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ABSTRACT

This study investigated behavioral inhibition in fe-
male college students with psychometrically defined
schizotypal traits using a Go/NoGo task and event-
related potentials (ERPs). The schizotypal-trait (n =
15) and normal control (n = 15) groups wer e selected
based on scores of the Schizotypal Personality Ques-
tionnaire (SPQ). The Go/NoGo task consisted of Go
(requires response) and NoGo (requires no response)
conditions. In terms of response time and accuracy
rate for the Go/NoGo task, the two groups did not
differ significantly. In terms of ERPs, the control
group showed greater N2 amplitudes in response to
NoGo (NoGo-N2) than to Go stimuli (Go-N2), where-
as the schizotypal-trait group showed no significant
difference in NoGo-N2 and Go-N2 amplitudes. In
addition, the schizotypal-trait group showed reduced
NoGo-N2 amplitudes at the frontal site compared to
controls, and an association between SPQ scores and
NoGo-N2 amplitudes measured at the frontal site.
The two groups did not differ in P3 amplitudes. Since
the N2 reflects the detection of response conflict and
behavioral inhibition, the present resultsindicate that
nonclinical individuals with schizotypal traits have
difficulties in detecting response conflict and behav-
ioral inhibition.

K eywords. Behavioral Inhibition; Event-Related
Potentials; Go/NoGo Task; N2; P3; Schizotypal Trait

1. INTRODUCTION

Behavioral or response inhibition involves the control of
overt behavior such as motor or impulsive responses
irrelevant to goal-directed behavior [1]. The Go/NoGo
task is widely used to measure behavioral inhibition,
because it requires participants to respond to Go stimuli,
but withhold responses to NoGo stimuli. Studies that
have investigated behavioral inhibition in patients with
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schizophrenia using the Go/NoGo task have reported that
schizophrenia patients show significantly longer re-
sponse times in response to Go stimuli [2] and more er-
rors in response to NoGo stimuli than normal controls [3].
This indicates that patients with schizophrenia have defi-
cits in behavioral inhibition.

Neuroimaging studies have provided neuroanatomical
evidence underlying the lower performance on the
Go/NoGo task in schizophrenia patients. For example,
increased activations in the anterior cingulate cortex
(ACC) and the dorsolateral prefrontal cortex are consis-
tently observed during the performance of the NoGo
condition of the Go/NoGo task in normal controls [4,5],
whereas activations in these brain structures are signifi-
cantly reduced in schizophrenia patients relative to con-
trols [6,7]. In addition, structural abnormalities in the
ACC and the dorsolateral prefrontal cortex have been
reported in schizophrenia patients [8,9]. These findings
suggest that the impaired performance on the Go/NoGo
task observed in schizophrenia patients might be related
to structural and functional abnormalities of frontal ar-
eas.

Event-related potentials (ERPs), the electrical brain
activity time-locked to external events, have been widely
used to investigate cognitive functions including behav-
ioral inhibition due to the high temporal resolution asso-
ciated with this technique. Several ERP studies have
identified the electrophysiological indices of behavioral
inhibition using the Go/NoGo task [3,10-12]. These ERP
studies have demonstrated that two primary ERP com-
ponents elicited in the NoGo condition, designated N2
and P3, are related to behavioral inhibition.

The amplitude of N2, a negative deflection observed
over fronto-central sites 200 - 350 ms after stimulus on-
set, is greater in the NoGo condition (NoGo-N2) than in
the Go condition (Go-N2) [13,14]. The NoGo-N2 re-
flects the inhibition of inappropriate responses and the
detection or monitoring of conflict, and is also an index
of efficiency of inhibition [15-17]. The ACC appears to
be the source of NoGo-N2 [10,18,19], and neuroimaging
studies have also documented increased activation of the
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ACC in the condition that requires response inhibition
and detection or monitoring of conflict [20-22].

