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Schizophrenia: A Disconnection
Syndrome?

Karl J. Friston and Christopher D. Frith

We review the evidence of pathophysiological
changes in the prefrontal and temporal cortices of
schizophrenic subjects and of abnormal integration of the
physiological dynamics in these two regions. The argument
we develop is that some schizophrenic phenomena are best
understood in terms of abnormal interactions between different
areas, not only at the levels of physiology and functional anatomy, but at
the level of cognitive and sensorimotor functioning. We discuss recent
functional imaging evidence suggesting abnormal prefronto-temporal
interactions in relation to a psychological analysis of experiential
symptoms in schizophrenia. Cortico-cortical interactions have been
assessed in terms of functional connectivity and eigenimages, using
time series of neurophysiological data obtained with positron emission
tomography. The results of these analyses suggest that there is a
profound disruption of large-scale prefronto-temporal interactions in
schizophrenia. These disruptions are particularly relevant if one consid-
ers that many positive symptoms of schizophrenia reflect a failure to
integrate intrinsically generated behaviour and concurrent
perception. © 1995 Wiley-Liss, Inc.
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he relationship between the brain’s cognitive and

sensorimotor operations and the underlying neural

dynamics has been addressed, broadly speaking, in
two ways. Firstly the brain is considered as an ensemble of
functionally segregated areas, each subserving a specific
function. This view of functional organization has its roots in
early lesion-deficit studies and electrical stimulation experi-
ments in animals [e.g., Goltz, 1881; Ferrier, 1875]. The
second complementary view of functional organization
emphasises the integration of functionally specialized areas,
and considers distributed interactions as the neurophysi-
ological basis for emergent cognitive or psychological
function. These two perspectives are deeply enmeshed both
in modern neuroscience and historically: For example a key
meeting, on the morning of August 4, 1881, to discuss
“localization of function in the cortex cerebri,” addressed
this issue. Goltz [1881], although accepting the results of
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electrical stimulation of motor cortex [e.g.,
Ferrier, 1875], considered the excitation method
inconclusive, in that movements elicited might
have originated in related pathways or current
could have spread to distant centres [Phillips et al.,

1984]. This dialectic, functional segregation vs. functional
integration, persists today and forms the basis for this
discussion of some recent observations using functional
neuroimaging in schizophrenia.

The central thesis of this article is that although
localized pathophysiology of cortical areas (e.g., the dorso-
lateral prefrontal cortex or DLPFC) may be a sufficient
explanation for some signs of schizophrenia, it does not
suffice as a rich or compelling explanation for the symptoms
of schizophrenia. The conjecture we review here is that
symptoms such as hallucinations and delusions are better
understood in terms of abnormal interactions or integration
between different cortical areas. This dysfunctional integra-
tion is expressed at a physiological level as abnormal
functional connectivity, measurable with neuroimaging, and
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at a cognitive level as a failure to
integrate perception and action that
manifests as clinical symptoms. The
distinction between a regionally spe-
cific pathology and a pathology of
interaction can be seen in terms of a
first order effect (e.g., hypofrontality)
and a second order effect that only
exists in the relationship between
activity in the prefrontal cortex and
some other (e.g., temporal) region. In a
similar way psychological abnormali-
ties can be regarded as first order (e.g.,
a poverty of intrinsically cued behav-
iour in psychomotor poverty) or sec-
ond order (e.g., a failure to integrate
intrinsically cued behaviour and per-
ception in reality distortion; see be-
low).

The idea that schizophrenic
symptoms are associated with abnor-
mal integration in the brain is sup-
ported by an analysis of the neuropsy-
chology of schizophrenia [see Frith,
1992] and some interesting differences
in functional connectivity (as mea-
sured with positron emission tomogra-
phy or PET) [Friston et al., 1994]
between normal subjects and schizo-
phrenics that are reviewed in this
article. The notion that schizophrenia
represents a disintegration or fraction-
ation of the psyche is as old as its
name, introduced by Bleuler [Bleuler,
1913] to convey a “splitting” of mental
faculties. Many of Bleuler’s primary
processes, such as “loosening of asso-
ciations” emphasize a fragmentation
and loss of coherent integration. In
what follows we suggest this mentalis-
tic “splitting”” has a physiological ba-
sis, and furthermore that both the
mentalistic and physiological disinte-
gration have precise and specific char-
acteristics that can be understood in
terms of functional anatomy.

he evidence for structural and

functional abnormalities in both

the prefrontal cortices and tem-
poral lobes is strong, particularly in
the left hemisphere. This evidence
ranges from abnormal quantitative
cytoarchitecture [Benes et al., 1986] to
gross morphological changes evident
on MRI scans [Bogerts et al., 1991] and
postmortem [Brown et al., 1986]. Func-
tional abnormalities have been demon-
strated using PET [Liddle et al., 1992]
and electrophysiology [McCarley et
al., 1993].

