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ABSTRACT 

Objective: We investigated cognitive inhibition in non- 
clinical individuals with schizotypal traits using event- 
related potentials. Methods: College students with psy- 
chometrically defined schizotypal traits (n = 16) and 
normal controls (n = 15) participated. The computer- 
ized Stroop task with three types of stimuli, i.e., con- 
gruent, incongruent, and neutral words, was used to 
measure cognitive inhibition. Results: The schizotypal- 
trait group committed significantly more errors in 
response to incongruent words than did the control 
group. The control group showed frontal negativity 
(FN) of significantly greater amplitude in response to 
incongruent than to congruent and neutral stimuli, 
whereas the schizotypal-trait group showed no sig- 
nificant difference in FN amplitude between incon- 
gruent and congruent/neutral stimuli at 300 - 400 ms 
poststimulus. A source localization analysis conducted 
in different waveforms for incongruent minus con-
gruent conditions at 300 - 400 ms poststimulus showed 
reduced activation in the left cingulate cortex and in 
the middle/medial prefrontal cortex in the schizo-
typal-trait group compared with the control group. 
The two groups did not differ in the sustained poten-
tial amplitudes observed at 550 - 650 ms after stimu-
lus-onset at parietal sites. Conclusions: These results 
suggest that individuals with schizotypal traits have 
difficulties in conflict detection and cognitive inhibi-
tion, possibly mediated by the cingulate cortex and 
prefrontal cortex. 
 
Keywords: Cognitive Inhibition; Event-Related  
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1. INTRODUCTION 

Deficits in cognitive inhibition, which is the ability to 
suppress thoughts or emotions irrelevant to goal-directed 

behavior, has recently received attention as a trait marker 
of schizophrenia because impaired cognitive inhibition is 
observed not only in chronic or first-episode patients but 
also in healthy relatives of patients with schizophrenia 
[1,2]. 

The Stroop task [3] has been widely used to measure 
cognitive inhibition. During this task, color words (e.g., 
RED) printed in colored ink are presented, and indivi- 
duals are required to respond to the ink color in which 
the words are printed. The relationship between the ink 
color and the word meaning can be congruent (e.g., 
“RED” printed in red ink), incongruent (e.g., “RED” 
printed in blue ink), or neutral (e.g., string of letters such 
as “XXXX” or a non-color word such as “BAG” printed 
in red ink). In general, the incongruent stimuli elicit a 
longer response time and more errors relative to the con-
gruent or neutral stimuli, a pattern referred to as the 
Stroop interference effect [4]. It has been suggested that 
the Stroop effect is caused by the fast, automatic process 
of word reading that interferes with the slow, controlled 
process of color naming [5]. 

Previous studies investigating cognitive inhibition us- 
ing the Stroop task in patients with schizophrenia have 
reported increased interference effects in these patients 
[2,6]. For example, patients with schizophrenia show sig- 
nificantly longer response times [6] and more errors in 
response to incongruent stimuli than did normal controls 
[7,8]. This increased interference effect has been attrib- 
uted to a disruption in the inhibitory process [5] or a fai- 
lure to attend to the task-relevant dimension of the sti- 
mulus [9]. 

Neuroimaging studies have consistently reported in- 
creased activation of the anterior cingulate cortex (ACC) 
and prefrontal cortex (PFC) during the incongruent con- 
dition compared with the congruent condition of the 
Stroop task [10-12]. Furthermore, positive correlations be- 
tween PFC activation and Stroop task performance have 
been reported [13,14]. ACC neural activity is the moni- 
toring function that detects and signals conflict and 
thereby triggers the PFC to adopt a proper executive- 
control action [15]. Decreased ACC activation in patients *Corresponding author. 
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with schizophrenia during the Stroop task [7,16,17] and 
an association between structural disruption of the cingu- 
late cortex and performance on the Stroop task [18] have 
been observed. 

