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Abstract
Behavioral studies suggest that self-construals play a key role in modulation of cognitive processing styles, leading to context-dependent or -

independent mode of processing. The current work investigated whether the neural activity in the extrastriate cortex underlying global/local

perception of compound stimuli can be modulated by self-construal priming that shifts self-construal towards the Eastern interdependent or

Western independent self in Chinese participants. After primed with independent or interdependent self-construals, subjects were asked to

discriminate global/local letters in a compound stimulus while event-related potentials (ERPs) were recorded. We found that, while the

independent self-construal priming resulted in enlarged P1 amplitude to local than global targets at lateral occipital electrodes, a reverse pattern

was observed after the interdependent self-construal priming. Our findings provide electrophysiological evidence that self-construal priming

modulates visual perceptual processing in the extrastriate cortex.
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1. Introduction

Human visual perceptual processing is efficient and flexible.

It is well known that visual perceptual processing can be

substantially modulated by internal attentional state of

observers and the affective properties of stimuli (Vuilleumier

and Driver, 2007). Recent cross-cultural studies also show

evidence that perceptual processes are greatly influenced by

cultures (Nisbett and Miyamoto, 2005). By comparing

behavioral performances from participants with different

cultures, Nisbett and colleagues found that, relative to

European Americans, East Asians’ performance of judging

the orientation of line segment in a frame showed stronger

tendency to be influenced by the frame (Ji et al., 2000). In

addition, Americans were better in detection of changes in focal

objects whereas Japanese were better in detection of changes in

the field (Masudaz and Nisbett, 2006).
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Cultural influence on perceptual processes has also been

demonstrated in one culture group using cultural priming

procedure. While Western cultures result in independent self

that is characterized as a self-contained and context-indepen-

dent entity, Eastern cultures breed interdependent self that is

regarded as a member in a group highlighting belonging to and

dependence upon a context (Markus and Kitayama, 1991), all

individuals are expected to flexibly define themselves as

relatively more independent or interdependent depending upon

current situations (Gardner et al., 1999). On the basis of these

propositions, researchers used self-construal priming, which

asks subjects to circle the independent (e.g., I, mine) or

interdependent (e.g., we, ours) pronouns in an essay to switch

the self towards Western independent or Eastern interdependent

styles (Gardner et al., 1999), to investigate cultural influence on

perceptual processes. Kühnen and Oyserman (2002) reported

that subjects exposed to the independent self-construal priming

responded faster to a local than global target in a Navon-type

compound stimulus (Navon, 1977), whereas a reverse pattern of

performance was observed in subjects exposed to the

interdependent self-construal priming. We also found evidence

that self-construal priming facilitated global or local perception
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in the same group of subjects who showed faster response to

global targets after the interdependent-self priming but faster

response to local targets after the independent-self priming (Lin

and Han, submitted for publication).

While the previous research suggests interactions between

cultures and perceptual processing, the conclusions were made

mainly based on behavioral measurements. It remains an open

issue if the neural activity in the visual cortex underlying

perceptual processing is modulated by self-construal priming.

The current research tested this by measuring event-related

potentials (ERPs) to global and local targets in compound

letters (Fig. 1). Previous ERP and brain imaging studies found

that the extrastriate activity was modulated by global/local

perception of compound stimuli. Specifically, a lateral occipital

positive activity peaking at about 100 ms after stimulus

delivery (P1) was enlarged to local than global targets (Han

et al., 1997, 1999, 2000). In addition, enhanced activity in the

right and left extrastriate cortex was, respectively, linked to the

global and local perceptual processes (Fink et al., 1996; Han

et al., 2002). These findings demonstrate that the extrastriate

activity is involved to differentiate global and local perceptual

processes of compound stimuli.

