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Abstract

We examinedwhether correlations previously found between symptoms of schizophrenia patients and the amplitude of

an event-related potential (ERP), the N400, could be also found between schizotypal experiences of healthy subjects

and the N400. We chose a semantic categorization task previously used with patients. Schizotypal experiences were

measured with the schizotypal personality questionnaire (SPQ). The effects of the other factors were controlled for

when assessing the correlations between each SPQ factor andN400s. These correlations were assessed at each electrode

site to see whether their distribution on the scalp follows that of the N400 effect. Disorganization and interpersonal

scores were found to correlate with ERPs in the N400 time window, as previously reported for the comparable

symptoms of patients. However, the scalp distribution of these correlations differed from that of the N400 effect.

Descriptors: Delusional ideation, Disorganization, Interpersonal factor, Event-related brain potentials, N400

Research into the symptoms of schizophrenia focuses primarily

on the three dimensions that are frequently used to describe
schizophrenia, which are reality distortion, disorganization, and
negative symptoms (Lenzenweger, 1999). Interestingly, experi-
ences which resemble these symptoms can be observed in the

general population (Raine, 1991; Reynolds, Raine, Mellingen,
Venables, & Mednick, 2000; Verdoux & van Os, 2002). This
finding has raised the idea that, rather than a dichotomy, there

could be a continuum between schizophrenia and normality
(Claridge, 1997; Johns & van Os, 2001; Shevlin, Murphy,
Dorahy, & Adamson, 2007; Strauss, 1969). Although the

dichotomous view of psychopathology remains central to
mental health care and research, there is a growing debate be-
tween these two approaches. One way to go forward is to test
whether symptoms of schizophrenia patients and schizotypal

personality traits of normals are associated with similar cognitive
anomalies, since, as shown by Johns and van Os (2001), such
similarities would reinforce the notion of a continuum. An in-

creasing number of studies have looked at the relationship be-
tween schizotypal traits in healthy participants and cognitive
functions. They observed in these participants similar cognitive

anomalies as those found in schizophrenia patients (e.g., Bed-

well, Kamath, & Compton, 2009; Johnston, Rossell, &

Gleeson, 2008; Wilson, Christensen, King, Li, & Zelazo, 2008).
Semantic processes are among the cognitive processes that

have been widely studied in schizophrenia. The N400, an event-
related potential (ERP) evoked by any potentially meaningful

stimulus and thought to reflect semantic processing, has been
related to reality distortion, disorganization, and negative symp-
toms of schizophrenia patients in various studies (e.g., Andrews,

Shelley, Ward, Fox, Catts, & McConaghy, 1993; Debruille, Ku-
mar, Saheb, Chintoh,Gharghi, et al., 2007; Kostova, Passerieux,
Laurent, & Hardy-Baylé, 2005, respectively). In the next para-

graphs, these three relations will be reviewed.
The first relation, that between reality distortion and the

N400, has been studied because of the ostensible tendency of
patients tomaintain their delusions in the face of disconfirmatory

evidence. It has been hypothesized that this ‘tendency’ is related
to a deficit in integrating the information that challenges their
beliefs (Freeman, 2007; Moritz & Woodward, 2006). The N400

was thus used as an index of this integration since the amplitude
of this ERP appears to be proportional to the amount of effort
that is spontaneously deployed to integrate unexpected semantic

information into cognitive representations (e.g., Holcomb,
1993). Stimuli that arguably trigger more integration effort,
such as stimuli that do not match the context, elicit N400s of

greater amplitudes than stimuli that are primed because they
match preceding stimuli. Consistent with the N400 integration
hypothesis and with their deficit in integrating disconfirmatory
evidence, schizophrenia patients who were more delusional were

found to have smaller N400s than patients who were less delu-
sional (Debruille et al., 2007). The link between N400 and de-
lusion severity in schizophrenia patients was confirmed by the
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results of Kiang, Kutas, Light, and Braff (2007). These authors
reported that the severity of psychotic symptoms (i.e., delusions
and hallucinations) correlates with a reduction of the N400

effect, that is, with a reduction of the difference between the
amplitude of the N400 to mismatching stimuli and that to
matching stimuli. Since the variations of one or of both of these

amplitudes could be responsible for smaller N400 effects, one of
the aims of the present study was to carefully differentiate the
three N400 measures. In the rest of this paper, ‘N400 amplitude’

will be used only to designate the raw amplitude of the N400
deflections, whereas the phrase ‘N400 effect’ will be exclusively
devoted to N400 differences.

The second relation, that between disorganization and N400,

has been studied partly because of the deficit found in schizo-
phrenia patients in processing context efficiently and in keeping it
in working memory during long stimulus onset asynchronies

(SOAs) (Cohen& Servan-Schreiber, 1992; Hardy-Baylé, Sarfati,
& Passerieux, 2003; Hemsley, 2005). Accordingly, a word that is
related to a following target word induces less priming in patients

than in normal controls. One should thus observe a correlation in
the direction opposite to that predicted for delusions. N400s
elicited by primed target words should be larger in more- than in

less-disorganized patients (see Discussion section for another
hypothesis leading to the same prediction). The results of pre-
vious works support that prediction. Correlations were found
between thought disorder and larger N400 amplitudes for con-

gruent targets in Kuperberg, Sitnikova, Goff, and Holcomb
(2006) and in Kostova et al. (2005, personal communication),
which possibly explain the smaller N400 effects observed in Dit-

man and Kuperberg (2007). Interestingly, one study described
greater N400s for the incongruent targets for higher thought
disorder scores (Salisbury, O’Donnell, McCarley, Nestor, &

Shenton, 2000), while another mentioned greater amplitudes for
the mean of congruent targets and incongruent targets (Andrews
et al., 1993). It has to be noted that in all the above mentioned
studies, theword or the sentence used to prime the target stimulus

was shown just once in the experiment. This can only increase the
impact of the problematic maintenance of this context informa-
tion in working memory and further jeopardize the facilitation

this context induces and account for the larger N400 amplitudes
obtained for the targets.

