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Role of the Thalamus in
Language: Is it Related
to Schizophrenic
Thought Disorder?

by Bruce Crosson and
Carroll W. Hughes

Abstract

Crosson (1985) proposed a model
for language production which inte-
grated cortical with subcortical
functions. The implications of this
model for schizophrenia are ex-
plored. One conclusion is that neu-
ral systems, as opposed to a single
neural focus, account for schizo-
phrenic symptoms. In this light,
data regarding dysfunction in the
limbic system, nucleus accumbens,
globus pallidus, and prefrontal cor-
tex, which are often seen as contra-
dictory, can be viewed as comple-
mentary. Another conclusion is that
Crosson's model may have implica-
tions specific to schizophrenic
thought disorder. Random trigger-
ing of semantic segments and in-
ability to maintain contextual re-
ferents are discussed in the context
of the language production theory.

Schizophrenia is a multifaceted dis-
order that encompasses an array of
signs and symptoms. A number of
different neurobiological models
have been postulated to account for
the schizophrenic syndrome based
on brain atrophy; aberrations of
neurotransmitter and receptor sys-
tems (e.g., dopamine); or abnor-
malities of specific brain regions
such as the dorsolateral prefrontal
cortex, amygdala, hippocampus,
basal ganglia, nigrostriatal and lim-
bic pathways, and others (e.g.,
Hughes et al. 1985; Berger and
Brodie 1986; Cooper et al. 1986). A
few attempts have been made to de-
duce from such evidence the dys-
functions in specific brain systems
accounting for schizophrenia (e.g.,
Weinberger 1986).

Similarly, Crosson (1985) has re-
cently hypothesized a brain system
linking traditional language areas of
the cortex via thalamic and other
subcortical pathways. In Crosson's

model, subcortical mechanisms inte-
grate various language functions,
which explains why aphasia
(language dysfunction) occurs after
subcortical lesions (e.g., Cappa and
Vignolo 1979; Alexander and Lo-
Verme 1980; McFarling et al. 1982;
Crosson 1984; Crosson et al. 1986).
Crosson (1984) had previously con-
tended that understanding the role
of the thalamus and other subcorti-
cal structures in language would
lead to a better understanding of
how the brain produces language. If
language production can be better
described, it may enhance our un-
derstanding of related phenomena
such as schizophrenic language and
thought disorder.

Before proceeding further, it
would be helpful to define a couple
of terms, as well as the scope of our
interest. Regarding terminology, our
usage will be consistent with de-
scription of neurological systems
(e.g., Boiler 1982). Speech refers to
the mechanisms involved in articula-
tion; language refers to the verbal
processes in communication, i.e.,
the comprehension of spoken or
written statements and the formula-
tion of spoken or written discourse.
The primary interest of this article
will revolve around the phe-
nomenon of schizophrenic "thought
disorder," by which we mean in-
coherent language output. Although
we may touch upon hallucination
and delusion, these problems are
not our central focus.

The primary purpose of this arti-
cle is to consider whether a particu-
lar model of language production,
including the role of the thalamus
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MO 63110.
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(Crosson 1985), can shed any light
on the nature of schizophrenia—in
particular, thought disorder. The
goals are heuristic. We do not con-
tend that thalamic or other subcorti-
cal aphasias are the same as or the
cause of schizophrenic thought dis-
orders. Nonetheless, it does make
sense to consider how thalamic
functions might influence schizo-
phrenic symptoms, especially when
schizophrenia is viewed as a dis-
turbance in some brain system or
systems as opposed to a simple focal
disturbance. Inputs to the thalamus
come from most areas of the brain
including the brainstem reticular for-
mation, almost all sensory mo-
dalities, the cerebellum, the basal
ganglia, the limbic system, and most
areas of the cerebral cortex. Thus, it
is highly likely that schizophrenic
symptoms are determined by a brain
system that includes at least some
thalamic nuclei.

The Thalamus
and Its Connections

The cerebral cortex is intricately in-
volved in sensory processing, inte-
gration of information, and
formulation of actions. Recent evi-
dence suggests, however, that this
cortical activity is facilitated by, con-
trolled to some extent by, and per-
haps integrated through a network
of subcortical nuclei and connections
with extensive thalamic involve-
ment. It seems obvious that schizo-
phrenic symptoms involve, some-
how, the disruption of highly com-
plex, integrated cortical functions,
such as perception, language, and
thought. If we hope to understand
the contribution of the thalamus to
these complicated functions, we
must first understand how the
thalamus is connected to other
structures that are also involved. It
is through these connections with

various other structures that the
thalamus plays a role in language,
thought, and perception.

The thalamus (figure 1) is an
oblong group of nuclei lying in the
central most portion of each cerebral
hemisphere. It is divided into three
nuclear groups by a -y-shaped band
of white matter, the internal medul-
lary lamina. The three nuclear
groups are the anterior nucleus, the
medial (or dorsomedial) nucleus,
and the lateral nuclear group. The
lateral nuclear group is the most
complex of these structures, and it is
divided into several nuclei. There
also are some small nuclei lying
within the internal medullary lam-
ina, collectively called the intra-
laminar nuclei. A good neuro-
anatomy text will give detailed infor-
mation about the thalamus. Jones
(1985) has written an entire, ex-
tended volume about the thalamus,
though it contains considerably less
detail about the connections of the
thalamic nuclei than the neuroana-

tomy text of Carpenter and Sutin
(1983). The latter text was the main
reference used as a guide for this
section.

Starting at the anterior pole of the
thalamus is the anterior nucleus. Ev-
idence suggests that the primary
connections of the anterior nucleus
are with the limbic system. For ex-
ample, the anterior nucleus receives
substantial input from the hippo-
campus via the fornix (which is the
primary efferent pathway of the hip-
pocampus). The hippocampus, in-
terestingly, has been specifically
implicated in some studies of schizo-
phrenia (e.g., Kovelman and
Scheibel 1984). One of the main out-
puts of the anterior nucleus of the
thalamus is to the cingulate gyrus,
which is also considered a portion of
the limbic system. Although the an-
terior nucleus has connections with
limbic structures implicated in
schizophrenia, it has never seriously
been considered to have a role in
language.

