target stimulus. We hypothesized that the target stimu-

lus (Chinese word of bag) would elicit a prominent P300

component, and the related nontarget stimulus (picture and

English word of bag) would elicit a significant nontarget

P300. The remaining nontarget stimuli failed to generate a

prominent P300 effect. In the experiment 3, the English

word of bag was designated as the target stimulus. We

hypothesized that the target stimulus (English word of bag)

would elicit a prominent P300 component, and the related

nontarget stimulus (picture and Chinese word of bag) would

elicit a significant nontarget P300. The remaining nontarget

stimuli failed to generate a prominent P300 effect.

The purpose of the current studies was to examine the

effects of conceptual similarity between target and non-

target stimuli on nontarget P300 amplitude. In this paper,

we found that target stimuli elicited prominent P300

components. Nontarget stimuli that were similar to the

target exhibited P300s that were similar to but smaller in

amplitude than those elicited by target stimuli. P300

amplitudes for both target and similar-to-target stimuli

were greater than for stimuli that were dissimilar to the

target. These data suggested that P300 amplitude is a useful

index of similarity between a target and nontarget stimuli.

As opposed to the results of studies using the three-stim-

ulus oddball paradigm, the changes in amplitude of non-

target P300s seen in this study were independent of the

effects stimulus probability.

Methods

Participants

Twelve right-handed students (four females) from Blue

Sky University and ranging in age from 18 to 23 years

(mean = 20) participated in the study. All participants

were known and approved the experimental schemes, and

the experimental schemes were authorized by Blue Sky

University Academic Committee. All participants were

native Chinese speakers and had normal or corrected to

normal vision. Two participant’s data were excluded

because he failed to follow the experimental instructions.

Stimuli

Stimuli consisted of three object pictures and their con-

ceptual-related Chinese words and English words (Fig. 1).

The picture of bag, Chinese word of bag and English word

of bag were designated as the target stimulus in each

experiment, respectively. Every experiment consisted of

two blocks. The stimuli were presented in a pseudorandom

fashion with 180 stimuli in each block, and all stimuli were

presented with equal probability (0.17).

Recording

Electroencephalogram (EEG) was recorded using 32-chan-

nel NeuroScan system. Recordings were referenced to elec-

tronically linked mastoid electrodes. It was recorded using a

gain of 1,000 and a bandpass of 0.05–100 Hz. The horizontal

EOG was monitored from electrodes at the outer canthi of the

eyes, and the vertical EOG was monitored above and below

the orbital region of the left eye. Electrode impedances did

not exceed 10 kX. EEG and EOG activity were recorded

using a gain of 1,000 and a bandpass of 0.1–30 Hz. To

eliminate artifacts, trials with EEG voltages exceeding

±70 lV were rejected from the average. Approximately

10–15% of trials were excluded due to EOG or other artifacts.

Procedure

This study was conducted in a sound-attenuating chamber.

Once the electrode cap had been fitted, participants were

seated comfortably in a chair in front of the stimulus pre-

sentation monitor. Prior to each block of stimuli, partici-

pants were instructed to keep a silent mental count of the

number of times the target appeared on the screen. Fol-

lowing each block, we asked the participants to report

this count. No instructions were given with regards to any

of the nontarget stimuli. Stimuli were presented on a

17-inches CRT monitor. Participants were seated 0.5 m

from the CRT monitor, and the center of the screen was at
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eye level. To minimize eye movements, participants were

instructed to attend to a centered fixation point that was

displayed for the duration of the experiment. Participants

were allowed to rest between blocks.

Experiments

The research contained three experiments; each experiment

includes two blocks, which were presented in a pseudoran-

dom fashion with 180 stimuli in each block. Figure 2 shows

schematic diagram of stimulus procedure, stimuli were pre-

sented for 250 ms with an interstimulus interval of 1,000 ms.

All stimuli were presented in with equal probability (0.17).

The experiment order and the target, the related non-

target and the unrelated nontarget are listed in the Table 1.