Here we used the self-construal priming procedure to shift

the self towards the independent or interdependent styles in

Chinese subjects before they performed tasks of discrimination

of global/local targets. Because the early ERP components such

as the P1 arise from the extrastriate cortex (Di Russo et al.,

2001; Martinez et al., 2001), variation of the P1 amplitudes to

global/local targets as a function of self-construal priming

would provide evidence that self-construal priming modulates

the perceptual processing in the extrastriate cortex. In addition,

because increased scope of visual attention facilitates global

processing and decreased scope of visual attention facilitates

local processing (Stöffer, 1994; Han and Humphreys, 2002) and

the interdependent and independent self-construal priming

increases and decreases the scope of visual attention

respectively (Lin and Han, submitted for publication), we
Fig. 1. Illustrations of the compound letters used in the study. In both (a) and

(b), target (S) appears at the global level whereas local letters (A and E) are non-

target.
would expect that the interdependent and independent self-

construal priming would respectively facilitate global and local

processing indexed by increased extrastriate activity to global

and local targets.

2. Method

2.1. Subjects

Twenty students (9 males and 11 females) were recruited in this study as

paid volunteers from Peking University, aged between 19 and 25

(mean = 21.6 � 2.0). All were right-handed, had normal or corrected-to-normal

vision and gave informed consent. This study was approved by a local ethic

committee at the Department of Psychology, Peking University.

2.2. Stimuli and apparatus

Stimulus displays were presented on a 21-in. monitor controlled by PC

computers in a dimly lit, electrically shielded, and sound attenuated chamber.

The stimuli were global letters made up of local letters in an invisible 4 � 5

matrix on the screen, as illustrated in Fig. 1. Each global letter was 3.28wide and

5.18 high and each local letter was 0.578 wide and 0.808 high at a viewing

distance of 100 cm. Adjacent local letters were spaced 0.298 apart, with lines

approximately 0.068 thick. Stimuli were black (0.1 cd/m2) against a gray

background (44.0 cd/m2). Letters ‘‘H’’ and ‘‘S’’ served as targets while letters

‘‘A’’ and ‘‘E’’ served as distractors. Each stimulus contained one target either at

the global level (i.e., global/local letters were H/A, H/E, S/A, or S/E) or at the

local level (i.e., global/local letters were A/H, A/S, or E/H, E/S), resulting in

eight stimulus figures in which target letters never appeared at both levels in

each stimulus display.

2.3. Procedure

A 3 (Priming: subjects were exposed to the independent-self, interdepen-

dent-self, or control priming essays) � 2 (Target level: a target appeared at the

global or local level) within-subject design was used. Before recording ERPs to

global/local targets in the visual discrimination task, subjects were exposed to

one of the three types of self-construal priming, similar to those in Gardner et al.

(1999). Nine Chinese essays were used in the priming procedure. Each essay

consisted of two paragraphs describing a trip to countryside. Three essays

contained independent pronouns (e.g., I, mine) and three essays contained

interdependent pronouns (e.g., we, ours). Subjects were asked to read each

paragraph and to circle the pronouns. Three essays were used in the control

priming condition and did not contain pronouns. Subjects were required to read

each paragraph and to circle specific nouns in it.

Immediately after reading each essay, subjects performed a global/local

letter discrimination task that contained one block of 120 trials after 64 trials for

practice. Thus each subject completed 9 blocks of 120 trials in total. Each trial

began with the presentation of a fixation cross with a duration that varied

randomly from 800 ms to 1200 ms. A global letter consisting of local letters was

then displayed for 400 ms. While being asked to fixate at the central fixation

cross, subjects were required to discriminate the target letters that appeared at

either the global or local level of the compound stimuli by pressing one of the

two buttons using the left or right index finger. Instructions emphasized both

response speed and accuracy. Subjects were given 10-min break between two

successive blocks of trials. Each subject was randomly assigned to an order of

the priming materials containing interdependent pronouns, independent pro-

nouns, or no pronouns.

