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Abstract

The neurocognitive processes underlying the formation and maintenance of paranormal beliefs are important for
understanding schizotypal ideation. Behavioral studies indicated that both schizotypal and paranormal ideation are
based on an overreliance on the right hemisphere, whose coarse rather than focussed semantic processing may favor
the emergence of ‘loose’ and ‘uncommon’ associations. To elucidate the electrophysiological basis of these
behavioral observations, 35-channel resting EEG was recorded in pre-screened female strong believers and
disbelievers during resting baseline. EEG data were subjected to FFT-Dipole-Approximation analysis, a reference-free

Ž .frequency-domain dipole source modeling, and Regional hemispheric Omega Complexity analysis, a linear ap-
proach estimating the complexity of the trajectories of momentary EEG map series in state space. Compared to

Ž .disbelievers, believers showed: more right-located sources of the b2 band 18.5]21 Hz, excitatory activity ; reduced
interhemispheric differences in Omega complexity values; higher scores on the Magical Ideation scale; more general
negative affect; and more hypnagogic-like reveries after a 4-min eyes-closed resting period. Thus, subjects differing in
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their declared paranormal belief displayed different active, cerebral neural populations during resting, task-free
conditions. As hypothesized, believers showed relatively higher right hemispheric activation and reduced hemispheric
asymmetry of functional complexity. These markers may constitute the neurophysiological basis for paranormal and
schizotypal ideation. Q 2000 Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction

The psychometric high-risk paradigm has in-
creasingly gained popularity in the investigation
of the etiology and development of psychosis
ŽLenzenweger, 1991; Chapman et al., 1994; Kwapil

.et al., 1999; for review, see Lenzenweger, 1994 .
Its goal is to identify and characterize putatively
psychosis-prone subjects through paper-and-
pencil screenings. Individuals identified as psy-
chosis-prone will not necessarily decompensate in
clinical psychosis, but show higher vulnerability
for this. Indeed, follow-up studies demonstrated
that schizotypal subjects displayed, 10 years after
the first assessment, a higher rate of pers-
onalrfamilial clinical psychosis, psychotic-like ex-
periences, schizotypal dimensional scores, and

Žpoorer achievementrfunctioning Chapman et al.,
.1994 .

Several studies demonstrated that positive
Žschizophrenic symptomatology e.g. delusion- and
.hallucination-like phenomena are present in

non-psychotic subjects in the absence of manifest
Žillness Claridge and Broks, 1984; Thalbourne,

.1994; Verdoux et al., 1998 . Thus, psychotic symp-
toms seem to be distributed along a continuum
ranging from normal experiences to severe psy-
chotic symptoms, an observation that led Meehl
Ž .1962 to propose the term ‘schizotype’.

The formation and maintenance of paranormal
beliefs appear important for understanding
schizotypal ideation. Previous research demon-
strated a link between paranormal belief and
schizotypy as well as other schizophrenia-relevant

wfeatures Tobacyk and Milford, 1983; Thalbourne,
Ž .1994; for reviews, see Irwin 1993 for the psycho-

Ž .logical perspective, and Brugger in press for the
xneurobehavioral view . Paranormal belief, in gen-

Ž .eral, and belief in extrasensory perception ESP
Žand magical ideation ‘belief in forms of causa-

tion that by conventional standards are invalid’,
.Eckblad and Chapman, 1983, p. 215 , in particu-

lar, are especially interesting because they share
Žsome similarities with delusional belief Kwapil et

.al., 1999 . Pathological peculiarities of ideation
Žodd beliefs or magical thinking, such as supersti-

.tion, clairvoyance, ‘6th sense’, belief in telepathy
and unusual perceptual experiences are diagnos-
tic DSM-IV criteria for schizotypal personality

Ž .disorder American Psychiatric Association, 1994 .
Thus, people differing in their declared belief in
paranormal phenomena, though being completely
healthy, may nevertheless be characterized as be-
ing more or less close to schizotypy proper.

Striking similarities between psychometrically
identified, hypothetically psychosis-prone subjects
and patients with schizophrenic symptomatology
have been demonstrated in several cognitive and
psychophysiological domains. For instance, psy-
chosis-prone subjects showed high occurrence of
thought-disorderedridiosyncratic verbalizations
Ž .Coleman et al., 1996 , uncommon word associa-

Ž .tions Duchene et al., 1998 , deviant olfactoryˆ
Ž .experiences Kwapil et al., 1996 , reduced alloca-

Ž .tion of attentional resources Hazlett et al., 1997 ,
Žimpaired spatial working memory Tallent and

.Gooding, 1999 , increased frequency of mixed
Žhandedness Chapman and Chapman, 1987a; Kel-

.ley and Coursey, 1992 , and reduced P300 ampli-
Ž .tudes Fernandes et al., 1999 . Overall, these

studies suggest that psychosis-prone subjects and
schizophrenic patients share some common pecu-
liarities in brain functions.