In experiment 1, the target was the picture of the bag, the

Chinese word of bag and the English word ‘‘bag’’ were

considered to be the related nontarget. This experiment

includes two blocks, in the first block, we use the picture of

‘‘bag’’ as target, the Chinese word was considered to be the

related nontarget, the other pictures and Chinese words of

‘‘car’’ and ‘‘cup’’ were considered to be the nontarget; in

the second block, we use the picture of ‘‘bag’’ as target, the

English word was considered to be the related nontarget,

the other pictures and English words of ‘‘car’’ and ‘‘cup’’

were considered to be the nontarget.

Results

Behavioral Data

Participants were very accurate in counting the number of

targets. For all conditions, error rate of participant reporting

a count was lower than 3%. To reduce the number of sta-

tistical comparisons made in this study, while allowing for

analysis of differences in the anterior/posterior and hemi-

spheric dimensions, the data from only nine electrodes were

statistically analyzed. The electrodes selected correspond to

the International 10–20 system sites F3, FZ, F4, C3, CZ, C4,

P3, PZ, and P4. Data were analyzed using analysis of var-

iance (ANOVA). The variables examined were anterior vs.

posterior distribution (frontal, central, parietal) and stimulus

types.

Experiment 1

In experiment 1, the target was the picture of ‘‘bag’’, the

Chinese word of bag and the English word ‘‘bag’’ were

considered to be the related nontarget. This experiment

includes two blocks, in the first block, we use the picture of

‘‘bag’’ as target, the Chinese word was considered to be the

related nontarget; in the second block, we use the picture of

‘‘bag’’ as target, the English word was considered to be the

related nontarget.

Figure 3 displays grand average waveforms for the tar-

get (picture of bag), related nontarget stimuli (Chinese

word of bag), and the remaining nontarget stimuli at nine

electrode sites. The target stimulus elicited a large P300

response that was maximal over the vertex, but the related

nontarget and remaining nontarget stimuli failed to gen-

erate a prominent P300 effect.

Figure 4 displays 32-channel ERP distribution maps for

the target, related nontarget, and the other nontarget stim-

uli. The ERP distribution maps are taken at latency

(405 ms) of peak P300 amplitude for target stimulus. We

can see that there are obvious brain activities on the pos-

terior scalp for the target stimulus, for the related nontarget

stimulus and remaining nontarget stimuli, there are no

obvious brain activities over the scalp.

In the second block of the experiment 1, the target is the

picture of bag and the related nontarget is the English word

of bag. Figure 5 displays grand average waveforms for the

target (picture of bag), related nontarget stimuli (English

word of bag), and the remaining nontarget stimuli at nine

electrode sites. The target stimulus elicited a large P300

response that was maximal over the vertex, but the related

Fig. 1 Words and pictures

stimuli used in the study
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Fig. 2 Schematic diagram of stimulus procedure
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nontarget and remaining nontarget stimuli failed to gen-

erate a prominent P300 effect.

Figure 6 displays 32-channel ERP distribution maps for

the target, related nontarget, and the other nontarget stim-

uli. The ERP distribution maps are taken at latency

(400 ms) of peak P300 amplitude for target stimulus. We

can see that there are obvious brain activities on the pos-

terior scalp for the target stimulus, for the related nontarget

stimulus and remaining nontarget stimuli, there are no

obvious brain activities over the scalp.

A significant main effect was found for anterior/posterior

electrode EEG amplitude distribution, F(2,20) = 20.35,

P = 0.001. In the first block of experiment 1, simple com-

parisons revealed that peak of P300 amplitude between 375

and 600 ms was greater at central electrode sites (10.31 ±

0.45 lV) than at frontal electrode sites (6.30 ± 0.43 lV),

F(1,10) = 46.13, P \ 0.01, and parietal electrode sites

(10.32 ± 0.65 lV), F(1,10) = 19.35, P \ 0.01. A signifi-

cant main effect for stimulus type was found, F(8,80) =

10.63, P \ 0.01. The target (picture of bag) elicited a larger

P300 amplitude (10.31 ± 0.45 lV) compared with related

nontarget (Chinese word of bag: 0.65 ± 0.31 lV), as well as

other nontarget.