Abnormal integration of prefron-
tal neural activity and activity in
subcortical, limbic, and temporal struc-
tures is a common theme, found in
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many neurobiological accounts of
schizophrenia. For example neurode-
velopmental models of schizophrenia
[e.g., Weinberger, 1987, Murray and
Lewis, 1987] refer to the concurrent
maturation of the frontal lobes, in
terms of myelination, and the emer-
gence of schizophrenic phenomena.
In adolescence there is evidence for
progressive changes in the nature of
cortical interactions (as measured by
the EEQG), particularly between the left
prefrontal and temporal regions
[Buchsbaum et al., 1992]. The patho-
physiological basis of abnormal cogni-
tive processing in schizophrenia has
been discussed in terms of abnormal
fronto-striatal and fronto-temporal in-
tegration [e.g., Robbins, 1990; Frith,
1987]. Interpretations of (glutaminer-
gic) neurochemical abnormalities, in
prefrontal and left temporal regions,
refer to the anatomical connections
between these regions [e.g., Deakin et
al., 1989].

Functional
connectivity refers to
the observed
temporal correlation
between two
neurophysiological
measurements.

Although there is less direct
evidence for an abnormal integration
of prefrontal and temporal activity
there are some intriguing and sugges-
tive observations. For example psy-
chotic symptoms, including complex
auditory hallucinations and delusions,
are a prominent feature of Metachro-
matic Leukodystrophy presenting in
early life [Hyde et al., 1992]. The
pathology of Metachromatic Leuko-
dystrophy is demyelination affecting
many systems but particularly the
subfrontal white matter. The possibil-
ity that the pathophysiology of schizo-
phrenia leads to a similar prefronto-
temporal functional “disconnection”
suggests that functional connectivity
between these two brain systems
should be demonstrably abnormal.
Our initial results [Friston et al., 1994]
suggest that this is indeed the case.

In neuroimaging, functional con-
nectivity is a relatively new concept
and furnishes a simple but powerful
way of characterizing distributed

changes in the brain. A single cortical
region is implicated in a distributed
system by virtue of its functional
interactions with other regions. The
identification of distributed systems
therefore relies on the characterization
of neuronal interactions and correla-
tions. In the past two decades the
concepts of functional and effective
connectivity have been most thor-
oughly elaborated in the analysis of
multi-unit recordings of separable neu-
ronal spike trains, recorded simulta-
neously from different brain areas in
animals [Gerstein and Perkel, 1969].
Temporal coherence is interpreted as a
signature of functional connectivity
[Aertsen and Preissl, 1991; Gerstein et
al., 1989]. In neuroimaging functional
connectivity refers to the observed
temporal correlation between two neu-
rophysiological measurements from
different parts of the brain [Friston et
al., 1993a] and can be defined as the
temporal correlation between spatially re-
mote neurophysiological events.

In general the interesting aspects
of functional connectivity pertain to
the patterns of correlations evoked by
an experiment. These patterns define
distributed systems whose compo-
nents exhibit coherent activity. One
characterisation of these patterns is in
terms of the eigenvectors of the func-
tional connectivity matrix. These eigen-
vectors are obtained using singular
value decomposition or SVD to decom-
pose a neuroimaging time-series into a
series of independent patterns that
embody, in a stepdown fashion, the
greatest amounts of functional connec-
tivity. Each eigenvector defines a dis-
tributed brain system that, when dis-
played as an image, is referred to as an
eigenimage or spatial mode. Eigenimages
have been used to capture the spatio-
temporal dynamics of neurophysi-
ological time-series from several mo-
dalities including: multi-unit electrode
recordings [Mayer-Kress et al., 1991],
electro-encephalography [Friedrich et
al., 1991], magneto-encephalography
[Fuchs et al., 1992], PET [Friston et al,,
1993a], and functional magnetic reso-
nance imaging [Friston et al., 1993b].
Many readers will notice that the
eigenimages associated with the func-
tional connectivity or covariance ma-
trix are simply the principal compo-
nents of the time-series [e.g., Friston et
al, 1993a]. In what follows eigenim-
ages will play a central role in reveal-
ing the important features of func-
tional connectivity in normal subjects
and in schizophrenia.
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he remainder of this article is
T presented in three sections and

concludes with a discussion.
The first section summarizes the na-
ture of the data we will use to illustrate
these ideas, the experimental para-
digm, and the subjects involved. The
second section characterizes and com-
pares functional connectivity using
the most prevalent eigenimage or
spatial mode from each group studied.
The third section presents the eigenim-
ages that embody the functional con-
nectivity expressed by normal subjects
but not in schizophrenic patients and
conversely those patterns of coherent
activity that are seen in schizophrenia
but not in normals.