Figure 1. Left thalamus, showing anterior nucleus, dorsomedial
nucleus, lateral nuclei, and centromedian nucleus (1 of the intra-
laminar nuclei)1
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Moving medially and posteriorly
to the anterior nucleus is the dorso-
medial (or medial) nucleus of the
thalamus. The dorsomedial nucleus
has bidirectional connections with
the nonmotor frontal lobe, including
the dorsolateral and orbital frontal
lobes. Indeed, it has been suggested
that the "prefrontal" cortical regions
should be defined as the cortical
projection fields of the dorsomedial
thalamus (e.g., Rose and Woolsey
1948; Leonard 1969; Fuster 1980).
However, Reep (1984) opposed such
a definition because it has tended to
obscure the "structural and func-
tional heterogeneity present in these
cortical areas" (p. 12). The connec-
tions of the dorsomedial thalamus
with the frontal lobes are of interest
because the frontal lobes, par-
ticularly the dorsolateral prefrontal
lobes, are implicated in schizo-
phrenia (e.g., Ingvar and Franzen
1974; Levin 1984(7, 1984&; Wein-
berger 1984; Andreasen et al. 1986;
Weinberger et al. 1986). The dor-
somedial nucleus also receives af-
ferents from the amygdala, a portion
of the limbic system. The dorso-
medial nucleus has never received
serious attention as a structure par-
ticipating in language. Indeed, stud-
ies showing severe memory deficit
with dorsomedial thalamic involve-
ment (e.g., McEntee et al. 1976;
Choi et al. 1983; Speedie and Heil-
man 1983) have not indicated seri-
ous disturbance in language.

The lateral nuclear group is the
largest division of the thalamus and
contains several nuclei. The ventral
anterior nucleus is the most anterior
of these. Traditionally, bidirectional
connections with the frontal lobes,
including the premotor cortex, have
been emphasized for this nucleus
(Carpenter and Sutin 1983); the pos-
sible importance of such frontal
structures for schizophrenia was
mentioned above. Jones (1985) has

disputed the importance of frontal
connections for the ventral anterior
nucleus, instead of emphasizing the
parietal lobe. But Jones (1985)
provided scant evidence for his posi-
tion compared to other sources,
such as Carpenter and Sutin (1983).
The ventral anterior thalamus also
receives input from the intralaminar
nuclei, the globus pallidus, and the
substantia nigra (Carpenter and
Sutin 1983). We shall discuss the im-
portance of input from the globus
pallidus for schizophrenia momen-
tarily. The ventral anterior nucleus
has occasionally been involved in
cases of thalamic infarction with lan-
guage dysfunction (Gorelick et al.
1984; Graff-Radford et al. 1984).
Also, during stimulation of the ven-
tral anterior thalamus and nearby
structures, Schaltenbrand's (1965,
1975) subjects could not inhibit spo-
ken language, even when asked to
do so.

The ventrolateral nucleus is
known to have bidirectional connec-
tions with the motor cortex. Because
this nucleus also receives input from
the cerebellum, the globus pallidus,
and the substantia nigra, it is con-
sidered to be the motor nucleus of
the thalamus. Studies of ven-
trolateral ablations for Parkinson's
disease or other movement disor-
ders found aphasia in varying fre-
quencies (see Crosson [1984] for
enumeration), but these language
symptoms were usually short-lived.
This latter fact suggests that these
lesions temporarily disrupt activity
in neighboring nuclei as opposed to
the ventrolateral thalamus being di-
rectly involved in language.

A digression on the basal ganglia
(caudate nucleus, putamen, and
globus pallidus) is relevant at this
point because of implications for
both schizophrenia and language.
Regarding their connections, the
caudate nucleus and the putamen

(collectively, the corpus striatum) re-
ceive input from most areas of the
cortex but do not project fibers di-
rectly to the cortex. Yeterian and
Van Hoesen (1978) have shown that
cortical areas which are directly and
reciprocally connected also project
to overlapping zones in the
striatum. The striatum has reciprocal
connections with the substantia
nigra; this link is one of the primary
dopaminergic pathways in the brain
(relevant to dopaminergic hypoth-
eses of schizophrenia discussed be-
low). The primary output of the
striatum is to the globus pallidus.
The globus pallidus also receives in-
put from the nucleus accumbens,
which receives input from the amyg-
dala and is considered to link the
limbic system with the basal ganglia
(Carpenter and Sutin 1983). The nu-
cleus accumbens receives dopamin-
ergic input from the midbrain
(ventral tegmental area).

The primary output of the basal
ganglia is from the globus pallidus
which, as noted above, has primary
outputs to the ventral anterior and
ventrolateral nuclei of the thalamus.
On the basis of anatomical evidence,
Crosson (1985) noted that any influ-
ence of the striatum on the cortex is
probably mediated through the
globus pallidus and the thalamic nu-
clei to which it projects. As just
mentioned, the striatum has no di-
rect output to the cortex. Early et al.
(1987) recently found abnormally
high regional cerebral blood flow in
the left globus pallidus of never-
medicated schizophrenic patients.
(Other studies have not generally
used never-medicated schizophrenic
patients. Wolkin et al. [1985]
showed greater metabolic asymme-
try favoring the left lentiform nu-
cleus in normals than schizophrenic
patients, but they did not separate
putamen from globus pallidus. The
greater subcortical than cortical me-
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tabolism in the schizophrenic pa-
tients of Gur et al., both off [1987a]
and on medication [1987b], neither
confirms nor detracts from the find-
ings of Early et al. [1987]. It is of in-
terest that Buchsbaum et al. [1987]
showed large decreases in right
globus pallidus metabolism relative
to whole brain metabolism when
schizophrenic subjects are medi-
cated; yet, they reported the de-
crease in the left globus pallidus to
be significant. Metabolism was
higher in the left than right globus
pallidus. There are very significant
differences in methodology between
studies.) Bogerts et al. (1985) found
that the medial segment of the left
globus pallidus was smaller than
normal in a group of relatively
chronic, never-medicated schizo-
phrenic patients (Vogt collection).

In summary, the two main points
of this digression are: (1) Thalamic
nuclei are a link in the chain of con-
nections leading from the cortex to
the basal ganglia through the
thalamus and back to the cortex.
The relevance of these anatomical
connections to language will be dis-
cussed shortly. (2) The globus pal-
lidus is connected to limbic struc-
tures through input from the nu-
cleus accumbens. Both limbic struc-
tures and the nucleus accumbens
have been implicated in schizo-
phrenia. Between the globus pal-
lidus and the frontal cortex, which
has also been implicated in schizo-
phrenia, are thalamic nuclei.

Four sensory relay nuclei in the
thalamus relay sensory information
to the primary sensory cortex for
tactile/proprioceptive, auditory, and
visual information. The ventral pos-
terior medial and ventral posterior
lateral nuclei, located posterior to
the ventrolateral nucleus, are pri-
marily relay nuclei for touch and
proprioception. The medial genicu-
late and lateral geniculate nuclei are

located ventral to the pulvinar and
are primarily relay nuclei for audi-
tion and vision, respectively. These
nuclei are not related to any struc-
tures ordinarily thought to be in-
volved in schizophrenia, though one
might wonder if they play a part in
auditory, visual, or tactile hallucina-
tions, or even in catatonia.