Although neuroimaging studies have revealed the brain 
regions involved in the Stroop task, the temporal course 
of activation in the brain regions involved during execu- 
tion of the Stroop task is still unknown [19]. Event-re- 
lated potentials (ERPs) have been widely used to inves- 
tigate cognitive functioning due to the high temporal 
resolution associated with this technique. Numerous 
studies have shown that compared with the congruent 
condition, the incongruent condition of the Stroop task 
elicits more negative and positive potentials at 300 - 500 
ms and 600 - 900 ms poststimulus, respectively [19,20]. 
Frontal negativity (FN) (also called N450), usually ob- 
served in fronto-central sites at 300 - 500 ms after 
stimulus onset, reflects the detection of cognitive con- 
flicts because FN amplitude is modulated by the ratio of 
congruent to incongruent stimuli [21]. Normal controls 
show significantly greater FN amplitudes to incongruent 
than to congruent or neutral stimuli, whereas patients 
with schizophrenia show no differences in FN ampli- 
tudes between incongruent and congruent stimuli [22,23]. 
The cortical sources of the FN are the ACC [19,20,24,25] 
and the PFC [26,27]. 

Sustained positivity (SP), which is observed around 
600 - 900 ms poststimulus, usually at centro-parietal sites, 
is also sensitive to the degree of conflict between congru- 
ent and incongruent stimuli. The SP amplitude is greater 
in response to incongruent stimuli than to congruent and 
neutral stimuli in normal controls [19,26], but in patients 
with schizophrenia, either no difference in SP amplitude 
is observed between incongruent and congruent stimuli 
[23] or SP amplitude is significantly reduced [22]. The 
functional role of SP is less clear than that of the FN. SP 
has been associated with conflict resolution [23] or re- 
sponse selection and goal maintenance [28]. The sources 
of SP are poorly understood, although the PFC has been 
considered as SP generator [25]. 

ERPs have been widely used to study cognitive in- 
hibition due to their high temporal resolution, but they 
offer limited spatial resolution. A number of current- 
density estimation techniques have been developed to 
determine electrophysiological source locations. Low-reso- 
lution electromagnetic tomography (LORETA) [29] is one 
of the methods widely used for solving the inverse prob- 
lem because it does not require the assumption of a spe- 
cific number of sources [30]. The assumption made in 
LORETA is that the inverse problem can be solved by 
determining the spatially smoothest current distribution, 
which is achieved by applying a Laplacian operator to 
the current density. By making this assumption, a parti- 
cular current-density distribution can be obtained among 

the infinite number of solutions to the inverse problem. 
Patients with schizotypal personality disorder (SPD) or 

nonclinical individuals with schizotypal traits represent a 
promising endophenotypic approach to understanding 
schizophrenia [31]. Indeed, SPD and schizophrenia share 
common genetic [32], neuroimaging [33], and neuro- 
psychological [34] abnormalities. Only a few studies 
have investigated cognitive inhibition in patients with 
SPD or in nonclinical individuals with schizotypal-traits 
using the Stroop task, and the results have been incon- 
sistent. Some studies have reported an increased Stroop 
effect in patients with SPD [35] and in nonpsychiatric 
adults with delusion-proneness [36], whereas other studies 
have observed no difference in the Stroop effect between 
low- and high-schizotypal healthy participants [37]. 

We investigated cognitive inhibition in nonclinical indi- 
viduals with psychometrically defined schizotypal traits 
using the Stroop task and ERPs. We were particularly 
interested in determining whether individuals with schi- 
zotypal traits show an increased Stroop interference ef- 
fect and if so, whether this increased Stroop effect is re- 
flected by ERP components such as FN and SP. Addi- 
tionally, we localized the generators underlying cognitive 
inhibition using standardized low-resolution electroma- 
gnetic tomography (sLORETA) incorporated in CURRY 
v. 6.0 and by using individual magnetic resonance imag- 
ing (MRI) as a realistic head model. 

2. METHODS 

2.1. Participants 

Thirty-one female college students were recruited from a 
pool of 400 students based on their scores on the Korean 
version of the Schizotypal Personality Questionnaire 
(SPQ) [38,39]. The schizotypal-trait group (n = 16) was 
composed of those who obtained the highest 5% of 
scores on the SPQ [39] (score range; 36 - 51), and the 
control group (n = 15) consisted of those who obtained 
average (±1SD) scores on the SPQ (score range; 14 ~ 24). 
The Structured Clinical Interview for DSM-IV-Non Pa-
tient [40] was administered to ensure that none of the 
participants had a history of psychiatric, medical, or 
neurological disorders or of drug/alcohol abuse. All par- 
ticipants were right-handed, and none was taking medi- 
cations at the time of testing. All participants were paid 
for their participation and provided written informed 
consent after receiving a complete description of the 
study. This study was approved by the Sungshin Wo- 
men’s University Institutional Bioethics Review Board. 