The data were acquired from
four groups of six subjects with a PET
camera (CTI model 93108/12, Knox-
ville TN) using a fast dynamic O
technique. Each subject was scanned
six times during the performance of
three-word production tasks. The or-
der of the tasks was balanced for time
effects (A B C C B A). Task A was a
verbal fluency task, requiring subjects
to respond with a word that began
with a heard letter. Task B was a
semantic categorisation task where
the subject responded “man-made” or
“natural,” depending on the heard
noun. Task C was a word shadowing
task where the subject simply re-
peated what was heard. In the current
context the detailed nature of the tasks
is not very important. They were used
to introduce variance and covariance
in cerebral activity that could support
an analysis of functional connectivity.
However, the choice of tasks is crucial
in the sense that they engage specific
brain systems, and consequently con-
strain the cortico-cortical interactions
that can be examined. The tasks used
typically evoke large and widespread
regional cerebral blood flow (rCBF)
changes in prefrontal, cingulate, and
temporal regions [Frith et al.,, 1991a, b;
Friston et al., 1991a].

All the images were stereotacti-
cally normalized and mapped into a
standard anatomical space [Friston et
al,, 1991b; Talaraich and Tournoux,
1988]. Differences in rCBF due simply
to whole brain differences were re-
moved using ANCOVA [Friston et al.,
1990]. A mean rCBF estimate for each
voxel, for each of the six conditions
(scans), for each group, was obtained
by averaging over the six subjects in
each group. A subset of voxels was
selected, for subsequent analysis, if the
differences between any of the six

scans accounted for a significant
amount of variance (ANCOVAF > 3.9,
P < 0.001, df 5,24) in one or more of
the four groups. The result was a large
(mean corrected and Euclidean nor-
malized) matrix (M) of rCBF estimates
for each of the four groups, compris-
ing six rows (one for each scan) and
4,802 columns (one for each voxel).
The four groups comprised one
group of six normal subjects and three
groups of six schizophrenic patients
[DSMIII-R; American Psychiatric Asso-
ciation, 1987]. The patients were all
relatively chronic, medicated, stable,
and middle-aged. The schizophrenic
groups were categorized according to
their performance on a series of verbal
fluency tasks. The first group ( poverty)
produced less than 24 words on a
standard (1 minute) FAS verbal flu-
ency task. The other groups all pro-
duced more than 24 words. The

Normal subjects
evidence profound
negative
prefronto-superior
temporal functional
interactions
associated with
intrinsic word
generation.

second schizophrenic group (odd) pro-
duced neologisms and/or words not
in the semantic category specified
and/or five or more unusual words.
Unusualness was defined using the
Battig and Montague [1969] category
norms. The third group was unim-
paired according to the above criteria.
Although this categorisation is explic-
itly in terms of performance on psycho-
logical tests germane to the activation
paradigm employed, the three groups
can be loosely identified with the three
dimensions commonly found in clini-
cal ratings of schizophrenia [Liddle,
1987; Bilder et al., 1985; Mortimer et al.,
1990; Arndt et al., 1991]: (1) psychomotor
poverty, characterized by reduced
speech, spontaneous movement, and
flattened affect; (2) disorgunization, asso-
ciated with inappropriate affect,
thought disorder, incoherence, and
poverty of content of speech; and (3)
reality distortion, with hallucinations
and delusions but less neuropsycho-
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logical impairment [Liddle and Mor-
ris, 1991].

