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Paranormal belief and suggestibility seem related. Given our recent findings outlining
a putative association between suggestibility and a specific dopaminergic genetic poly-
morphism, we hypothesized that similar exploratory genetic data may offer supplemen-
tary insights into a similar correlation with paranormal belief. With more affordable costs
and better technology in the aftermath of the human genome project, genotyping is
increasingly ubiquitous. Compelling brain theories guide specific research hypotheses as
scientists begin to unravel tentative relationships between phenotype and genotype. In line
with a dopaminergic brain theory, we tried to correlate a specific phenotype concerning
paranormal belief with a dopaminergic gene (COMT) known for its involvement in
prefrontal executive cognition and for a polymorphism that is positively correlated with
suggestibility. Although our preliminary findings are inconclusive, the research approach
we outline should pave the road to a more scientific account of elucidating paranormal
belief.

© 2008 Elsevier Srl. All rights reserved.

1. Introduction

random data. For example, one study showed that believers in
Extrasensory Perception (ESP) were poorer at making proba-

Attempts to characterize paranormal belief have been tradi-
tionally phenomenological. Several researchers have endeav-
ored to characterize the differences among individuals who are
skeptical about, believe in, or experience the paranormal. An
emerging theme from these reports identifies variations in the
tendency to perceive patterns in ambiguous or statistically

bility judgments compared with skeptics (Blackmore, 1985). In
addition, believers in ESP were more likely to attribute chance
effects to non-chance causes, relative to non-believers. This
notion has since been generalized, positing that believers in the
paranormal are more likely to detect patterns in random noise
where no such patterns exist (Brugger and Taylor, 2003).
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About three decades ago increased interest in the biolog-
ical substrate of paranormal belief and religious experience
identified the role of the temporal lobe and epileptic foci
therein (Mandell, 1980). Support for this hypothesis came
from several sources. One study reported that individuals
diagnosed with temporal lobe epilepsy syndrome showed
a tendency for multiple religious conversions (Geschwind,
1983). Electrophysiological accounts reported that electroen-
cephalogram (EEG) of non-epileptic individuals revealed
spontaneous paranormal experiences and proposed that the
psychological components of complex partial (psychomotor)
epilepsy may represent a continuum of temporal lobe sensi-
tivity, suggesting that healthy people may display, albeit less
strongly, experiences and non-convulsive behaviors similar to
those of patients diagnosed with electrical foci within the
temporal lobe (Persinger, 1984). Finally, EEG findings showed
a positive correlation between higher numbers of major
complex partial (temporal) epileptic signs and both para-
normal experience and a specific personality profile, including
stereotyped, ruminative and overly judgmental behavior
(Persinger and Makarec, 1987).

Similar to other higher brain functions, paranormal belief
probably involves both genes and specific experience.
Although elucidating the role of genes in cognitive networks
underlying human performance is still in its infancy (Fossella
et al., 2002a, 2002b; Fan et al., 2003), recent investigations into
the biological basis of paranormal belief and religious expe-
rience take the approach that human spirituality has an
innate genetic component (Hamer, 2004). Rather than claim-
ing that a specific gene is responsible for spirituality, humans
may possess a predisposition for a well-characterized
phenotype. For example, one gene that was at least correlated
with a form of “self-transcendence” is vesicular monoamine
transporter number 2 (VMAT2), a gene known to influence
monoamines in the brain (Hamer, 2004). To avoid a “fishing
expedition,” however, it is better to frame genotype-
phenotype correlations within an overarching brain theory.
As a case in point, multiple studies report that emotional
sensitivity involves brain monoamines (Liu and Nakamura,
2006). Therefore, a positive correlation between VMAT2 and
self-transcendence seems more meaningful than a correla-
tion unsupported by such an underlying brain theory.

The gradual introduction of biological assays complements
the phenomenological approach. In a yet-to-be-published study
exploring the tendency to pick up meaningful information
among scrambled words or faces, investigators administered
the dopamine agonist levodopa (L-dopa) — a drug typically used
to relieve the symptoms of Parkinson’s disease by increasing
levels of dopamine in the brain - to both skeptics and self-
confessed believers in the paranormal (Krummenacher et al,,
2002). In the no-drug condition, believers were more inclined
than skeptics to assume the presence of meaningful informa-
tion. Under L-dopa, however, the probability of seeing a mean-
ingful pattern increased for the skeptics but remained
unchanged for the believers, probably due to a ceiling effect.

