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Abstract

Background: There are many theoretical controversies in relation to the etiology of the schizophrenic voice hallucinations
(V'Hs) related to the fact that different approaches are settled over different levels of cansation.
Aims: To review two influent and opposed models of schizophrenic V'Hs and to discuss the emerging divergences.

Method: critical survey of the literature.

Results: The two most important hypotheses are ‘corollary discharge’ and ‘externalization and reality testing’. The first
assumes that these symptoms are the antomatic outcome of a brain dysfunction, while the second conceives of 1 Hs as
the result of a psychological disorder that affects some of the individuals at risk (this risk been defined by neurobiologi-
cal abnormalities). There are evidences supporting both hypotheses and the best option to cope with their opposition is
to consider that, at least to some extent, it represents a typical ‘nature vs. nurture’ opposition, where the apparent con-
tradiction between the two, does not necessary reflects the impossibility of raising a third hypothesis integrating some of
their most important features (German | Psychiatry 2010, 13: 331-36).
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Introduction

‘ J oice hallucinations (VHs) are the most recurrent

symptom in schizophrenia, believed to affect 70-

75% of the affected individuals (WHO, 1973;
Nayani and David, 1996; Ford and Mathalon, 2005).Several
distinctions can be made in relation to VHs; phenomenol-
ogical, the most prominent categorization regards the source
of the auditory stimuli (voices), which can be assumed by the
patient to be inside the head (pseudo form) or outside of it.
This last form is much more severe than the other, as it
departures from the sense of belonging that characterizes
normal thinking. It is also three times more common (Co-
polov et al., 2004), leading us to conclude that, in general,
delusional states in schizophrenia are conditions where self-
generated sensorial stimuli (e.g., VHs or visual imagery) are
assumed to be extraneous to the patient’s body. VHs tend to
be frightening and enhance social withdrawal, producing
severe mental suffering and deviant conducts (Schneider,
1959). There is a difference between sporadic hallucinations
that may occur to a non affected individual (e.g. associated

to high fever) and schizophrenic VHs. In this last case, it is
not only the emergence of the voices that characterize it as a
psychotic manifestation, but some of its odd features, like
the fact that the voices remain active for long periods, and
that they do not disappear, regardless of efforts to avoid
them (Beck and Rector, 2003).Based upon the fact that odd
ideas impair normal reasoning in schizophrenia, several
symbolically inspired models of the syndrome’s actiology
have been proposed along its history (Bleuler, 1911; Bleuler,
1962; Chaika, 1990; Crow, 1990; Crow, 1995; Crow et al.,
1996; Crow, 1999; Crow, 2000; Gianotti et al., 2001; Zislin et
al., 2002); and following this very tradition, it was proposed
that VHs represent a specific type of symbolic dysfunction,
related to the perception of sub-vocalizations (Frith and
Done, 1989; Frith, 1992). However, not everyone agreed
with that idea; another very influent hypothesis says that
VHs have strong psychological determinants, since the hal-
lucinatory content is frequently constituted of warnings,
feelings of guiltiness, shame, and blame (Bentall, 2002; Co-
stafreda et al., 2008). It is not hard to perceive that these two
hypotheses cannot be perfectly associated, although it might
not be the case to say that they are completely opposed.
Based on that, the aim of this paper is to critically discuss



them, in order to spawn a better understanding of this com-
plex field of studies and its most important trends.