The first eigenimage, based on
the data from normal subjects, is
presented in Figure 1 (top panels).
This eigenimage (e;) is found by
solving:

C'el=e]')\1

where C = MT - M is the functional
connectivity matrix. The positive and
negative parts are presented at the left
and right respectively. This pattern
involves primarily the left DLPFC
(positive) and the superior temporal
regions, bilaterally, in auditory and
periauditory cortex, with left posterior
infero-temporal contributions (nega-
tive). The corresponding eigenvalue
(\) is seen on the lower left and is
more than twice the eigenvalue of the
second eigenimage. Each eigenimage
has an associated eigenvalue that
reflects the amount of variance-covari-
ance that eigenimage accounts for.
The first two eigenimages account for
nearly all the variance-covariance ob-
served. This is not uncommon in the
analysis of activation studies. The
vector on the lower right reflects the
degree to which the first eigenimage
was expressed during the six scans. It
is obvious that this eigenimage is
maximally expressed during the ver-
bal fluency tasks and minimally so in
the word-shadowing tasks. In sum-
mary, normal subjects evidence pro-
found negative prefronto-superior
temporal functional interactions asso-
ciated with intrinsic word generation.
This is almost an exact replication of
previous work [see Friston et al,
1993a].

The positive parts of first eigen-
images from the three schizophrenic
groups are presented in Figure 2.
There are several important observa-
tions to be made. First the three
patterns are remarkably similar. This is
pleasing, considering they were based
on independent data. Secondly they
are very different from the normal
pattern. Although fronto-temporal in-
teractions are the most prominent
features of these eigenimages (1) the
correlations are positive, (2) are most
evident between left prefrontal and
left infero-temporal and tempor-insu-
lar regions, and (3) the temporal
component of this system is not sym-
metrical. The negative parts of the
eigenimages are not shown because
they were very scant. In summary all
three groups of schizophrenic patients
exhibited very similar patterns of func-
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Fig. 1. Eigenimage analysis of the normal subjects. Top left and right: Positive and negative loadings of the first eigenimage (the most prevalent
pattern of correlated activity). The gray scale is arbitrary and each image has been normalized to the image maximum. The display format is
standard in statistical parametric mapping (SPM) and represents a maximum intensity projection from three orthogonal views of the brain (from
the right, from behind, and from above). Bottom left: The distribution of eigenvalues associated with the first and subsequent eigenimages.
Bottom right: The degree to which the first eigenimage was expressed during the six scans.
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tional connectivity, involving positive
interactions between left DLPFC and
left inferotemporal and middle tempo-
ral regions.

Below we present a more direct
analysis of the differences between the
patterns of correlated activity between
normal subjects and schizophrenic
patients. Here we identify the eigenim-
age that reflects the functional connec-
tivity in the normal subjects not ex-
pressed in a schizophrenic group (dy).
This eigenimage is obtained by using a
generalized eigenvector solution:

Cp‘l'cn'dlzdl')\l
Cordy=Cody Ny

where C, and C, are the poverty
schizophrenic and normal functional
connectivity matrices, respectively.
The results of this analysis are
presented in Figure 3. It is of no
surprise to see that the pattern which
best captures the differences is very
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similar to the pattern that is most
prevalent in the normal subjects,
namely negative correlations between
left DLPFC and bilateral temporal
regions (Fig. 3, upper panels). The
amount to which this pattern was
expressed in each individual group is
shown in the lower panel of Figure 3
using the appropriate 2-norm ||
d;-C-dy | This measure simply re-
flects the amount to which a pattern d;
contributes to the variance-covariance
structure C (compare with the eigen-
value). It is seen that this eigenimage,
whilst prevalent in the normal sub-
jects, is virtually absent in all the three
schizophrenic groups. Equivalently the
substantial prefronto-temporal func-
tional connectivity within the system
portrayed in Figure 3 is not found in
the schizophrenics. It is important to
note that only one of the schizo-
phrenic groups (the poverty group)
was used to define this eigenimage

and yet it is absent in the remaining
schizophrenic groups.

Figure 4 shows the complemen-
tary analysis where the eigenimage
was chosen to show functional connec-
tivity prevalent in the poverty schizo-
phrenic group that was minimally
expressed in the normal group. The
main feature of this functional connec-
tivity pattern was a positive left pre-
fronto-left temporal interaction. Again
although the data from the odd and
unimpaired group were not used to
constrain the eigenvector solution,
this pattern is also found in these
groups.

n this article we have reviewed an
analysis of cortical interactions in
normal subjects and schizophrenic
subjects using the concept of func-
tional connectivity. Compared to nor-
mal subjects the schizophrenic groups
showed a very different pattern of

Clinical Neuroscience * Schizophrenia * Friston and Frith



Corernal

unimpaired

prajections

SHM

projections

coronat

sogittol

Fig. 2. The first eigenimages for each of the schizophrenic groups. The display format is the same as for Figure 1. Only positive loadings are
shown. The striking thing about these data is the similarity between the three eigenimages.