Another component related to response inhibition, P3,
is a positive peak observed around 400 - 600 ms after
stimulus onset. The P3 elicited in the NoGo condition
(NoGo-P3) has a larger amplitude and a longer latency,
and is more frontally localized than the P3 elicited in the
Go condition (Go-P3) [10,23]. Although the functional
significances of the NoGo-P3 are less well known than
those of the NoGo-N2, the former may reflect behavioral
inhibition and evaluation of behavioral plan [24].

Studies that have investigated behavioral inhibition in
schizophrenia patients using the Go/NoGo task and ERPs
have reported relatively consistent findings. For example,
normal controls have shown larger N2 and P3 amplitudes
in the NoGo condition than in the Go condition, whereas
schizophrenia patients either have not shown significant
differences in N2 and P3 amplitudes between NoGo and
Go conditions or have shown reduced NoGo-N2 and
NoGo-P3 amplitudes compared to normal controls [3,
25,26]. These results indicate that schizophrenia patients
have deficits in behavioral inhibition.

Given that schizophrenia is highly heterogeneous and
that several variables including antipsychotic drug use
and length of illness or hospitalization can affect cogni-
tive functioning, patients with schizotypal personality
disorder (SPD) and nonclinical individuals with schizo-
typal traits have been viewed as promising subjects for
an endophenotypic approach to understanding schizo-
phrenia [27]. Indeed, SPD and schizophrenia share
common genetic [28], neuroimaging [29] and neuropsy-
chological [30] abnormalities. Only a few studies have
investigated behavioral inhibition in patients with SPD or
in nonclinical individuals with schizotypal traits using
the Go/NoGo task. For example, Gschwandtner et al. [31]
investigated behavioral inhibition in individuals at high-
risk for schizophrenia using the Go/NoGo task, and
found that the high-risk group had significantly longer
response times in the Go condition than did normal con-
trols.

We investigated behavioral inhibition in nonclinical
individuals with psychometrically defined schizotypal
traits using the Go/NoGo task and ERPs. We were par-
ticularly interested in determining whether individuals
with schizotypal traits show a deficit in behavioral inhi-
bition, and if so, whether this deficit is reflected by ERP
components such as N2 and P3.

2.METHODS
2.1. Participants

Thirty female college students were recruited from a
pool of 400 students based on their scores on the Korean
version of the Schizotypal Personality Questionnaire

Copyright © 2012 SciRes.

(SPQ) [32,33]. The SPQ is a 74-item self-administered
questionnaire with a “yes/no” response format. All items
answered “yes” are scored as one, therefore, the total
range of scores is 0 - 74. The schizotypal-trait group (n =
15) was composed of those who obtained the highest 5%
of scores on the SPQ [33] (score range: 36 - 47), and the
control group (n = 15) consisted of those who obtained
average (1 SD) scores on the SPQ (score range: 16 - 22).
The Structured Clinical Interview for DSM-IV-Non Pa-
tient (SCID-NP) [34] was administered to ensure that
none of the participants had a history of psychiatric,
medical, or neurologic disorders or of drug/alcohol abuse.
All participants were right-handed, and none was taking
medications at the time of testing. In addition, none of
the participants had family history of psychiatric disor-
ders. All participants provided written informed consent
after receiving a complete description of the study, and
they were paid for their participation. The study was ap-
proved by the Sungshin Women’s University Institutional
Bioethics Review Board.

2.2. The Go/NoGo Task

The computerized Go/NoGo task, which consists of two
conditions (Go and NoGo conditions), was administered
to measure behavioral inhibition. For half of the partici-
pants, red “O” and blue “X” were Go stimuli and blue
“0” and red “X” were NoGo stimuli, whereas for the
other half of the participants, blue “O” and red “X” were
Go stimuli and red “O” and blue “X” were NoGo stimuli.
A total of 600 stimuli (300 stimuli for each condition)
were presented randomly in two blocks, and the partici-
pants were instructed to respond to the Go stimuli by
pressing a button with the index finger of their right or
left hand but not to respond to the NoGo stimuli. The
hand position used for responses was counterbalanced
across participants.