Dopamine, which has been studied in the context of
Magical ideation (MI) and suppressing negative schizotypal
symptoms (Mohr et al., 2005a, 2005b, 2004), is also central to
executive functions and selective attention (Raz, 2004; Raz and
Buhle, 2006). We have recently outlined close links between

mechanisms of attention and suggestion and provided
preliminary data to support a candidate gene approach to
suggestibility (Raz, 2005; Raz et al.,, 2005, 2006). Although
suggestibility is a complex phenomenon likely associated
with many genetic polymorphisms, we identified a positive
correlation between a specific polymorphism of a dopami-
nergic gene and suggestibility (Raz et al., 2006) and have
shown that neuroimaging assays and exploratory genetic
associations from the domain of attention research may
elucidate the underlying neural substrates (Fan et al., 2003).

Suggestibility, interchangeably termed hypnotizability (Raz,
2007), and paranormal belief likely share a common or largely
overlapping phenotype (Braffman and Kirsch, 1999; Kirsch etal.,
1999a, 1999b; Kirsch, 1997; Brugger, 2001; Brugger et al., 1994). For
example, suggestibility shares at least some personality traits
often seen in paranormal believers (Persinger and Makarec,
1987; Hines, 2003; Tellegen and Atkinson, 1974). The association
between the genotype we previously identified - catechol-o-
methyl transferase (COMT) high/low enzyme activity poly-
morphism-and suggestibility probably relates to COMT s rolein
the breakdown of dopamine in the central nervous system
(Cooper et al., 2002).

The putative association between paranormal thoughts and
high levels of dopamine in the brain (Krummenacher et al.,
2002) contextualizes both the notion that differences in the
COMT genotype correlate with multiple cognitive and psychi-
atric variables (Diamond et al.,, 2004; Zubieta et al., 2003;
Craddock et al.,, 2006) and that individuals with a valine/
methionine (VM) COMT polymorphism correlate positively
with suggestibility (Raz, 2005; Raz et al., 2005, 2006). In addition,
frontal brain regions, including the anterior cingulate cortex,
are key nodes in executive functions and dopamine plays
a pivotal role in such control networks (Raz, 2004; Raz and
Buhle, 2006). The activity of COMT in the brain varies as
a function of location therein and substantive evidence indi-
cates that COMT has its greatest effect in the frontal areas
(Craddock et al., 2006). Interpretation of functional magnetic
resonance imaging data suggests that regions within human
prefrontal cortex were involved in the perception of patternsin
sequences of random stimuli (Huettel et al., 2002). Because
individuals who believe in paranormal phenomena are typi-
cally more likely to construe non-existent patterns in random
sequences, these individuals may well be endowed with
aspecial ability to dissociate, getabsorbed, and suspend belief -
hallmarks of both suggestibility (Kirsch, 1999; Kirsch and
Braffman, 2001) and paranormal belief (Brugger, 2001; Brugger
etal., 1994; Hines, 2003). Thus, such individuals would be more
likely to correlate with the heterozygous COMT genotype.
Guided by this logic, in the present study we tested the
hypothesis of whether a well-defined phenotype of believingin
the paranormal will positively correlate with the dopaminergic
VM COMT polymorphism.

2. Methods
2.1. Participants

One hundred and thirteen students from the Pleasantville
campus of Pace University were recruited from various
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undergraduate psychology classes to take part in this study.
Unidentifiable genetic samples from six individuals precluded
those data from the analysis. The final dataset comprised 107
individuals (20 male; 87 female) with a mean age of 20.7 years
(SD =2.5).

2.1.1. Questionnaires

In the classroom, participants filled out three questionnaires
designed to measure paranormal belief/experience and
handedness. For paranormal belief we used the magical
ideation scale — MIS - (Eckblad and Chapman, 1983) and the
anomalous experience inventory - AEI - (Gallagher et al.,
1994). The MIS is a 30 item questionnaire that yields a single
score; the AEI comprises 70 true or false items and yields five
scores: experience (maximum score 29), belief (12), ability (16),
fear (6) and use (7). In addition, we administered the Edin-
burgh Handedness Inventory (Oldfield, 1971).