In the second block of experiment 1, simple compari-

sons revealed that peak of P300 amplitude between 375

and 600 ms was greater at central electrode sites (12.71 ±

0.28 lV) than at frontal electrode sites (11.30 ± 0.65 lV),

F(1,10) = 20.46, P \ 0.01, and parietal electrode sites

Table 1 The experiment order and the target, the related nontarget, and the unrelated nontarget

Experiment Target Related nontarget Unrelated nontarget

Experiment 1:block 1 Picture of ‘‘bag’’ Chinese of ‘‘bag’’ Picture and Chinese of ‘‘car’’ and ‘‘cup’’

Experiment 1:block 2 Picture of ‘‘bag’’ English of ‘‘bag’’ Picture and English of ‘‘car’’ and ‘‘cup’’

Experiment 2:block 1 Chinese of ‘‘bag’’ English of ‘‘bag’’ Chinese and English of ‘‘car’’ and ‘‘cup’’

Experiment 2:block 2 Chinese of ‘‘bag’’ Picture of ‘‘bag’’ Picture and Chinese of ‘‘car’’ and ‘‘cup’’

Experiment 3:block 1 English of ‘‘bag’’ Picture of ‘‘bag’’ Picture and English of ‘‘car’’ and ‘‘cup’’

Experiment 3:block 2 English of ‘‘bag’’ Chinese of ‘‘bag’’ Chinese and English of ‘‘car’’ and ‘‘cup’’

Fig. 3 Grand average waveforms for the target (picture of bag), related nontarget (Chinese word of bag), and other nontarget stimuli
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(11.72 ± 0.46 lV), F(1,10) = 14.83, P \ 0.01. A signifi-

cant main effect for stimulus type was also found,

F(8,80) = 13.41, P \ 0.01. The target (picture of bag)

elicited a larger P300 amplitude (12.71 ± 0.28 lV)

compared with related nontarget (English word of bag:

1.48 ± 0.25 lV), as well as other nontarget.

Experiment 2

In experiment 2, the target was the Chinese word of bag,

the picture of ‘‘bag’’ and the English word were considered

to be the related nontarget. This experiment includes two

blocks, in the first block, we use the Chinese word of bag as

target, the bag picture was considered to be the related

nontarget; in the second block, we use the Chinese word of

bag as target, the English word was considered to be the

related nontarget.

Figure 7 displays grand average waveforms for the tar-

get (Chinese word of bag), related nontarget stimuli (pic-

ture of bag), and the remaining nontarget stimuli at nine

electrode sites. The target stimulus and the related non-

target elicited a large P300 response that was maximal over

the vertex, but the remaining nontarget stimuli failed to

generate a prominent P300 effect.

Figure 8 displays 32-channel ERP distribution maps for

the target, related nontarget, and the other nontarget stim-

uli. The ERP distribution maps are taken at latency

(415 ms) of peak P300 amplitude for target stimulus. We

can see that there are obvious brain activities on the

Fig. 4 ERP distribution maps taken at latency of peak P300

amplitude for target stimulus

Fig. 5 Grand average waveforms for the target (picture of bag), related nontarget (English word of bag), and other nontarget stimuli
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posterior scalp for the target stimulus, there are some brain

activities on the posterior scalp for the related nontarget

stimulus, but for the remaining nontarget stimuli, there are

no obvious brain activities over the scalp.

In the second block of the experiment 2, the target is the

Chinese word of bag and the related nontarget is the

English word of bag. Figure 9 displays grand average

waveforms for the target (Chinese word of bag), related

nontarget stimuli (English word of bag), and the remaining

nontarget stimuli at nine electrode sites. The target stimu-

lus elicited a large P300 response that was maximal

over the vertex, but the related nontarget and remaining

nontarget stimuli failed to generate a prominent P300

effect.