The stimuli were presented for 150 ms in foveal vision
on a computer monitor using E-PRIME (Psychological
Software Tools Inc., Sharpsburg, PA, USA), and each
was subtended at a vertical visual angle of 3.5° and a
horizontal visual angle of 3.8°. A crosshair (+) was dis-
played on the screen for 500 ms as a fixation point, and
the interstimulus interval alternated randomly between
1500 and 1800 ms. Prior to the experimental session, a
block of 24 practice trials was administered to ensure
that the instructions were understood.

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) in an electrically
shielded and soundproofed experimental room. Each
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electrode was referenced to Cz, and individual electrodes
were adjusted until impedances were less than 50 kQ
[35]. 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
continuously using a 0.1 - 100 Hz analog bandpass and a
sampling rate of 250 Hz. After the completion of data
collection, the EEG was segmented into 1100 ms epochs
(including a 200 ms pre-stimulus baseline) with respect
to the event markers. The epochs that were contaminated
by artifacts such as eye blinks and eye movements were
rejected before averaging (the threshold for artifact re-
jection was £70 pV). Data were then averaged for each
subject and each condition (Go and NoGo conditions).
An average-reference transformation was used to mini-
mize the effects of reference-site activity [36]. ERPs
were baseline-corrected with respect to the 200 ms
pre-stimulus recording interval, and were digitally
low-pass filtered at 30 Hz. Only those EEGs associated
with correct responses were subjected to statistical
analyses.

2.4. Satistical Analysis

Based on visual inspection of grand average and indi-
vidual ERP waveforms, two ERP components (N2 and
P3) and three regions of interest (ROI) (i.e. frontal [Fz,
F3, F4], central [Cz, C3, C4] and parietal [Pz, P3, P4]
areas) were selected. N2 was defined as the most nega-
tive peak observed 200 - 350 ms after stimulus-onset,
while P3 amplitude was defined as the mean amplitude
observed 400 - 600 ms after stimulus-onset because we
could not observe a distinctive positive peak in this time
window. The N2 amplitudes and latencies and P3 ampli-
tudes were separately analyzed with a repeated measure,
mixed-design analysis of variance (ANOVA) with
stimulus condition (Go and NoGo conditions) and ROI
(frontal, central, and parietal areas) as within-subject
factors and group (schizotypal-trait and control groups)
as the between-subject factor. Greenhouse-Geisser cor-
rections for sphericity violations were employed when
appropriate, and the corrected p values are reported.
Variables showing significant main effects were further
analyzed using a paired t-test or a one-way ANOVA.

The response time in the Go condition was analyzed
with a one-way ANOVA, and the accuracy was subjected
to a repeated measure, mixed-design ANOVA with
stimulus condition as the within-subject factor and group
as the between-subject factor. The demographic charac-
teristics of the participants included in the schizoty-
pal-trait and control groups were compared using a
one-way ANOVA. We employed a two-tailed Pearson’s
correlation to determine the relationships between the
N2/P3 and schizotypal symptoms as evaluated by the
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SPQ, and between N2/P3 and behavioral performance on
the Go/NoGo task.

3.RESULTS
3.1. Demographic Characteristics

The schizotypal-trait and control groups did not differ
significantly in age (F s = 0.48, ns) or educational level
(F128 = 0.29, ns), and their mean ages were 20.60 (SD =
1.68) and 20.13 (SD = 2.00) years, respectively. In addi-
tion, the mean years of education completed by the
schizotypal-trait and control groups were 14.13 (SD =
1.06) and 14.33 (SD = 0.98) years, respectively. How-
ever, the SPQ scores of the two groups differed signifi-
cantly (F;.s = 327.67, p < 0.0001) in that the schizo-
typal-trait group obtained significantly higher SPQ
scores (mean = 40.27, SD = 4.18) than the control group
(mean = 18.80, SD = 1.90).