2.2. Genetics

Having read, understood and signed the appropriate consent
form, participants were given small water bottles to rinse their
mouths before inserting a sterile cheek swab into their oral
cavity and gently swabbing the internal side of their cheeks
for about 30 sec. COMT status was determined by genotyping
of buccal swab DNA. Buccal swabs were then collected from
consenting subjects and genomic DNA was prepared as
previously described (Fossella et al., 2002b).

To describe this procedure in more detail, buccal swabs
were obtained via buccal cell brush from consenting subjects
and prepared as directed by the manufacturer. We used the
MasterAMP Buccal Swab DNA Extraction Kit (Epicentre Tech-
nologies, Madison, WI). Yields range from 0.5 to 3 ug of DNA
from each buccal sample. Yields were determined spectro-
photometrically by absorbance at 260 nm. Taq polymerase,
PCR buffer, and dNTPs were obtained from QIAGEN and used
at recommended concentrations for a 20 ul PCR reaction. PCR
reactions and restriction digests (PCR-RFLP) were optimized
and performed on the PTC-100 Programmable Thermal
Controller (MJ Research) outfitted with a heated lid for oil-free
amplifications. A ‘touchdown’ PCR cycling regimen and the
addition of DMSO (10% final v:v) was used in order to auto-
matically optimize the hybridization stringency. Gel electro-
phoresis in either LE agarose followed by staining in ethidium
bromide was used to resolve and visualize DNA fragments.

Turningin the swab to the experimenter, each subject thus
provided a small DNA sample, which was later genotyped for
the dopaminergic polymorphisms of interest as previously
described (Fossella et al., 2002a, 2002b, 2003). The gene that
codes for COMT comes in three allelic forms, valine/valine
(VV), VM and methionine/methionine (MM) with substitutions
taking place at codon 158 of the longer form, which is
predominant in the brain. We focused on an abundant VM
functional polymorphism of the COMT gene at codon 158. The
alleles are codominant so that individuals with the VV geno-
type have the highest activity of COMT, those with the MM
genotype have the lowest activity, and heterozygous individ-
uals are intermediate. We compared variations in paranormal
belief with differences in COMT polymorphisms in

contributed DNA while assuring anonymity of all genetic
samples throughout.

3. Results

Of the 107 participants who provided usable data, 26 (24%)
were VV, 57 (53%) were VM and 24 (23%) were MM. The results
from the gene analysis and self-report questionnaires can be
found in Table 1. The table also displays the non-significant
results of seven separate one-way analyses of variance. Of
major interest to the present study, paranormal belief scores
did not differ between the different COMT genotype groups.

4, Discussion

Based on the present results of this exploratory study we
cannot reject the null hypothesis. Reporting negative results
would not usually be grist for the scientific mill. However, this
report is just a preliminary account in an ongoing research
effort that we plan to extend, and we largely attribute the
outcome of our findings so far to the limited range of
responses on the survey measures. Perhaps because of the
nature of the student body at Pace University’s Pleasantville
campus, very few participants in our sample had particularly
high scores on any of the measures of paranormal belief and
experience. For comparison, a description of normative data
for the MI scale drawn from more than 1500 American college
students reported that the mean scores were 8.56 (SD = 5.24)
for men and 9.69 (SD = 5.93) for women (Garety and Wessely,
1994) - higher than the scores obtained from the present
population. An experimental sample drawing on a higher
proportion of participants who report paranormal beliefs will
likely more adequately serve to test our hypothesis regarding
the relationship between holding paranormal convictions and
a dopaminergic genotype.

Table 1 -Mean scale scores (+ standard deviations) for the

three genotypes and statistical parameter of the seven
separate one-way ANOVAs

Genotype vV VM MM F?
Magical ideation scale 7.9 (6.2) 6.7 (4.6) 7.0 (5.1) .45
AEL belief 55(24) 5429  60(3.0) .40
AEIL: experience 6.9 (4.3) 5.5 (3.4) 6.2(5.1) 123
AEL ability 19(1.8) 14(17) 1926 .83
AEL fear 1.4 (1.4) 1.4 (1.8) 1.1 (1.4) .19
AEL use 23(13) 21(11) 2111 36
EHS 58.2(33.4) 73.5(34.0) 62.0(40.5) 1.9

Note that all comparisons were non-significant.

AEI, anomalous experience inventory; EHS, Edinburgh handedness
survey.