2.4. ERP data recording and analysis

The electroencephalogram (EEG) was continuously recorded from 64 scalp

silver/silver-chloride electrodes located according to the international 10–20

system. All electrodes were referenced to an electrode at the right mastoid and

re-referenced off-line to another electrode at the left mastoid. The horizontal

electro-oculogram (EOG) was recorded bipolarly from two electrodes placed



Table 1

Mean RTs (ms) and response accuracy (%) (S.D.) to global and local targets

Priming

Independent Neutral Interdependent

RTs

Global 505.2(81.9) 499.8(75.0) 503.1(71.0)

Local 488.2(88.2) 484.0(74.8) 484.8(77.0)

Accuracy

Global 90.0(7.5) 91.2(7.0) 91.2(7.6)

Local 88.8(13.5) 89.1(12.4) 89.0(12.9)
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1.5 cm lateral to the left and right outer canthi, the vertical EOG from electrodes

below and above the left eye. The impedance for all the electrodes was kept

below 5 kV. EEG was amplified (half-amplitude band pass 0.1–70 Hz) and

digitized at a sampling rate of 250 Hz. The ERPs in each stimulus condition

were averaged separately off-line with averaging epochs beginning 200 ms

prior to and ending 1000 ms after the onset of the stimulus. Trials contaminated

by eye blinks (VEOG exceeding � 50 mV relative to 200 ms pre-stimulus

baseline), horizontal eye movements (HEOG exceeding � 50 mV relative to

baseline), other artifacts (a voltage exceeding � 50 mVat any electrode location

relative to baseline), or followed by response errors were excluded from the

average. The EEG to the stimuli was averaged separately for all combinations of

target level (global and local) and self-construal priming type (independence,

interdependence and neutral), resulting in six ERP waveforms for each parti-

cipant and electrode site. All ERP measures were taken relative to the mean

voltage of the 200 ms pre-stimulus baseline interval. The analysis of the ERP

data focused exclusively on the early P1 and N1 components, with mean

amplitude measured 70–130 ms after stimulus onset. Repeated measure ana-

lysis (ANOVA) was performed on mean ERP amplitudes at O1, O2, PO3, PO4,

PO5, PO6, PO7, PO8, P3, P4, P5, P6 with Target level (global vs. local), self-

construal priming type (control, independent vs. interdependent), and hemi-

sphere (electrodes over the left or right hemisphere) as independent variables.

When appropriate, a Greenhouse-Geisser adjustment to the degrees of freedom

for non-sphericity was applied. For the behavioral data, repeated measures

ANOVAs were performed on RTs and responses accuracy with Target level and

Self-construal priming type as independent variables.

3. Results

3.1. Behavioral data

Table 1 shows the mean RTs and response accuracies in each

stimulus condition. ANOVAs performed on RTs showed only a
Fig. 2. Illustration of ERPs elicited by global and local targets in (a) neutral, (b) ind

shown collapsed those recorded at posterior electrodes (O1–O2). Vertical gray bars in

illustrated the scalp distribution of the P1 and N1 waves to global targets in the c
main effect of Target level (F(1, 29) = 8.546, p < 0.01):

responses to local letters (485.7 ms) were faster than those to

global letters (502.7 ms). Neither the main effect of Priming

(F(2, 38) = 0.196, p = 0.82) nor the interaction of Pri-

ming � Target level (F(2, 38) = 0.160, p = 0.85) was signifi-

cant. ANOVAs performed on response accuracies did not show

any significant effect (Target level: F(1, 19) = 0.53, p = 0.48;

Priming: F(2, 38) = 0.536, p = 0.59; Interaction of Target

level � Priming: F(2, 38) = 0.57, p = 0.57), suggesting that

there was no trade-off between speed and accuracy in these

conditions.

3.2. Electrophysiological data

The early ERP components recorded at occipital electrodes

were characterized with a positive wave (P1) peaking at 90 ms

followed by a negative wave (N1) peaking at 150 ms (Fig. 2).

