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Electrophysiological Correlates of Language Processing 
in Schizotypal Personality Disorder

Margaret A. Niznikiewicz, Ph.D., Martina Voglmaier, Ph.D., Martha E. Shenton, Ph.D., 
Larry J. Seidman, Ph.D., Chandlee C. Dickey, M.D., Richard Rhoads, M.A., 

Enkeat Teh, M.A., and Robert W. McCarley, M.D.

Objective:  This study examined whether the electrophysiological correlates of lan-
guage processing found previously to be abnormal in schizophrenia are also abnormal in
schizotypal individuals. The authors used the N400 component to evaluate language
dysfunction in schizotypal individuals. Method:  Event-related potentials were recorded
in 16 comparison subjects and 17 schizotypal individuals (who met full DSM-III-R criteria)
to sentences presented both visually and aurally; half of the sentences ended with an ex-
pected word completion (congruent condition), and the other half ended with an unex-
pected word completion (incongruent condition). Results: In the congruent condition, the
N400 amplitude was more negative in individuals with schizotypal personality disorder
than in comparison subjects in both the visual and auditory modalities. In addition, in the
visual modality, the N400 latency was prolonged in the individuals with schizotypal per-
sonality disorder. Conclusions: The N400 was found to be abnormal in the individuals
with schizotypal personality disorder relative to comparison subjects. The abnormality
was similar to the abnormality the authors’ laboratory reported earlier in schizophrenic
subjects, in which the N400 amplitude was found to be more negative in both congruent
and incongruent sentence completions. The N400 abnormality is consistent with the in-
efficient use of context. 

(Am J Psychiatry 1999; 156:1052–1058)

Epidemiological studies suggest a common genetic
factor in the clinical syndromes of schizophrenia and
schizotypal personality disorder (1). For example, both
schizophrenic patients and individuals diagnosed with
schizotypal personality disorder have an equal proba-
bility of having a schizophrenic sibling. Schizotypal
personality disorder is generally thought to be one of
the schizophrenia spectrum disorders (1). Accordingly,
similar, although less severe, impairments exist across
other biological and cognitive domains (2, 3).

One of the most prominent clinical features of
schizophrenia is impaired language. The speech of
schizophrenic individuals is characterized by loose and
bizarre associations, insensitivity to context, and inap-
propriate use of pronouns (4–9). These impairments
have been attributed to a dysfunction in lexical net-
works and possibly in working memory (10, 11).
Thus, if individuals with schizotypal personality disor-
der share a genetic vulnerability with schizophrenic pa-
tients, an impairment in the language system might
also be expected in this group. Such impairments have
been demonstrated both in verbal recall and in the
ability to comprehend complex grammatical structures
(3, 12–15).

In the current study we used the technique of event-
related potentials to record electrical brain responses
in subjects with schizotypal personality disorder and
comparison subjects. Event-related potentials involve
recording brain electrical activity averaged over many
trials to provide an on-line measure of neurophysiolog-
ical events associated with a particular stimulus in a
cognitive task. The event-related potential is often an-
alyzed in terms of the amplitude and latency of its ma-
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jor peaks, or components, associated with different as-
pects of information processing. Capitalizing on the
existing reports, specific cognitive operations can now
be associated with specific components, and thus it is
possible to study these operations on the basis of their
electrophysiological correlates rather than a behav-
ioral response, which is often a more indirect index.
The event-related potential technique is especially
helpful in studying clinical populations in which the re-
action times can be influenced by problems indepen-
dent of the processes under investigation, e.g., slowed
motor responses due to motor problems, rather than
cognitive inability to make a judgment.

The event-related potential component that has
been associated with aspects of language processing is
the N400, a negative-going potential appearing about
400 msec after a target word. The N400 amplitude
has been demonstrated to be more negative to words
that do not fit well into the previous context or to
words that are preceded by minimal context. Data
suggest that the N400 reflects aspects of a brain search
through the lexicon, as part of the process of recogniz-
ing the meaning of a word (16–18); the N400 may, in-
directly, depend on working memory (19, 20). Recog-
nition of a word in the sentence is quicker if the system
has generated expectations of what this word might
be; at a neural level, this process might be related to de-
creasing firing thresholds of neural assembles storing
information about the word. In psychological terms, a
quicker recognition time for a word brought about by
a prior context is termed priming.