Discussion

The basis of the current VHs models

To begin with the discussion on discordant models of
schizoph-renic VHs it is important to define basic points of
agreement. The first point is that these symptoms are corre-
lated with biological dysfunctions. It is currently believed
that abnormal frontal and temporal brain activity, as well as
impaired frontotemporal connectivity represents core-risk
factors for schizophrenic VHs (Sullivan et al., 1998; Lawrie
et al., 2002; Takahashi et al., 2006; Okugawa et al., 2007;
Zhang et al., 2008). A second point of agreement is that VHs
represent a failure on the capacity to distinguish internal and
external symbolic inputs (Heilbrun, 1980; Frith, 1987; Frith
and Done, 1989; Frith, 1992; Bentall et al., 1994; McGuire et
al.,, 1995; Frith, 1996; Fu et al., 2000; Allen et al., 2004,
Braham et al., 2004; Fernyhough, 2004; Frith, 2005; Frith,
2005; Shergill et al., 2005; Kumari et al., 2008). “Hallucina-
tions occur when private or mental events are not attributed
to the self” (Bentall et al., 1994, p.53).From that standpoint,
the two basic lines of thinking regarding the causes of such
failure can be defined as: 1. the hypothesis that schizo-
phrenic VHs reflect abnormal neural activity, in pathways
related to sensorial processing of sub-vocalizations; and 2.
the hypothesis that biological abnormalities are only the first
step of the process that generates VHs in schizophrenia,
which also includes internal conflicts and biased cognitive
schemas, especially related to reality testing. Let’s call the
former ‘type 1’ hypothesis and the latter, ‘type 2’ hypothesis.

The corollary discharge hypothesis

The most prominent type 1 hypothesis of the current days is
the ‘corollary discharge hypothesis’ (Frith, 1987; Frith and
Done, 1989; Frith, 1992; Friston and Frith, 1995; Frith,
1996; Frith, 1996; Johnstone and Frith, 1996; Frith, 2005;
Frith, 2005). This hypothesis is based upon the premise that
sub-vocalization (and reasoning in general) does not require
much sensorial activation, since it is already under inten-
tional control, while the perception of stimuli arriving from
the outside world requires higher activation due to their
intrinsic unpredictability. “Any predictable signal has less
impact on the nervous system unless it has some special
priori value” (Frith, 2005, p. 758).From that perspective it
follows that, for normal’s, sub-vocalizations produce attenu-
ated subjective experience in relation to the externally gener-
ated ones; and thus, that VHs represent a failure in the
mechanism that produces this selective attenuation, leading
the affected individual to experience internal voices with the
same intensity as the externally-generated ones (Frith, 1987;
Frith and Done, 1989; Frith, 2005; Frith, 2005).The guide-
lines of the corollary discharge hypothesis were defined in

32

the 19th century (Bell, 1823-1974); it was first applied to
voice hallucination in schizophrenia by Feinberg (Feinberg,
1978; Feinberg and Guazzelli, 1999), receiving later support,
not only from Frith, but, among others, from Judith Ford
and collaborators (Ford et al., 2001; Ford et al., 2002; Ford
and Mathalon, 2004; Ford et al., 2005; Ford and Mathalon,
2005; Fotd et al., 2007; Heinks-Maldonado et al., 2007; Ford
et al., 2008; Mathalon and Ford, 2008). According to the
updated version of the hypothesis that is endorsed by Frith
and Ford, the capacity to differentiate internally and exter-
nally generated stimuli is produced as the self-generated ones
automatically generate an efferent copy of their own, which
travels from motor to sensorial regions of the prefrontal
cortex, where they attenuate the experience of the sub-
vocalizations, much as self-tickling and other self-generated
stimulations are less vivid than their externally generated
counterparts. . In that sense, the hypothesis that VHs are a
consequence of a corollary discharge failure represents a
typical model of abnormal sensorial inhibition of self-
generated stimuli, and thus a special type of attentional dys-
function, which impairs the normal sense of agency that is
supposedly produced by the experience of attenuation. Sev-
eral findings endorse the corollary discharge hypothesis: data
from general motor-sensory communication dysfunction
(Friston and Frith, 1995); the existence of normal fronto-
temporal coherence in gamma band under the production of
speech, but not while listening to an external source; and the
existence of cognitive dysfunctions related to connective
abnormalities (Ford et al., 2001; Ford et al., 2005). However,
it is also a fact that the hypothesis remains under debate in
relation to some important features: although many neural
pathways have been associated to corollary discharge in
many species (Poulet and Hedwig, 2007), discredit in relation
to its importance within inner speech perception (Mackay et
al., 1993), and the overall importance of efferent copies in
the understanding of the structure of perception as whole
(Bridgeman, 2007).