However, correlations between N400s and the two symptoms

mentioned above were not always observed (Ditman & Kuper-
berg, 2007; Kostova et al., 2005; Salisbury et al., 2000). For
delusion, one study reported an opposite relationship, that is,

greater N400 amplitudes with higher delusion scores (Kiang,
Kutas, Light, & Braff, 2008). For disorganization, the correla-
tions with N400s sometimes failed to be found (Kiang et al.,
2007, 2008), and one study described a relationship going in the

reverse direction, that is, reduced N400 amplitudes for stimuli
that do notmatch the context (non-exemplar category) for highly
disorganized patients (Debruille et al., 2007). Nevertheless, these

discrepancies may not be so surprising. Because delusions and
disorganization can be positively correlated to each other (Le-
nzenweger & Dworkin, 1996; for comparable experiences in the

general population, see Raine, Reynolds, Lencz, Scerbo, Trip-
hon, & Kim, 1994; Reynolds et al., 2000) their opposite influ-
ences on N400 amplitudes could cancel each other, or one could

even reverse the influence of the other. Therefore, in the present
study, which aimed at evaluating the relationship between
schizotypal traits in healthy participants and the N400, it was
decided to use partial correlations in order to assess the effect of

one schizotypal trait on N400s while controlling for the effects of
the two other traits.

Similarly, the third relation, that between the negative symp-

toms of schizophrenia and the N400, was not found in some
studies (Ditman & Kuperberg, 2007; Kiang et al., 2008; Kuper-
berg et al., 2006; Salisbury et al., 2000). But two studies with

schizophrenia patients found a tendency for a reduced N400
effect withmore negative symptoms (Kiang et al., 2007; Kostova
et al., 2005).Moreover, when looking at similar schizotypal traits

in healthy subjects, one study reported significant results. Kiang
and Kutas (2005) observed a correlation between diminished
N400 effects and higher scores for the interpersonal items of the
Schizoptypal Personality Questionnaire, the SPQ (Raine, 1991),

which reflect experiences that resemble negative symptoms in
patients. As this interpersonal factor also includes paranoid
ideation and social anxiety, the authors proposed that a mistrust

bias might be responsible for this finding. They based their
proposition on a study where mistrust was induced in university
students (Schul, Mayo, & Burnstein, 2004). In this study, be-

havioral responses showed both an increased semantic priming
effect for words having a meaning opposite to that of the prime
(e.g., hollow-full) and a decreased effect for words that were

synonyms (e.g., hollow-empty). The authors of this behavioral
study proposed that ‘‘mistrust may be associated with increased
activation of message-incongruent associations and decreased
activation of message-congruent associations, by encouraging a

person to focusmore on the possibility that amessage is invalid.’’
Kiang andKutas (2005) thus related their smaller N400 effects to
this decreased activation of message-congruent associations.

In addition to the interpersonal score, the SPQ can also be
used to measure the disorganization trait and delusional-like
ideation in healthy subjects. The idea that these experiences of

healthy subjects resemble schizophrenia symptoms has been
supported in several studies (Raine, 1991; Reynolds et al., 2000;
Verdoux & van Os, 2002; for experiences which resemble delu-
sions, see Peters, Joseph, & Garety, 1999; and van Os, Hanssen,

Bijl, & Ravelli 2000; for traits which resemble disorganization,
see Coleman, Levy, Lenzenweger, & Holzman, 1996; andGood-
ing, Tallent, & Hegyi, 2001; for traits that resemble negative

symptoms, see Chapman, Edell, & Chapman, 1980; and Cad-
enhead, Kumar, & Braff, 1996). Nevertheless, to stress the fact
that there may be qualitative and quantitative differences

between the symptoms of patients and schizotypal traits, a
different terminology is used for healthy subjects. The phrase
‘disorganization trait’ is used to refer to experiences that resemble

disorganization and the phrase ‘delusional-like ideation’ is used
to refer to experiences evaluated by the SPQ that are observed in
healthy subjects and that resemble delusions in patients.

Recent studies using schizotypal personality measures have

demonstrated that ERPs may be used to study neurocognitive
processes related to schizotypal traits in healthy individuals
(Gassab, Mechri, Dogui, Gaha, d’Amato, et al., 2006; Kiang &

Kutas, 2005; Wan, Crawford, & Boutros, 2006; Wang, Mi-
yazato, Hokama, Hiramatsu, & Kondo, 2004). Although to a
lesser extent than in the case of schizotypal personality disorders,

the existence of measurable schizotypal traits in healthy popu-
lations may be seen as an opportunity for approaching the
mechanisms of schizophrenia symptoms in a less confounded

context. Indeed, whereas some patients’ anomalies might also be
the consequences of the long-term disability induced by symp-
toms, this is less likely to be the case in healthy populations.
Moreover, as with schizotypal personality disorders, studying

1048 M. Prévost et al.



healthy subjects allows interpretations free from the problems of
patients’ medication.