distributed cerebral interactions. The
nature of this difference was remark-
ably consistent across the groups of
schizophrenia analyzed. The main
differences between normal subjects
and patients was a dissociation in
terms of regionally specific prefronto-
temporal functional connectivity: (1)
Profound left prefronto-bilateral supe-
rior temporal negative interactions were
seen in normal subjects but not in
schizophrenia and (2) marked left
prefronto-left temporal positive correla-
tions were marked in the schizo-
phrenic groups but not in normals.
These results indicate not only region-
ally specific and consistent differences
in functional connectivity, but a com-
plete reversal in the nature of the large
scale prefronto-temporal interactions.
This reversal can be regarded as a
failure of prefrontal cortex to suppress
activity in the temporal lobes (or vice
versa).

Underlying our thinking about
the nature of fronto-temporal interac-
tions is an assumption that the prefron-
tal cortices are necessary for intrinsi-

cally generated behaviour and that the
temporal cortices (in the context of
word generation) are necessary for
extrinsically generated percepts. The
evidence for the former association
derives from studies of patients with
neurological problems, unit recording
studies in behaving primates, and
functional imaging studies during cog-
nitive activation. Psychomotor poverty
in schizophrenia is closely related to
psychomotor retardation [Benson,
1990] which includes decreased spon-
taneous movement, decreased commu-
nication, flatness of vocal inflection,
unchanging facial expression, and so-
cial withdrawal. Among the most
common causes of psychomotor retar-
dation is damage to the frontal lobes
and Parkinson’s disease. In particular,
patients with damage to the anterior
cingulate and/or supplementary mo-
tor area (SMA) tend to become mute
and show decreased spontaneous
movement [Damasio and Van Hoesen,
1983]. Passingham et al. [1989] have
demonstrated that SMA and anterior
cingulate lesions in monkeys impair
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responses when the movement is self
initiated, but have little effect when
the movement is extrinsically cued.
Largely akinetic patients, with Parkin-
son’s disease, can show a dissociation
between movements which are self-
initiated and extrinsically cued (e.g.,
paradoxical kinesis) [Marsden et al.,
1982]. In functional mapping it is now
well established that the DLPFC is
concerned with intrinsically gener-
ated behaviour that is implicitly mne-
monic [e.g., Frith et al., 1991a; Friston
et al., 1992].

On the basis of this sort of
evidence one might propose that re-
gionally specific pathophysiological
change in the prefrontal cortex is a
sufficient explanation for the negative
signs of schizophrenia. There is how-
ever another possibility; that normal
frontostriatal integration is necessary
for intrinsically generated behaviour.
Robbins [1990] has reviewed the case
for fronto-striatal dysfunction in
schizophrenia. He comes down in
favour of such a hypothesis and
concludes that the pathophysiological
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projections

basis of schizophrenia is unlikely to be
found in a single area but is more
likely to be associated with dysfunc-
tional integration in the cortico-striatal
loops. While these observations ad-
dress negative signs ( psychomotor pov-
erty), they do not directly relate to the
positive signs (disorganization syn-
drome) and experiential symptoms
(reality distortion) of schizophrenia. We
now discuss the role of abnormal
fronto-limbic and fronto-temporal in-
teractions in the genesis of positive
symptoms.

The generation of intrinsically
cured behaviour is, in normal circum-
stances, one aspect of a coherent
integration of perception and action,
dictated by the history of the indi-
vidual (the history may be recent and
reflected in neural dynamics or embed-
ded in associative changes in neural
connectivity). The point is that intrinsi-
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cally generated action cannot be di-
vorced from perception. Intrinsically
generated behaviour corresponds to
an adaptive response to concurrent
stimuli, informed by past events. In
responding the individual operates on
the environment and causes perceived
changes, if only at the level of proprio-
ception. The coherent temporal succes-
sion of self-initiated action and percep-
tion depends on a continuous dialogue
between neural systems responsible
for executing motor behaviour and
sensory systems that register the ef-
fect. This dialogue may be mediated
by connections between prefrontal
cortex and appropriate sensory sys-
tems to integrate the sensed and
expected consequences of acting. An
extremely useful metaphor for this
sort of neuronal interaction is found in
the occulomotor system [see also Fein-
berg, 1978].