Since insensitivity to context, abnormal lexical
search, and working memory deficits may contribute
to the symptoms observed in schizophrenia, the N400
has been used to study brain electrical responses in lan-
guage tasks comparing normal and schizophrenic indi-
viduals (21–26). Indeed, these studies report prolonged
N400 latency and abnormal N400 amplitude (for dis-
cussion, see reference 23). In our laboratory’s recent
study, relative to comparison subjects, schizophrenic
individuals showed a prolonged latency and a more
negative N400 amplitude to target words presented in
sentences in the auditory and visual modalities.

In the current study we explored the possibility that
a similar, albeit less severe, impairment might be
found in schizotypal personality disorder. We hypoth-
esized that if a failure to use context efficiently is one
of the processes affected in schizophrenia spectrum
disorders, then this deficit might reveal itself with less
severity in schizotypal personality disorder, appearing
in some but not all of the conditions. In our earlier
study (23) we reported N400 abnormality in schizo-
phrenic patients that suggested inefficient use of con-
text in both the congruent and incongruent sentence
conditions. If individuals with schizotypal personality
disorder are similarly but less severely affected by a
disease process, then less severe N400 abnormality
might be expected. In accord with our initial hypothe-
sis, we report the finding of a similar pattern of im-
pairment in individuals with schizotypal personality

disorder and with schizophrenia (i.e., progressing
along the lines of severity, as indicated by the compar-
ison of significant group results in the two studies),
suggesting that the two groups suffer from a similar
language dysfunction and thus strengthening the no-
tion of a biological link between schizophrenia and
schizotypal personality disorder.

METHOD

Subjects

Seventeen male, right-handed subjects were diagnosed with schizo-
typal personality disorder through use of the Structured Clinical In-
terview for DSM-III-R—Patient Version 1.0 (SCID-P) (27), the Struc-
tured Clinical Interview for DSM-III-R Personality Disorders (SCID-
II) (28), and DSM-III-R criteria. Diagnostic reliability was evaluated
by using the kappa statistics; the reliability between the rates was
0.87. Subjects with schizotypal personality disorder were selected
for the study from individuals who responded to a newspaper adver-
tisement soliciting male subjects who were shy, had few friends, and
felt they had special powers. Overall, we screened 472 individuals
who responded to the advertisement. The 17 men used in this study
met full criteria for schizotypal personality disorder, i.e., they met
the criteria for five or more of the nine DSM-III-R items. Sixteen
male comparison subjects, matched for age and IQ, participated in
the study and were selected from a pool of subjects recruited from a
newspaper advertisement for male subjects interested in participat-
ing in an EEG study. They were also screened with the SCID-P (27)
and SCID-II (28). English was the first language for all subjects.

The exclusion criteria for both groups of subjects were 1) history
of ECT; 2) neurological illness; 3) history of traumatic brain injury
with any known cognitive consequences or loss of consciousness
greater than 5 minutes; 4) drugs or medications affecting cognitive
function in the past year and any history of substance use or addic-
tion, as defined by DSM-III-R; 5) use of neuroleptics at any time;
and 6) hearing, vision, or upper body motor impairment. Additional
exclusion criteria for the comparison group were histories of psychi-
atric disease in themselves or their first-degree relatives. The average
age of subjects with schizotypal personality disorder was 40.7 years
(SD=10.7, range=23–53), the average IQ was 110 (SD=14, range=
80–131), and parental socioeconomic status was 3.4 (SD=1.3,
range=1–5). The mean age of the comparison group was 35.8 (SD=
8.8, range=22–51), IQ was 118 (SD=14, range=109–135), and pa-
rental socioeconomic status was 3.8 (SD=1.1, range=2–5). There
were no statistically significant differences between the groups on
any of these measures.