The pulvinar is a large nuclear
mass that contains most of the pos-
terior portion of the thalamus. The
pulvinar has reciprocal connections
to the temporal, parietal, and occipi-
tal cortex. If a thalamic nucleus is in-
volved in schizophrenic hallucina-
tions, the pulvinar appears to be a
more likely candidate than the sen-
sory relay nuclei described above.
The pulvinar has connections to the
auditory, visual, and tactile associa-
tion cortex where sensations are de-
coded into meaningful phenomena,
e.g., a voice conveying meaningful
language. Such meaningful phe-
nomena bear a closer resemblance to
schizophrenic hallucinations than
the unprocessed sensation which is
passed along by the sensory nuclei.
With respect to language, electrical
stimulation of the anterior superior
lateral pulvinar has been shown to
interfere with object naming (e.g.,
Ojemann 1977), and the pulvinar
has been implicated in several cases
of thalamic aphasia (e.g., Ciemans
1970; Mohr et al. 1975; Kameyama
1976/1977; Crosson et al. 1986).

The lateral posterior nucleus is an-
terior to but continuous with the
pulvinar. It has bidirectional connec-
tions with the parietal cortex and
possibly inputs from the thalamic
somatosensory nuclei, i.e., ventral
posterior lateral and ventral pos-
terior medial (Carpenter and Sutin
1983). The dorsolateral (or lateral)
nucleus is anterior to the lateral pos-
terior nucleus. It projects primarily
to the cingulate gyrus but also to the
parietal lobe. Most parts of the lim-

bic cortex, except for the most ante-
rior, project to the dorsolateral
thalamus. The reader will recall that
limbic system structures, such as the
hippocampus (e.g., Kovelman and
Scheibel 1984), are implicated in
schizophrenia.

The intralaminar nuclei are a
group of small nuclei lying within
the internal medullary lamina.
These nuclei receive input from
parts of the frontal lobe, including
the motor and premotor cortex.
These frontal inputs are not recipro-
cated as they are with other thalamic
nuclei. This one-way flow of infor-
mation means intralaminar nuclei
can directly influence the frontal cor-
tex, but the influence of the frontal
cortex on the intralaminar nuclei
must be mediated by other struc-
tures, perhaps the basal ganglia.
There are some projections from the
globus pallidus to the intralaminar
nuclei. The intralaminar nuclei re-
ceive substantial afferents from the
brainstem reticular formation. One
major output from the intralaminar
nuclei goes to the putamen and cau-
date nucleus. There are also projec-
tions to the ventral anterior
thalamus. In fact, lesions of the ven-
tral anterior thalamus in some ani-
mals block the cortical recruiting
response elicited by electrical stim-
ulation of the intralaminar and mid-
line nuclei (Carpenter and Sutin
1983). The importance of this phe-
nomenon to language is noted be-
low. The recruiting response is also
abolished by ablation of the orbital
frontal cortex.

Summary. As we might surmise
from the above discussion, neocorti-
cal areas are intricately involved in
sensory processing, integration of
information, and formulation of ac-
tions through what appears to be a
network of subcortical nuclei with
extensive thalamic involvement.
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Several important points from this
discussion should be reemphasized.
Pertaining to language, both stim-
ulation studies and lesion cases indi-
cated some involvement of the
pulvinar in language. Though the
evidence is less abundant, stimula-
tion and lesion evidence also indi-
cates that the ventral anterior
thalamus is involved in language.
Given recent evidence of abnor-
malities in the dominant (left)
globus pallidus of schizophrenics
(Bogerts et al. 1985; Early et al.
1987), the ventral anterior nucleus
may be one place at which the lan-
guage system and the neurological
system responsible for schizo-
phrenia interface. It will be recalled
that one of the main outputs of the
globus pallidus is to the ventral an-
terior nucleus. Further, one input to
the globus pallidus comes from the
nucleus accumbens, which may link
the limbic components in schizo-
phrenic pathology to the basal
ganglia.

The dorsolateral prefrontal lobes
also have been implicated in schizo-
phrenia (Weinberger et al. 1986).
The ventral anterior and dorso-
medial nuclei have reciprocal con-
nections with frontal lobe structures,
and the intralaminar nuclei have
outputs directly to the frontal lobes.

Regarding the possible role of the
limbic system in schizophrenia, it is
worth noting that the limbic system
interfaces with the anterior thala-
mus, the dorsomedial thalamus, and
other thalamic nuclei. Emotions, in
general, have been linked to a sub-
circuit of the limbic system and may
well play a role in "flat" affect in
schizophrenia. This circuit involves
the anterior thalamus via the mamil-
lothalamic tract, which in turn leads
to the cingulate cortex and then
projects back to the hippocampus.
In addition to the hippocampus,
which has been implicated in schizo-

phrenia, the nucleus accumbens is
thought to connect the limbic sys-
tem to basal ganglia (globus pal-
lidus). The nucleus accumbens
receives dopamine-rich input from
the midbrain tegmentum and has
been thought to be involved in
schizophrenia, which leads to our
next topic.

Dopaminergic Systems and
Schizophrenia

Thus, neurological pathways con-
trolling emotion, memory, and
arousal interface with speech and
language mechanisms at multiple
levels of the nervous system. Cer-
tainly, the thalamus is intricately
linked in the process. The language
system will be discussed in more de-
tail later, but the common pathways
and structures between it and other
systems may be critical to our un-
derstanding of schizophrenia and
thought disorder (e.g., Hoffman et
al. 1986; Morice 1986).

Our knowledge of the neuro-
chemistry of various pathways has
advanced enormously in the past
decade in terms of transmitters, re-
ceptors, and pharmacological re-
sponse (Hughes et al. 1985; Berger
and Brodie 1986; Cooper et al. 1986).
For purposes of this discussion, we
will focus on the dopaminergic path-
ways and mechanisms that continue
to dominate contemporary neuro-
science thinking about schizo-
phrenia. (For recent reviews, see
Matthysse 1973; Lewis 1980; Langer
et al. 1981; Hornykiewicz 1982;
Berger and Brodie 1986; Sedvall et
al. 1986.)