To examine whether the P1 to global and local targets was

modulated by self-construal priming, the P1 mean amplitudes

(70–130 ms) recorded over the lateral occipital electrodes were

subjected to ANOVAs. The main effects of Target level,

Priming, and Hemisphere were not significant (all p > 0.05).

However, the interaction of Target level � Priming was

significant at O1–O2 (F(2, 38) = 4.22, p = 0.022), PO7–PO8

(F(2, 38) = 3.975, p = 0.027), and marginally significant at

PO5–PO6 (F(2, 38) = 2.898, p = 0.067), suggesting that the P1

was of larger amplitudes to local than global targets after the

independent self-construal priming whereas a reverse pattern

was true after the interdependent self-construal priming. The

interaction of Target level � Priming did not differ between

electrodes over the left and right hemispheres (F(2,

38) = 0.006–2.789, p > 0.05). The P1 amplitudes to global

targets were subtracted from those to local targets to index the

local enhancement effect (LEE) as illustrated in Fig. 3b. Post

hoc paired t-test confirmed larger LEE after the independent

than the interdependent priming (O1–O2: t(19) = 2.622,

p = 0.017; PO7–PO8: t(19) = 2.687, p = 0.015). The difference

in the LEE was marginally significant between the independent

and the control priming conditions (O1–O2: t(19) = 2.01,

p = 0.059). The LEE did not differ between the interdependent
ependent, and (c) interdependent self-construal priming conditions. The ERPs

dicate the time windows for P1 measurement (70–130 ms). Voltage topographies

ontrol priming condition.



Fig. 3. (a) The mean amplitudes of the P1 wave measured at 70–130 ms in different priming conditions. (b) The local enhancement effect (LEE) was obtained by

subtracting the P1 amplitudes to global targets from those to local targets. (c) The mean amplitudes of the N1 wave measured at 130–180 ms in different priming

conditions. Error bars indicate standard deviation of the mean. The asterisks indicated significant differences.
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and control priming conditions (O1–O2: t(19) = �1.057,

p = 0.304; PO7–PO8: t(19) = �1.626, p = 0.12).

ANOVAs of the N1 mean amplitudes at 130–180 showed

significant main effect of Priming (PO3–PO4: F(2, 38) = 4.637,

p = 0.016; PO7–PO8: F(2, 38) = 4.225, p = 0.022; P3–P4: F(2,

38) = 4.095, p = 0.025; P5–P6: F(2, 38) = 4.857, p = 0.013),

suggesting that the N1 amplitudes tended to be larger in the

control priming condition than the interdependent self-construal

priming condition, which in turn tended to be larger than in the

independent self-construal priming condition. However, there

was no significant interaction between Target level and Priming

at any electrodes (F(2, 38) = 0.007–2.434, p > 0.05). Post hoc

paired t-test confirmed smaller N1 amplitude after the

independent priming (PO7–PO8: t(19) = �2.497, p = 0.022;

PO3–PO4: t(19) = �2.614, p = 0.017; P3–P4: t(19) = �2.137,

p = 0.046; P5–P6: t(19) = �2.580, p = 0.018) and the inter-

dependent priming (PO7–PO8: t(19) = �2.17, p = 0.043; PO3–

PO4: t(19) = �2.764, p = 0.012; P3–P4: t(19) = �2.84,

p = 0.010; P5–P6: t(19) = �2.727, p = 0.013), relative to the

control priming condition. The N1 amplitude did not differ

between the independent and interdependent priming conditions

(PO7–PO8: t(19) = �1.232, p = 0.233; PO3–PO4: t(19) =

�0.626, p = 0.539; P3–P4: t(19) = �0.073, p = 0.943; P5–P6:

t(19) = �0.704, p = 0.490).

4. Discussion

The present study investigated if the extrastriate activity

underlying perceptual processes of global/local targets in

compound stimuli can be modulated by categorical types of

self-induced by self-construal priming. We found that, while

the P1 amplitude did not differ between global and local targets

in the control priming condition, the independent self-construal

priming generated larger P1 amplitudes to the local than global

targets whereas the interdependent self-construal priming

tended to result in smaller P1 to local than global targets.