Helmholtz [1866] pointed out
that when we move our eyes the
image slips across the retina and yet
we perceive the world as stationary.
This phenomenon can be accounted
for by corollary discharge or re-
afference copy [Sperry, 1950; von
Holst and Mittelstaedt, 1950]. Robin-
son and Wurtz [1976] identified cells
in the superficial layers of the superior
colliculus that respond to moving
stimuli but do not respond when the
eye is moved across a stationary target.
At that time they tentatively identified
the frontal eye fields (in the prefrontal
cortex) as the source of modulating
corollary discharge. Similar selectivity
of unit responses for extrinsically and
intrinsically caused sensory changes is
found in the auditory system: Muller-
Preuss and Jurgens [1976] identified
cells in the auditory cortex of squirrel
monkeys that respond to extrinsically

Clinical Neuroscience ¢ Schizophrenia * Friston and Frith
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generated sounds, but not to self-
generated vocalization. Ploog {1979]
concludes that the inhibition of these
cells is caused by corollary discharges
associated with vocalization, possibly
from the anterior cingulate (in the
prefrontal cortex). The anterior cingu-
late projects not only to Broca’s area
but also auditory areas, including
Brodmann’s area 22.

The picture which emerges is of
modulatory interactions between pre-
frontal cortex and posterior sensory
cortex that serve to integrate percep-
tion and action. A failure of this
integration, or at a neurophysiological
level dysfunctional prefronto-tempo-
ral connectivity, may compromise (1)
intrinsically generated action, second-
ary to disintegration between (prefron-
tal and premotor) intentional and
(discriminative and proprioceptive)
sensory systems, and (2) aberrant
perception resulting from misattribu-

tion of a self-induced sensory change
to the external agencies. Many of the
symptoms of schizophrenia can be
sensibly understood in terms of the
second impairment. For example:
Consider the effects of a failure
to modulate neuronal activity associ-
ated with intrinsically generated se-
mantic and syntactical representations
in superior temporal regions. This
might result in the perception of
formed utterances and words that are
experienced as extrinsic. The activa-
tion of semantic representations (in
the absence of properly functioning
afferents from prefrontal and cingu-
late cortices) is a likely concomitant of
neural activity in premotor speech
areas (e.g., Broca’s area or BA 44)
associated with sub- or pre-vocal
speech (profound changes in neural
dynamics are observed many hun-
dreds of milliseconds before actual
movement in other motor systems).

Clinical Neuroscience * Schizophrenia ¢ Friston and Frith

A similar disintegration can be
envisaged in terms of (putative) infero-
temporal [Perret et al., 1986; McCarthy
and Warrington, 1990] unit activity
evoked by particular facial expres-
sions. A failure to integrate responses
elicited in others, with the social
behaviour eliciting that response,
might result in the experience of
inappropriate expressions on the part
of the listener. Not only would this
lend itself to a malignant interpreta-
tion but would disrupt any coherent
discourse. In this example the sensory
representation evoked by an intrinsi-
cally generated behaviour has been
mediated by the patient acting on the
world. In the example above the seman-
tic representations were mediated di-
rectly by meural interactions. In both
cases they were not properly inte-
grated and were experienced as being
caused by another.
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Although not easily framed in
terms of fronto-temporal interactions,
delusions of control and “made acts”
are related to the above by noting that
proprioceptive input could be subject
to the same dysfunctional reentrant
modulation as neural activity in cortex
concerned with the discriminative
senses. In this case failure to suppress
proprioceptive input directly resulting
from volitional acts might be wrongly
attributed to an extrinsic cause.

In conclusion, intrinsically gener-
ated behaviour and the integration of
that behaviour into the perceptual
domain depends on coherent interac-
tions between prefrontal cortices and
those devoted to perceptual represen-
tations. Of the many interactions
among these systems we have focused
on efferents from the prefrontal cortex
to sensory systems and their role is
modulating target activity. This modu-
latory role may be as simple as sup-
pressing responsiveness to self-in-
duced sensory changes (for which
electrophysiological evidence exists)
[Muller-Press and Jurgens, 1976] or
they may reflect dynamic interactions
that are less easy to characterize. Many
signs and experimental symptoms of
schizophrenia impinge on the relation-
ship of self to others as mediated by
language and expression (or absence
of it} (e.g., poverty of speech, inappro-
priate or flat affect, incoherent speech,
decreased content of speech, auditory
hallucinations, and paranoid delu-
sions). The functional anatomy of
language-related perceptual represen-
tations centres on the temporal re-
gions. It follows that there might be
something quite specific about fronto-
temporal disconnection and schizo-
phrenia. In this regard structural MRI
studies of schizophrenic brains have
found abnormalities in the superior
temporal gyrus and underlying white
matter with some consistency [e.g.,
McCarley et al., 1993].
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