In light of the observation that schizophrenic
Ždisorders may be associated with structural

.andror functional hemispheric abnormalities
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ŽGreen et al., 1994; Bruder et al., 1999; Kwon et
.al., 1999 , several behavioral studies investigated

hemispheric functioning in psychosis-prone sub-
jects and subjects differing in their paranormal
belief, yielding, however, discrepant results. While

Žsome studies reported increased left Overby,
. Ž .1992 or decreased right Jutai, 1989 hemispheric

performance in subjects with schizotypal or para-
normal ideation, the majority of them found in-
creased right hemispheric performance in both

Žverbal Broks, 1984; Rawlings and Claridge, 1984;
Brugger et al., 1993a; Poreh et al., 1993, 1994;

.Kravetz et al., 1998; Leonhard and Brugger, 1998 ,
Žvisual Brugger et al., 1993b; Luh and Gooding,

. Ž1999 and spatial-exploratory tasks Brugger and
.Graves, 1997a . Most telling, perhaps, is the di-

rect association between the degree of disordered
thought and paranormal ideation and indices of
functional hemispheric asymmetry found both in

Žpatient populations Bracha et al., 1993; Harvey
. Žet al., 1993 and in healthy individuals Brugger

and Graves, 1997a; Chapman and Chapman,
.1987a; Mohr et al., in press .

To extend these behavioral findings, the pres-
ent study was designated to investigate the rela-
tionships between patterns of brain activity dur-
ing resting, task-free periods and belief in the
paranormal, assumed to be an important manifes-
tation of schizotypal ideation. In light of the liter-
ature reviewed above, the present study tested
the hypothesis that subjects with strong belief in
paranormal phenomena, compared to those with
skeptical attitudes, would show higher right hemi-
spheric activation andror patterns of reduced
functional asymmetry.

2. Methods

2.1. Subjects

Subjects were recruited among a sample of 352
undergraduate psychology students at the Univer-
sity of Zurich who filled in a six-item question-
naire assessing belief in and experience of para-

Žnormal phenomena Mischo et al., 1993; Schienle
et al., 1996; Pizzagalli et al., in press; see Ap-

.pendix A during introductory psychology courses.

The items had to be scored on a 4-point scale.
The total score can range from 0 to 18, denoting
strong skepticism and strong belief in paranormal
phenomena, respectively. Similar items are in-

Žcluded in other schizotypy scales e.g. Eckblad
and Chapman, 1983; Claridge and Broks, 1984;
Gruzelier et al., 1995; for review, see Kwapil et

.al., 1999 .
The subjects were additionally asked about their

willingness to participate in an experiment assess-
ing ‘neuropsychological and electrophysiological
correlates of belief in extrasensory perception’.

Ž .The 117 students 91 women willing to partici-
pate in the later experiment returned the ques-

Žtionnaire mean paranormal belief score: 10.6,
.S.D.s5.2 . Because of the strong prevalence of

women in our pre-screened sample and because
gender is a confounding variable in laterality and

Žschizotypy research Beaton, 1985; Gruzelier and
.Doig, 1996 , only female subjects were considered

for this study.
From the original sample of 91 pre-screened

women, those subjects scoring either in the upper
Ž33% believers, ns19; range of paranormal belief

. Žscore: 14]18 or in the lower 33% disbelievers,
.ns18; range: 0]8 were invited for the EEG

Ž .experiment Fig. 1 . All subjects were right-handed
Ž .Chapman and Chapman, 1987b , were native
German or Swiss-German speakers, and had no
personal or familial history of neurological or

Žpsychiatric disorders. Six subjects two believers,
.four disbelievers were excluded prior to the final

analysis because of insufficient numbers of arti-
Ž . Žfact-free epochs see below . Believers ns17;

.paranormal belief score )69th percentile and
Ždisbelievers n s 14; paranormal belief score

.-27th percentile entering the EEG analysis did
not significantly differ in regard to age, educatio-

Žnal level and handedness score Chapman and
.Chapman, 1987b , as listed in Table 1.

The study was approved by the Hospital’s Ethics
Committee. Subjects gave informed, written con-

Ž .sent and were paid CHF 40 approx. $30 for their
participation.

2.2. Procedure

After arrival at the laboratory, subjects com-
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Ž . Ž .Fig. 1. Histogram of paranormal belief scores ‘ Mischo et al., 1993 in the entire female sample ns91 . The scores of believers
Ž . Ždark bars; ns17, paranormal belief score )69th percentile and disbelievers open bars; ns14, paranormal belief score -27th

.percentile in paranormal phenomena as well as the scores for all other subjects in the original sample not participating in the EEG
Ž .experiment gray bars; ns60 are shown.

Ž . Žpleted the Magical Ideation MI Scale Eckblad
.and Chapman, 1983 and the trait form of the

ŽPositive and Negative Affect Schedule PANAS;
.Watson et al., 1988 during EEG electrode place-

ment. The MI Scale is a 30-item scale asking
about hallucination-like experiences and delu-
sion-like beliefs. The scale has good reliability
and validity in assessing ‘schizotypy’ or psychosis-

Žproneness in the normal population Lenzen-
.weger, 1994 . The PANAS scale contains 20 emo-

Žtion descriptors, 10 assessing positive affect PA;
.e.g. enthusiastic, inspired , and 10 assessing nega-

Ž .tive affect NA; e.g. afraid, distressed . In the trait

form, subjects indicate how they feel ‘in general’.
The PANAS scale was administered because it is
known that affective dimensions of personality

Žinfluence patterns of brain asymmetry Tomarken
.et al., 1992; Pizzagalli et al., 1999, 2000 , and thus

may represent a confounding variable in laterality
research.