The externalization and reality testing hy-
pothesis

The main line of opposition to the corollary discharge is the
conception of VHs as a byproduct of externalization and
lack of reality testing (Bentall and Slade, 1985; Barkus et al.,
2007; Reed et al., 2008). This hypothesis considers that VHs
is not an emergent effect of a biological abnormality, but
rather a construct, which emerges after externalization and
biased evaluation of the source of verbal stimuli.As one may
note, the first stage of the hypothesis (externalization) con-
verges with general ideas of the corollary discharge hypothe-
sis in the sense that it assumes the existence of a natural
tendency to conceive internally generated sensory stimuli as
externally generated; however, the second stage is more
psychologically-driven, as it points to the idea of a psycho-
logical failure. In that sense, it has received support from
authors with very different conceptions about the schizo-
phrenic deficits (Bentall et al., 1991; Blackwood et al., 2001;
Allen et al., 2004; Atkinson, 2006; Allen et al., 2007; Wood-
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watd et al., 2007). In a fMRI experiment, Allen, et al. (2007)
found that, among normal subjects and non-hallucinatory
schizophrenics, an external voice (2nd person) leads to in-
creased activation of the superior temporal cortex in com-
parison to the activation produced by their own voice, while
hallucinators produce equal activation whenever listening to
their own voice or in the target condition. Lately, this ten-
dency towards externalization was replicated by Brunelin and
coworkers, who used as controls both healthy subjects and
depressive patients (Brunelin, et al., 2008), at the same time
that Costafreda, et al. (2008) bridged the gap between the
biological basis of externalization and its psychological struc-
ture, as they showed that the phenomenon was influenced
by the valence of the target stimulus: externalization was
intensified according to the negative status of the experimen-
tal voices. The perspective that VHs are associated to exter-
nalization and that the aversive nature of the mental content
lays in the heart of the phenomenon differentiates this hy-
pothesis from corollary discharge. That summarizes the
most important aspects of Richard Bentall and collaborators
‘reactive’ hypothesis on the nature of schizophrenic VHs
(Bentall and Slade, 1985; Bentall and Slade, 1985; Bentall et
al.,, 1991; Bentall et al., 2001; Bentall, 2004; Bentall, 2004;
Bentall, 2006; Bentall, 2007); “paranoid patients, in common
with patients suffering from depression, have latent negative
beliefs about the self that are vulnerable to activation by
negative life events. However, in contrast to patients with
depression, we have assumed that patients with persecutory
delusions attempt to avoid the activation of negative beliefs
about the self by attributing threatening events to the actions
of another person” (Bentall et al., 2001, p. 1163).Extending
these ideas to VHs, Bentall and collaborators believe that
they cannot be reduced to neurobiological dysfunctions,
since externalization is assumed to be intrinsically related to
psychological conflicts. In that sense, the main differences
between the ‘corollary discharge’ and the ‘externalization and
reality testing’ hypotheses are not only related to the fact that
they are settled in different levels of analysis, but that the
former assumes an unintentional standpoint, while the latter
assumes that VHs are highly dependent on the conditions
that favor externalization, and thus represent an intentional
reaction to mental content. As proposed in different occa-
sions, by Bentall and collaborators, these conditions atre
represented by external attribution of negative outcomes,
biased self-evaluation, and the tendency to pre-attend to
negative and threatening stimuli.Finally, it is interesting to
note that Richard Bentall is famous for challenging the in-
strtumental use of the concept of schizophrenia and for
stressing the existence of a nosological continuum between
normality and psychosis. In line with these ideas, his model
assumes that schizophrenic VHs are not necessarily different
from VHs that may be manifested outwardly of the psy-
chotic spectrum, since both share the same basic psychologi-
cal mechanism, which can be defined by the German con-
cept of verlegung, as first described by Freud (1911).