VV, valine/valine; VM, valine/methionine; MM, methionine/
methionine.

a All F-values have 2 df with an n of 104 (except of an n of 103 for
the comparison on the Edinburgh handedness survey; one partic-
ipant failed to fill it in).
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What is interesting about this study is its theoretical
approach. Extending traditional twin studies (Fan et al., 2001),
allelic association assays correlate specific genes with cogni-
tive variation in unrelated individuals (Parasuraman and
Greenwood, 2004). Although these effects tend to be small, by
identifying brain networks and by tracing their underlying
neurotransmitters, researchers have attempted to unravel
links between single gene polymorphisms that influence
chemical function and individual differences in cognitive
function (Diamond et al., 2004; Egan et al., 2001; Fan et al,,
2003, 2001; Greenwood and Parasuraman, 2003). Initial
enthusiasm for this tactic has been dampened by limited
progress and conflicting results — part of the difficulty may
arise from the use of distal phenotypes, such as question-
naires in this case or reaction time and accuracy measures in
other cognitive tasks. Toward this end, “Imaging Genetics” -
a form of genetic association analysis where the phenotype is
the physiological response of the brain that mediates
a behavioral outcome — permits a more proximal, and perhaps
more discernable, association (Hariri and Weinberger, 2003).
Furthermore, given a likely polygenetic involvement and
complex inter-gene interactions, it is unlikely that a single
gene would be substantively revealing; ultimately, large-scale
population studies will be needed to delineate these
interactions.

Nonetheless, the more modest efforts pursued so far (e.g., in
the field of attention) elucidate not only individual differences
but also the way genes may build the physical basis of the
neural networks that we study (Greenwood and Parasuraman,
2003; Parasuraman et al., 2005; Fan et al., 2003; Raz, 2006).
Sometimesitis possible to come up with an animal model, such
as knock-out mice that lack a specific gene of interest (Grandy
and Kruzich, 2004). When trying to unravel paranormal belief,
however, itis difficult to rely on animal models to describe how
genes mediate the formation of both systems that are common
among individuals and what alleles account for individual
variability. And yet, a future time may find that individual
differences in superstitious behavior can serve as candidate
phenotypes whose genetic mediation scientists could explore
(Brugger et al., 1994).

MI originated as an “indicator of schizotypy” and the gene
for COMT is located in an area that has been implicated in the
pathogenesis of schizophrenia on chromosome 22q11. Find-
ings suggest a relationship between the COMT genotype for
the functional VM polymorphism and self-reported schizo-
typy in healthy males (Avramopoulos et al.,, 2002). More
recently, COMT genotype has been shown to modulate the
relation between the negative schizotypal phenotype and
cognitive performance (Smyrnis et al., 2007). COMT genotype
may affect expression of negative schizotypy by direct or
indirect effects on central dopaminergic alterations (Stefanis
et al., 2004). For example, methionine genotype loading may
confer enhanced flexibility or greater performance reliability,
perhaps by stabilizing active neural representations in the
prefrontal cortex during tasks involving attention and
working memory (Stefanis et al., 2005). While schizotypal
traits may be genetically related to schizophrenia and
although several putative susceptibility genes for schizo-
phrenia have been reported and replicated, only COMT has
been tested in schizotypy (Fanous and Kendler, 2004).

Nonetheless, schizophrenic symptom factors are etiologically
distinct from each other and occur on an etiological
continuum with their personality-based counterparts (Fanous
et al.,, 2001). Phenotypic heterogeneity may be diluting the
COMT effect (McClay et al., 2006) yet COMT is a promising
therapeutic target for ameliorating the cognitive deficits
associated with schizophrenia (Tunbridge et al., 2006, 2007). A
recent notion promotes the idea that COMT genotype impacts
the level of prefrontal physiologic “noise” (Winterer et al.,
2006a) suggesting that dopamine stabilizes the dynamic of
cortical networks by attending to the signal and dampening
down the surrounding noise (Winterer et al., 2006b). These
collective findings suggest that MI may be an index of schiz-
otypy that is likely operationalized by COMT.