Neurons containing dopamine
(DA) are primarily mesencephalic in
origin, although some groups found
in the diencephalon and the telen-
cephalon (Dahlstrom and Fuxe 1964;
Ungerstedt 1971; Fuxe et al. 1974).
Cooper et al. (1986; see chapter 10

for a more thorough discussion), re-
fer to "long-length systems" of DA
neurons that link the substantia
nigra and ventral tegmental DA cells
with three major targets: (1) the neo-
striatum consisting of the caudate
and putamen (see discussion of in-
volvement of the caudate nucleus
and putamen in speech and lan-
guage inhibition shortly); (2) the
mesocortical projections of the me-
dial prefrontal, cingulate, and ento-
rhinal areas; and (3) the mesolimbic
projections of the amygdaloid com-
plex, nucleus accumbens, piriform
cortex, olfactory tubercle, and the
septum. In terms of prefrontal pro-
jections, recent research has re-
vealed that the mesocortical neurons
lack the autoreceptors that are a part
of the rest of the DA projection sys-
tems. Consequently, DA receptor-
blocking drugs such as haloperidol
produce large increases in synthesis
of DA in the nigrostriatal and meso-
limbic neurons but only minimally
so in the mesocortical system.
Rather, neuronal responses in the
mesocortical system to neuroleptics
involve: (1) more rapid turnover of
transmitter and (2) faster neuronal
firing rate. These differences be-
tween the DA systems may prove
critical to understanding the posi-
tive/negative symptom response to
antipsychotics as well as the dif-
ferential symptom profile often
found in schizophrenia.

D, and D2 receptors are two of the
neurotransmitter receptors sensitive
to DA. Elevated levels of D, and D2

receptors in several brain regions
have been associated with schizo-
phrenia, such as the nucleus ac-
cumbens, anterior perforated
substance, caudate, putamen, ven-
tral septum, and amygdala (Snyder
et al. 1974; Lee and Seeman 1977;
Owen et al. 1978; Bird et al 1979;
Cross et al. 1981; Mackay et al. 1982;
Seeman et al. 1982; Crawley et al.
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1986). Although some of these stud-
ies have been criticized for medica-
tion artifacts, Wong et al. (1986),
using positron emission tomography
(PET), find that D2 receptor densities
in the caudate nucleus of schizo-
phrenic brains (never exposed to
neuroleptics) are elevated compared
to controls.

Prefrontal cortex dopamine pro-
jection areas are believed to be in-
volved in social withdrawal,
emotional indifference, impaired at-
tention, and flat affect often seen
with schizophrenia (Teuber 1972).
As mentioned above, the role
played by the lack of DA autorecep-
tors in this region is unclear, but in-
teresting to consider. The loss of
neurons in the caudate nucleus, as
well as the lower midbrain, has been
suggested to lead to cortical atrophy
(Fuxe et al. 1974; van Kammen et al.
1986). And recent work by Reynolds
and Tourtellotte (1984) reports an
abnormally high concentration of
DA in the left amygdala of schizo-
phrenic brains.

Recently, Adams and colleagues
have neurochemically mapped the
thalamus of a number of schizo-
phrenic brains and report that the
schizophrenic thalamus, in contrast
to nonschizophrenic brains, shows
high concentrations of DA in the
ventral posterior lateral and medial
nuclei as well as in the pulvinar (see
Oke and Adams, this issue). There
is no alteration in norepinephrine
levels, which suggests that the high
concentration of DA is not a meta-
bolic byproduct of some change in
the noradrenergic system. The DA
pathways are intricately linked with
thalamic, limbic, and prefrontal
areas in an integrated communica-
tion network. Ultimately, there is
every indication that the dopamin-
ergic pathways are altered in the
schizophrenic brain in comparison
to controls.

The above data relating to schizo-
phrenia remain controversial (Crow
1980; Hornykiewicz 1982; Iversen
1984) because each study often sug-
gests a different brain region or re-
ceptor mechanism (Winblad et al.
1979; Kleinman 1986). Yet, aberra-
tions in DA pathways are a consist-
ent theme. Hughes et al. (1985), as
well as others (e.g., Weinberger
1986), have noted the heterogeneity
of symptom clusters in schizo-
phrenia. On this basis, they have
suggested that schizophrenia is
most likely a syndrome made up of
many subtypes (e.g., Crow 1980),
not a single disorder, with different
schizophrenic patients reflecting
slightly different aberrations in neu-
roanatomical pathways. For exam-
ple, prefrontal aberrations may be
responsible for the negative symp-
toms (Crow 1980) of flattening of af-
fect, social withdrawal, and poverty
of speech and thought. Other soma-
tosensory, hippocampal, amyg-
daloid, and thalamic involvement
may present as positive symptoms
of hallucination or thought disorder.
We would offer that the recent find-
ing of different brain region impair-
ment is to be expected given the
complicated interplay of multiple
neuronal networks, the complexity
of the schizophrenic syndrome, and
differences in methodology. Addi-
tionally, medication history is bound
to be iatrogenic in assayed schizo-
phrenic pathology. Finally, the dif-
ferential clinical response of
schizophrenic patients to pharmaco-
logical agents can be used to argue
for multiple pathways, different re-
ceptor-binding affinities, and in-
volvement in some cases of
transmitter pathways other than the
DA pathways in the schizophrenic
syndrome (Hughes et al. 1985;
Berger and Brodie 1986; Cooper et
al. 1986).

Hypofrontality

Speculation about the role of the
frontal cortex in schizophrenia has a
long history (see Levin 1984fl, 1984b;
Stuss and Benson 1984; Weinberger
1986), and the suspected presence of
frontal aberrations has been used to
explain a number of the symptoms
associated with schizophrenia. Re-
cent techniques have allowed for
mapping neuronal activity of
various brain regions. These tech-
niques include cerebral blood flow
and metabolism using radiolabeled
diffusible tracers such as iodoan-
tipyrin and gases like xenon (

I33Xe)
or glucose utilization via auto-
radiography following 2-deoxy-
glucose (2-DG) administration
(Hughes et al. 1985; Berger and
Brodie 1986). The most sophisticated
neuronal mapping technique to
date, PET, uses short-lived isotopes
like carbon ("Q, oxygen (15O), or
fluoride (18F) to label 2-DG or other
molecules important to brain func-
tion (e.g., Farde et al. 1986; Sedvall
et al. 1986). Electroencephalographic
(EEG) study of brain electrical ac-
tivity has likewise evolved into so-
phisticated three-dimensional
computer-generated mappings of
ongoing brain activity (Abrams and
Taylor 1980; Buchsbaum et al. 1982;
Duffy 1982; Morihisa et al. 1983;
Morstyn et al. 1983; Patterson et al.
1986). This latter technique accesses
brain events within milliseconds,
enabling investigators to study fast
information-processing events in
normal and pathological popula-
tions. The importance of all these
techniques is that they allow for
comparisons between normal and
schizophrenic populations (as well
as other psychiatric disorders).