3.2. Behavioral Results of the Go/NoGo Task

Statistical analysis of response times during the Go con-
dition showed that schizotypal-trait and control groups
did not differ significantly (F 5 = 1.59, ns), although the
schizotypal-trait group showed longer response times
than the control group (519.10 ms vs. 486.11 ms). In
terms of accuracy, we found a main effect of stimulus
condition (F; 5 = 4.69, p < 0.05). The NoGo stimuli elic-
ited significantly more errors than did the Go stimuli.
The mean accuracy rates of NoGo and Go conditions
were 95.67% (SD = 0.76) and 97.87% (SD = 0.65), re-
spectively. However, the accuracies of the two groups
were not significantly different (F;,s = 0.38, ns). The
mean accuracy rates of the schizotypal-trait and control
groups were 96.47% (SD = 0.69) and 97.07% (SD =
0.70), respectively.

3.3. ERP Results on the Go/NoGo Task

The grand average ERPs elicited at Fz in response to Go
and NoGo stimuli are depicted in Figure 1(a) for both
groups. In terms of N2, the control group showed larger
amplitudes in response to NoGo stimuli than to Go stim-
uli, whereas differences in N2 amplitudes between Go
and NoGo stimuli were not observed in the schizoty-
pal-trait group. Both groups showed larger P3 amplitudes
in response to NoGo stimuli than to Go stimuli at Fz.
The topographical distributions of different amplitudes
(NoGo minus Go conditions) of N2 and P3 are presented
in Figure 1(b). The NoGo condition elicited larger N2
and P3 amplitudes than did the Go condition in fronto-
central and frontal areas, respectively.

The main effects of stimulus condition (F; s = 28.59,
p < 0.0001) and ROI (F,ss = 4.00, p < 0.05) were ob-
served for N2 amplitudes. The NoGo stimuli elicited
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larger N2 amplitudes than did Go stimuli and the ampli-
tude measured at the frontal site was the largest, while
the amplitude measured at the parietal site was the
smallest. In addition, an interaction effect of group by
stimulus condition (F; s = 10.19, p < 0.001) was identi-
fied. In the control group, the NoGo stimuli elicited lar-
ger N2 amplitudes than did Go stimuli (F; 5 = 4.58, p <
0.05), whereas no significant difference was observed
between NoGo and Go stimuli in the schizotypal-trait
group (Fi .5 = 0.33, ns). The schizotypal-trait group ex-
hibited significantly smaller N2 amplitudes at the frontal
site in the NoGo condition compared to the control group
(Fi28 =7.34, p < 0.01). We also observed an interaction
effect of ROI by stimulus condition (F,ss = 10.09. p <
0.0001). The NoGo stimuli elicited larger N2 amplitudes
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than did Go stimuli at frontal (t,y = 5.25, p < 0.0001) and
central sites (t,g = 4.56, p < 0.0001) but not at the parietal
site (t,9 = 0.75, ns). Only a main effect of ROI (F;s56 =
112.90, p < 0.0001) was observed for N2 latency with
the longest latency at the frontal site. The mean ampli-
tudes and latencies of N2 obtained at each condition and
ROI in the two groups are presented in Table 1.

The statistical analysis of P3 amplitudes showed a
main effect of ROI (Fps6 = 14.66, p < 0.0001) and an
interaction effect of ROI by stimulus condition (F,s¢ =
31.73, p < 0.0001). The largest P3 amplitude was ob-
served at the central site and the smallest amplitude was
observed at the frontal site. The NoGo stimuli elicited
greater P3 amplitudes than did Go stimuli at the frontal
site (to = —2.39, p < 0.05), whereas Go stimuli elicited

Schizotypal trait group Control group

(b)

Figure 1. Grand average ERPs elicited at Fz in response to Go and NoGo stimuli (a), and topographical distributions of different

amplitudes (NoGo minus Go conditions) of N2 and P3 (b).

Table 1. The mean amplitudes and latencies of N2 obtained at each condition and ROI in schizotypal-trait and control groups.