Unpublished findings suggest that administering the
dopamine precursor L-dopa to skeptics decreased their
perceptual sensitivity to a level comparable to that of para-
normal believers (Krummenacher et al., 2002). The reduced
perceptual sensitivity caused by L-dopa may result from an
increase in top-down control that overrides the sensory input
stream (Raz et al.,, 2007). The greater effect of L-dopa on the
skeptical subjects may be due to a ceiling effect in the para-
normal believers, perhaps related to a higher baseline level for
dopamine. At least some evidence supports the notion of
different baseline levels for highly suggestible individuals
(Dixon et al., 1990a, 1990b, 1996; Dixon and Laurence, 1992). In
the case of paranormal belief, increased dopamine may elicit
disinhibited firing patterns in mesolimbic neurons and,
perhaps via the introduction of neural noise, promote a system
dynamic conducive to both increased susceptibility to para-
normal belief and heightened suggestibility (Shaner, 1999).

We recently reported a relationship between a poly-
morphism in the COMT gene and suggestibility (Raz, 2005).
Specifically, VM heterozygous subjects were more highly
suggestible than either VV or MM homozygous subjects. The
inverted U-shaped trend of VM COMT heterozygotes towards
higher suggestibility is congruent with data collected by other
researchers (Lichtenberg et al., 2000), but differs from our
previous studies examining the role of COMT in executive
attention as measured by the Attention Network Test (ANT) as
well as by the Stroop (Sommer et al., 2003). Studies of the ANT
(Fan et al., 2002) found that subjects with the VV genotype
showed somewhat more efficient conflict resolution than
subjects with the VM genotype (Fossella et al., 2002a, 2002b).
This trend was also seen in subjects who performed the
Stroop task (Sommer et al., 2003). The valine allele of COMT,
which confers relatively higher levels of enzyme activity and
thus lower relative amounts of extrasynaptic dopamine, has
been examined in the context of neuroimaging studies where
it correlated with lower activity of the dorsolateral prefrontal
cortex (Egan et al., 2001), but other dopaminergic poly-
morphisms including the genes DRD3, DRD4, MAOA and DAT
showed no significant associations with suggestibility.

For more than a decade, the Human Genome Project has
made great progress in the identification of the protean 30,000
genes in the human genome as well as the approximately 1.7
million polymorphic sites scattered across the 6 billion base-
pair length of the human genome (Wolfsberg et al., 2002).
Normal allelic variations in single neurotransmitter genes
influence individual differences in processing components of
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cognitive functions in healthy individuals (Fossella et al.,
2002a, 2002b). We now know how to detect genotype-cognition
associations in healthy individuals with moderate-size
samples, given that candidate genes are chosen on the basis of
theories of brain function, and that appropriate cognitive task
components are chosen as phenotypes (Parasuraman et al.,
2005). Here we show an initial attempt to tap such an associ-
ation, based on a dopaminergic theory and well-defined
phenotypes for paranormal belief. While COMT should be
confused with neither the “suggestibility” gene nor the
potential “paranormal belief” gene, as data accumulate find-
ings will likely increase our appreciation of genotyping as an
important supplement to phenotyping paranormal belief. We
speculate that by using a more diverse range of paranormal
scores, correlations with COMT may become viable. We plan to
report on these experiments before long.

REFERENCES

Avramopoulos D, Stefanis NC, Hantoumi I, Smyrnis N,
Evdokimidis I, and Stefanis CN. Higher scores of self reported
schizotypy in healthy young males carrying the comt high
activity allele. Molecular Psychiatry, 7: 706-711, 2002.

Blackmore S. Belief in the paranormal: probability judgements,
illusory control, and the chance baseline shift. British Journal of
Psychology, 1985: 459-468.

Braffman W and Kirsch I. Imaginative suggestibility and
hypnotizability: an empirical analysis. Journal of Personality and
Social Psychology, 77: 578-587, 1999.

Brugger P. From haunted brain to haunted science: A cognitive
neuroscience view of paranormal and pseudoscientific
thought. In Houran J, and Lange R (Eds), Hauntings and
poltergeists: multidisciplinary perspectives. Jefferson, NC:
McFarland & Company, 2001: 195-213.

Brugger P, Dowdy MA, and Graves RE. From superstitious behavior to
delusional thinking: the role of the hippocampus in
misattributions of causality. Medical Hypotheses, 43: 397402, 1994.

Brugger P and Taylor K. Esp: Extrasensory perception or effect of
subjective probability? In Alcock JE, Burns JE, and Freeman A
(Eds), Psi wars: getting to grips with the paranormal. Essex, UK:
Imprint Academis, 2003: 221-246.

Cooper JR, Bloom FE, and Roth RH. Biochemical basis of
neuropharmacology. New York: Oxford University Press, 2002.