2.2. The Stroop Task 

The computerized Stroop task, which consists of three 
types of stimuli, was administered to measure cognitive 
inhibition. The congruent stimuli were Korean color 
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words (red, green, blue and yellow) written in the color 
indicated by the word and incongruent stimuli were Ko- 
rean color words written in colors that differed from the 
words’ meanings. Neutral stimuli were non-color words 
written in one of the four colored inks. A total of 432 
stimuli (144 stimuli for each type) were presented ran- 
domly in two blocks, and the participants were required 
to indicate the ink color in which the words were printed 
by pressing one of four buttons. 

The stimuli were presented for 150 ms in foveal vision 
on a computer monitor using E-PRIME (Psychology Soft- 
ware Tools, Inc., Sharpsburg, PA, USA), and each sub- 
tended a vertical visual angle of 2.29˚ and a horizontal 
visual angle of 3.43˚. A crosshair (+) was displayed on 
the screen for 700 ms as a fixation point prior to stimulus 
presentation, and the interstimulus interval was 1300 ms. 
The experiment was divided into a color-to-key acquisi- 
tion phase, a practice phase, and a test phase. The color- 
to-key acquisition phase was administered to allow par- 
ticipants to rehearse mapping the colors onto fingers and 
pressing the response buttons. It consisted of 100 trials 
with string of letters “OOOO” in each of the four colors. 

2.3. Electrophysiological Recording Procedure 

Electroencephalographic activity (EEG) was recorded 
using a 64-channel Geodesic sensor net connected to a 
64-channel, high-input impedance amplifier (Net Amp 300: 
Electrical Geodesics, Eugene, OR, USA) in an electri- 
cally shielded and soundproofed experimental room. Each 
electrode was referenced to Cz, and individual electrodes 
were adjusted until impedances were less than 50 kΩ [41]. 
Eye movements and blinks were monitored with electrodes 
placed near the outer cantus and beneath the left eye. 

During the experiment, EEG activity was recorded con- 
tinuously using a 0.1 - 100 Hz analogue bandpass and a 
sampling rate of 250 Hz. After data collection was com- 
pleted, the EEG was segmented into 1000 ms epochs 
(including a 100 ms prestimulus baseline) with respect to 
the event markers. Epochs contaminated by artifacts such 
as eye blinks and eye movements were rejected before 
averaging (the threshold for artifact rejections was ±70 
μV). Data obtained from the Stroop task were then aver- 
aged for each subject and each stimulus type (congruent, 
incongruent, and neutral). An average-reference trans- 
formation was used to minimize the effects of reference- 
site activity [42]. ERPs were baseline-corrected with res- 
pect to the 100 ms prestimulus baseline recording inter- 
val and were digitally low-pass filtered at 30 Hz. Only 
those EEGs associated with correct responses were sub- 
jected to statistical analyses. 

2.4. Estimation of Current Densities Using  
sLORETA 

High-resolution T1-weighted MRIs were obtained from 

all participants using a Philips 3T scanner (Philips Intera, 
Philips Medical System, Best, the Netherlands). The 
scalp location of each electrode was determined with a 
FASTRAK 3D-digitizer (Polhemus Inc., VT, USA). The 
electrode locations were imported into the Curry v. 6.0 
software, where the MRIs and electrode locations of the 
subjects were spatially co-registered for source localiza- 
tion. Three points, the nasion and left and right preauri- 
cular points, were used to match each sensor location 
with individual MRIs. A three-compartment boundary- 
element model was computed for each participant. The 
resolution of the meshes was set to 9, 8, and 6 mm for 
skin, skull, and brain, respectively. After segmenting the 
gray matter of the brain, a representation of the cortex 
excluding the brainstem and cerebellum was computed to 
limit the source space for the inverse solution. We recon- 
structed the current-density distribution on each individ- 
ual’s cortex using the sLORETA algorithm [43] imple- 
mented in CURRY v. 6.0, which evaluates statistical 
source images by performing an inverse weighting of the 
LORETA imaging results and their estimated variances. 
The regularization parameter was automatically deter- 
mined by the χ2 criterion method implemented in 
CURRY. We conducted the sLORETA analysis at the 
time point of the peak mean global field power (MGFP) 
in different waveforms for incongruent minus congruent 
conditions at 300 - 400 ms poststimulus. We used the 
statistical parametric mapping toolbox (SPM8) (http:// 
www.l.ion.ucl.ac.uk/spm/) implemented in Matlab ver-
sion 7.1 (Mathworks, USA) for the current-density-image 
analysis. We applied realigning, coregistering, normaliz-
ing, and smoothing for the spatial preprocessing of the 
current-density image [44]. Finally, statistical parametric 
mapping was applied to the normalized current-density 
images using SPM8 and the two-sample t-test to statisti- 
cally compare the current density elicited by the incon- 
gruent minus congruent conditions. 