Schizotypal-trait group (n = 15)

Control group (n = 15)

Go NoGo Go NoGo
Amplitude (uV)
Frontal -1.59 (1.29) —1.93 (1.39) -2.79 (2.37) -3.77 (2.22)
Central -1.16 (1.32) —-1.63 (1.25) -1.06 (1.52) —2.08 (1.54)
Parietal —2.03 (1.52) —1.82 (1.58) —1.18 (1.65) —1.59 (1.28)
Latency (ms)
Frontal 311.02 (22.86) 313.76 (24.03) 285.84 (37.07) 285.98 (37.68)
Central 283.00 (33.27) 285.44 (34.08) 275.02 (44.58) 270.40 (45.17)
Parietal 275.07 (12.94) 276.04 (11.85) 270.29 (20.70) 273.11 (25.00)

SD in parenthesis.
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larger amplitudes than did NoGo stimuli at central (t,y =
5.18, p < 0.0001) and parietal sites (to = 8.59, p<0.0001)
in both groups. The mean amplitudes of P3 obtained un-
der each condition and ROI in schizotypal-trait and con-
trol groups are presented in Table 2.

3.4. Correlations between N2/P3 and SPQ, and
Behavioral Performance

We found a significant correlation between SPQ total
score and NoGo-N2 amplitude at the frontal site (r =
—0.53, p < 0.05) in the schizotypal-trait group. The rela-
tionships between N2/P3 amplitudes and behavioral per-
formance were not significant.

4. DISCUSSION

We used the Go/NoGo task and ERPs to investigate
whether nonclinical individuals with psychometrically
defined schizotypal traits have a deficit in behavioral
inhibition. The results of the Go/NoGo task showed that
both schizotypal-trait and control groups showed more
errors in response to NoGo stimuli than to Go stimuli.
The schizotypal-trait group showed longer response
times in response to Go stimuli than did the control
group, however, the difference in response times between
the two groups was not statistically significant. These
behavioral results are not consistent with those of previ-
ous studies, which observed that schizophrenia patients
showed longer response times in response to Go stimuli
[2,37,38] and more errors in response to NoGo stimuli
than did normal controls [3,39,40]. Different ratios for
the Go and NoGo stimuli employed in previous studies
and in our study may contribute to the inconsistent be-
havioral results. In our study, we used a 50:50 ratio for
the Go and NoGo stimuli because the probabilities of
stimulus-presentation are known to affect the amplitudes
of ERP components, i.e. P3 [41]. In contrast, previous
studies presented Go stimuli more frequently than NoGo
stimuli (e.g. a 88:12 ratio) [40] to enhance the difficulty
of inhibiting the response to the NoGo stimuli [14]. In
addition, inconsistent findings may be attributable to
differences among study participants. For example, in
previous studies, first-episode patients with schizophre-

nia did not show significantly more errors in response to
NoGo stimuli than did normal controls [37], whereas
chronic patients showed significantly more errors than
did normal controls [40,42]. Therefore, the absence of
behavioral differences in the Go/NoGo task between
schizotypal-trait and control groups seems to be related
to methodological differences such as ratios for Go and
NoGo stimuli and the characteristics of the participants
in the studies.

The control group showed larger N2 amplitudes in re-
sponse to NoGo stimuli relative to Go stimuli, whereas
no significant difference in N2 amplitudes between Go
and NoGo stimuli was observed in the schizotypal-trait
group. In addition, the schizotypal-trait group showed
significantly reduced NoGo-N2 amplitudes compared to
the control group, and NoGo-N2 amplitude elicited at the
frontal site was significantly associated with schizotypal
symptoms. These results are consistent with those of
previous studies that observed reduced NoGo-N2 ampli-
tude or no significant difference in N2 amplitudes be-
tween Go and NoGo stimuli in schizophrenia patients
[3,25,26]. The N2 reflects inhibition of inappropriate
behavior, detections of response conflict or ability to
monitor response-decision, and is an index of efficient
response inhibition [15-17], because relative to the Go
condition the N2 amplitude is larger in the NoGo condi-
tion, which requires response inhibition and detection of
response conflict [19,24]. Therefore, the present results
indicate that individuals with schizotypal traits have dif-
ficulty in detecting response conflict and response inhi-
bition.