Stimuli and Experimental Task

Two hundred sentences were presented in the auditory and visual
modalities. The sentences were 5–8 words long, followed the stan-
dard N400 paradigm (29), and were identical to the sentences used
in the previous study (23). Half of the sentences ended with a word
that made sense in terms of the previously presented context, and
half of them ended with a word that did not make sense. The mean
length of words was two syllables, 5.4 letters per word (SD=2.5). In
the visual modality the words were presented in the middle of a com-
puter screen for 300 msec, subtended 1.9 degrees, and had a 800-
msec offset-to-onset interval. In the auditory modality the sentences
were delivered by a male voice over Etymotic insert earphones. The
average length of a word was 245 msec (SD=180), and the interword
interval was the same as in the visual modality. The interval between
the offset of one sentence and the onset of the next sentence was 2
seconds.

Two sets of sentences were generated to avoid repetition effects
across modalities. Thus, if set A was presented in the visual modality,
set B was presented in the auditory modality for each subject. Each
set was prepared for presentation in the visual and auditory modal-
ity, so that across subjects, the same sets of sentences could be com-
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pared. In addition, to rule out effects of order of presentation, each
of the sets was prepared in two randomized sequences. This design
was used to ensure that the observed group differences might not be
due to order of sentence presentation and that the differences that
might be found between the two modalities were not due to different
sentences used in the two modalities.

The subject’s task was to indicate whether or not the presented
sentences made sense by pressing a “yes” or “no” response button in
a design that counterbalanced right- and left-handed responses. The
subjects were instructed to make a response after they “saw a star on
the screen” 800 msec after the sentence ended. Thus, the recorded
reaction time data did not reflect the speed of semantic decisions and
were not used in the statistical analysis. The accuracy data, recorded
along with the RT data, did not differ statistically in the two groups
(t=0.54, df=25, p<0.59).

EEG Recording Procedures

The EEG was recorded through use of 28 tin-plate electrodes em-
bedded in a Neuroscience Electrocap, with a left earlobe reference.
The electrodes were positioned according to the International 10-20
system. The set of electrodes used for the study included all elec-
trodes in the International 10-20 system and eight additional inter-
polated electrodes (23). Separate electrodes were placed at the left
and right canthi and at supra- and infraorbital sites to record hori-
zontal and vertical eye movements. The electrode impedance was
maintained below 4 kΩ. The EEG was recorded by using a direct cur-
rent to 40-Hz band pass (Neuroscan Inc., EEG amplifiers; 24 dB/oc-
tave low pass slope and 24 dB/octave high pass slope). The EEG was
sampled over the epoch of 924 msec, starting at the onset of a target
word, digitized at the rate of 256 samples per second. The data were
stored on disk for further analysis.

Data Processing

All single-trial epochs were baseline corrected before further anal-
yses. The contribution of vertical eye movements to scalp-recorded
EEG was removed through use of subject-unique weighting coeffi-
cients (30). Single-trial epochs with voltage exceeding 75 or –75 µV
were rejected from further analysis. Single-subject averages were
constructed from the EEG epochs recorded to the last words (con-
gruent and incongruent relative to the context) in the visually and
aurally presented sentences. All single-subject averages were band-
pass filtered by using a digital filter of 0.01 to 8 Hz, the same as in
our previous study of schizophrenic subjects. N400 peak latency was
measured as the maximum negative voltage within 250–370 msec in
the auditory modality. In the visual modality, the N400 peak latency
was measured as the maximum negative voltage within 350–450
msec. These measurement windows were selected on the basis of the
inspection of grand averages and individual average waveforms, in
order to encompass the descending and ascending slope of a nega-
tive-going peak within the 300–500 msec poststimulus latency. The
N400 amplitude was measured as the mean amplitude under the
waveform curve within the same latency windows.