Thirty-five electrodes covering the entire scalp
homogeneously were placed according to the

Ž10r10 international system Fp1r2, Fpz, AF3r4,
F7r8, F3r4, Fz, FC5r6, FC1r2, T7r8, C3r4, Cz,
CP5r6, CP1r2, P7r8, P3r4, Pz, PO3r4, O1r2,

.Oz, O9rO10 . Electrodes at the outer left and

Table 1
Ž . Ž . Ž .Demographic and self-report data mean and S.D. for believers ns17 and disbelievers ns14 in paranormal phenomena

Believers Disbelievers P-value

a Ž . Ž .Paranormal belief score 16.4 1.1 3.0 3.0 P-0.0001
Ž . Ž . Ž .Age years 25.8 6.0 27.8 4.8 ns

Ž . Ž . Ž .Educational level years 15.5 3.2 17.1 1.8 ns
b Ž . Ž .Handedness score 13.7 1.4 13.0 0.7 ns

c Ž . Ž .MI score 14.6 3.8 4.4 3.0 P-0.0001
d Ž . Ž .ASC score 7.2 2.5 2.8 2.8 P-0.0001

e Ž . Ž .PANAS PA 35.8 3.2 34.9 5.8 ns
e Ž . Ž .PANAS NA 19.4 5.1 15.6 4.5 P-0.05

a ŽSix-item questionnaire assessing belief in and experience of paranormal phenomena Mischo et al., 1993; possible range: 0]18;
.see Appendix A .

b Ž .Chapman and Chapman 1987b .
c Ž .Magical Ideation score Eckblad and Chapman, 1983 .
d Ž .19-item questionnaire assessing hypnagogic-type reveries possible range: 0]19; see Appendix B .
e Ž .Positive and Negative Affect Schedule PA: Positive Affect; NA: Negative Affect, trait form; Watson et al., 1988 .



( )D. Pizzagalli et al. r Psychiatry Research: Neuroimaging 100 2000 139]154 143

right canthus and an electrode at an infraorbital
site were used to monitor horizontal and vertical
eye movements. Cz was the recording reference.
Subjects were seated in an electrical, sound- and
light-shielded chamber, and instructed that the
experiment involved EEG recording during rest-

Žing with open or closed eyes instructions about
.eye openingrclosing via intercom . The following

Ž .schedule was used for every subject: 1 20 s eyes
Ž . Ž . Ž .open; 2 40 s eyes closed; 3 20 s eyes open; 4

Ž .40 s eyes closed; and 5 further 3:20 min eyes
closed. The 35-channel EEG was recorded cont-

Ž .inuously 250 samplesrsrchannel; 0.05]60 Hz .
Only data from the two 40-s eyes-closed condi-
tions were analyzed. After the EEG recording,
the experimenter entered the room and asked the
subject to fill in a questionnaire about private
experiences during the ‘last, longer part of the
recording where you had your eyes closed’. The
questionnaire was developed in our laboratory
Ž .DP and DL and contains 19 items asking for
hypnagogic-type reveries, including visual, audi-
tory, and somaesthetic hallucination-like experi-
ences, brief dreams, intrusive thoughts such as
suddenly appearing new, faster, clearer or deeper
thoughts, loss of sense of present, reality distor-

Ž .tions see Appendix B . For each item, subjects
answered if that particular experience occurred
by choosing ‘yes’ or ‘no’. The items were adapted
from scales on altered states of consciousness
Ž .ASC; Dittrich et al., 1985 and hallucination

Ž .proneness Launay and Slade, 1981 . For the pres-
Žent study, a global index sum of acknowledged

.experiences: possible range: 0]19 was calculated.

2.3. EEG analyses

For each subject, EEG epochs from the two
40-s eyes-closed conditions were reviewed off-line
for any kind of artifacts using a moving, non-over-
lapping 2048-ms-long window, and extracted for
subsequent analyses. On the average, 16.7"6.8
artifact-free epochs were available, with no sig-

Žnificant differences between the two groups be-
.lievers: 18.7"8.3; disbelievers: 14.4"3.2 . All

available artifact-free epochs were downsampled
to 128 samplesrsrchannel, and subjected to two

different analyses, FFT-Dipole-Approximation
Ž .Lehmann and Michel, 1990 and Regional Omega

Ž .Complexity Wackermann, 1996 .
Ž . Ža FFT-Dipole-Approximation Lehmann and

Michel, 1990; see also Lutkenhoner, 1992; Valdes¨ ¨
.et al., 1992 allows computing equivalent intra-

cerebral source models of multichannel, FFT-
transformed time series, and thus gives direct
insight into the three-dimensional spatial organi-
zation of brain activity. Locations of the source
model characterize the three-dimensional center
of gravity of all neural elements active during the
analysis period. The localization accuracy of the
method was recently confirmed by the finding
that the locations of intracerebral EEG frequency

Ž .domain sources were closely related to a the
locations of maximal cerebral glucose metabolism,
as measured by positron emission tomography
Ž . Ž .Dierks et al., 1997 and to b the surgically
determined seizure origins in patients with

Ž .mesolimbic epilepsy Lantz et al., 1999 . More-
over, a study assessing the behavior of intracere-
bral EEG frequency domain sources during clas-
sical eyes-open and eyes-closed conditions
Ž .Kondakor et al., 1997 found that the eyes closed
condition was associated with significantly
stronger and more posterior sources for the a
bands, as one might expect. The method, which
was previously applied successfully in EEG stud-