Ingvar and Franzen's (1974) origi-
nal cerebral blood flow observations
of hypofrontality in older medicated
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schizophrenic patients have been
replicated by some (Ariel et al. 1983;
Mubrin et al. 1982) but not other in-
vestigators (Mathew et al. 1982; Gur
et al. 1983). PET studies have also
had mixed findings (Buchsbaum et
al. 1982, 1984; Shepphard et al. 1983;
Farkas et al. 1984; Widen et al. 1984;
Early et al. 1986; Gur et al. 1987).
Some of the discrepancies of the
earlier studies may be due to medi-
cation artifact or the fact that tasks
requiring the activation of prefrontal
areas from a "resting state" were
not incorporated. Weinberger et al.
(1986), in a well-designed study, ad-
dressed this latter issue by requiring
nonmedicated schizophrenic pa-
tients to perform the Wisconsin
Card Sort (a task activating dorso-
lateral prefrontal areas) and a num-
ber-matching test as a controlled
comparison task (see Weinberger et
al. [1986] for details). A resting
period was contrasted with an acti-
vated period (the two different tasks
requiring different regions of activa-
tion). This recent study appears to
have confirmed hypofrontality in
schizophrenic patients. Yet, the rela-
tionship of hypofrontality to factors
such as chronicity of disease process
or chronic administration of neu-
roleptics has not been determined.
Early et al. (1987) failed to find hy-
pofrontality in their cerebral blood
flow study of never-medicated
schizophrenic patients (using 15O
and PET), and noted that hypofron-
tality has not been demonstrated in
schizophrenic patients who had
never received antipsychotic
medication.

As noted above, the frontal cortex
has reciprocal connections with the
dorsomedial and ventral anterior
nuclei of the thalamus as well as
outputs to the thalamic intralaminar
nuclei. It is possible, then, that ac-
tivity in thalamic nuclei could medi-
ate hypofrontality. For example,

Crosson (1985; see discussion below)
hypothesized the ventral anterior
thalamus to relay activation from the
midbrain reticular formation to the
frontal cortex. According to his the-
ory, inhibitory mechanisms within
the globus pallidus regulate the
amount of activation conveyed to
the frontal cortex via the ventral an-
terior thalamus. Although they did
not find hypofrontality, the in-
creased activity in the left globus
pallidus found by Early et al. (1987)
would be consistent with increased
inhibition of the ventral anterior nu-
cleus and, therefore, decreased left
frontal activation in accordance with
Crosson's theory. One might also
speculate that the increased activity
in the globus pallidus could be re-
lated to increased dopamine activity
in the nucleus accumbens, linking
the limbic system and the globus
pallidus.

A Thalamic Language Model

This section briefly describes a
model of language production that
posits a system consisting of cortical
and subcortical components, includ-
ing thalamic nuclei (Crosson 1985;
Crosson et al., in press). The model
focuses on two stages of production
controlled by the anterior (frontal)
language cortex, but monitored by
the posterior (temporoparietal) lan-
guage cortex (figure la). The first
stage involves formulation of lan-
guage, including semantic and syn-
tactic processes. Adequate language
formulation depends on maintaining
optimal tone of the centers for lan-
guage formulation in the anterior
language cortex. Once language has
been formulated, it is monitored for
semantic accuracy by centers for lan-
guage decoding in the posterior lan-
guage cortex. The second stage is
motor programming, which is per-
formed in the anterior motor lan-

guage centers. Because the sounds
produced in spoken language de-
pend on the correct movement of ar-
ticulatory structures, motor
programming must be monitored to
ensure that it will produce the de-
sired phonological patterns (i.e.,
speech sounds). This monitoring is
performed by posterior language
structures that initially decode
speech sounds during auditory-ver-
bal comprehension. The thalamus is
involved in three facets of these
processes.

Maintaining Cortical Tone. First, on
the basis of electrical stimulation
data (Schaltenbrand 1965, 1975) and
lesion data (Gorelick et al. 1984;
Damasio et al. 1985), it can be hy-
pothesized that the ventral anterior
thalamus plays a role in maintaining
optimal tone of the anterior cortical
language formulation centers. The
ventral anterior nucleus transmits
excitatory impulses from the mid-
brain reticular formation to the lan-
guage cortex via its connections with
the intralaminar nuclei, which re-
ceive direct input from the reticular
formation. (See connections illus-
trated in figure 2b.) In other words,
the activity of the ventral anterior
thalamus is thought to regulate the
tone of anterior language formula-
tion centers of the left hemisphere.
This role is supported by evidence
suggesting that ventral anterior le-
sions will block cortical recruiting re-
sponses elicited through stimulation
of the intralaminar nuclei (Carpenter
and Sutin 1983), as mentioned
above. The amount of excitation
conveyed to anterior language cen-
ters via the ventral anterior
thalamus is governed by the inhibi-
tory influence of the globus pallidus.
Lesion data (Svennilson et al. 1960)
and stimulation data (Hermann et
al. 1966) support this role for the
globus pallidus. The globus pallidus
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SCHIZOPHRENIA BULLETIN

Figure 2a. Flow of the 2 stages of language production (language
formulation and motor programming)
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phonemic patterns?

i

YES

MOTOR
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Note that errors in semantic content or motor programs which are revealed during semantic monitoring

or phonological monitoring, respectively, lead to a correction process.

is, in turn, under the inhibitory in-
fluence of the caudate head, and the
anterior language cortex can modify
its own activation level through its
connections with the caudate head.

Malfunctions in this system for ac-
tivating the anterior language cortex
could lead to either overactivation or
underactivation of the language for-
mulator. Overactivation would re-
sult in programming of extraneous
words or phrases in language. Un-
deractivation could result in either a
paucity of spontaneous language
(i.e., a lack of initiation) or ineffi-
cient (e.g., slow) formulation.