The anterior cingulate cortex (ACC), which is in-
volved in behavioral inhibition, conflict detection, and
monitoring of response decisions, has been reported to be
the source of the N2 [6,18,43]. Increased activation of
the ACC has been observed during the performance of
the NoGo task relative to the Go task in normal controls
[10,44], and schizophrenia patients show decreased acti-
vation of the ACC than normal controls during the per-
formance of the NoGo task [45,46]. In addition, some
studies have suggested that reduced NoGo-N2 ampli-
tudes or no significant difference between NoGo-N2 and
Go-N2 amplitudes in schizophrenia patients may result

Table 2. The mean P3 amplitudes obtained at each condition and ROI in schizotypal-trait and control groups.

Schizotypal-trait group (n = 15)

Control group (n = 15)

Go NoGo Go NoGo
Amplitude (uV)
Frontal 3.06 (1.51) 3.15(1.67) 2.01(1.83) 2.42(1.92)
Central 4.51 (2.06) 3.74 (1.75) 5.24 (1.65) 4.03 (1.58)
Parietal 3.90 (1.66) 2.11 (1.34) 3.94 (1.54) 2.33(1.09)
SD in parenthesis.
Copyright © 2012 SciRes. OPEN ACCESS
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from decreased activation of the ACC, which leads to
impairment of response inhibition and conflict detection
[20,25,45]. Furthermore, structural and functional ab-
normalities of the ACC are observed in patients with
schizophrenia [8] and SPD [47]. Therefore, the present
results indicate that nonclinical individuals with schizo-
typal traits have difficulty with behavioral inhibition,
which might be associated with ACC dysfunction. A pre-
vious neuroimaging study reported reduced activation of
the ACC in first-episode schizophrenia patients than in
normal controls during the performance of the Go/NoGo
task, although the behavioral performances between pa-
tients and normal controls did not differ [7]. Taken to-
gether, these results and those of the present study indi-
cate that dysfunction of the neural network involved in
inhibition occurs even before the emergence of behav-
ioral deficits.

Both groups exhibited greater P3 amplitudes in the
NoGo condition than in the Go condition at the frontal
site, consistent with previous findings [10,23]. However,
contrary to previous studies that observed significantly
reduced NoGo-P3 amplitudes in schizophrenia patients
relative to normal controls [3,39], we did not identify any
significant differences in the amplitudes of NoGo-P3
between individuals with schizotypal traits and controls.
There is currently no consensus regarding the functional
significance of NoGo-P3 in relation to response inhibi-
tion. For example, Falkenstein et al. [11] insisted that
NoGo-P3 might actually reflect the reset or closure of a
preceding inhibition process, because NoGo-P3 latency
is too late to be an inhibition mechanism. In addition,
some studies have observed no differences in the ampli-
tude of NoGo-P3 in situations in which inhibition was
either likely or unlikely [48]. Considering these sugges-
tions, our findings suggest that NoGo-N2 is a better in-
dex of response inhibition than NoGo-P3.

Our study has several limitations that should be ad-
dressed in future studies. First, the inclusion of only a
small number of female participants limits the gener-
alizability of the findings. Second, findings of structural
abnormalities of the ACC in patients with SPD [47] sug-
gest that future studies should use both structural-func-
tional brain imaging techniques and ERPs to enhance
understanding of the neurophysiological mechanisms
underlying the impairment of behavioral inhibition ex-
perienced by those with schizophrenia and SPD.

5. CONCLUSION

Schizotypal-trait and control groups did not differ in their
behavioral performances of the Go/NoGo task. However,
with regards to ERPs, the controls showed significantly
larger N2 amplitudes in the NoGo condition relative to
the Go condition, whereas nonclinical individuals with
schizotypal traits displayed no difference between NoGo-
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N2 and Go-N2 amplitudes and had reduced NoGo-N2
amplitudes at the frontal site compared to controls. Also
NoGo-N2 amplitudes at the frontal site were negatively
associated with SPQ scores in the schizotypal-trait group.
These findings suggest that individuals with schizotypal
traits have difficulty with behavioral inhibition, and dys-
function of the neural network involved in inhibition
occurs even before the emergence of behavioral deficits.
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