Žies of personality dimensions Pizzagalli et al.,
. Ž1999 , mentation modes Lehmann et al., 1993;

.Tesche et al., 1995 and pathological conditions
ŽDierks et al., 1993; Michel et al., 1993; Lantz et

. Ž .al., 1999 , involves two basic steps: 1 modeling
of multichannel brain electric field data in the
frequency domain by a potential distribution map
by assuming a single, common phase angle for the
generating processes. This assumption proved to
be plausible for baseline EEG recordings since
single phase angle models accounted for more
than 93% of the variance of the original data
Ž . Ž .Michel et al., 1992 . 2 Computation of a con-
ventional three-dimensional equivalent dipole
source for the modeled potential distribution map
by assuming a single source. In detail, in step 1,
for each analysis epoch and each FFT frequency
point, the values for all 35 channels were entered
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into a sine]cosine diagram. Using a Hamming
Ž .window Lehmann and Michel, 1990 . Assuming

single-phase generator processes, these entry
points were projected onto the first principal
component of the data cloud and their distances
along the first principal component were read out
in microvolt, forming a potential distribution map.
With the use of a permutation procedure for the
polarities of all available maps for each subject, a
mean map with minimal variance was computed
for each subject. This mean map was then sub-
jected to three-dimensional equivalent dipole

Žsource modeling using a three-shell model step
.2 . From this step, four variables were extracted:

the model source’s location coordinates along the
anterior-posterior, left]right, and superior]infe-

Žrior brain axes, and its strength Global Field
Power; Lehmann and Skrandies, 1980; in micro-

.volts, i.e. square root of power . The model source
locations represent distances in millimeters from

Žthe origin of the spherical head model 10%
above zero of the 10r20 system; radius of the

.model: 78 mm . Because prior factor analysis
research demonstrated the existence of indepen-

Ždent EEG frequency bands e.g. Kubicki et al.,
.1979 , coordinates of the source locations and

their strength were averaged over frequency
Ž . Ž . Žpoints for: d 1.5]6 Hz , d 6.5]8 Hz , a1 8.5]10

. Ž . Ž .Hz , a2 10.5]12 Hz , b1 12.5]18 Hz , b2
Ž . Ž .18.5]21 Hz , and b3 21.5]30 Hz . On the func-
tional level, d activity is reportedly associated
with inhibitory patterns, d and a activity with
normal resting and routine function patterns, and
b activity with excitatory patterns.
Ž . Žb Regional Omega Complexity Wackermann,

.1996, 1999 is a global, voltage- and frequency-in-
dependent, single-value measure of the complex-
ity of multichannel EEG data assessing the de-
gree of synchronization between spatially dis-
tributed processes. Given K electrodes, the mul-
tichannel EEG data can be viewed as a series of
momentary maps whose trajectories can be repre-
sented over time in a K-dimensional state space.
Omega complexity assesses the shape of the tra-

Ž .jectory ‘data cloud’ in the state space. The
method decomposes the data into spatial princi-

Žpal components: the shape of the trajectory its
.‘complexity’ is assessed by means of its extension

along the principal axes. The K=K covariance
matrix between the signals recorded from the K
electrodes is computed, and its eigenvectors and
eigenvalues evaluated. The eigenvectors repre-
sent the directions of principal axes in the state-

Ž .space i.e. the topography , whereas the eigenval-
ues represent the proportional contribution of a
respective component to the total variance.
Omega is then computed using the formula
Ž .Wackermann, 1996 :

K

Vsexp y l9 logl9Ý i i½ 5
is1

where Ksnumbers of channels, and l9 s i-thi
eigenvalue of the matrix divided by the sum of all

Ž .eigenvalues normalized i-th eigenvalue . Thus,
ŽOmega attains values from 1 maximal synchro-

.nization of the signals at different locations to K
Žmaximal de-synchronization, i.e. no correlation,

.of the signals at different locations . In other
words, higher Omega complexity indicates less
synchronization between spatially distributed
processes or the presence of a higher number of

wsimultaneously active processes. Note that log
Omega corresponds to the ‘entropy’ of the spec-
trum of eigenvalues of the covariance matrix
Ž xSzelenberger et al., 1996 . Changes in Omega
complexity were studied across the sleep-wakeful-
ness cycle, as a function of pharmacological and
sensorimotor stimulation as well as in relation to
brain maturation and during different emotional

Ž .states for review, see Wackermann, 1999 .
Applied to our data, the analysis proceeded as

follows: the 35-channel EEG was first zero-
Ž .centered in time temporal DC offset removal

Ž .and space spatial DC offset removal . For all
artifact-free epochs, Omega complexity was eval-
uated separately for electrode arrays over the left
ŽFp1, AF3, F7, F3, FC5, FC1, T7, C3, CP5, CP1,

. ŽP7, P3, PO3, O1, O9 and right hemisphere Fp2,
AF4, F8, F4, FC6, FC2, T8, C4, CP6, CP2, P8, P4,

.PO4, O2, O10 . The 15=15 covariance matrices
for all possible electrode pairs over a given hemi-
sphere were computed, and their eigenvectors
and eigenvalues were obtained, using Jacobi’s di-
agonalization method. For every subject, the mean
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Omega complexity value for the left and right
hemisphere was computed and used for further
analysis.