2.5. Statistical Analysis 

Based on the grand-average and individual ERP wave- 
forms, two ERP components were selected. One compo- 
nent, FN, was a phasic negative peak observed at 300 - 
400 ms poststimulus, mainly at frontal sites, and the other 
component was sustained positive potentials (SP) ob- 
served at 550 - 650 ms mainly, at parietal sites. The mean 
amplitudes at 300 - 400 ms and at 550 - 650 ms for each 
stimulus type were calculated and analyzed with a repeat- 
ed measures, mixed-design analysis of variance (ANO- 
VA) with electrode sites (Fz, F3, F4 for FN and Pz, P3, 
and P4 for SP) and stimulus type (congruent, incongruent, 
and neutral stimuli) as within-subject factors and group 
(schizotypal-trait group and control group) as the be- 
tween-subject factor. Greenhous-Geisser corrections for 
multiple comparisons were employed when appropriate, 
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and the corrected p values are reported. Variables show- 
ing significant main effects were further analyzed using a 
paired t-test or a one-way ANOVA. A regression analy- 
sis with cortical activation (incongruent minus congruent 
condition) as independent and performances on the Stro- 
op task (response time and accuracy) as dependent vari- 
ables was conducted. 

The response time and accuracy were subjected to a 
repeated measures, mixed-design ANOVA, with stimu- 
lus type as the within-subject factor and group as the be- 
tween-subject factor. The demographic characteristics of 
the participants in the schizotypal and control groups 
were compared using a one-way ANOVA. 

3. RESULTS 

3.1. Demographic Characteristics 

The analysis of the demographic data showed that the schi- 
zotypal-trait and control groups did not differ in age (F1,29 = 
2.53, ns). The mean ages of the schizotypal-trait and 
control groups were 19.88 years (SD = 1.26) and 21.00 
years (SD = 2.17), respectively. However, the SPQ 
scores of the two groups differed significantly (F1,29 = 
148.11, p < 0.0001) in that the schizotypal-trait group ob- 
tained significantly higher SPQ scores (mean = 41.81, SD = 
6.10) than did the control group (mean = 17.67, SD = 3.02). 

3.2. Behavioral Results of the Stroop Task 

Statistical analysis of the response time (RT) during the 
Stroop task showed a main effect of stimulus type (F2,58 

= 66.51, p < 0.0001). The incongruent stimuli elicited 
significantly longer RTs than did congruent (t30 = –8.74, 
p < 0.0001) and neutral stimuli (t30 = –6.99, p < 0.0001). 
Neutral stimuli elicited longer RT than did congruent 
stimuli (t30 = –9.58, p < 0.0001). The RTs of the schizo- 
typal-trait and control groups were not significantly dif- 
ferent (F1,29 = 0.14, ns). 

In terms of accuracy, we found main effects of stimu- 
lus type (F2,58 = 40.46, p < 0.0001) and group (F1,29 = 
7.87, p < 0.01). The incongruent stimuli elicited signify- 
cantly more errors than did congruent stimuli (t30 = 7.46, 
p < 0.0001), and neutral stimuli elicited more errors than  

did congruent stimuli (t30 = 9.60, p < 0.0001). However, 
no significant difference was found between incongruent 
and neutral stimuli (t30 = –1.88, ns). Furthermore, the 
schizotypal-trait group showed significantly more errors, 
particularly in response to incongruent (F1,29 = 3.12, p < 
0.05) and neutral stimuli (F1,29 = 11.53, p < 0.01), but not 
to congruent stimuli (F1,29 = 2.25, ns), than did the nor- 
mal control group. Mean RTs and accuracy rates for the 
three stimulus types in the two groups are presented in 
Table 1. 