The aim of the present study was thus to explore the neuro-

cognitivemechanisms underlying schizotypal personality traits in
healthy individuals. More specifically, our goal was to see
whetherwe could find in these subjects the relationships observed

in patients between N400 and the three schizophrenia symptoms,
namely, the smaller N400s with higher delusions scores, the
greater N400s with more disorganization, and the smaller N400

effects in case of more severe negative symptoms. Although ac-
knowledging that schizotypal personality traits of healthy sub-
jects may be quantitatively and qualitatively different from
schizophrenia symptoms, we aimed at testing whether these traits

are accompanied by cognitive processes similar to those of pa-
tients, which would bring further support to the idea of a con-
tinuum between schizophrenia and normality (Peters et al., 1999;

van Os et al., 2000).
In addition to the above-mentioned use of partial correlations

to control for the effect of the other schizotypal factors when

focusing on the relation of one of them with the N400, three
features characterized the present study. First, we used the pro-
tocol of our previous study in patients (Debruille et al., 2007). This

was done both to compare results obtained in patients to those in
normals and to circumvent the following interpretation problem.
In studies where each target word was preceded by a particular
context word, the anomalous N400s to targets observed were seen

as due to an abnormal priming of targets. This abnormality was
thought to be related to a deficient processing of the context or to a
problematic maintenance of the prime in working memory. How-

ever, if the processing of context words is impaired, the processing
of targets also may be impaired and nothing can help to determine
which of the two possibilities accounts for the anomalous target

N400s. In the semantic categorization task of Debruille et al.
(2007), the same category word was used as a context (i.e., first
word of the trial) for all the trials for which participants had to
make a decision. This was aimed at facilitating the processing of

the context so that it produced the same effects on the processing
of the target word (i.e., on the second word of the trial) in patients
as in normals. A previous study using this particular protocol

reported an absence of significant differences between patients and
normal controls in the ERPs evoked by such invariant context
words (Debruille, Kumar, Saheb, Chintoh, Gharghi, et al., 2010).

Thus, if the disorganization trait is found to have an effect on the
N400s to the targets of our study, it will bemore likely to be due to
a deficit in processing the targets themselves, which would, nev-

ertheless, have to be confirmed by an absence of effects of
schizotypal traits on each of the components of the ERPs elicited
by the context word.

The second feature that characterizes the present study is to

compute the correlations for each electrode site. For written
words, the N400 effect reaches a maximum over midline centro-
parietal electrodes and is slightly larger over right than left pa-

rietal sites (Holcomb, 1988; Kutas, van Petten, & Besson, 1988).
Correlations involving the N400 effect can thus be expected to
reach a maximum at these sites.

The third feature of this study derives from the fact that vari-
ations in the size of the N400 effects may have several causes. A
smaller N400 effect can be due to larger N400 deflections for

matching stimuli, to smaller N400 deflections for mismatching
stimuli, or to both. As mentioned above, when discussing the
larger N400 deflections found with disorganization and with the
interpersonal factor in thematching conditions, such results have

different functional significances. Therefore, correlations for
each of the three schizotypal factors were measured three times,
once with the N400s elicited by matching stimuli, once with the

N400s for mismatching stimuli, and once for the N400 effects.

Methods

Participants

Forty-nine right-handed participants (35 women, 14 men) aged

between 18 and 51 years were recruited by advertisements in an
English and in a French newspaper. Participants who answered
these ads were askedwhat their mother tonguewas. Only English

and French were accepted. The rest of the procedure was carried
out in the language of the participants. They had to have normal
or corrected-to-normal vision and were screened by telephone

and systematically excluded for any history of DSM-IV Axis I
psychiatric illnesses, except for depressive episodes that resolved
at least 2 years ago. The use of these a priori criteria led to include
2 participants who had suffered from depression. Both had re-

covered and were off medication for more than 6 years. Partic-
ipants with a history of head injury with loss of consciousness
longer than 10 min were excluded, as well as participants with

neurological or medical conditions known to compromise brain
function and participants abusing drugs. The procedure to re-
cruit the participants included first a short questionnairemade up

of the 16 items of the ‘odd belief andmagical thinking’ and ‘ideas
of reference’ subscales of the SPQ (Dumas, Bouafia, Gutknecht,
Saoud, Dalery, & d’Amato, 2000; Dumas, Rosenfeld, Saoud,
Dalery, & d’Amato, 1999; Raine, 1991). These were used to pre-

assess delusional-like ideation over the phone. In the first phase
of the recruitment, only those who scored 5 ormore out of 16 (the
maximal score) were asked to participate in the study (n5 25) in

order to have enough participants with high delusional-like
ideation scores. No or low delusional-like ideation participants
(n5 24) were recruited in a second phase among people with

delusional-like ideation scores smaller than 5 and whose demo-
graphic characteristics (age, gender, and number of years of ed-
ucation) matched those of the high delusional-like ideation score

participants. At their arrival in the lab, participants gave written
informed consent after the procedures were described according
to the criteria of the Research Ethics Board of the Douglas
Mental Health University Institute.