Reasoning through the conflict of interpre-
tations

Two lines of evidence favor the corollary discharge hypothe-
sis in relation to the reality-testing model: hearing impair-
ments are important risk factors for schizophrenia (Malm-
berg et al., 1995) and VHs tend to cease (or at least to de-
crease) with procedures to preclude sub-vocalizations (Bick
and Kinsbourne, 1987).In a study that challenges Bentall’s
perspectives, Ishigaki and Tanno (1999) concluded that
hallucinators (represented as ‘H+’) are prone to perceptual
biases when compared to normal controls, but not to non-
hallucinators schizophrenics (H-), while they have the same
level of evaluative bias as normal controls. This means that
their tendency to produce biased reality testing is less severe
than among other types of schizophrenic patients (H-).In
contrast, one advantage of Bentall’s and collaborators” model
is the fact that it explains the well-known fact that stressful
conditions favors the emergence of hallucinations, much as
endorsed by Beck and Rector (2002; 2003; 2005) who not
only emphasize the importance of stress on the formation of
delusional constructs, but also associate these constructs to
affectively induced naive information-processing. These last
authors also assign another aspect of VHs that can be con-
sidered problematic to Frith’s hypothesis: VHs do not neces-
sarily resemble the experience of normal sub-vocalization;
actually, hallucinations may feel ‘metallic’, ‘sublime’, ‘devil-
ish’, etc., much as if they were produced by someone else, in
opposition to sub-vocalizations, which are made of the own
person’s voice. From that standpoint, the content that pro-
duce the VHs is conceived as isolated chunks of declarative
information that are triggered in affective contexts (Beck and
Rector, 2003), which establish close connections with rumi-
nant states of depression, and the automatic thoughts that
are present within the scope of the obsessive-compulsive
disorder (as first note by Rachman, 1981). Additionally, it is
also true that any pure neurologic-inspired model must face
the risk of being over static, favoring a clear-cut distinction
between normal and abnormal functioning, which may not
always be so clear within the clinical setting. Although VHs
can have a sudden onset, schizotipy does not, and as sug-
gested and confirmed in relation to the dimensional divisions
of the Launay-Slade Hallucination Scale, some non-
psychotic manifestations predict increased proneness to
VHs, with emphasis on vivid daydreaming (Launay and
Slade, 1981; Bentall and Slade, 1985; Levitan et al., 19906;
Aleman et al., 2001; Larei et al., 2004).One thing that has
never been discussed is whether corollary discharge may be
prone to psychological effects, therefore representing the
neurobiological basis of externalization. If that proves to be
the case, it could follow that both sides end up being cotrect;
however, that would call for certain amendments to the
corollary discharge theory, which would need to revise the
idea that automatic efferent copies of a self-generated stimuli
are directed to perceptive areas, diminishing sensorial activa-
tion. One hypothesis that can be raised in relation to that
regards the possibility that, instead of being an ‘all-or-
nothing’ process, corollary discharge represents a progressive
tendency, which tends to be gradually inhibited by the activa-
tion of brain areas that trigger fear (e.g., amygdala), disgust
(e.g., insula) in affected individuals. It is obvious that this is
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not a simple proposal, as it automatically raises the problem
of knowing why these affective states trigger VHs in the
psychiatric population but not in normals, which is a matter
that we hope to see solved in the near future.

Conclusions

In line with what we have considered, it is not possible to
say that one of these two perspectives represents the ulti-
mate explanation of schizophrenic VHs, but rather that it is
important to consider the interesting aspects of both. With
that in sight, the maintenance of two-level conception, which
takes for granted that neurobiological dysfunction is in the
core of the phenomenon, seems to be particularly interesting
in face of the fact that VHs are very common symptoms,
and thus suggestively associated to endophenotypic pat-
terns.Although the nature of the biological dysfunction that
underlies schizophrenic VHs is not fully established, it is
worth considering that corollary discharge may be prone to
psychological influences and that this whole discussion
proves to be one more of those Nature vs. Nurture debates,
where the claims raised by both sides are not as contradic-
tory as they appear at first. This is the main perspective that
we should have in mind, as we grasp these divergent per-
spectives and try to untangle the picture.