3.3. ERP Results on the Stroop Task 

The grand-average ERPs elicited at Fz and Pz in re-
sponse to the three types of stimuli are depicted in Fig-
ure 1 for both groups. Incongruent stimuli elicited more 
negativity (FN) than did congruent and neutral stimuli at 
300 - 400 ms at Fz for the control group, but no difference 
in FN amplitudes was observed between congruent and 
incongruent stimuli in the schizotypal-trait group. 

However, both groups showed more positivity (SP) at 
550 - 650 ms at Pz in response to incongruent than that 
to congruent stimuli. Table 2 summarizes the mean am- 
plitudes of the FN at frontal sites and those of SP at pa- 
rietal sites observed in the two groups. 

Main effects of stimulus type (F2,58 = 12.59, p < 0.0001) 
and electrode site (F2,58 = 7.91, p < 0.01) were observed 
for FN. Incongruent words elicited larger FN amplitudes 
than did congruent (p < 0.0001) and neutral stimuli (p < 
0.0001), and the amplitude measured at Fz was larger 
than that measured at F3 (p < 0.01) and F4 (p < 0.0001). 
Additionally, an interaction effect of group by stimulus 
type (F2,58 = 3.20, p < 0.05) was identified. In the control 
group, incongruent words elicited larger FN amplitude 
than did congruent (p < 0.001) and neutral stimuli (p < 
0.0001), whereas no significant differences were ob-
served between incongruent and congruent stimuli (t15 = 
–1.66, ns) or between incongruent and neutral stimuli (t15 

= –1.45, ns) in the schizotypal-trait group.  
The statistical analysis of SP amplitude showed only a 

main effect of stimulus type (F2,58 = 11.13, p < 0.0001). 
The incongruent stimuli elicited larger SP amplitude than 
did neutral (p < 0.0001) and congruent stimuli (p < 0.0001). 

 
Table 1. The mean response time (RT) and accuracy for congruent, incongruent and neutral stimuli of the Stroop task in schizotypal- 
trait and control groups. 

Schizotypal-trait group (n = 16)  Control group (n = 15)  

 Congruent Incongruent Neutral Congruent Incongruent Neutral 

RT (ms) 
539.24 
(83.92) 

623.78 
(86.80) 

570.38 
(85.24) 

521.55 
(56.18) 

621.89 
(84.66) 

557.16 
(64.28) 

Accuracy (%) 
90.44 
(3.67) 

83.13 
(5.15) 

84.31 
(2.94) 

92.33 
(3.35) 

86.00 
(3.98) 

87.73 
(1.91) 

SD in parenthesis. 
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Table 2. The mean amplitudes of frontal negativity and sustained potential for three types of stimuli of the Stroop task in schizoty- 
pal-trait and control groups. 

 Schizotypal-trait group (n = 16)  Control group (n = 15)  

 Congruent (uV) Incongruent Neutral Congruent Incongruent Neutral 

FN       

FZ –0.72 (2.49) –1.16 (2.28) –0.72 (2.83) –1.08 (2.42) –2.15 (2.67) –22 (2.66) 

F3 –0.36 (2.69) –0.81(2.30) –0.30 (2.96) 0.31 (1.46) –0.75 (1.35) 0.88 (1.94) 

F4 –0.29 (2.30) –0.86 (1.85) –0.56 (2.20) –.10 (1.88) –0.80 (1.92) –0.37 (2.21) 

SP       

PZ 1.45 (2.34) 2.70 (2.76) 1.70 (2.70) 1.09 (3.79) 2.21 (4.03) 1.07 (2.93) 

P3 1.41 (1.90) 2.57 (2.65) 1.75 (2.70) 1.20 (2.93) 2.02 (3.57) 1.44 (2.66) 

P4 1.01 (1.98) 1.78 (1.31) 1.53 (2.05) –0.82 (1.59) 1.07 (1.71) –0.93 (1.42) 

FN: Frontal negativity; SP: Sustained potential, SD in parenthesis. 
 