RESULTS

To test whether the more negative N400 amplitude
in the grand average waveforms might be due to an
earlier negativity, the N100 was measured as the most
negative data point within 80–120 msec in the audi-
tory and 120–180 msec in the visual modality at the
sites where the peak was most prominent (Fz, Cz, F3/
4, and C3/4 for the auditory and Pz, Oz, O1, and O2
for the visual modality) and, given the topographical
and temporal differences between the two modalities,
was subjected to separate repeated measures, mixed-
model analyses of variance (ANOVAs), with group as
a between-group factor (two) and condition (two) and

electrode as within-group factors. In the auditory mo-
dality, no group differences were found; in the visual
modality, a group-by-electrode interaction was found
(F=3.54, df=3, 84, p<0.03). Group differences were
found for Oz, O1, and O2.

The N400 peak latency, and the N400 mean area
amplitude, measured at midline (Fz, Cz, Pz) were sub-
mitted to repeated measures, mixed-model ANOVAs
in which group was the between-group factor and the
within-group factors were modality (auditory, visual),
condition (congruent, incongruent), and electrode (Fz,
Cz, Pz). The Greenhouse-Geisser correction was used
for significant interactions involving factors exceeding
two levels.

The ANOVA on mean area amplitude revealed a
main effect of group for the midline set of electrodes
(F=9.3, df=1, 28, p<0.005) and an interaction between
group and condition (F=6.1, df=1, 28, p<0.02). To fol-
low up on the interaction and to test the prediction
that the more negative N400 amplitude would be
found in the congruent condition in individuals with
schizotypal personality disorder relative to comparison
subjects, the group differences were evaluated with re-
peated measures ANOVAs on the mean area amplitude
in the congruent and incongruent conditions, with
group as a between-group factor (schizotypal person-
ality disorder and normal comparison) and electrode
as a within-group factor.

As seen in figures 1 and 2 and tables 1 and 2, a more
negative N400 amplitude was present in subjects with
schizotypal personality disorder relative to normal
comparison subjects in the congruent condition (F=
13.8, df=1, 29, p<0.001) but not in the incongruent
condition (F=1.6, df=1, 28, p<0.23). We also analyzed
N400 amplitude difference waveforms for the two
groups in the two modalities. As expected, less nega-
tive N400 difference amplitude was found in subjects
with schizotypal personality disorder relative to com-
parison subjects (F=4.18, df=1, 28, p<0.05).

There was a main effect of group (F=18.9, df=1, 29,
p<0.0001) and a significant interaction between group
and modality (F=4.5, df=1, 29, p<0.04). Separate
ANOVAs for auditory and visual modalities, with
group as a between-group factor and condition and
electrode as within-group factors, revealed that the la-
tency difference was due primarily to a prolonged
N400 latency in the visual modality in the schizotypal
personality disorder group (F=17.6, df=1, 29, p=
0.0001). In the auditory modality no statistically sig-
nificant group differences were found (F=1.2, df=1, 30,
p<0.31) (figures 1 and 2 and tables 3 and 4).

To test whether the more negative N400 might be
due to a lower amplitude of the following positivity,
the P600, an index of closure processing in language
tasks, was measured as a mean area under the curve
within 380–800 msec in normal subjects and 420–800
in subjects with schizotypal personality disorder and
was analyzed for Fz, Cz, and Pz. The repeated mea-
sures, mixed-model ANOVAs revealed a group-by-
electrode interaction at midline (F=3.82, df=2, 56, p=
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0.02). Tukey honestly significant difference post hoc
t tests indicated significant group differences (p<0.05)
at Pz in the auditory and visual modality. Smaller P600
amplitude was found in the schizotypal personality
disorder group at this electrode.

DISCUSSION

Compared with normal subjects, subjects with
schizotypal personality disorder showed a more nega-
tive N400 (larger) amplitude in the congruent condi-
tion in two modalities and a prolonged N400 ampli-
tude in the visual modality. The group difference in the
N100 in the incongruent condition at occipital sites
suggests that subjects with schizotypal personality dis-
order may suffer from early visual system dysfunction.
The absence of main group effects in the congruent
condition in both the N100 and P600 suggests that the

N400 greater negativity in the congruent condition
cannot be attributed to a negative waveform spanning
N100, N400, and P600 or to N400 effects deriving
from N100 or P600. It is possible, however, that the di-
minished N400 amplitude and the smaller P600 ampli-
tude may interact at some electrodes.