Figure 10 displays 32-channel ERP distribution maps

for the target, related nontarget, and the other nontarget

stimuli. The ERP distribution maps are taken at latency

(410 ms) of peak P300 amplitude for target stimulus. We

can see that there are obvious brain activities on the pos-

terior scalp for the target stimulus, for the related nontarget

stimulus and remaining nontarget stimuli, there are no

obvious brain activities over the scalp.

A significant main effect was found for anterior/posterior

electrode distribution, F(2,20) = 18.41, P = 0.001. In the

first block of experiment 2, simple comparisons revealed

that peak of P300 amplitude between 375 and 600 ms was

greater at central electrode sites (6.69 ± 0.71 lV) than at

frontal electrode sites (5.36 ± 0.32 lV), F(1,10) = 35.17,

P \ 0.01, and parietal electrode sites (6.43 ± 0.68 lV),

Fig. 6 ERP distribution maps taken at latency of peak P300

amplitude for target stimulus

Fig. 7 Grand average waveforms for the target (Chinese word of bag), related nontarget (picture of bag), and other nontarget stimuli
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F(1,10) = 9.35, P \ 0.01. A significant main effect for

stimulus type was found, F(8,80) = 8.42, P \ 0.01. The

target (Chinese word of bag) elicited a larger P300

amplitude (6.69 ± 0.71 lV) compared with related non-

target (picture of bag: 4.04 ± 0.56 lV), as well as other

nontarget.

Fig. 8 ERP distribution maps taken at latency of peak P300

amplitude for target stimulus

Fig. 9 Displays grand average waveforms for the target (Chinese word of bag), related nontarget (English word of bag), and other nontarget

stimuli

Fig. 10 ERP distribution maps taken at latency of peak P300

amplitude for target stimulus
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In the second block of experiment 2, simple comparisons

revealed that peak of P300 amplitude between 375 and

600 ms was greater at central electrode sites (7.24 ±

0.55 lV) than at frontal electrode sites (5.30 ± 0.43 lV),

F(1,10) = 17.68, P \ 0.01, and parietal electrode sites

(7.15 ± 0.46 lV), F(1,10) = 9.12, P \ 0.01. A significant

main effect for stimulus type was also found, F(8,80) =

31.53, P \ 0.01. The target (Chinese word of bag) elicited a

larger P300 amplitude (7.24 ± 0.55 lV) compared with

related nontarget (English word of bag: 1.66 ± 0.35 lV), as

well as other nontarget.

Experiment 3

In experiment 3, the target was the English word ‘‘bag’’,

and the picture and the Chinese word were considered to

the related nontarget, others were nontarget. This experi-

ment includes two blocks, in the first block, we use the

English word ‘‘bag’’ as target, the bag picture was con-

sidered to be the related nontarget; in the second block, we

use English word ‘‘bag’’ as target, the Chinese word was

considered to be the related nontarget.

Figure 11 displays grand average waveforms for the

target (english word of bag), related nontarget stimuli

(picture of bag), and the remaining nontarget stimuli at

nine electrode sites. The target stimulus and the related

nontarget elicited a large P300 response that was maximal

over the vertex, but the remaining nontarget stimuli failed

to generate a prominent P300 effect.

Figure 12 displays 32-channel ERP distribution maps

for the target, related nontarget, and the other nontarget

stimuli. The ERP distribution maps are taken at latency

(439 ms) of peak P300 amplitude for target stimulus. We

can see that there are obvious brain activities on the pos-

terior scalp for the target stimulus, there are some brain

activities on the posterior scalp for the related nontarget

stimulus, but for the remaining nontarget stimuli, there are

no obvious brain activities over the scalp.

In the second block of the experiment 2, the target is the

English word of bag and the related nontarget is the Chi-

nese word of bag. Figure 13 displays grand average

waveforms for the target (English word of bag), related

nontarget stimuli (Chinese word of bag), and the remaining

nontarget stimuli at nine electrode sites. The target stimu-

lus elicited a large P300 response that was maximal over

the vertex, but the related nontarget and remaining non-

target stimuli failed to generate a prominent P300 effect.