Before having their ERPs recorded, participants had to com-
plete the SPQ. This questionnaire is based on the DSM-III-R
criteria for schizotypal personality disorder and includes nine

subscales that can be grouped into three clusters or factors: (1)
interpersonal, (2) disorganization, and (3) cognitive-perceptual
(Raine et al., 1994). The validity of the whole SPQ has been

demonstrated (Raine, 1991). Its clusters have been defined by a
factor analysis (Raine et al., 1994) and used in many previous
studies (e.g., Dickey et al., 2005; Kiang &Kutas, 2005; Sommer,
Daalman, Rietkerk, Diederen, Bakker, et al., 2008). The inter-

personal score is computed by adding the scores for the ‘social
anxiety,’ the ‘no close friends,’ the ‘constricted affect,’ and the
‘paranoid ideation’ subscale. The disorganization trait score is

computed by adding the score for the ‘odd speech’ subscale to the
score for the ‘odd or eccentric behavior’ subscale. Both subscales
load on the same factor (disorganization) in the general popu-

lation and in clinical population (Reynolds et al., 2000). The
‘cognitive and perceptual’ cluster could not be used to evaluate

Schizotypal traits and N400 in healthy subjects 1049



delusional-like ideation since it also includes hallucinations. It is

thus the scores for the two subscales ‘idea of references’ and ‘odd
beliefs and magical thinking’ that were used here, as previously
done in a study performed to assess the neurocognitive mech-

anisms underlying delusional-like ideation in normals (e.g.,
Woodward, Buchy, Mortiz, & Liotti, 2007). Here, these two
scores were simply added. Note that paranoid ideation was not

integrated into the delusional-like ideation score because this
subscale does not include delusional-like items per se, but rather
suspiciousness, which is already included in the interpersonal
factor.

Pearson correlations between subjects’ characteristics are dis-
played in Table 1. Each SPQ factor correlated significantly with
the two others. Additionally, age negatively correlated with the

overall SPQ scores and with the interpersonal and disorganiza-
tion factors but not with delusional-like ideation.

Task

Subjects were seated comfortably in a dimly lit room in front of a
computer screen placed 1 m from their eyes. Black stimuli were

presented on a white background at the center of this screen.
Trials were made of two serially presented words. In two-thirds
of the trials, the first word was the question word ‘ANIMAL?’
and, in one-third of the trials, the first word was the instruction

‘INACTION.’ These words were then followed by the target
word. The stimulus onset asynchrony was 2 sec and each word
was displayed for 1 sec. The target word was either an exemplar

of the animal category (e.g., lion) or a non-exemplar of this cat-
egory (e.g., hammer). Subjects had to decide whether or not the
target word belongs to the animal category as rapidly and as

accurately as possible by pressing one of two keys with their right
index finger. The ‘INACTION’ word, introduced so that sub-
jects have to pay attention to the first word, signaled to the par-

ticipants that they should not respond to the target stimulus,
which was also either an exemplar or a non-exemplar of the
animal category. The non-exemplar stimuli comprised names of
tools, pieces of furniture, office and kitchen objects, buildings

and parts of buildings, and transportations means. The target
word was followed 2 to 2.5 sec later by the word ‘Blink,’ giving
the subjects the opportunity to blink without disrupting the elec-

troencephalogram (EEG) signal of the trial. All target words
usedwere selected from among familiar words using the Content,
Mousty, andRadeau’s database (1990) for the Frenchwords and

the Kucera and Francis (1967) counts for the English words. In
the French version, in both the exemplar and the non-exemplar
categories, there were forty-seven words with a frequency com-
prised between 0 and 1000 out of 100 million occurrences, nine

words with a frequency comprised between 1000 and 3000, and

four words with a frequency higher than 3000. In the English
version, in both categories, there were forty-seven words with a
frequency comprised between 0 and 9 out of one million; ten

words with a frequency comprised between 10 and 17, and three
words with a frequency comprised between 35 and 117. The av-
erage length of words in each category did not differ from one

another. In the French version, the mean number of letters was
6.5 � 1.7 in the exemplar category and 6.7 � 1.5 in the non-ex-
emplar category. In the English version, the mean number of let-
ters was 5.5 � 1.8 in the exemplar category and 5.75 � 1.7 in the

non-exemplar category. In the action condition, there were 60
trials with exemplar target words and 60 trials with non-exemplar
target words. For the ‘INACTION’ condition, there were 30 trials

for each of the two stimulus categories. So, for both conditions,
the probability of occurrence of an animal target word was 50%.
Each target word was presented only once, thus the probability of

occurrence of a particular target word was 1 out of 180.