References

Aleman A, Nieuwenstein MR, Bocker KBE, De Haan EHF.
Multi-dimensionality of hallucinatory predisposition:
factor structure of the Launay-Slade Hallucination
Scale in a normal sample. Personality and Individual
Differences 2001;30:287-292.

Allen P, Amaro E, Fu CHY, Williams SCR, Brammer M],
Johns LC, et al. Neural correlates of the misattribu-
tion of speech in schizophrenia. The British Journal
of Psychiatry 2007;190:162-169.

Allen PP, Johns LC Fu CHY, Broome MR, Vythelingum
GN, McGuire PK. Misattribution of external speech
in patients with hallucinations and delusions. Schi-
zophrenia Research 2004;69:277-287.

Atkinson JR. The Perceptual Characteristics of Voice-
Hallucinations in Deaf People: Insights into the Na-
ture of Subvocal Thought and Sensory Feedback
Loops. Schizopht Bull. 2006;32:701-708.

Barkus E, Stirling J, Hopkins R, McKie S, Lewis S. et al.
Cognitive and neural processes in non-clinical audito-
ty hallucinations. The British Journal of Psychiatry
2007;191:576-81.

Beck AT, Rector NA. Delusions: A Cognitive Perspective.
Journal of Cognitive Psychotherapy 2002;16:455-468.

Beck AT, Rector NA. A Cognitive Model of Hallucinations.
Cogpnitive Therapy and Research 2003;27:19-52.

Beck AT, Rector NA. Cognitive Approaches to Schizophre-
nia: Theory and Therapy. Annual Review of Clinical
Psychology 2005;1:577-606.

Bell C. Idea of a new anatomy of the brain. Francois Magen-
die, Chatles Bell and the Course of the Spinal Nerves
New York: Futura 1823-1974.

34

DiAs

Bentall RP. Abandoning the concept of schizophrenia: the
cognitive psychology of hallucinations and delusions.
Models of Madness. Psychology Press
2004:195-208.

Bentall RP. Madness Explained: Psychosis and Human Na-
ture London: Penguin Books 2004.

Bentall RP. Schizophrenia: Challenging the Orthodox. The
British Journal of Psychiatry 2006;188:296.

Bentall RP. Researching psychotic complaints. Psychologist
2007;20:293-295.

Bentall RP, Baker GA, Havers S. Reality monitoring and
psychotic hallucinations. British Journal of Clinical
Psychology 1991;30:213-222.

Bentall RP, Corcoran R, Howard R, Blackwood N, Kinder-
man P. Persecutory delusions: a review and theoreti-
cal integration. Clinical Psychology Review,
2001;21:1143-1192.

Bentall RP, Haddock G, Slade PD. Cognitive behavior ther-
apy for persistent auditory hallucinations: From
theory to therapy. Behavior Therapy 1994;25:51-606.

Bentall RP, Slade PD. “Reality testing and auditory hallucina-
tions: A signal detection analysis.” British Journal of
Clinical Psychology 1985;24:159-169.

Bentall RP, Slade PD. Reliability of a scale measuring dispo-
sition towards hallucination: a brief report. Personali-
ty and Individual Differences 1985;6:527-529.

Bentall RP, Young HF. Sensible hypothesis testing in de-
luded, depressed and normal subjects. Br ] Psychiatry
1996:372-375.

Bick PA, Kinsbourne M. Auditory hallucinations and sub-
vocal speech in schizophrenic patients. American
Journal of Psychiatry 1987;144:222-225.

Blackwood NJ, Howard R], Bentall RP, Murray RM. Cogni-
tive Neuropsychiatric Models of Persecutory Delu-
sions. Am | Psychiatry 2001;158:527-539.

Bleuler E. Dementia Praecox or the Group of Schizophre-
nias New York: International University Press 1911.

Bleuler E. Afectividad, Sugestibilidad, Paranoia Madrid:
Morata 1962.

Braham LG, Trower P, Birchwood M. Acting on command
hallucinations and dangerous behavior: A critique of
the major findings in the last decade. Clinical Psy-
chology Review 2004;24:513-528.