Figure 14 displays 32-channel ERP distribution maps

for the target, related nontarget, and the other nontarget

stimuli. The ERP distribution maps are taken at latency

(441 ms) of peak P300 amplitude for target stimulus. We

can see that there are obvious brain activities on the pos-

terior scalp for the target stimulus, for the related nontarget

stimulus and remaining nontarget stimuli, there are no

obvious brain activities over the scalp.

A significant main effect was found for anterior/posterior

electrode distribution, F(2,20) = 16.76, P = 0.001. In the

first block of experiment 3, simple comparisons revealed

that peak of P300 amplitude between 375 and 600 ms was

greater at central electrode sites (6.08 ± 0.13 lV) than at

frontal electrode sites (4.60 ± 0.43 lV), F(1,10) = 38.32,

P \ 0.01, and parietal electrode sites (5.26 ± 0.30 lV),

F(1,10) = 16.28, P \ 0.01. A significant main effect for

stimulus type was found, F(8,80) = 9.67, P \ 0.01. The

target (English word of bag) elicited a larger P300 ampli-

tude (6.08 ± 0.13 lV) compared with related nontar-

get (picture of bag: 3.35 ± 0.54 lV), as well as other

nontarget.

In the second block of experiment 3, simple compari-

sons revealed that peak of P300 amplitude between 375

and 600 ms was greater at central electrode sites (7.51 ±

0.28 lV) than at frontal electrode sites (6.70 ± 0.67 lV),

F(1,10) = 18.37, P \ 0.01, and parietal electrode sites

(7.22 ± 0.44 lV), F(1,10) = 9.45, P \ 0.01. A significant

main effect for stimulus type was also found, F(8,80) =

5.68, P \ 0.01. The target (English word of bag) elicited a

larger P300 amplitude (7.51 ± 0.28 lV) compared with

related nontarget (Chinese word of bag: 0.48 ± 0.15 lV),

as well as other nontarget.

Discussion

These studies examined the ERP correlates of processing a

nontarget stimulus that is conceptually related to a target.

The result of experiment 1 did not conform to our

hypothesis. In experiment 1, the target stimulus (picture of

bag) produced a larger P300; the related nontarget stimuli

(English word and Chinese word of bag) did not produce a

nontarget P300 response. Distinct processing circuits for

imagery (pictures) and verbal information could account

for the differential effects of picture and word targets

reported in this experiment 1. Previous work has found

similar dissociations. Glaser and Glaser [16] suggest that

word stimuli have ‘‘privileged access’’ to the lexicon,

whereas pictorial stimuli have ‘‘privileged access’’ to the

semantic network. The authors found that when engaged in

semantic categorization of words in a modified Stroop task,

a picture from another semantic category causes strong

inhibition. However, when participants were required to

categorize pictures, words from another semantic category

caused no inhibition [15, 16]. It has also been demonstrated

that ERP indices of cross-modal priming can be one

directional (e.g., [13, 22]). Interestingly, Kazmerski and

Friedman found that in the cross-form (word-picture or

picture-word) condition of a direct recognition memory
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task, significant ERP repetition priming effects were found

when pictorial targets were previously seen as words, but

not when word targets were previously seen as pictures.

Interestingly, the result of the first block of experiment 2

supported the conclusion that nontarget P300 amplitude is

correlated with the similarity between a target and non-

target stimulus. More specifically, the data indicated that

nontarget P300 amplitude is affected when a nontarget

stimulus activates the same mental representation as the

target stimulus. This effect appears to be independent of

perceptual similarities between target and nontarget stim-

uli. Comparing to the first block of experiment 1, the

Chinese word of bag related to target picture of bag failed

to elicit the P300. These data could be interpreted in light

of theories such as the dual-coding model [28], and it

suggested that Chinese words and pictures can be pro-

cessed independently, even if they share a common

meaning. The interconnections could lead to the cross-

activation of corresponding units of information held in the

two independent systems, although this cross-activation

does not necessarily always occur. A number of previous

ERP studies have supported the hypothesis that pictures

and words are processed differently. In the second block of

experiment 2, the target stimulus (Chinese word of bag)