Data Acquisition

Behavioral responses were recorded for each trial. The EEG was

recorded with tin electrodes from the ECI cap (Electro-Cap In-
ternational, Eaton, OH), which were placed according to the
modified expanded 10–20 system (American EEG Society, 1991)

with a right ear lobe initial reference. Twenty-eight electrodes
were used. Sites were grouped into three subsets. The sagittal
subset included Fz, FCz, Cz, and Pz; the parasagittal subset,
FP1/2, F3/4, FC3/4, C3/4, CP3/4, P3/4, O1, and O2; and the

lateral subset, F7/8, FT7/8, T3/4, TP7/8, T5, and T6. Eye
movements and blinks were monitored with F7 and F8 for hor-
izontal movements and with FP2, and an additional electrode

placed on the right cheekbone for vertical movements. The im-
pedance was kept below 5KO. The gain of the Contact Precision
Instruments amplifiers (Boston,MA) usedwas set at 20,000. The

half amplitude cut-offs of high and low pass frequency filters
were set at 0.01 and 100 Hz, respectively. In addition, a 60-Hz
electronic notch filter was used. EEG signals were digitized at a
256-Hz sampling frequency1 and stored along with the stimulus

and response codes. The EEG was re-referenced off-line to the
mean of the left and right earlobes signals.

Measures

EEG epochs corresponding to trials with incorrect responses or
with reaction times shorter than 200 ms or longer than 2000 ms

1050 M. Prévost et al.

Table 1. Characteristics of the Participants (1st column) and Correlations (Pearson’s r Coefficients) between these Characteristics

(following columns)

Mean (Stdev) Age Years of study SPQ Interpersonal Disorganization

Age 30.3 (10.4)
Years of study 14.3 (1.7) 0.00
SPQ 18.9 (14.1) � 0.31n � 0.13
Interpersonal 7.2 (6.2) � 0.30n � 0.15 0.90nnn

Disorganization 4.5 (3.7) � 0.34n � 0.17 0.85nnn 0.68nnn

Delusion 5.1 (4.2) � 0.22 � 0.04 0.85nnn 0.62nnn 0.62nnn

Note: SPQ: Total score for the schizotypal personality questionnaire.
npo0.05; nnnpo0.001.

1The 256-Hz sampling frequency respects Nyquist’s law, but does not
eliminate the possibility of signal distortion in some cases.



were rejected. We also rejected trials with excessive eye move-
ments, amplifier saturations, or analog-to-digital clippings last-
ing more than 100 ms. Our baseline was set between � 200 and 0

ms. Averages were calculated over the time period between target
word onset and 1000ms later. Theminimumnumbers of artifact-
free trials averaged by subject was 28 and 30 for the exemplar and

the non-exemplar categories, respectively. The mean number of
trials averaged was 49 (SD 8) in both the exemplar category and
the non-exemplar category. The N400 amplitude was measured

by computing themean voltage of the ERPs in a 350–550ms time
window, relatively to the baseline. This time window was cen-
tered on the negative peak observed on the grand average of the
non-exemplar–exemplar ERP subtractions. For each subject, a

mean voltage was computed at each electrode for the N400 in the
exemplar category, for the N400 in the non-exemplar category,
and for the N400 difference (non-exemplar minus exemplar am-

plitudes).

Analyses

Mean reaction times (RTs) and accuracies (As) were obtained in
the action condition, that is, for all trials except those with IN-
ACTION as the prime word. Two subjects were excluded from

all analyses because their error rate was greater than 10%. RTs
and As were analyzed with separate one-way repeated-measure
analysis of variance (ANOVAs) (i.e., t-tests) with category (ex-
emplar versus non-exemplar) as the within-subject factor. As-

suming a linear decomposition, partial correlations were run to
control for the effect of the two other schizotypal factors. These
correlations were run between each of the three factors and RTs

on the one hand, and each of the three factors and As on the
other hand. This was done in an exploratory way to generate a
priori hypotheses for future studies.

For mean voltages of ERPs in the N400 time window, a two-
ways repeated measure omnibus ANOVAwas run with category
(exemplar vs. non-exemplar) and electrode site as within-subjects

factors. The three subsets of electrodes were analyzed separately
when an interaction between the category factor and the elec-
trode was observed in the omnibus ANOVA. For the para-
sagittal and lateral subsets of electrodes, the hemi-scalp (right

versus left) was added as a third within-subject factor. We used
the Greenhouse and Geisser (1959) procedure to compensate for
heterogeneous variances for the factor having more than two

levels, that is, the electrode factor. In each case, the original
degrees of freedom are reported together with the Epsilon (E)
correction factor and the corrected probability level.

The mean voltage values of the N400s in the exemplar cat-
egory, the N400s in the non-exemplar category, and the N400
effect (non-exemplar minus exemplar differences) were corre-

lated (two-tailed) to the delusional-like ideation, the interper-
sonal and the disorganization factor scores at each electrode, to
assess the scalp distribution of the effects. Partial correlations
between ERP measures at each electrode and each SPQ subscale

scores were then computed. This allowed controlling for the two
remaining SPQ factors scores, which was necessary since signifi-
cant correlations were found between these factors (see Table 1)

and since their comparable symptoms have been found to have
opposite effects on ERPs in the N400 time window in studies
with schizophrenia patients (e.g., Andrews et al., 1993; Kuper-

berg et al., 2006). Partial correlations were possible since corre-
lations could be assumed to be linear. For the correlation
between disorganization trait and interpersonal, the Pearson’s r
was 0.68 (see Table 1). The use of a 6 degrees polynomial function

to find the best fit only improves the r to 0.71. The initial straight
line was thus an adequate solution. For the correlation between
the disorganization trait and delusional-like ideation, the Pear-

son’s r was 0.62. The use of the same type of complex function
only improves the r to 0.64. Finally, for the correlation between
delusional-like ideation and the interpersonal trait, for which the

Pearson’s r was 0.62, the use of a complex polynomial function
only improves the r to 0.64. Pearson, and thus linear correlation,
was therefore a good model to represent the association between

factors.