2.4. Statistics

For the FFT-Dipole-Approximation analysis, a
global vector analysis was used to test for differ-
ences between believers and disbelievers. The

Žanalysis consisted of four steps Kondakor et al.,
.1997; Pizzagalli et al., 1999, 2000 . First, the mean

source location for every frequency band was
computed for believers and disbelievers sepa-
rately. Second, the three-dimensional difference
vector separating these mean locations was com-
puted. Third, the source for every single subject
was projected to the difference vector. Finally,
differences in projections between believers and
disbelievers were tested by a two-sample t-test. In
cases of significant results in the global analysis,
post-hoc t-tests assessed on which brain axis the
groups differed.

Additionally, possible group differences in the
model source strengths were tested for every in-
dependent EEG band using two-sample t-tests.

For the regional Omega complexity analysis, a
Ž .two-way analysis of variance ANOVA with

Ž .Group believers vs. disbelievers as between-sub-
Ž .ject factor, and Side left vs. right hemisphere as

repeated measure was performed.
Two-tailed P-values are reported, throughout.

Standard deviations are reported as measures of
dispersion.

3. Results

3.1. Self-report measurements

In addition to their differential beliefs in para-
normal phenomena, the two pre-selected subject

Žgroups also differed in their MI scores t s8.06,29
y8 . Ž y5 .P-10 , ASC scores t s4.58, P-10 , and29

NA scores, as assessed with the PANAS scale

Ž .t s2.21, Ps0.035; Table 1 . The point-biserial29
Žcorrelation between the group assignment be-

. Žlievers vs. disbelievers and the MI scores r spb
. Ž0.83, t s8.02, P-0.0001 , ASC scores r s29 pb
.0.65, t s4.57, P-0.0001 , and PANAS NA29

Ž .scores r s0.38, t s2.21, P-0.035 were sig-pb 29
nificant. Thus, the group designation explained
;69, 42 and 14% of the variance of the later
assessed MI, ASC and PANAS NA scores.

3.2. FFT-dipole-approximation analysis

Ž .From a descriptive perspective Fig. 2 , believ-
ers had more anteriorly located sources for u, a2,
b2 and b3; more posteriorly located sources for
d, a1 and b1; more left located sources for all
bands except b2 and b3; and more inferior
sources for all bands. We note that the general
geometry of the different band sources was re-
markably similar to that reported in previous
studies of eyes-closed EEG during various condi-

Žtions Michel et al., 1992; Lehmann et al., 1993;
.Pizzagalli et al., 1999 . In all of these studies, d

and u sources were the most anterior and infe-
rior, a sources were the most posterior and supe-
rior, and b sources were intermediate for both
the anterior]posterior and superior]inferior
brain axes.

Ž .The global vector analysis Table 2 revealed
significant differences between believers and dis-

Ž .believers only in b2 t s2.30, Ps0.029 and b329
Ž .t s2.60, Ps0.015 . For b2, post-hoc tests29
showed that the effect was due to different source

Žlocations along the left]right brain axis t s2.05,29
.Ps0.049 : for believers, the b2 source was lo-

cated slightly to the right of the midline, whereas
for disbelievers, it was located to the left of the

Ž .midline Fig. 2B . For b3, however, the post-hoc
Žtests failed to reveal any significant results be-

lievers showed only trends for more anterior and
.inferior b3 sources .

Analyses of model source strength revealed
only statistical trends for a2 and b3. In both
cases, disbelievers displayed higher GFP values
Žin microvolts: a2: 19.77"11.51 vs. 13.31"9.41;



( )D. Pizzagalli et al. r Psychiatry Research: Neuroimaging 100 2000 139]154146

Ž . Ž .Fig. 2. Mean locations of the model sources for believers black squares; ns17 and disbelievers open circles; ns14 in
Žparanormal phenomena for the seven independent frequency bands d: 1.5]6 Hz, u: 6.5]8 Hz, a1: 8.5]10 Hz, a2: 10.5]12 Hz, b1:

. Ž . Ž .12.5]18 Hz, b2: 18.5]21 Hz, and b3: 21.5]30 Hz . A Head seen from the left, showing the anterior ANT. -posterior and
Ž .superior-inferior axes; B head seen from above, showing the left]right and anterior]posterior axes. Origin of coordinate system is

Ž .near head center tickmarks at 5-mm distances .

t s1.72, Ps0.096; b3: 2.33"0.67 vs. 1.95"29
.0.58; t s1.70, Ps0.10 .29

3.3. Regional Omega complexity analysis

The ANOVA revealed a significant main effect
Žof Side left hemisphere: 4.14"0.64 vs. right

.hemisphere: 3.98"0.71; F s4.11, Ps0.051,29
Žand a Group=Side interaction F s3.02, Ps1,29

.0.09 . Compared to disbelievers, believers had
higher Omega complexity values over the right

Ž .hemisphere 4.05"0.70 vs. 3.91"0.73; ns , but
Žlower values over the left hemisphere 4.07"0.55

.vs. 4.21"0.74; ns; Fig. 3 . An alternative analysis
tested for putative interhemispheric differences
for the two subject groups separately. Omega

Ž .asymmetry left]right hemisphere differed sig-
Žnificantly from zero only for disbelievers 0.30"

.0.45; left )right; t s2.45, Ps0.029 , whereas13
Ž .believers 0.02"0.42; t s0.22, P)0.8 showed16

no significant interhemispheric differences. Anal-
yses on the individual scores confirmed these

wpatterns: eleven of 14 disbelievers 78.6%; bi-
Ž . xnomial probability P 11r14 s0.022 , but only

weight of 17 believers 47.05%; binomial probabil-
Ž . xity P 8r17 )0.15 had higher Omega complexity

Ž 2values for the left hemisphere x s3.21, d.f.s1,
.Ps0.072 .