produced a larger P300; but the related nontarget stimulus

(English word of bag) did not produce a nontarget P300

response. Friedman et al. [13] and Kazmerski and Fried-

man [22] found that in the cross-form (word-picture or

Fig. 11 Grand average waveforms for the target (English word of bag), related nontarget (picture of bag), and other nontarget stimuli

Fig. 12 ERP distribution maps taken at latency of peak P300

amplitude for target stimulus
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picture-word) condition of a direct recognition memory

task, significant ERP repetition priming effects were found

when pictorial targets were previously seen as words, but

not when word targets were previously seen as pictures.

The result of the first block of experiment 3 is similar to

the result of the first block of experiment 2; the target

stimulus (Chinese word and English word of bag) and the

related nontarget (picture of bag) stimuli generate a

prominent P300. But in the second block of experiment 3,

only the target stimulus (Chinese word of bag) can generate

a prominent P300, the related nontarget stimulus (English

word of bag) cannot generate a prominent P300. Compar-

ing to the second block of experiment 2, no matter whether

the target stimulus is Chinese or English, the related verbal

nontarget (Chinese word or English word) cannot generate

a prominent P300. Therefore, we can draw a conclusion

that the English word and Chinese word share a common

meaning and are processed uniformly.

The results of experiment 2 and experiment 3 supported

our hypothesis that the nontarget P300 amplitude is cor-

related with the level of similarity between a target and

nontarget stimulus. More specifically, the data indicated

that nontarget P300 amplitude is affected when a nontarget

stimulus activates the same mental representation as the

target stimulus. This effect appears to be independent of

perceptual similarities between target and nontarget stim-

uli. Overall, the data from experiment 2 and experiment 3

indicate that nontarget P300 amplitude is a potentially

useful index of how the brain defines relationships between

Fig. 13 Grand average waveforms for the target (English word of bag), related nontarget (Chinese word of bag), and other nontarget stimuli

Fig. 14 ERP distribution maps taken at latency of peak P300

amplitude for target stimulus
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perceptually distinct stimuli. The results of experiment 2

and experiment 3 are consistent with the hypothesis that

ERPs can be used to index both voluntary and involuntary

components of the human attention and memory systems.

For example, numerous studies have demonstrated that

semantic priming affects the amplitude and/or latency of

several ERP components (e.g., [3, 4, 6, 26, 27]). Many of

these studies utilized a lexical decision task, a classic

experimental paradigm in which participants are required

to decide if a target word is a real word or a pseudo-word.

If the target word is preceded by a semantically related (as

opposed to an unrelated) word, then reaction times for the

lexical decision are faster. ERPs have been shown to be a

useful physiological marker of this effect. Semantically

primed targets have consistently been shown to elicit a

significantly smaller N400 than an unrelated target. These

effects have also been demonstrated using semantic prim-

ing with line drawings (e.g., [2, 19]) and, similar to the

current studies, for cross-modal priming using line draw-

ings and words (e.g., [14, 26]).

Although the results of experiment 1 seem to support

cognitive models that propose separate processing streams

for pictorial and verbal stimuli, it is important to note that

the study was not specifically designed to test these

hypotheses. Therefore, the interpretation of the data in this

light should be regarded as speculative. However, taken

with the results of experiment 2 and experiment 3, the data

do suggest that the nontarget P300 amplitude recorded in a

multi-stimulus oddball paradigm might not only be a useful

index of similarity between perceptually distinct stimuli,

but also as a physiological marker of how the brain might

process stimuli that activate similar mental representations

differently. This opens the way for more directed use of the

paradigm in testing hypotheses such as those proposed by

the dual-coding model.
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