Bridgeman, B. Efference copy and its limitations. Computers
in Biology and Medicine 2007;37:924-929.

Brunelin J, Poulet E, Marsella S, Bediou B, Kallel I, Cochet
A et al. Selective source monitoring impairment in
patients with schizophrenia compared to healthy and
major depressive disorder subjects European Review
of Applied Psychology 2008;58:105-110.

Chaika E. Understanding Psychotic Speech: beyond Freud
and Chomsky. Springfield: CC Thomas1990.

Copolov D, Trauer T, Mackinnon A. On the non-
significance of internal versus external auditory hallu-
cinations. Schizophrenia Research 2004;69:1-6.

Costafreda SG, Brebion G, Allen P, McGuire PK, Fu CHY.
Affective modulation of external misattribution bias
in source monitoring in schizophrenia." Psychologi-
cal Medicine 2008;38:821-824.

Crow TJ. Temporal lobe asymmetries as the key to the etiol-
ogy of schizophrenia. Schizophr Bull 1990;16:433-43.

Hove:



VOICE HALLUCINATIONS

Crow TJ. A theoty of the evolutionary origins of psychosis."
Eur Neuropsychopharmacol 1995;5:59-63.

Crow TJ. Commentary on Annett, Yeo et al., Klar, Saugstad
and Orr: cerebral asymmetry, language and psychosis-
-the case for a Homo sapiens-specific sex-linked gene
for brain growth. Schizophr Res 1999;39:219-31.

Crow TJ. Schizophrenia as the price that Homo sapiens pays
for language: a resolution of the central paradox in
the origin of the species. Brain Research Reviews
2000;31:118-129.

Crow TJ. The 'big bang' theory of the origin of psychosis
and the faculty of language. Schizophrenia Research
2008;102:31-52.

Crow TJ, Done DJ, Sacker A. Cerebral lateralization is de-
layed in children who later develop schizophrenia.
Schizophrenia Research 1996;22:181-185.

David A, Malmberg A, Lewis G, Brandt L, Allebeck P. Are
there neurological and sensory risk factors for schi-
zophrenia? Schizophrenia Research 1995;14:247-251.

David AS. Auditory hallucinations: phenomenology, neuro-
psychology and neuroimaging update. Acta Psychiatr
Scand 1999;395:95-104.

Feinberg 1. Efference copy and corollary discharge: implica-
tions for thinking and its disorders. Schizophrenia
Bulletin 1978;4:636-640.

Feinberg I, Guazzelli M. Schizophrenia - A disorder of the
corollary discharge systems that integrate the motor
systems of thought with the sensory systems of con-
sciousness. British Journal of Psychiatry 1999;174:
196-204.

Fernyhough C, Alien P. voices and inner dialogue: towards a
developmental account of auditory verbal hallucina-
tions. New Ideas in Psychology 2004;22:49-68.

Ford JM, Gray M, Faustman WO, Heinks TH, Mathalon
DH. Reduced gamma-band coherence to distorted
feedback during speech when what you say is not
what you hear. International Journal of Psychophysi-
ology 2005;57:143-150.

Ford JM, Mathalon DH. Electrophysiological evidence of
corollary discharge dysfunction in schizophrenia dut-
ing talking and thinking. Journal of Psychiatric Re-
search 2004;38:37-46.

Ford JM, Mathalon DH. Corollary discharge dysfunction in
schizophrenia: Can it explain auditory hallucinations?
International ~ Journal ~— of  Psychophysiology
2005;58:179-189.

Ford JM, Mathalon DH, Kalba S, Whitfield S, Faustman
WO, Roth WT. Cortical responsiveness during talk-
ing and listening in schizophrenia: an event-related
brain  potential Biological ~ Psychiatry
2001;50:540-549.

Ford JM, Mathalon DH, Whitfield S, Faustman WO, Roth
WT. Reduced communication between frontal and
temporal lobes during talking in schizophrenia. Bio-
logical Psychiatry 2002;51:485-492.