Craddock N, Owen MJ, and O’Donovan MC. The catechol-o-
methyl transferase (comt) gene as a candidate for psychiatric
phenotypes: evidence and lessons. Molecular Psychiatry, 11:
446-458, 2006.

Diamond A, Briand L, Fossella J, and Gehlbach L. Genetic and
neurochemical modulation of prefrontal cognitive functions
in children. American Journal of Psychiatry, 161: 125-132, 2004.

Dixon M, Brunet A, and Laurence JR. Hypnotic susceptibility and
verbal automatic and strategic processing differences in the
stroop color-naming task. Journal of Abnormal Psychology, 99:
336-343, 1990a.

Dixon M, Brunet A, and Laurence JR. Hypnotizability and
automaticity: toward a parallel distributed processing model
of hypnotic responding. Journal of Abnormal Psychology, 99:
336-343, 1990b.

Dixon M, Labelle L, and Laurence JR. A multivariate approach to
the prediction of hypnotic susceptibility. International Journal of
Clinical and Experimental Hypnosis, 44: 250-264, 1996.

Dixon M and Laurence JR. Hypnotic susceptibility and verbal
automaticity: automatic and strategic processing differences

in the stroop color-naming task. Journal of Abnormal Psychology,
101: 344-347, 1992.

Eckblad M and Chapman LJ. Magical ideation as an indicator of
schizotypy. Journal of Consulting and Clinical Psychology, 51:
215-225, 1983.

Egan MF, Goldberg TE, Kolachana BS, Callicott JH, Mazzanti CM,
Straub RE, Goldman D, and Weinberger DR. Effect of comt
val108/158 met genotype on frontal lobe function and risk for
schizophrenia. Proceedings of the National Academy of Sciences
USA, 98: 6917-6922, 2001.

Fan J, Fossella ], Sommer T, Wu Y, and Posner MI. Mapping the
genetic variation of executive attention onto brain activity.
Proceedings of the National Academy of Sciences USA, 100: 7406—
7411, 2003.

Fan J, McCandliss BD, Sommer T, Raz A, and Posner MI. Testing
the efficiency and independence of attentional networks.
Journal of Cognitive Neuroscience, 14: 340-347, 2002.

Fan J, Wu Y, Fossella JA, and Posner MI. Assessing the heritability
of attentional networks. BMC Neuroscience, 2: 14, 2001.

Fanous A, Gardner C, Walsh D, and Kendler KS. Relationship
between positive and negative symptoms of schizophrenia
and schizotypal symptoms in nonpsychotic relatives. Archives
of General Psychiatry, 58: 669-673, 2001.

Fanous AH and Kendler KS. The genetic relationship of
personality to major depression and schizophrenia.
Neurotoxicity Research, 6: 43-50, 2004.

Fossella J, Posner M, Fan J, Swanson JM, and Pfaff DW.
Attentional phenotypes for the analysis of higher mental
function. The Scientific World, 2: 217-223, 2002a.

Fossella J, Sommer T, Fan J, Wu Y, Swanson JM, Pfaff DW, and
Posner MI. Assessing the molecular genetics of attention
networks. BMC Neuroscience, 3: 14, 2002b.

Fossella JA, Sommer T, Fan ], Pfaff D, and Posner MI.
Synaptogenesis and heritable aspects of executive attention.
Mental Retardation and Developmental Disabilities Research
Reviews, 9: 178-183, 2003.

Gallagher C, Kumar V, and Pekala R. The anomalous experiences
inventory: reliability and validity. Journal of Parapsychology, 58:
402-428, 1994.

Garety P and Wessely S. The assessment of positive symptoms. In
Barnes R, and Nelson H (Eds), The assessment of psychoses.
London: Chapman & Hall, 1994: 21-39.

Geschwind N. Interictal behavioral changes in epilepsy. Epilepsia,
24: 523-530, 1983.

Grandy DK and Kruzich PJ. A molecular genetic approach to the
neurobiology of attnetion utilizing dopamine receptor-
deficient mice. In Posner MI (Ed), Cognitive neuroscience of
attention. New York: Guilford Press, 2004: 260-268.

Greenwood PM and Parasuraman R. Normal genetic variation,
cognition, and aging. Behavioral and Cognitive Neuroscience
Reviews, 2: 278-306, 2003.

Hamer DH. The god gene: how faith is hardwired into our genes. New
York: Doubleday, 2004.