The pattern of abnormalities allows for a tentative
hypothesis about language dysfunction in the schizo-
typal personality disorder group. A larger N400 ampli-
tude is recorded to words that are less predicted by the
context (less primed [16, 31]), so that a word that
poorly fits the sentence context or that has little pre-
ceding context will elicit a larger N400 than a word
that appears at the end of a highly constraining context
such as, “She always had tea with sugar and cream.”
The more negative N400 found to the congruent target
words in the schizotypal personality disorder group
might suggest a failure in priming. First, context may
be poorly available because of an inability to keep it

FIGURE 1. Grand Average Waveforms of 16 Normal Subjects
and 17 Subjects With Schizotypal Personality Disorder in the
Auditory Congruent and Incongruent Conditionsa

a Waveforms filtered with a low-pass-filter of 8 Hz to allow compar-
ison with data reported in reference 23.

10
5
0

-5
-10

0 400

EOG

Normal
Schizotypal

Auditory Congruent Auditory Incongruent

800

8

2

4

6

0

-2

-4
0

Fz

400 600200 800

8

2

4

6

0

-2

-4
0

Fz

400 600200 800

8

2

4

6

0

-2

-4
0

Cz

400 600200 800

8

2

4

6

0

-2

-4
0

Cz P6
P6

N1
N4 N1 N4

400 600200 800

8

2

4

6

0

-2

-4
0

Pz

400 600200 800

8

2

4

6

0

-2

-4
0

Pz

Time (msec) Time (msec)

400 600200 800

A
m

pl
itu

de
 (

  V
)

µ
A

m
pl

itu
de

 (
  V

)
µ

A
m

pl
itu

de
 (

  V
)

µ
FIGURE 2. Grand Average Waveforms of 16 Normal Subjects
and 17 Subjects With Schizotypal Personality Disorder in the
Visual Congruent and Incongruent Conditionsa

a Waveforms filtered with a low-pass-filter of 8 Hz to allow compar-
ison with data reported in reference 23.
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activated, or “on-line,” thus implicating a disturbance
in a working memory system. Second, context, even if
available, might fail to constrain the number of word
candidates. The inefficient use of context to limit the
number of activated words may be understood here as
a faulty, context-dependent inhibition mechanism, a
conclusion consistent with other reports (32, 33). Fi-
nally, even if the context-dependent inhibition mecha-
nism functions correctly, the initial number of acti-
vated words may be too great to be efficiently limited
to a few context-relevant choices. The last two types of
impairment would make semantic network operations
the locus of the language dysfunction.

The presence of N400 amplitude group differences
in the congruent but not in the incongruent condition
is more consistent with the failure of a context-depen-
dent inhibitory mechanism (and with our previous
finding [3] that subjects with schizotypal personality
disorder failed to use semantic clustering to assist ver-
bal learning, while they performed within normal
range on other tests of language including reading)
rather than a failure to maintain the sentence context
in working memory. If working memory were involved
directly, group differences would have been expected
in both congruent and incongruent conditions, since
across sentences, the memory load imposed by sen-
tence stems preceding congruent and incongruent final
words was similar. It is still possible that a working
memory deficit (34) may have indirectly contributed to
efficient context utilization.

Apparently, in the incongruent condition, the target
word violated semantic expectations enough to be out-
side of the primed section of the network for both nor-
mal subjects and subjects with schizotypal personality
disorder. In the congruent condition, the normal sub-
jects were able to use context to constrain the network
sufficiently and thus fit the final word more efficiently

into the sentence so that the extensive search subrou-
tines indexed by a large N400 did not need to be acti-
vated. In contrast, in individuals with schizotypal per-
sonality disorder, the words might have remained
unconstrained by the context and thus be associated
with a significantly more negative N400 amplitude in
the congruent condition (figures 1 and 2).