Ford JM, Roach BJ, Faustman WO, Mathalon DH. Synch
Before You Speak: Auditory Hallucinations in Schi-
zophrenia. Am | Psychiatry 2007;164:458-4606.

Ford JM, Roach BJ, Faustman WO, Mathalon DH. Out-of-
Synch and Out-of-Sorts: Dysfunction of Motot-
Sensory Communication in Schizophrenia. Biological
Psychiatry 2008;63:736-743.

study.

Freud S. On narcissism: An introduction, New York: Stan-
dard edition 1914: 73-102

Friston KJ, Frith CD. Schizophrenia: a disconnection syn-
drome? Clinical neuroscience 1995;3:89-97.

Frith CD. Neuropsychology of schizophrenia: What are the
implications of intellectual and experimental abnor-
malities for the neurobiology of schizophrenia? Br
Med Bull 1996;52:618-626.

Frith CD. The neural basis of hallucinations and delusions.
Comptes Rendus Biologies 2005;328:169-175.

Frith CD. The self in action: Lessons from delusions of
control Consciousness and Cognition 2005;14:752-
770.

Frith CD. The positive and negative symptoms of schizoph-
renia reflect impairments in the perception and initia-
tion of action. Psychological Medicine 1987;17:631-
648.

Frith CD. The Cognitive Neuropsychology os Schizophrenia
Hover: Lawrence Erlbaum Associates 1992.

Frith CD. Neuropsychology of schizophrenia: What are the
implications of intellectual and experimental abnor-
malities for the neurobiology of schizophrenia? Br
Med Bull 1996;52:618-626.

Frith, C. D. and D. J. Done. Experiences of alien control in
schizophrenia reflect a disorder in the central moni-
toring of action. Psychological Medicine 1989;19:359-
363.

Fu CHY, Brammer MJ, Amaro E, Williams SCR, Vythelin-
gum N, Andrew C. FC12.06 Alien voices: Does dys-
functional self-monitoring explain auditory hallucina-
tions in schizophrenia? European Psychiatry
2000;15:306-307.

Gianotti LR, Mohr C, Pizzagalli D, Lehmann D, Brugger P.
Associative processing and paranormal belief. Psy-
chiatry Clin Neurosci 2001;55:595-603.

Heilbrun AB. Impaired recognition of self-expressed
thought in patients with auditory hallucinations.
Journal of Abnormal Psychology 1980;89:728-736.

Heinks-Maldonado TH, Mathalon DH, Houde JF, Gray M,
Faustman WO, Ford JM. Relationship of Imprecise
Corollary Discharge in Schizophrenia to Auditory
Hallucinations. Arch Gen Psychiatry 2007;64:286-
296.

Ishigaki T, Tanno Y. The signal detection ability of patients
with auditory hallucination: Analysis using the conti-
nuous performance test. Psychiatry and Clinical Neu-
rosciences 1999;53:471-476.

Johnstone EC, Frith CD. Validation of Three Dimensions of
Schizophrenic Symptoms in a Large Unselectedsam-
ple of Patients. Psychological Medicine 1996;26:669-
680.

Kumari V, Peters ER, Fannon D, Premkumar P, Aasen I,
Cooke MA, et al. Uncontrollable voices and their re-
lationship to gating deficits in schizophrenia. Schi-
zophrenia Research 2008;101:185-194.

Laroi F. Marczewski P, Van der Linden M. Further evidence
of the multi-dimensionality of hallucinatory predispo-
sition: factor structure of a modified version of the
Launay-Slade Hallucinations Scale in a normal sam-
ple. European Psychiatry 2004;19:15-20.

35



Launay G, Slade P. The measurement of hallucinatory pre-
disposition in male and female prisoners. Personality
and Individual Differences 1981;2:221-234.

Lawrie SM, Buechel C, Whalley HC, Frith CD, Friston KJ,
Johnstone EC. Reduced frontotemporal functional
connectivity in schizophrenia associated with audito-
ry hallucinations. Biological Psychiatry 2002;51:1008-
1011.