Semantic Monitoring. The second
aspect of language in which the
thalamus is involved is semantic
feedback. Upon reviewing the litera-
ture on thalamic aphasia, Crosson
(1984) concluded that a syndrome of
thalamic aphasia could be described.
This syndrome involved speech nor-
mally articulated, with normal
rhythm, intonation, and a variety of
grammatical forms, but speech in
which one word is substituted for
another, sometimes so frequently
that language degenerates into a jar-
gon devoid of meaning. The ability
to understand the language of oth-
ers is better preserved in thalamic
aphasia than would normally be
seen with this type of language out-
put (i.e., Wernicke's aphasia). The
ability to repeat spoken sentences or
phrases remains relatively intact in
the thalamic aphasia syndrome. This
is exactly the pattern one would ex-
pect if a monitoring mechanism for
the semantic aspects of language
(i.e., those conveying meaning) had
been affected by thalamic lesion, but
more basic mechanisms for the ini-
tial phonological and semantic de-
coding of language were left intact
(Crosson 1981). Indeed, the rela-
tively intact repetition could be ac-
complished by a separate system for
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Figure 2b. Schematic drawing representing cortical, thaiamic, and
basal ganglia mechanisms, and the pathways between them

FOR

MP

DEC

FOR = language formulator (anterior cortex); MP = motor programmer (anterior cortex); DEC = lan-

guage decoder (temporoparietal cortex); AF = arcuate fasciculus, VA = ventral anterior thalamus;

PUL = pulvinar; IML = internal medullary lamina of thalamus; CA = head of caudate nucleus, PUT

= putamen; GP = globus pallidus; RF = reticular formation. Note that the connections between the

pulvinar and the anterior cortex were difficult to display. Connections between the reticular formation

and the ventral anterior thalamus actually are mediated by the intralaminar nuclei. Pathways used in

the motor execution of language (motor cortex to putamen, temporal cortex to putamen, putamen to

globus pallidus, globus pallidus to ventral lateral thalamus, and ventral lateral thalamus to motor cor-

tex) were not represented due to the complexity of the drawing The figure is reprinted, by permission,

from Crosson, B., Subcortical functions in language: A working model, Brain and Language, 25.257-

292, 1985. Copyright c by Academic Press, Inc., New York, 1985.

processing the phonological aspects
of language, i.e., those aspects relat-
ing to sound but not meaning (Mc-
Carthy and Warrington 1984).

It is hypothesized that semantic
feedback takes place between the
anterior language cortex, where lan-
guage formulation occurs, and the

posterior language cortex, where
language decoding occurs. In other
words, language formulation is
monitored for accuracy by those
mechanisms responsible for under-
standing language. The pulvinar
may mediate this semantic monitor-
ing since it has reciprocal connec-

tions to the temporoparietal cortex
and probably connections to the
posterior frontal cortex as well (Car-
penter and Sutin 1983). Studies with
post-mortem verification of lesion
location have implicated the pul-
vinar in aphasia (Crosson 1984); in-
deed, a small segment of the
pulvinar (anterior superior lateral
pulvinar of the dominant hemi-
sphere) may be involved in lan-
guage functions (Van Buren and
Borke 1969; Ojemann 1977; Crosson
et al. 1986).

Response Release Mechanisms.
Crosson (1985) emphasized that the
semantic monitoring and tonic excit-
atory mechanisms could not be un-
derstood without referring to the
third aspect of language formulation
involving the thalamus, i.e., re-
sponse release mechanisms. Other
investigators have hypothesized that
the basal ganglia are responsible for
releasing or running motor pro-
grams already formulated in the cor-
tex (Marsden 1984; Wing and Miller
1984) or for integrating sensory in-
put with motor output (Stern 1983;
Iversen 1984). The basal ganglia may
play this role in language, in which
case the release of motor programs
would be further mediated through
the ventral anterior thalamus. Such
functions are called "response re-
lease mechanisms."

If a segment of formulated lan-
guage were subjected to semantic
monitoring, the segment would
have to be stored in some kind of
buffer and kept from execution
while the semantic monitoring was
accomplished. (We shall relate this
aspect of language formulation to
schizophrenia momentarily.) Ac-
cording to the theory, the tem-
poroparietal language cortex
maintains an inhibitory control over
the head of the caudate nucleus.
The head of the caudate nucleus, as
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614 SCHIZOPHRENIA BULLETIN

hypothesized above, normally main-
tains an inhibitory influence over
the globus pallidus, and the globus
pallidus, in turn, usually maintains
an inhibitory influence over the ven-
tral anterior thalamus. When tem-
poroparietal language decoding
mechanisms determine that a lan-
guage segment is semantically accu-
rate, the temporoparietal language
cortex will release mechanisms in
the caudate head from inhibition,
and this will result in increased inhi-
bition of pallidal mechanisms by
caudate mechanisms. Increased in-
hibition of pallidal mechanisms will,
in turn, release the ventral anterior
thalamus from inhibition, causing a
temporary increase in the excitatory
impulses conveyed to the language
formulation centers in the anterior
language cortex. This increase in ex-
citation acts as a trigger to the lan-
guage formulation centers to release
the monitored language segment for
motor programming. Inhibition of
the caudate mechanisms by the tem-
poroparietal cortex is reestablished
by a signal from the language for-
mulation centers to the caudate nu-
cleus once motor programming has
been completed. (It will be recalled
that cortical centers which are re-
ciprocally connected project to over-
lapping zones in the striatum
[Yeterian and Van Hoesen 1978].)
Stimulation data (Van Buren 1963,
1966) support such a role for the
dominant caudate head, and our
own recent review of the literature
indicates that 79 percent of the le-
sions in the caudate head that cause
language dysfunction produce non-
fluent aphasia, a fact also support-
ing the above-mentioned role for the
caudate head.

Because the phonological mecha-
nisms of language (i.e., those hav-
ing to do with sound) have limited
implications for schizophrenia, our
comments will be brief. Once se-

mantic accuracy has been ascer-
tained, or a language segment has
been corrected for semantic inac-
curacies, the language segment is re-
leased for motor programming.
Since the sounds produced in
speech depend directly on the motor
programming of the articulatory ap-
paratus, the motor programming is
monitored for phonological ac-
curacy. Such monitoring occurs be-
tween the motor programming
mechanisms for language in the an-
terior cortex and the phonological
decoding mechanisms for language
in the posterior cortex via the arcu-
ate fasciculus. Such a role for the ar-
cuate fasciculus is consistent with
concepts of conduction aphasia in
which difficulty with repetition oc-
curs (e.g., Goodglass and Kaplan
1983), as well as with empirical evi-
dence regarding conduction aphasia
(e.g., McCarthy and Warrington
1984). Response release mechanisms
related to phonological monitoring
are controlled by the premotor cor-
tex, the putamen, the globus pal-
lidus, the ventrolateral thalamus,
and the motor cortex.