Furthermore, the N400 latency was longer in the
schizotypal personality disorder group in the visual
modality for both congruent and incongruent words,
implying that the processes indexed by the visual N400
took longer in subjects with schizotypal personality
disorder than in comparison subjects regardless of sen-
tence type, possibly because of either a slower search
or a search through a larger section of the network.
The statistical differences in the visual rather than the
auditory modality may reflect a more complex pro-
cessing indexed by visual N400 and hence more op-
portunity for delays in processing.

The present results do not allow us to address the
issue of generators of N400 and their putative in-
volvement in the abnormal N400 response seen in the
schizotypal personality disorder group. However,
some studies have reported N400-like waveform in
depth-recording paradigms in medial temporal lobe
structures (35–38). Current data suggest that associa-
tive networks are likely built through interaction of
medial temporal lobe structures and neocortex (16, 38).
These interactions may also play a role in guiding a
process of context-generated expectancy. In a current
model of schizophrenia pathology, a failure of recur-
rent inhibition is compatible with the observed dys-
function (39, 40). In addition, it has been demon-
strated that schizophrenic individuals have structural
abnormalities on magnetic resonance imaging in both
the medial temporal lobe and superior temporal gyrus,
especially in the language-dominant hemisphere (41).

TABLE 1. Amplitude of N400 EEG Component for Auditory
Congruent and Incongruent Target Words Presented to 16
Normal Comparison Subjects and 17 Schizotypal Patients

Electrode

Amplitude (µV)

Normal Subjects Schizotypal Patients

Congruent Incongruent Congruent Incongruent

Mean SD Mean SD Mean SD Mean SD

Fz 1.4 2.5 –1.8 2.1 –1.2 3.1 –1.8 2.1
Cz 1.9 3.5 –2.1 2.8 –1.0 3.1 –1.8 2.2
Pz 1.1 2.2 –1.4 2.6 –0.8 2.5 –1.0 1.9

TABLE 2. Amplitude of N400 EEG Component for Visual Con-
gruent and Incongruent Target Words Presented to 16 Normal
Comparison Subjects and 17 Schizotypal Patients

Electrode

Amplitude (µV)

Normal Subjects Schizotypal Patients

Congruent Incongruent Congruent Incongruent

Mean SD Mean SD Mean SD Mean SD

Fz 4.5 3.2 1.7 2.6 1.9 3.2 0.5 3.4
Cz 4.9 3.2 1.5 2.8 1.9 2.5 0.4 2.7
Pz 4.8 4.8 2.9 4.7 1.6 2.7 –0.4 3.1

TABLE 3. Latency of N400 EEG Component for Auditory Con-
gruent and Incongruent Target Words Presented to 16 Normal
Comparison Subjects and 17 Schizotypal Patients

Electrode

Latency (msec)

Normal Subjects Schizotypal Patients

Congruent Incongruent Congruent Incongruent

Mean SD Mean SD Mean SD Mean SD

Fz 312 27 333 34 312 41 333 38
Cz 298 25 318 34 312 35 325 36
Pz 294 29 315 32 314 38 326 39

TABLE 4. Latency of N400 EEG Component for Visual Congru-
ent and Incongruent Target Words Presented to 16 Normal
Comparison Subjects and 17 Schizotypal Patients

Electrode

Latency (msec)

Normal Subjects Schizotypal Patients

Congruent Incongruent Congruent Incongruent

Mean SD Mean SD Mean SD Mean SD

Fz 403 44 399 43 417 36 428 40
Cz 392 47 386 41 429 26 423 30
Pz 364 34 372 35 424 32 428 32
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This study, while demonstrating a less severe lan-
guage dysfunction in schizotypal individuals, did not
allow us to probe possible compensatory mechanisms.
In addition, this study was not designed to, and did
not, elucidate the relative contribution of working
memory and semantic system disturbance in the popu-
lation with schizotypal personality disorder. It did,
however, demonstrate that the electrophysiological
correlate of language processing, the N400, revealed a
pattern of abnormality similar to that found in the
schizophrenic population (23). These results appear to
support the notion of a common biological factor con-
tributing to the etiology of schizophrenia and schizo-
typal personality disorder.
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