 
Figure 1. Grand averaged event-related potentials elicited at Fz 
and Pz in response to the three types of stimuli for schizotypal- 
trait and control groups. 

3.4. Source Localization 

The sLORETA analysis was conducted at the time point 
of the peak MGFP in different waveforms for incon- 
gruent minus the congruent conditions at 300 - 400 ms post- 
stimulus. The current density in the left cingulate gyrus 
(BA 24), medial frontal gyrus (BA 6), and middle frontal 
gyrus (BA 8) showed significant reductions in the schi- 
zotypal-trait group (T = 2.95, p = 0.005 uncorrected, 
extent k = 50) compared with that in the normal control 
group (Figure 2). The regression analysis showed a signi- 
ficant association between activation of left cingulate 
gyrus (incongruent minus congruent conditions) and ac- 
curacy on incongruent condition of the Stroop task in 
schizotypal-trait group (r = 0.70, p = 0.05), but this asso-
ciation was not observed in control group (r = 0.30, ns).  

The generators underlying SP were not analyzed in this 
study, as we did not observe a distinct peak at 550 - 650 
ms poststimulus. 

4. DISCUSSION 

We used the Stroop task and ERPs to investigate whether 

nonclinical individuals with psychometrically defined 
schizotypal traits have a deficit in cognitive inhibition. 
The results of the Stroop task showed that both schizoty- 
pal-trait and control groups showed longer RTs and more 
errors in response to incongruent than to congruent sti- 
muli. However, the schizotypal-trait group committed 
significantly more errors in response to incongruent sti- 
muli than did the normal control group. These results were 
consistent with those of previous studies, which reported 
increased error rates in response to incongruent stimuli in 
patients with schizophrenia [7,8,16,45] or SPD [35] re- 
lative to normal controls. 

The increased interference effect observed in patients 
with schizophrenia has been interpreted as reflecting an 
impairment in selective attention [9,46] or an inability to 
inhibit automatic processes such as word reading [5]. 

 

 

Figure 2. Statistical parametric maps displaying decreased 
current density at the time point of the peak MGFP of the in-
congruent minus the congruent conditions at 300 - 400 ms post-
stimulus (a) and map of t statistic (Spm{t}) (b). L/A: left ante-
rior, R/P: right posterior. Reduced activation in the left cingu-
late gyrus, medial/middle frontal gyrus was observed in schi- 
zotypal-trait group compared with that in the control group. 
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Therefore, increased error rates in response to incon- 
gruent stimuli in individuals with schizotypal traits sug- 
gest that these individuals have difficulties inhibiting ir- 
relevant dimensions and/or allocating attention to rele- 
vant stimuli dimensions. 

In the present study, the two groups did not show any 
significant RT differences in response to the three types 
of stimuli during the Stroop task. We used Korean non- 
color nouns as neutral stimuli rather than string of let-
ters such as “XXXX” because “XXXX” could be per-
ceived as an English word by our Korean participants. 
We found that neutral stimuli elicited significantly longer 
RTs and more errors than did congruent stimuli, and the- 
se results were inconsistent with those of previous stud- 
ies that found no significant differences between neutral 
and congruent stimuli in terms of RT [47] or error rate 
[48]. Because the congruent words were from a single 
semantic category (color), whereas the neutral words were 
from more than one semantic category (e.g., BAG, DOG), 
the neutral words may have been semantically more dif- 
ficult than congruent words, which led to increased RTs 
for neutral words and further resulted in the absence of 
an increased interference effect on RT (the interference 
effect on RT is usually calculated as incongruent RT mi- 
nus neutral RT) [4,45]. Some studies have observed an 
increased RT interference effect only in patients with 
paranoid subtype or severe psychotic symptoms [49]. There- 
fore, the absence of an increased RT interference effect 
may be related to methodological differences such as the 
particular neutral stimuli and the participants employed 
in this study. 

The control group showed significantly greater FN 
amplitude in response to incongruent stimuli relative to 
congruent and neutral stimuli, whereas no significant dif- 
ference in FN amplitudes was observed between incon-
gruent and congruent stimuli in the schizotypal-trait group. 
These results are consistent with those of previous stud-
ies that observed no significant difference in N450 am-
plitudes between incongruent and congruent stimuli in 
patients with schizophrenia [22,23]. The FN or N450 re- 
flects the detection of cognitive conflicts because the FN 
amplitude is modulated by the ratio of congruent to in- 
congruent stimuli, and FN amplitude elicited by incon- 
gruent is greater than that elicited by congruent or neutral 
stimuli [21,24].  

