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In 1978,1 a new neuroscience-based model of hallucina-
tions was proposed in this journal. The premise of this
model was that hallucinatory experiences are necessarily
produced by self-generated neural activity. Their pathol-
ogy does not lie in the fact that they are self-generated.
Much, if not most, of our mental experience results
from endogenous or ‘‘spontaneous’’ neural activity. Hal-
lucinations are pathological because this self-generated
neural activity is perceived as coming from the environ-
ment. Consciousness is made up of a stream of internally
generated thoughts and images that interact with (or ac-
company) mental events stimulated by the environment.
Within this mix, we readily distinguish the mental events
arising from the endogenous neural activity of our brains
from the neural activity produced by external sensory
stimulation. We can make this distinction even when
our brains present us with bizarre or even loathsome
thoughts and images. We still recognize that these images
or ideas as self-generated, even though they radically de-
part from what we believe is our ‘‘true’’ nature.
These considerations indicate that there must be brain

mechanisms that act to distinguish self-generated mental
experiences (arising from neural activity initiated by our
own brains) from mental experiences stimulated through
our sense organs. When this proposition was advanced, it
was known that corollary discharge or feed-forward
(CDFF) circuits make this distinction at lower levels
of the neuraxis, where they distinguish sensory stimula-
tion caused by an organism’s motor activity from that
originating in the environment. CDFF circuits had
been demonstrated in a variety of sensory-motor systems
ranging from mammals to invertebrates. The existence
of such circuits was postulated in the 19th century by
Helmholtz2; they were demonstrated experimentally in
the 1950s by Sperry3 and, independently, by von Holst
and Mittelstaedt.4 The basic concept is straightforward:
CDFF systems give a ‘‘heads up’’ to sensory systems that
will be stimulated when the brain of an organism emits
motor commands. These signals inform the nervous sys-
tem that sensory stimulation will be produced by self-

initiated motor acts. The messages to the sensory systems
are dispatched with the motor commands (hence ‘‘feed-
forward’’) and typically nullify or otherwise modulate the
sensory stimulation produced by the motor activity.
I hypothesized in 1978 that similar circuits operate in

the sensory-motor systems of consciousness. Impairment
of such systems in schizophrenia could produce halluci-
nations because neural activity originating in the brain
(mind) is attributed to external stimulation. At that
time, CDFF mechanisms had been identified only at
much lower levels of the nervous system but there
were reasons to believe that they should also operate
at the level of consciousness. Thus, Hughlings Jackson
observed that thinking is simply our most complex motor
act. He stated5 that these ‘‘highest motor centres [of
thinking] . can act without producing peripheral reac-
tions on the environment’’ (p375). Nevertheless, they
would affect the sensory centers (of consciousness)
that ‘‘represent the whole organism [i.e. the self] in
most complex ways’’ (p372). If one defect in schizophre-
nia causes self-generated conscious events to be experi-
enced as coming from the environment, this could
explain hallucinations and other first-rank symptoms
of schizophrenia including thought insertion and the
general blurring of self-boundaries. Attempts to explain
such uncanny experiences could give rise tomany types of
delusions.
A subsequent paper by Feinberg and Guazzelli6 de-

veloped these ideas further. We noted that obsessive-
compulsive patients are often plagued with unceasing
intolerable ideas. Nevertheless, obsessive patients recog-
nize these ‘‘unthinkable’’ deeply distressing ideas as their
own. This demonstrates that even when endogenous neu-
ral activity gives rise to involuntary and painful thoughts,
obsessive patients recognize these are coming from their
own minds. They do not attribute the unbidden and un-
welcome thoughts to malign agencies that are inserting
thoughts with radio transmitters or infernal devices.
Viewed in this light, severe obsessive disorder provides
an ‘‘experiment of nature’’ that illustrates how CDFF
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systems can appropriately identify mental events as self-
generated even when they are bizarre, uncontrolled, or
even hateful. Guazzelli and I also pointed out that dream-
ing is a normally occurring state in which CDFF mecha-
nisms are disabled (emphasis added), a point made
earlier by Feinberg and March.7 The dreamer regularly
experiences visual images and thoughts produced by
his sleeping brain as coming from the outside world.
The ‘‘reality’’ of these images and ideas is often compel-
ling and can evoke strong emotion. Of course, the simi-
larity of dreams and mental illness has been remarked by
observers of human behavior from Aristotle to Jung and
Freud. However, the interpretation that the altered con-
scious experience in both states is produced by an abnor-
mality in a specific kind of brain circuit was new. It may
therefore be useful to consider briefly how dream re-
search might advance our knowledge of the neuroscience
of psychosis.