Hariri AR and Weinberger DR. Imaging genomics. British Medical
Bulletin, 65: 259-270, 2003.

Hines T. Pseudoscience and the paranormal. Amherst, NY:
Prometheus, 2003.

Huettel SA, Mack PB, and McCarthy G. Perceiving patterns in
random series: dynamic processing of sequence in prefrontal
cortex. Nature Neuroscience, 5: 485-490, 2002.

Kirsch I. Hypnotic suggestion: a musical mathaphor. American
Journal of Clinical Hypnosis, 39: 271-277 (Discussion 277-281),
1997.

Kirsch I. How expectancies shape experience. Washington, DC:
American Psychological Association, 1999.

Kirsch I and Braffman W. Imaginative suggestibility and
hypnotizability. Current Directions in Psychological Science, 10:
57-61, 2001.



CORTEX 44 (2008) 1336-1341

1341

Kirsch I, Burgess CA, and Braffman W. Attentional resources in
hypnotic responding. International Journal of Clinical and
Experimental Hypnosis, 47: 175-191, 1999a.

Kirsch I, Wickless C, and Moffitt KH. Expectancy and
suggestibility: are the effects of environmental enhancement
due to detection? International Journal of Clinical and
Experimental Hypnosis, 47: 4045, 1999b.

Krummenacher P, Brugger P, Fahti M, Mohr C. Dopamine,
paranormal ideation, and the detection of meaningful stimuli.
Poster; presented at the 3rd Forum of European Neuroscience,
Paris, France, 2002.

Lichtenberg P, Bachner-Melman R, Gritsenko I, and Ebstein RP.
Exploratory association study between catechol-o-
methyltransferase (COMT) high/low enzyme activity
polymorphism and hypnotizability. American Journal of Medical
Genetics — Neuropsychiatric Genetics, 96: 771-774, 2000.

Liu Y and Nakamura S. Stress-induced plasticity of monoamine
axons. Frontiers in Bioscience, 11: 1794-1801, 2006.

Mandell A. Toward a psychobiology of transcendence: god in the
brain. In Davidson J, and Davidson R (Eds), Psychobiology of
consciousness. New York: Plenum, 1980: 379-464.

McClay JL, Fanous A, van den Oord EJ, Webb BT, Walsh D,
O’Neill FA, Kendler KS, and Chen X. Catechol-o-
methyltransferase and the clinical features of psychosis.
American Journal of Medical Genetics B, Neuropsychiatric Genetics,
141: 935-938, 2006.

Mohr C, Krummenacher P, Landis T, Sandor PS, Fathi M, and
Brugger P. Psychometric schizotypy modulates levodopa
effects on lateralized lexical decision performance. Journal of
Psychiatric Research, 39: 241-250, 2005a.

Mohr C, Landis T, Bracha HS, Fathi M, and Brugger P. Levodopa
reverses gait asymmetries related to anhedonia and magical
ideation. European Archives of Psychiatry and Clinical
Neuroscience, 255: 33-39, 2005b.

Mohr C, Landis T, Sandor PS, Fathi M, and Brugger P.
Nonstereotyped responding in positive schizotypy after
a single dose of levodopa. Neuropsychopharmacology, 29:
1741-1751, 2004.

Oldfield RC. The assessment and analysis of handedness: the
edinburgh inventory. Neuropsychologia, 9: 97-113, 1971.

Parasuraman R and Greenwood PM. Molecular genetics of
visuospatial attention and working memory. In Posner MI (Ed),
Cognitive neuroscience of attention. New York: Guilford Press,
2004: 245-259.

Parasuraman R, Greenwood PM, Kumar R, and Fossella J. Beyond
heritability: neurotransmitter genes differentially modulate
visuospatial attention and working memory. Psychological
Science, 16: 200-207, 2005.

Persinger MA. Propensity to report paranormal experiences is
correlated with temporal lobe signs. Perceptual and Motor Skills,
59: 583-586, 1984.

Persinger MA and Makarec K. Temporal lobe epileptic signs and
correlative behaviors displayed by normal populations. Journal
of General Psychology, 114: 179-195, 1987.

Raz A. Anatomy of attentional networks. Anatomical record. Part
B. New Anatomist, 281: 21-36, 2004.

Raz A. Attention and hypnosis: neural substrates and genetic
associations of two converging processes. International Journal
of Clinical and Experimental Hypnosis, 53: 237-258, 2005.