This proposed system for lan-
guage may seem quite cumbersome
to the reader, and indeed it would
be if not for some inherent ca-
pabilities of the adult language
system. The smooth flow of conver-
sation in the mature language sys-
tem depends on two such facets.
First, as indicated above, language is
not formulated in the adult system
on a word-by-word basis. Most fre-
quently, formulation takes place at
the phrase, or possibly even the
short-clause level. Thus, semantic
monitoring is also accomplished on
units larger than the individual
word. The second principle, and
one that may bear some importance
for schizophrenia, is the simul-
taneous processing of different seg-
ments of a communication that are

in the various stages of production.
In other words, while one segment
of language is being executed, the
ensuing segment is being pro-
grammed for motor output and is
being monitored for phonological
accuracy. At the same time, a subse-
quent segment in the communica-
tion chain has been formulated and
is being monitored for semantic ac-
curacy. Thus, the formulation of one
segment of language takes place
while the immediately preceding
segment is being monitored for se-
mantic accuracy, and the segments
preceding these are in the stages of
motor programming, phonological
monitoring, and motor execution,
respectively. This simultaneous
processing would require intricate
coordination between anterior and
posterior language mechanisms;
Morice (1986) has discussed the
implications of an inability to coordi-
nate these mechanisms in schizo-
phrenia. Further, one very
important property of the language
formulation system is that it must be
able to maintain a contextual refer-
ence to the previous segments of
language as well as to the intent of
the communication and the environ-
mental constraints. Ingvar (1985) has
discussed similar concepts and re-
lated them to schizophrenia.

Summary. Since understanding of
this language model is critical to the
next section of the article, the reader
is again referred to figure 2b. Ante-
rior (frontal) cortical mechanisms are
responsible both for the formulation
of language and the motor program-
ming of language for speech. Before
motor programming, temporoparie-
tal mechanisms monitor semantic
aspects of language encoded by an-
terior mechanisms. Before spoken
execution, phonological aspects of
language are monitored in conjunc-
tion with motor programming via
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the arcuate fasciculus. Semantic
monitoring is performed through re-
ciprocal connections between the
anterior cortical and temporoparietal
areas passing through the pulvinar
of the thalamus. If semantic errors
are discovered during the monitor-
ing process, information is carried
back to the anterior language zones
via the thalamic pathway, and se-
mantic refinement is initiated. When
necessary, refinement of the pho-
nological aspects of language is ac-
complished via the arcuate
fasciculus.

Activation of anterior cortical lan-
guage mechanisms responsible for
formulation of meaningful language
is performed by the ventral anterior
nucleus of the thalamus by regulat-
ing the flow of excitation from the
reticular formation to the anterior
language mechanisms. Inhibitory in-
fluences of the globus pallidus over
the ventral anterior thalamus deter-
mine how much excitation is al-
lowed to pass to the anterior cortical
mechanisms. It is necessary to limit
the level of anterior cortical excita-
tion on a tonic basis to prevent the
entrance of extraneous material into
the encoding process, yet allow
enough excitation for the encoding
process to occur at appropriate
times.

Regarding response release mech-
anisms, excitation conveyed to ante-
rior language mechanisms by the
ventral anterior nucleus is also con-
trolled by cortical mechanisms
through the caudate nucleus which,
in turn, inhibits pallidal inhibitory
mechanisms. Normally, this caudate
mechanism is under inhibition from
temporoparietal mechanisms;
however, once encoded language
has been verified for semantic con-
tent, the temporoparietal mecha-
nisms will release the caudate head
from inhibition. This action causes
the caudate head to inhibit the

mechanism in the globus pallidus
which is responsible for limiting the
amount of excitation from the ven-
tral anterior thalamus to frontal lan-
guage mechanisms. The result is a
temporary increase in excitation of
anterior mechanisms that initiates
motor programming of the seman-
tically verified language, leading to
spoken expression of the language
segment. Once the motor program-
ming process has been completed,
impulses from the frontal mecha-
nisms to the caudate head re-
establish the inhibitory control over
the caudate head by temporoparietal
mechanisms until the next language
segment has been semantically
verified and is ready to be pro-
grammed. Frontocaudate connec-
tions also influence tonic activation
of anterior language mechanisms to
prevent overactivation or underac-
tivation of these mechanisms by in-
fluences not directly associated with
language, e.g., the limbic system.

Implications of the Language
Theory for Thought Disorder in
Schizophrenia

Two related concepts recently set
forth in the literature on thought
disorder and schizophrenia have
some relevance to the language pro-
duction theory just discussed. The
first, examined by Lanin-Kettering
and Harrow (1985) among others, is
that schizophrenic patients are un-
able to maintain the proper internal
and external contextual referents
across the course of extended verbal
communications. The second, de-
scribed by Chaika and Lambe (1985),
is that abnormalities in expressed
schizophrenic language can be ex-
plained by "random triggering of
'interlocking semantic networks'"
(p. 10). Considering these two phe-
nomena together may raise some
"chicken or egg" type of questions.

Is the random triggering of inter-
locking semantic networks, or at
least the appearance of this phe-
nomenon, a result of an inability to
maintain the proper contextual ref-
erents during the course of extended
communication? Or is the inability
to maintain the proper contextual
referents across extended communi-
cations the result of random trigger-
ing of interlocking semantic
networks? Both ideas can be consid-
ered separately as they relate to the
language theory just discussed.

As mentioned above, the ability of
language formulation mechanisms
to maintain the proper contextual
referents is critical to the process of
extended communication because
the language system is engaged in
several processes at the same time.
Different segments of language are
being simultaneously formulated,
monitored for semantic accuracy,
programmed for motor execution,
monitored for phonological ac-
curacy, and executed by the articula-
tory apparatus. If something affects
the language system in such a way
as to make it difficult or impossible
to maintain contextual referents,
something very much like schizo-
phrenic language might emerge.
This concept is consistent with the
idea of diminished discourse plan-
ning abilities set forth by Hoffman et
al. (1986).

What could cause an inability to
maintain contextual referents? Mor-
ice (1986) has suggested that schizo-
phrenic language might result from
"impairment of some executive
function coordinating the two main
language areas of the brain" (p. 8).
Such a lack of "coordination" could
cause the language formulating
mechanisms to lose their contextual
referents because they cannot con-
trol all the simultaneous processes
necessary to produce spoken lan-
guage (cf. Ingvar 1985). Another
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616 SCHIZOPHRENIA BULLETIN

candidate would be aberrant atten-
rional processes that make it impos-
sible for the schizophrenic speaker
to focus on context while all the
other language processes are en-
gaged (see Grove and Andreasen
1985).

Finally, Patterson et al. (1986)
have discussed the importance of
time buffers necessary for sentence
formulation. These authors have
also suggested that an early infor-
mation-processing deficit in schizo-
phrenia makes it difficult to store
information in these buffers. The
dysfunction in the buffers, in turn,
can destroy the context within a sen-
tence or extended communication
because of an inability to refer back
to a previous segment of the sen-
tence or communication. Also, recall
the theory presented above. Seman-
tic segments must be held in a
buffer before motor programming
until semantic monitoring has taken
place. An inability to store informa-
tion in the buffer might result in
random language segments replac-
ing the correct semantic segment in
the buffer. Thus, when semantic
verification is completed, the ran-
dom replacement is released for mo-
tor programming (via excitation
from the ventral anterior thalamus)
instead of the correct semantic seg-
ment, which could not be stored.