3.4. Additional analyses

As listed in Table 1, believers reported higher
PANAS NA scores compared to disbelievers. Due
to the fact that affective dimensions of personal-
ity influence asymmetrical patterns of brain elec-

Žtric activity in general, increased right hemi-
spheric activity is associated with more negative
affect; Tomarken et al., 1992; Pizzagalli et al.,

.1999, 2000 , the results reported here could have
been confounded by differences in PANAS NA
scores. To test this alternative hypothesis, Pear-
son correlations were computed between PANAS
NA scores and the b2 source locations along the
left-right brain axis, on one side, and the Omega
complexity values for the left and right hemi-
sphere, on the other side. For believers, disbeliev-
ers and for the entire sample, all correlations

Ž .were clearly not significant all P)0.30 .
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Table 2
Ž . Ž . Ž .Mean locations across subjects and S.D. of the EEG model sources for believers ns17 and disbelievers ns14 in the seven

aŽindependent frequency bands in mm from origin of coordinate system near head center, see Section 2.3

Ž .Hz Believers Disbelievers Difference Vector

Ž . Ž . Ž .d 1.5]6 A]P y0.25 13.47 7.60 20.88 y7.85
Ž . Ž .L]R 1.08 5.05 y1.25 5.90 2.33 8.202
Ž . Ž .S]I 3.95 8.73 4.39 10.32 y0.43

Ž . Ž . Ž .u 6.5]8 A]P y6.25 11.80 y7.43 12.27 1.18
Ž . Ž .L]R 2.13 7.08 2.12 7.12 0.02 3.908
Ž . Ž .S]I 14.37 8.84 18.09 9.21 y3.73

Ž . Ž . Ž .a1 8.5]10 A]P y19.52 16.32 y15.27 10.64 y4.24
Ž . Ž .L]R 3.43 10.09 0.54 6.15 2.89 5.180
Ž . Ž .S]I 12.01 11.22 12.69 10.87 y0.67

Ž . Ž . Ž .a2 10.5]12 A]P y25.28 12.77 y26.69 7.38 1.41
Ž . Ž .L]R 2.42 10.93 0.40 11.81 2.02 2.617
Ž . Ž .S]I 17.66 10.90 18.54 8.82 y0.88

Ž . Ž . Ž .b1 12.5]18 A]P y19.55 8.94 y18.39 8.24 y1.16
Ž . Ž .L]R 1.44 6.49 y0.27 6.20 1.70 2.585
Ž . Ž .S]I 10.72 10.67 12.28 6.92 y1.56

Ž . Ž . Ž .b2 18.5]21 A]P y17.87 8.79 y21.50 16.16 3.63
UŽ . Ž .L]R y0.15 7.55 6.06 9.44 y6.21 7.509

Ž . Ž .S]I 12.68 11.76 14.85 13.67 y2.17

Ž . Ž . Ž .b3 21.5]30 A]P y9.60 13.90 y19.00 22.78 9.40
UŽ . Ž .L]R y3.38 12.52 1.82 14.45 y5.20 12.841

Ž . Ž .S]I y1.42 12.44 5.62 12.28 y7.04

aA]P, anterior]posterior; L]R, left]right; S]I, superior]inferior axes; positive values towards anterior, left and superior from
Ž .origin. Vector length mm measures the three-dimensional differences between the model sources of the two subject groups.

UP-0.05.

Taken together, the results suggest that sub-
jects differing in paranormal belief displayed dif-
ferent active, cerebral neural populations during
resting conditions. Particularly, believers com-
pared to disbelievers showed relatively higher
right hemispheric activation and reduced hemi-
spheric asymmetry of functional complexity.

4. Discussion

The present study was designed to investigate
putative electrophysiological correlates of sub-

jects’ proclivity to generate andror accept beliefs
in paranormal phenomena. Adopting a three-
dimensional EEG source modeling analysis
procedure, we demonstrated that female partici-
pants reporting experiences with and belief in
paranormal phenomena showed different intra-
cerebral model sources compared to disbelievers
during resting periods. Source modeling is refer-
ence-free and thus allows interpretations in terms
of spatial distribution of brain activity. Intracere-
bral sources describe the three-dimensional cen-
ter of gravity of all momentarily active neural
assemblies. Because different center of gravity
locations are indicative of different geometry of
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ŽFig. 3. Mean regional Omega complexity for believers black
. Ž .bars; ns17 and disbelievers open bars; ns14 in paranor-

mal phenomena computed separately for the left and right
hemisphere. Error bars denote standard deviations.