Results

Behavioral Data

Mean RTs were shorter in the exemplar (843 ms � 122) than in

the non-exemplar (923 ms � 160) category (F(1,45)5 55.4,
po.001). Accuracies (i.e., error rates) did not differ significantly
between the exemplar (2.8% � 3.5) and the non-exemplar

(2.3% � 3.1) categories. No correlation with delusional-like
ideation, disorganization trait, or interpersonal scores was
found, either with RTs or with error rates, even when running

partial correlations and thus when studying the effect of one
factor while controlling for the two others.

ERP Data

ERPs in the N400 time window were more negative in the non-

exemplar than in the exemplar category as showed by the om-
nibus ANOVA (F(1,45)5 53.6, po.001). Since the category
factor interacted with electrode (F(27,1215)5 6.5, E5 0.169,

po.001), we conducted ANOVAs for each subset of electrodes
and observed that ERP amplitudes in the non-exemplar category
were greater than in the exemplar category for the three subsets

(sagittal: F(1,46)5 45.2, po.001, parasagittal: F(1,45)5 51.5,
po.001, and lateral: F(1,46)5 46.5, po.001), as observed in
Figure 1. ERPs were more negative over the left than over the

right hemi-scalp at the parasagittal (F(1,45)5 25.2; po.001) and
lateral (F(1,46)5 13.1, po.001) subsets (Figure 2). In contrast, a
category � hemi-scalp interaction at the parasagittal subset
(F(1,45)5 4.2, p5 .045) revealed that the difference between the

exemplar and the non-exemplar categories was larger over the
right than over the left side of the scalp (Figures 3 & 4). The post
hoc analyses performed showed that this difference was signifi-

cant for each hemi-scalp at the parasagittal subset (left:
F(1,45)5 44.9, po.001; right: F(1,45)5 53.8, po.001).

The Pearson correlations between each SPQ factor and ERP

amplitudes in the N400 time window were assessed for each of
the 28 electrodes. Partial correlations were then systematically
computed to control for the two other SPQ factors. As displayed

in Figure 5, no significant bivariate correlation between delu-
sional-like ideation and ERP amplitudes was found over centro-
parietal electrodes. Some bivariate correlations were observed at
frontal electrode sites that were no longer significant when we

controlled for the interpersonal and the disorganization scores.
The disorganization scores negatively correlated with ERP

voltages in the N400 time window over all the frontal and central

electrodes in the exemplar and non-exemplar categories. The
higher the disorganization scores, the more negative the ERPs
were in the N400 time window at these sites in both categories.

These correlations remained significant after adjustment for
delusional-like ideation and interpersonal scores, as shown by
Figure 5. However, the N400 effect did not correlate with
the disorganization factor, which suggests that the increase in
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negativity induced by the disorganization trait was similar in the
exemplar and the non-exemplar category.

Regarding the interpersonal factor, no correlation was found

with the ERP amplitude in the exemplar and non-exemplar cat-
egories after adjustment for delusional-like ideation and disor-
ganization scores (Figure 5). In contrast, there were positive

correlations between the N400 effect and interpersonal scores,
which remained significant over the left central electrodes when
delusional-like ideation and disorganization scores were con-

trolled for. Smaller N400 differences were associated with higher
interpersonal scores.

As age correlated with disorganization and interpersonal fac-

tors, each partial correlation was also run controlling for age in
addition to the other factors. Correlations were also run without
the two participants with a history of depression. This did not
change the correlations found or their scalp distribution.

Discussion

We investigated in healthy subjects the relationship between de-
lusional-like ideation, disorganization trait, and interpersonal

factors, and the N400 potential elicited during a semantic cat-
egorization task. As sometimes observed in patients (Debruille et
al., 2007; Lenzenweger & Dworkin, 1996), and often in healthy
populations (Raine et al., 1994; Reynolds et al., 2000), the scores

for each factor were significantly correlated with the scores for
the two other factors. Individuals who had higher delusion-like
ideation scores also tended to have higher disorganization scores

and greater scores for the interpersonal factor (see Table 1). The
effect of each schizotypal factor was thus studied while control-
ling for the effects of the two remaining factors. The N400 pro-

tocol used was designed to circumvent the effect of the deficit of
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Figure 1. Grand average ERPs for the exemplar and the non-exemplar categories (n5 47).

Figure 2. Spline interpolated voltagemaps of theN400 amplitude for the

exemplar and the non-exemplar categories in the 350–550 ms time

window.

Figure 3. Grand average ERPs of the N400 effect (non-exemplar minus

exemplar ERPs) (n5 47).



the processing of prior context (Debruille et al., 2010). The

source of the variations of N400 effects was assessed by mea-
suring correlations in both the exemplar and the non-exemplar
categories. Finally, the correlations were computed at each elec-

trode site, to test whether the relationship under investigation
follows the scalp distribution of the N400 effect obtained in the
experiment between exemplar and non-exemplar targets. The
results obtained demonstrated the relevance of this method.

Correlations between these ERPs and disorganization and in-
terpersonal factors were observed, but their scalp topography did
not follow that of the N400 effect. The few correlations found

between ERPs in the N400 time window and delusion-like ideat-
ion became insignificant when controlling for the two other fac-
tors (Figure 5).