There has been convincing evidence that the P1 elicited by

visual stimuli is generated in the lateral ventral extrastriate

cortex and the P1 amplitude is modulated by spatial attention

(Di Russo et al., 2001, 2003; Martinez et al., 1999, 2001;

Heinze et al., 1994). In line with these findings, the ERP results
in the current work and our previous studies (Han et al., 1997,

1999, 2000) suggest that attention to the global and local level

of compound stimuli also modulates the P1 wave. Because the

compound stimuli and procedures were identical for the global/

local discrimination tasks in different priming conditions, the

variation of the P1 amplitudes observed in our study reflected

per se the modulation of the extrastriate activity by self-

construal priming.

Our findings that the independent self-construal priming

resulted in facilitation of local processing by increasing the

extrastriate activity is in agreement with the behavioral

measurements in cross-cultural studies. The independent

self-construal priming shifted the self-construal towards the

Western self-styles, which has been shown to cultivate a

context-independent style of cognitive processes and to

facilitate focused attention to salient object and ignore the

field (Nisbett and Miyamoto, 2005; Kühnen and Oyserman,

2002; Lin and Han, submitted for publication). Our ERP results

suggest that the temporal self-construal priming influences the

style of perceptual processes in the same way as the long-term

cultural effect does (e.g., the independent self-construal

priming increased the visual activity to local targets) and the

neural activity in the visual cortex in association with

perceptual processes can vary as a function of social variables

such as self-construals. However, it is unclear at this stage

which neutral structures function to modulate the extrastriate

activity when self-styles are temporarily changed. A possible

candidate is a fronto-parietal circuit that has been shown to

engage in processing of self-personal traits (Kelley et al., 2002;

Lou et al., 2004; Zhu et al., 2007). However, this needs to be

confirmed in future research.

We also observed influence of the N1 amplitudes by self-

construal priming procedures. Relative to the control priming

condition, the N1 amplitude was decreased after the

independent and interdependent self-construal priming. How-

ever, the N1 modulation was different from that of the P1

amplitudes in that the N1 modulation by self-construal priming

was not self-style specific. Previous work suggests that the N1

also originates from the lateral extrastriate cortex (Di Russo

et al., 2001) but in the higher extrastriate areas within occipito-

parietal cortex (Vogel and Luck, 2000). Thus it appears that
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self-construal priming produced self-style specific modulation

of the early ventral extrastriate activity, whereas resulted in

general influence on the dorsal extrastriate activity at a later

time window. The priming effect on the N1 amplitude suggests

that exposure of ‘I’ and ‘We’ may induce similar neural

mechanisms serving to weaken the long-latency extrastriate

activity.

One may notice that the behavioral data in the current

research did not show influence of self-construal priming on

behavioral responses to global and local targets, unlike our

previous behavioral research (Lin and Han, submitted for

publication). A key difference between the previous and current

studies is that there were more trials in the current ERP study

(360 trials) than in the previous behavioral study (80 trials) after

each priming condition, because ERP research required more

trials during the average analysis to increase signal to noise

ratio. This, however, might in turn produce significant effect of

perceptual learning and thus weakened the effect of self-

construal priming on behavioral responses.

In sum, our ERP results reinforce the previous behavioral

studies by providing neuroscience evidence that self-

construal priming modulates visual perceptual processes in

the extrastriate cortex. The effect of self-construal priming on

the extrastriate activity is consistent with the results of cross-

cultural behavioral research, showing self-style-specific

modulation of the P1 amplitudes. Self-construal priming

also produced general influence on the late extrastirate

activity (i.e., N1). Future research may identify whether

modulation of the extrastriate activity by attention, emotion,

and self-construal priming share common top-down neural

mechanisms.
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