Žthe active neural assemblies Lehmann et al.,
.1993 , we conclude that the two subject groups

were in a different brain functional state during
the baseline recording. Strong belief and skepti-
cism in paranormal phenomena was associated
with b2 sources located to the right and left,
respectively, of the midline. In subjects with strong
paranormal belief, a more right-located center of

Ž .gravity for excitatory activity b band was indica-
tive of a pattern of increased brain electric activ-
ity in the right hemisphere. The left-located b2
sources for disbelievers and the right-located
sources for believers parallel those demonstrated
in a prior study investigating schizophrenic and
control subjects using FFT-dipole-approximation

Ž .analysis Michel et al., 1993 . In this previous
Žstudy, the model source for the b2 band 19.0]22.5

.Hz was to the right of the midline for patients
and to the left for controls.

The source localization results were nicely
complemented by those achieved with a linear
complexity analysis of the map series’ trajectories

Ž .in state space Wackermann, 1996, 1999 . This
analysis demonstrated that believers showed no
significant interhemispheric differences of func-
tional complexity, whereas disbelievers showed
clearly higher complexity over the left brain hemi-

Ž .sphere. The linear covariance measure of com-
plexity assesses the number of independent
processes within the brain: Increased regional
complexity is indicative of more independent, par-
allel active processes. It is therefore concluded

that believers showed a less pronounced hemi-
spheric asymmetry of functional complexity than
disbelievers.

The present electrophysiological results agree
with and extend prior behavioral findings stress-

Ž .ing a link between: a paranormal and schizoty-
Ž .pal ideation; and b patterns of reduced functio-

nal asymmetries or right hemispheric processing
Žbias Broks, 1984; Rawlings and Claridge, 1984;

Brugger and Graves, 1997a; Brugger et al.,
1993a,b; Poreh et al., 1993, 1994; Gruzelier and
Doig, 1996; Kravetz et al., 1998; Leonhard and

.Brugger, 1998; Luh and Gooding, 1999 . We pre-
viously suggested that a relative overactivation of
the right hemisphere may constitute the neuro-
psychological basis for schizotypal and paranor-

Žmal ideation Leonhard and Brugger, 1998; Pizza-
.galli et al., in press . This hypothesis was formu-

lated after review of the neuropsychological liter-
ature indicating differential associative processing
peculiarities of the two cerebral hemispheres, the
left hemisphere being more activated during pro-
cessing of close semantic relations, and the right
hemisphere being more involved in processing of

Žremote semantic relations for extensive review,
.see Beeman and Chiarello, 1998 . In schizotypal

subjects, a relatively increased activation of the
right hemisphere may lead to overreliance on its
semantic processing characteristics, and thus to
overestimation of the meaningfulness of naturally

Žoccurring coincidental events Brugger and
.Graves, 1997b; Houran and Lange, 1998 , which

may in turn favor the formation of magical and
paranormal belief. Noteworthy, in a sub-sample
of the present subjects, we found that subjects
with strong paranormal belief showed faster ap-

Žpreciation of distant semantic relations i.e.
.stronger indirect priming effects , but only when

the words were initially presented to the right
Ž .hemisphere Pizzagalli et al., in press . The emer-

gence of ‘loose’ associations was explained by a
relative overreliance on unfocused activation
within right hemisphere semantic networks. The
present EEG complexity results furnish strong
support for this hypothesis due to the fact that
increased EEG complexity is generally inter-
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Ž .preted as an index of decreased loosened
Žcooperation of different neural systems or con-

versely, increased independence; Koukkou et al.,
.1993; Saito et al., 1998; Wackermann, 1999 .

We previously argued that a relative overre-
liance on unfocused activation within right hemi-
sphere semantic networks might also favor the

Žemergence of a creative style of thinking for
.review, see Leonhard and Brugger, 1998 . Accord-

ingly, it appears that two different peculiarities of
paranormal and schizotypal ideation that have
been traditionally discussed in the literature, one

Ž .with negative connotation psychosis proneness
Žand one with positive connotation creative

.thinking , may share common biological mecha-
nisms. From an evolutionary perspective, magical

Žand paranormal beliefs i.e. seeing connections
.between things that are in fact unrelated would

seem to be the price we have to pay for a highly
developed, creative pattern-detection system. In
terms of signal detection theory, creative detec-
tion of meaningful pattern against a background

Ž .of sensory or linguistic noise must be conceived
of as ‘hits’, whereas ‘false alarms’ would refer to
the erroneous assumption of the presence of

Žmeaningful signals visual or semantic, cf. Brug-
.ger and Graves, 1997b .

Ž .Structural Kwon et al., 1999 , electrophysiolog-
Ž . Žical Bruder et al., 1999 and behavioral Green et

.al., 1994 studies consistently demonstrated left-
hemispheric dysfunction in schizophrenia, a find-
ing recently extended to schizotypal personality

Ž .disorder Dickey et al., 1999 . Such abnormalities
were especially evident in patients with positive

Žsymptomatology e.g. hallucinations; Barta et al.,
.1990 and in the left temporal regions, leading to

a decreased or absent left hemispheric domi-
Žnance in language processing for review, see

.Crow, 1997 . We do not expect such dramatic
changes in our sample of well-functioning univer-
sity students. However, within the framework of a

Ždiathesis-stress model of psychosis Meehl, 1962;
.Chapman et al., 1994 , we interpret a relatively

increased right hemispheric activation in hypo-
thetically psychosis-prone subjects as a necessary
but by no means sufficient precondition for later
psychotic development. Further research is

needed to evaluate if the combination of a
chronically overactivated right hemisphere and
environmental stress may eventually impair left-
hemisphere functionality.