The N400 protocol used herein led to a negative deflection in
the N400 time window for both categories. This deflection was
widespread over the scalp. The N400 in the non-exemplar cat-
egory was significantly greater than the N400 in the exemplar

category, and this ERP difference had a centro-parietal
maximum greater over the right than over the left hemiscalp
(Figure 4). These results suggest that our protocol, where a single

category is shown as a first word, elicits the classical N400 effect
found for written words (Holcomb, 1988; Kutas & Federmeier,
2000).

Significant correlations between N400 amplitudes and disor-
ganization scores were found over centro-parietal electrode sites.
This replicates the results of previous studies done with patients

(Andrews et al., 1993; Kostova et al., 2005; Kuperberg et al.,
2006; Salisbury et al., 2000). The more disorganized the subjects,
the larger their N400 deflections. In the present study, this was
significant not only in the exemplar but also in the non-exemplar

category. The correlations remained significant after controlling
for the two other factors. Interestingly, no correlation with the
N400 effect was observed, as in Kiang and Kutas’ study (2005)

with healthy subjects. In both studies, the disorganization trait
may have enhanced N400 amplitudes similarly in the exemplar
and non-exemplar categories, leaving the N400 effect un-

changed. The fact that this was obtained here in a task created
to circumvent the effect of the deficit in the processing of the prior
context suggests that larger target N400s could be caused by an

anomalous semantic processing of target stimuli themselves.
Such anomalous processing could have also existed in previous
studies, in addition to the deficiency in the processing of the
context that was suggested. Most interestingly, while part of the

correlations were observed at N400 sites, that is, at centro-pa-
rietal sites, the strongest correlations were found at right fronto-
central sites. These results should be considered with caution

since, in contrast with centro-parietal locations, they do not cor-
respond to a priori hypotheses. Nevertheless, they suggest that
the amplitude of an ERP component other than the N400 could

also depend on the severity of the disorganization trait. Future
research should be devoted to assess the functional significance of
this component. In any case, the N400 effect is known to be

generated by multiple brain regions (Halgren, Dhond, Christen-
sen, Van Petten, Marinkovic, et al., 2002), having multiple con-
tributing electrophysiological sub-components (Franklin, Dien,
Neely, Huber, & Waterson, 2007). Disorganization may thus

affect a sub-component of the N400 that is not maximal over
centro-parietal electrodes.

As for the correlations observed at centro-parietal sites, given

that a semantic categorization task was used, they are most likely
due to a modulation of the classical N400 by the disorganization
factor. This association of greater N400s with higher disorgani-

zation scores may have different functional significances de-
pending on the hypothesis of reference. Regarding the hypothesis
that N400 amplitudes index the automatic spreading activation

within the lexicon (Deacon, Hewitt, Yang, & Nagata, 2000; Ku-
tas &Hillyard, 1984), our results are consistent with studies using
schizophrenia patients (Andrews et al., 1993; Salisbury et al.,
2000), which suggest that schizophrenia, and more specifically

thought disorders, may be related to an overspread activation in
the network of word representations (Maher,Manschreck, Hoo-
ver, & Weisstein, 1987; Manschreck, Maher, Milavetz, Ames,

Weisstein, & Schneyer, 1988; Spitzer, Braun, Hermle, & Maier,
1993). This idea that words induce a broader activation in more-
than in less-disorganized individuals implies that targets also in-

duce broader activation. Therefore, according to the hypothesis
that N400 is generated by the activation, all targets should elicit
larger N400 deflections, and N400 effects may not change, as
observed here. A similar interpretation could be made at the level

of the network coding for meanings, following the hypothesis
that N400 indexes activation in semantic memory (see Kutas &
Federmeier, 2000; Lau, Phillips, & Poeppel, 2008). Alternatively,

according to the hypothesis that the amplitude of the N400 is
proportional to the efforts deployed by the brain to integrate the
meaning of the stimulus in the context (Holcomb, 1993), our

results indicate that healthy people with more disorganization
scores deploy greater efforts to try to integrate target stimuli than
people without disorganization. This may be a consequence of an

initial overspread of activation since it arguably increases diffi-
culty. However, the absence of effects of disorganization scores
on error rates and reaction times does not provide further sup-
port to these lexical and semantic access views of N400s, because

these processes are likely to be involved in the categorization
task. Alternatively, according to a fourth hypothesis, the N400s
index a late inhibition of inappropriate representations (Debru-

ille, 1998; Debruille, Ramirez, Wolf, Schaefer, Nguyen, et al.,
2008; for a review, see Debruille, 2007). In the case of the present
experiment, these inappropriate representations could be those

related to animals that were activated by the question word
‘ANIMAL?’ and that are inappropriate for non-exemplars tar-
gets. Due to their overspread of activation, subjects with higher

disorganization scores would have activated more of these rep-
resentations and thus would have more inhibition to perform,
hence the greater N400 amplitudes. This hypothesis may also be
used to interpret the greater N400s obtained in the exemplar
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condition. The first word ‘ANIMAL’ may activate knowledge
corresponding to animals other than the target. This inappro-

priate activationmay bemore important in cases ofmoremarked
disorganization.