Furthermore, the source-localization analysis of the 
difference in the waveforms between the incongruent and 
congruent conditions showed decreased activation of the 
left cingulate gyrus and medial/middle frontal gyrus at 
300 - 400 ms poststimulus in the schizotypal-trait group 
relative to the control group. In addition, there was a sig- 
nificant association between activation of the left cingu- 
late gyrus and accuracy on incongruent condition of the 
Stroop task in schizotypal-trait group. 

Previous studies have reported activation in the ACC 
[19,20,24,25] and PFC [27] during the Stroop task. Pre- 
vious neuroimaging studies observed decreased active- 
tion of the ACC during incongruent condition of the Stro- 
op task in patients with schizophrenia [7,16,17]. Addi- 
tionally, patients with schizophrenia and SPD have struc- 
tural abnormalities of the ACC and the PFC [50,51,52]. 
Therefore, the present results indicate that individuals 
with schizotypal traits have difficulties detecting cogni- 
tive conflicts, and this may be mediated by the ACC and/ 
or PFC. 

Both the schizotypal-trait and control groups showed 
greater SP amplitude in response to incongruent stimuli than 
that to congruent or neutral stimuli, and the two groups did 
not differ in terms of SP amplitudes. These results are in- 
consistent with those of previous studies that observed 
reduced SP amplitudes in response to incongruent stimuli 
in patients with schizophrenia relative to normal controls 
[23]. However, a recent study reported that patients with 
schizophrenia have reduced SP amplitude in response to 
incongruent stimuli only in the first block but not in the 
second block when stimuli are presented in two blocks, 
indicating that SP amplitude could be affected by prac- 
tice [22]. Only studies that employed the modified Stro- 
op task, which requires more attention, and included pa- 
tients with more severe psychotic symptoms show reduc- 
ed SP amplitude in response to incongruent stimuli [22]. 
Therefore, the absence of a difference in SP amplitude 
between the schizotypal-trait and control groups seemed 
to be due participants’ having less severe symptoms and 
to the classic single-trial version of the Stroop task em- 
ployed in this study. 

Although the functional role of SP is less clear than that 
of FN, SP reflects a solution to a cognitive conflict [23] or 
response selection and goal maintenance, as a positive 
correlation is observed between response accuracy and 
SP amplitude [28]. However, in the present study, althou- 
gh individuals with schizotypal traits made more errors 
in response to incongruent stimuli than did the controls, 
the SP amplitudes did not differ between the two groups. 
Future study is needed to understand the functional sig- 
nificance of the SP.  

Our study had several limitations that should be ad- 
dressed in future studies. First, the inclusion of only a 
small number of female participants limits the generali- 
zability of the findings. Second, the use of noncolor words 
from more than a single semantic category as neutral sti- 
muli prevents us from eliminating the effect of semantics 
on the results. Therefore, future studies should use neu- 
tral words from a single semantic category to understand 
performance on the Stroop task in individuals with schizo- 
spectrum disorders including schizophrenia. 

In summary, nonclinical individuals with schizotypal 
traits showed more errors in response to incongruent 

Copyright © 2012 SciRes.                                                                       OPEN ACCESS 



M.-S. Kim et al. / Open Journal of Psychiatry 2 (2012) 68-76 74 

words than did controls. The control group showed signi- 
ficantly greater FN amplitude in response to incongruent 
stimuli than to congruent stimuli, whereas the schizo- 
typal-trait group did not show significant difference in 
FN amplitude between incongruent and congruent stim- 
uli. Furthermore, the schizotypal-trait group showed de- 
creased activation of the left cingulate gyrus and medial/ 
middle frontal gyrus in different waveforms for the in- 
congruent-congruent conditions at 300 - 400 ms after sti- 
mulus onset. The two groups did not differ in terms of SP 
amplitudes. These results indicate that individuals with 
schizotypal traits have difficulties in conflict detection 
and cognitive inhibition mediated by the cingulate gyrus 
and PFC. 
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