Levitan C, Ward PB, Catts SV, Hemsley DR. Predisposition
toward auditory hallucinations: the utility of the Lau-
nay-Slade Hallucination Scale in psychiatric patients.
Personality and Individual Differences 1996;21:287-
289.

Mackay DG, Wulf, G, Yin C, Abrams L. Relations between
Word Perception and Production: New Theory and
Data on the Verbal Transformation Effect. Journal
of Memory and Language 1993;32:624-646.

Mathalon DH, Ford JM. Corollary discharge dysfunction in
schizophrenia: evidence for an elemental deficit. Clin
EEG Neurosci 2008;39:82-6.

McGuire PK, David AS, Murray RM, Frackowiak RSJ, Frith
CD, Wright I, et al. Abnormal monitoring of inner
speech: a physiological basis for auditory hallucina-
tions. The Lancet 1995;346:596-600.

Nayani TH, David AS. The auditory hallucination: a pheno-
menological Psychological ~ Medicine
1996;26:177-89.

Okugawa G, Tamagaki C, Agartz 1. Frontal and temporal
volume size of grey and white matter in patients with
schizophrenia: an MRI parcellation study. Eur Arch
Psychiatry Clin Neurosci 2007;257:304-207.

Pfeifer S, van Os J, Hanssen M, Delespaul P, Krabbendam
L. Subjective Experience of Cognitive Failures as
Possible Risk Factor for Negative Symptoms of Psy-
chosis in the General Population. Schizophr Bull
2009;35:766-774.

Poulet JFA, Hedwig B. New insights into corollary dis-
charges mediated by identified neural pathways.
Trends in Neurosciences 2007;30:14-21.

sutvey."

DiAs

Rachman S. Unwanted intrusive cognitions. Advances in
Behaviour Research and Therapy 1981;3:89-99.

Reed P, Wakefield D, Harris ], Parry J, Cella M, Tsakanikos
E Seeing non-existent events: Effects of environmen-
tal conditions, schizotypal symptoms, and sub-clinical
characteristics. Journal of Behavior Therapy and Ex-
perimental Psychiatry 2008;39:276-291.

Schneider K. Clinical psychopathology New York: Grune
and Stratton 1959.

Shergill SS, Samson G, Bays PM, Frith CD, Wolpert DM.
Evidence for Sensory Prediction Deficits in Schi-
zophrenia. Am ] Psychiatry 2005;162:2384-2386.

Sullivan EV, Lim KO, Mathalon D, Marsh I, Beal DM,
Harris D, Hoff AL, Faustman WO, Pfefferbaum A.
et al. A profile of cortical gray matter volume deficits
characteristic  of  schizophrenia. Cereb Cortex
1998;8:117-24.

Takahashi T, Suzuki M, Zhou SY, Tanino R, Hagino H, Niu
L, Kawasaki Y, Seto H, Kurachi M. Temporal lobe
gray matter in schizophrenia spectrum: A volumetric
MRI study of the fusiform gyrus, parahippocampal
gyrus, and middle and inferior temporal gyri. Schi-
zophrenia Research 2006;87:116-126.

WHO. International pilot study of schizophrenia Geneve:
World Health Organization 1973.

Woodward, T. S., M. Menon, et al. Source monitoring biases
and auditory hallucinations. Cognitive Neuropsychia-
try 2007;12:477-494.

Zhang Z, Shi j, Yuan Y, Hao G, Yao Z, Chen N. Relation-
ship of auditory verbal hallucinations with cerebral
asymmetry in patients with schizophrenia: An event-
related fMRI study. Journal of Psychiatric Research
2008;42:477-486.

Zislin ], Kuperman V, Durst R. The generation of psychosis:
a  pragmatic approach. Medical Hypotheses
2002;58:9-10.

The German Joutnal of Psychiatry - ISSN 1433-1055 - http:/www. gjpsy.uni-goettingen.de
Dept. of Psychiatry, The University of Goéttingen, von-Siebold-Str. 5, D-37075 Germany; tel. ++49-551-396607; fax:
+449-551-398952; E-mail: gjpsy@gwdg.de

36