The present female participants with paranor-
mal experiences and beliefs also scored signifi-
cantly higher on a questionnaire asking for other
forms of magical ideation. This inventory, the

Ž‘Magical Ideation’ scale Eckblad and Chapman,
.1983 , was originally introduced as an ‘indicator

Žof schizotypy’. While believers’ mean scores 14.6
."3.8 were in fact higher than those reported for

Ža sample of healthy female college student 9.7"
.5.9, Garety and Wesseley, 1994 , the disbelievers’

magical ideation scores were considerably lower
Ž .4.4"3.0 . Believers also reported more general
negative affect and more hypnagogic-like reveries
after a short resting period with eyes closed.
While the former result may be interpreted as
indexing anhedonic components in subjects with

Žschizotypalrparanormal ideation see Chapman
.et al., 1994; Kwapil et al., 1999 , the latter is

reminiscent of prior findings of a link between
paranormal belief and proneness to dissociation
Ž .Irwin, 1994; Wolfradt, 1997 . Specifically, the
present results extend prior studies suggesting an
association between proneness to dissociate and
relative right hemispheric activation. Indeed, Mc-

Ž .Creery and Claridge 1996 reported that prone-
ness to experience ‘out-of-the-body’ experience
was linked to EEG indexes of relative activation
of the right hemisphere and heightened inter-
hemispheric coherence, while Persinger and co-
workers found a relation between reports of
vestibular-auditory experiences, space-time dis-
tortions, belief in spiritism, history of sensed pres-
ence and ego-alien intrusions, and EEG indices

Žof right temporal lobe function Lavallee and
.Persinger, 1992; Persinger, 1993 . Anatomically,

in the present data, the occurrence of hypna-
Žgogic-like reveries especially perceptual distor-

.tion and body schema alterations may well be
Žassociated with right parietal activation cf. Saver

.and Rabin, 1997 .
The present study presents two major limita-

tions. First, only female participants were investi-
gated. Since gender is a potential confounding
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Ž .factor in schizotypy Gruzelier and Doig, 1996 ,
future research is needed to extend the present
findings to male subjects. Second, the study is
correlational in its nature. Thus, the causal rela-
tionships between paranormal belief and EEG
parameters cannot be assessed.

Summarizing, the present study demonstrated
that subjects differing in their declared belief in
and experience with paranormal phenomena as
well as in their schizotypal ideation, as de-
termined by a standardized instrument, displayed
differential brain electric activity during resting
periods. Believers in the paranormal were charac-
terized by a relatively increased right hemispheric
activation and by a reduced hemispheric asymme-
try of functional complexity. These results furnish
direct electrophysiological support for a neu-
ropsychologically oriented model of schizotypal
and paranormal ideation, where a link between
overactivation of the right hemisphere and
schizotypalrparanormal ideation is emphasized
ŽLeonhard and Brugger, 1998; Pizzagalli et al., in

.press . Demonstration of specific patterns of
hemispheric organization in putatively psychosis-
prone subjects is important for psychiatric re-

search because it may help identify subtle neu-
rocognitive peculiarities prior to a potential exac-
erbation. More generally, the present results
should be interpreted as an attempt to better
understand the neurophysiological correlates of
subtle differences in how people evaluate and
conceptualize the ‘functioning of the world’. De-
monstrating neurophysiological substrates of
belief in paranormal phenomena does not auto-
matically demean the contents of these personal
beliefs. Thus, the possibility of ‘abnormal’ pheno-
mena is neither confirmed nor disconfirmed by
demonstrations of brain correlates of belief in the

Žparanormal see Saver and Rabin, 1997 for a
.similar conceptualization .
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Appendix A

Ž .Six-item questionnaire assessing belief in and experience of paranormal phenomena translated from Mischo et al., 1993

Definitively Definitively
true false

I had at least one telepathic experience with another person I I I I
aI never had any extrasensory perceptions I I I I

I had at least once a presentiment that became true and that I I I I I
thought it was not due to chance

I think telepathy exists I I I I
Some dreams refer to future incidences, which cannot be I I I I

known before
I had at least one dream that referred to the future and that I I I I

fulfilled so exactly that I think it was not due to chance

a Reversed scoring.
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Appendix B

Ž .Nineteen-item questionnaire assessing personal experiences hypnagogic-type reveries during eyes-closed resting conditions
Ž .adapted from scales on altered states of consciousness: Dittrich et al., 1985, and hallucination proneness: Launay and Slade, 1981

When I had my eyes closed, I saw Points, flashes, or colors I Yes I No
Patterns I Yes I No
Images I Yes I No
Moving scenes I Yes I No

I had the impression I heard Words coming from myself I Yes I No
Music coming from myself I Yes I No

I had sudden thoughts that were unrelated to previous ones I Yes I No
My body feeling was altered I Yes I No
I had the feeling I was levitating I Yes I No
My spatial orientation in the room was unsure I Yes I No

I felt Happiness I Yes I No
Sadness I Yes I No
Tension I Yes I No
Fear I Yes I No

I had deeper insights in the world I Yes I No
I had the feeling that everything around me was somewhat unreal I Yes I No
I had the feeling I could think quicker and clearer than usual I Yes I No
I experienced past, present and future as an entity I Yes I No
I had the feeling I was dreaming I Yes I No
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