Before discussing how the neuroscience of dreaming
might be applied to understanding the pathology of
the mind in schizophrenia, it is important to acknowledge
the creative investigations of Ford, Mathelon, and their
coworkers into abnormal CDFF mechanisms in schizo-
phrenia (c.f. Ford et al8,9). They have been at the fore-
front of these challenging studies. However, their work
employs perceptual and cognitive tasks below the level
of ‘‘mind’’ as conceived by Hughlings Jackson. It may
still turn out that experiments at the level of mental ex-
perience will be required to test the CDFF hallucinations
hypothesis conclusively. One function of CDFF circuits
is to serve neural integration. In this regard, ‘‘the enor-
mous evolutionary growth of the human cerebral cortex
may have posed challenges to integrative mechanisms
that were not always successfully met. If so schizophrenia
might be a peculiarly human disorder, a disease that is
literally sui generis.’’10(p242)

In both dreams and psychosis, self-generated images
produced by endogenous neural activity are interpreted
as coming from the external environment. Guazzelli
and I emphasized another similarity that is usually over-
looked. This concerns the peculiar way that meaning is
often conveyed in both brain states. A single image in
a dream sometimes often conveys an immediate emotion-
ally compellingmeaning that is not related to the image in
any obvious way. Thus, a dreamer might report, ‘‘Then
my son came into the room and I knew he was there to tell
he had totaled my car.’’ This knowledge is somehow im-
manent in the percept but not explained by it. A strikingly
similar phenomenon, which is sometimes called an ‘‘au-
tochthonous delusion,’’ occurs in schizophrenia. Thus,
schizophrenic patients might say, ‘‘I saw the way the
pens were arranged on your desk and I knew that meant
I was to be killed.’’ The patient cannot explain the rela-
tionship between the pen arrangement and their ominous
significance any more than the dreamer can explain how
he knows the import of his son’s appearance. In both

states, compelling ideas are linked to a percept and
emerge in consciousness without intermediate steps or
connections and without the (postulated) CDFF infor-
mation that identifies them as the product of the subject’s
own mind or ego. Of course, there are also important dif-
ferences between dreams and psychosis. The dreamer
is asleep and the hallucinating schizophrenic patient is
awake. In addition, the hallucinations of dreaming are
predominantly visual, whereas the hallucinations of
schizophrenia are usually auditory.
If CDFF brain circuits are temporarily disabled in the

normal dreaming brain, sleep research could provide
a useful arena for identifying these circuits. Successful
identification might shed light on the neural mechanisms
of psychosis at the level of ‘‘mind’’ and might even pro-
vide new drug targets. Sleep studies could be particularly
useful for isolating CDFF circuits because there are phe-
notypic gradations in the degree to which CDFF circuits
are disabled. Near total shutdown occurs when the
dreamer is fully involved in and dominated by mental
events in a dream that seems unequivocally ‘‘real.’’ Par-
tial shutdown occurs in lucid dreaming where the
dreamer experiences hallucinatory events but recognizes
that he is dreaming and may even be able to control or
direct the dream experiences. In addition to hallucinatory
dreams, an enormous amount of thought-like mental ac-
tivity occurs during sleep. Although these thoughts can
be strange, the sleeping subject typically experiences
them as her own mentation. Studying these different
degrees of CDFF impairment during sleep with advanced
imaging techniques and sophisticated interviewing meth-
ods could help delineate the CDFF circuits of conscious-
ness upon which ‘‘agency’’ depend. Such studies will be
challenging, especially because rapid eye movement sleep
is not a marker of dreaming.11 It seems to me a challenge
worth taking on, not least because of the esthetic pleasure
that would come from successfully verifying the age-old
connection between dreams and psychosis.
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