Raz A. Individual differences and attentional varieties. Europa
Medicophysica, 42: 53-58, 2006.

Raz A. Suggestibility and hypnotizability: mind the gap. American
Journal of Clinical Hypnosis, 49: 205-210, 2007.

Raz A and Buhle J. Typologies of attentional networks. Nature
reviews. Neuroscience, 7: 367-379, 2006.

Raz A, Fan J, and Posner MI. Neuroimaging and genetic
associations of attentional and hypnotic processes. Journal of
Physiology, Paris, 99: 483-491, 2006.

Raz A, Fossella JA, McGuiness P, Zephrani ZR, and Posner MI.
Neural correlates and exploratory genetic associations of
attentional and hypnotic phenomena. Hypnose und Kognition,
21: 79-92, 2005.

Raz A, Moreno-Iniguez M, Martin L, and Zhu H. Suggestion
overrides the stroop effect in highly hypnotizable individuals.
Consciousness and Cognition, 16: 331-338, 2007.

Shaner A. Delusions, superstitious conditioning and chaotic
dopamine neurodynamics. Medical Hypotheses, 52: 119-123,
1999.

Smyrnis N, Avramopoulos D, Evdokimidis I, Stefanis CN,

Tsekou H, and Stefanis NC. Effect of schizotypy on cognitive
performance and its tuning by comt val158 met genotype
variations in a large population of young men. Biological
Psychiatry, 61: 845-853, 2007.

Sommer T, Fossella JA, Fan ], Posner MI. Inhibitory control:
cognitive subfunctions, individual differences and variation in
dopaminergic genes. In: Proceedings of the Hanse
Wissenschaftskolleg; 2003: 27-44.

Stefanis NC, Van Os J, Avramopoulos D, Smyrnis N, Evdokimidis I,
Hantoumi I, and Stefanis CN. Variation in catechol-o-
methyltransferase val158 met genotype associated with
schizotypy but not cognition: a population study in 543 young
men. Biological Psychiatry, 56: 510-515, 2004.

Stefanis NC, Van Os ], Avramopoulos D, Smyrnis N, Evdokimidis I,
and Stefanis CN. Effect of comt val158met polymorphism on
the continuous performance test, identical pairs version:
tuning rather than improving performance. American Journal of
Psychiatry, 162: 1752-1754, 2005.

Tellegen A and Atkinson G. Openness to absorbing and self-
altering experiences (‘‘Absorption”), a trait related to hypnotic
susceptibility. Journal of Abnormal Psychology, 83: 268-277, 1974.

Tunbridge EM, Harrison PJ, and Weinberger DR. Catechol-o-
methyltransferase, cognition, and psychosis: Val158met and
beyond. Biological Psychiatry, 60: 141-151, 2006.

Tunbridge EM, Lane TA, and Harrison PJ. Expression of multiple
catechol-o-methyltransferase (COMT) mRNA variants in
human brain. American Journal of Medical Genetics B,
Neuropsychiatric Genetics, 144B: 834-839, 2007.

Winterer G, Egan MF, Kolachana BS, Goldberg TE, Coppola R, and
Weinberger DR. Prefrontal electrophysiologic “noise” and
catechol-o-methyltransferase genotype in schizophrenia.
Biological Psychiatry, 60: 578-584, 2006a.

Winterer G, Musso F, Vucurevic G, Stoeter P, Konrad A, Seker B,
Gallinat J, Dahmen N, and Weinberger DR. Comt genotype
predicts bold signal and noise characteristics in prefrontal
circuits. Neurolmage, 32: 1722-1732, 2006b.

Wolfsberg TG, Wetterstrand KA, Guyer MS, Collins FS, and
Baxevanis AD. A user’s guide to the human genome. Nature
Genetics, 32: 1-79, 2002.

Zubieta JK, Heitzeg MM, Smith YR, Bueller JA, Xu K, Xu 'Y,
Koeppe RA, Stohler CS, and Goldman D. Comt val158met
genotype affects mu-opioid neurotransmitter responses to
a pain stressor. Science, 299: 1240-1243, 2003.



	Paranormal experience and the COMT dopaminergic gene: A preliminary attempt to associate phenotype with genotype using an underlying brain theory
	Introduction
	Methods
	Participants
	Questionnaires

	Genetics

	Results
	Discussion
	References