Another finding of the present study is that, in the N400 time

window, the subtractions of the voltages of the exemplar cate-
gory from those of the non-exemplar category positively corre-
lated with higher scores for the interpersonal factor of the SPQ.

The higher the score, the smaller the N400 effect, since this effect
has a negative voltage. These results are consistent with those of a
previous study (Kiang & Kutas, 2005), which reported a corre-
lation between ERP amplitude in the N400 time window and

interpersonal scores in normals. Our study replicates this finding
but also shows that it persists when controlling for the two re-

maining schizotypal factors. Moreover, it suggests that these
correlations are maximal over left centro-parietal electrodes (see

Figure 5) whereas the typical sites where the N400 effect is max-
imal for written word stimuli are usually at the right centro-
parietal part of the scalp (Holcomb, 1988; Kutas et al., 1988).

However, these results should be considered with caution since
they do not correspond to a priori hypotheses. Nevertheless, they
suggest that the correlations may be due to themodulations of an

ERP other than the N400, the functional significance of which
would have to be investigated. Alternatively, the interpersonal
factor might preferentially affect a sub-component of the N400
that is not maximal over centro-parietal electrodes. This left

centro-parietal preferential location is difficult to compare with
findings in the literature. The correlations reported in other
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Figure 5. Spline interpolated maps of the correlation coefficients between mean ERP voltages in the 350–550 ms time window and schizotypal features.

Bivariate correlations for each factor are followed by partial correlations that controlled for the two other factors’ scores. The blue colors used for

negative correlation coefficients mean that greater N400 amplitudes correlate to higher factor scores, as greater N400s (for exemplars, non-exemplars,

and effect) are associated withmore negative values. Significant correlations at one electrode site are tagged by a small ring for po.05, by an intermediate

ring for po.01, and by a large ring for po.001. No correction of the alpha level was necessary here despite the large number of statistical tests done

because of the a priori hypothesis (i.e., that strongest correlation would be observed at centro-parietal sites, that is, at the sites where the N400 effect with

writtenwords is usuallymaximal). ABonferroni correction taking into account all the tests done (3 traits � 28 electrodes5 84) would set the alpha level

at 0.0005. With a less conservative correction, considering familywise errors, the alpha would be set at 0.0017 (for 28 electrodes).



studies pertained to only one scalp location. In Kiang and Kutas
(2005), it was the midline parietal electrode (Pz). In their more
recent study in schizophrenia patients, Kiang et al. (2007) found

that smaller N400 effects at the central electrode, Cz, tend to
correlate with the severity of negative symptoms, and thus with
symptoms that resemble those measured by the SPQ interper-

sonal factor. Meanwhile, Kostova et al. (2005) found the same
relationship between negative symptoms of patients and the
N400 effect at Pz, but this was only a trend (p5 .08). However,

no measures of the correlations between the different clinical
factors weremade. It thus remains unclear whether it would have
been necessary to control for other factors in their subjects’ sam-
ples too, and whether the correlation with ERPs would persist

with these controls.
The maps of the bivariate correlations obtained for the dis-

organization trait and those obtained for the interpersonal score

are interesting to compare to the maps of partial correlations
(Figure 5). This comparison reveals that controlling for the two
other schizotypal factors may have dramatic effects. At some

sites, this control induced a switch in the direction of the cor-
relations. By emphasizing the importance of the control, these
findings may help to reconcile some of the discrepancies present

in the N400 studies of schizophrenia. These discrepancies could
be due to varying patterns of symptom correlations across the
population samples studied.

Regarding delusion-like ideation, the atypically localized cor-

relations found between the severity of this factor and the am-
plitude of the ERPs in the N400 time window (Figure 5)
disappeared when we controlled for the effect of the two other

factors, unlike the correlations found in patients (Debruille et al.,

2007), which resisted this control. Therefore, it seems that de-
lusion-like ideation may not be correlated to N400 in normals
and that healthy subjects with delusion-like ideation do not have

abnormal semantic processes. The present study thus suggests
that delusion-like ideation observed in healthy subjectsmight not
be similar to delusional beliefs of patients as they are not under-

lain by the same neurocognitive mechanisms. These results are at
odds with the findings of Debruille et al. (2007) and Kiang et al.
(2007) in schizophrenia patients and could be used to support a

distinction between normal population and schizophrenia pa-
tients in contrast with the idea of a continuum between the two
(Garety, Bebbington, Fowler, Freeman, & Kuipers, 2007; Shev-
lin et al., 2007; Verdoux & van Os, 2002). However, the results of

Prévost, Rodier, Lionnet, Brodeur, King, and Debruille (forth-
coming) suggest that smaller N400s can be found in healthy
subjects with high scores on delusion-like ideation items of the

SPQ, when boosting paranoid feelings, which probably dimin-
ishes some of the differences between schizophrenia patients and
healthy subjects.

In summary, the results of the present study suggest that the
semantic processes accompanying a particular schizotypal per-
sonality trait should be studied while controlling for the other

traits. As with other brain imaging techniques, various localiza-
tions have to be examined to test whether the correlations ac-
tually pertain to the neurocognitive component under focus.
Moreover, our study supports the view of a continuum between

schizophrenia and normality at least for disorganization and in-
terpersonal factors to the extent that they were found, in healthy
subjects, to be accompanied by semantic processes biases similar

to those observed in schizophrenia patients.
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