The second concept we will dis-
cuss is the idea of random activation
of interlocking semantic networks
(Chaika and Lambe 1985). Crosson
(1985) made a similar proposal to ac-
count for the choreiform movements
in Huntington's disease. Choreiform
movements resemble voluntary
movements or fractions of voluntary
movements, but they are activated
in the absence of volition. In other
words, these aberrations might be
the result of "random release of
movements" for motor program-
ming and execution. Since Hunt-

ington's disease is known to involve
degeneration of the basal ganglia,
particularly the caudate nucleus
(Hayden 1981), it is reasonable to as-
sume that response release mecha-
nisms involving the basal ganglia
may be involved. A similar process
would make an equally plausible ex-
planation for random triggering of
semantic networks in schizophrenic
thought disorder.

Although the basal ganglia have
not received much attention in the
search for etiological mechanisms of
schizophrenia, it is worth a little
time to consider some of the paral-
lels between Huntington's disease
and schizophrenia. First, Hayden
(1981) has noted not only that
schizophrenic-like psychoses can oc-
cur in Huntington's disease, but also
that these symptoms may precede
the onset of motoric symptoms in
some cases; in such instances, pa-
tients may even be misdiagnosed as
schizophrenic. A second interesting
parallel is that some of the same
medications used to control psy-
chotic symptoms in schizophrenia
(dopamine antagonists) have also
been found effective in reducing the
motor symptoms in Huntington's
disease. This fact raises the issue of
whether the motor symptoms in
Huntington's disease may have
some parallel to symptoms of
schizophrenia but in partially dis-
tinct neuroanatomic substrates. Fi-
nally, it should not escape the
reader's notice that Huntington's
disease is known to be an autosomal
dominant inherited disease. Al-
though schizophrenia has escaped
such precise genetic definition, sub-
stantial data indicate a genetic com-
ponent (Elston and Campbell 1971;
Farmer et al. 1983; Rice and
McGuffin 1986).

It is not our intention to equate
schizophrenia and Huntington's dis-
ease. Yet, there may be some paral-

lels in neurological substrates
between thought disorder in schizo-
phrenia and chorea in Huntington's
disease. Schizophrenic thought dis-
order may be caused by the random
release of language segments for
motor programming, thereby inter-
fering with the normal maintenance
of internal and external contextual
referents by the schizophrenic pa-
tients. Such random release of lan-
guage segments would be due to
dysfunction in the inhibitory circuits
(temporoparietal cortex to caudate
nucleus to globus pallidus to ventral
anterior thalamus to frontal lan-
guage formulation mechanisms) de-
scribed above. Just as patients early
in the process of Huntington's dis-
ease attempt to compensate for
choreiform movements by incor-
porating them into some seemingly
purposeful act, some schizophrenic
patients attempt to compensate for
random release of language seg-
ments by using a very basic set of
internal contextual referents which
are inappropriately repeated in nu-
merous circumstances, giving the
appearance of idiosyncratic and per-
sonalized thinking. It might be that
the caudate nucleus or the nucleus
accumbens is involved in such a
mechanism for schizophrenia. In
this case, random triggering of se-
mantic segments would be the result
of excitation of frontal language for-
mulation mechanisms at inappropri-
ate times during a language
formulation sequence, and this mis-
timed excitation would be mediated
through the globus pallidus and the
ventral anterior thalamus.

Conclusions

This article has explored the possible
involvement of thalamic and other
subcortical mechanisms in schizo-
phrenic thought disorder and
schizophrenia in general. If one asks
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whether the thalamus is involved in
schizophrenia, the answer is most
likely "yes" when one looks at
schizophrenia as a probable disorder
of complex brain systems as op-
posed to a disorder of some specific
nucleus or cortical area. This has
certainly proved to be the case for
the language theory presented
above. The cognitive and other func-
tions with which schizophrenia in-
terferes are too complex to be
localized to a single brain structure.
Therefore, one must think of schizo-
phrenic syndromes in terms of brain
systems as opposed to specific
locations.

Previous studies discussed above
have implicated limbic structures,
the basal ganglia, and the prefrontal
cortex in schizophrenia. Crosson
(1986) has pointed out that one must
look at connections between the
various structures involved in mem-
ory if one hopes to understand
memory. This principle was also
demonstrated in the language the-
ory just discussed. For schizo-
phrenia, it is important to note that
the limbic system has direct connec-
tions with the nucleus accumbens,
which also receives dopaminergic
input from the midbrain tegmen-
tum. The nucleus accumbens, in
turn, has outputs to the globus pal-
lidus, which has outputs to the ven-
tral anterior thalamus. Finally, the
ventral anterior thalamus has out-
puts to the dorsolateral prefrontal
cortex. Past findings regarding in-
volvement of these structures in
schizophrenia may seem contradic-
tory if the structures are viewed in
isolation. Yet if the connections be-
tween these structures are explored,
the various research findings may be
seen as complementary.

In this vein, Weinberger (1986)
has discussed a brain-systems the-
ory of schizophrenia. He also high-
lighted how developmental factors

operate in schizophrenia, though he
did not include thalamic structures
in his theory. He relates "negative"
symptoms to depletion of prefrontal
dopamine from the mesocortical sys-
tem, while "positive" symptoms are
related to relative overactivity in the
mesolimbic dopaminergic system.

In addition to these implications
for a neural systems approach to
schizophrenia, Crosson's (1985) lan-
guage theory can also be used to
generate two specific, and possibly
related, hypotheses about schizo-
phrenic thought disorder. The first
hypothesis states that the schizo-
phrenic patient is unable to maintain
control of all the simultaneous proc-
esses necessary to formulate and ex-
press ideas in language successfully.
This lack of control results in a loss
of contextual referents used to pro-
duce meaningful, connected lan-
guage (cf. Ingvar 1985; Morice 1986).
One critical factor here may be an
inability to store semantic segments
of a communication in time buffers
(Patterson et al. 1986). The second
hypothesis states that dysfunction in
the inhibitory mechanisms involved
in language results in the random
release of language segments. This
random release of language seg-
ments further interferes with main-
tenance of the appropriate
contextual referents.

It is hoped that studies exploring
possible sites of dysfunction in
schizophrenia will attempt to inte-
grate new information with existing
information involving other sites.
The anatomical connections and
neurochemical pathways between
structures must be explored and in-
tegrated with knowledge about the
various behaviors influenced by
parts of emerging systems. If we fail
to make this integration by favoring
localization to specific structures, we
will "not see the forest for a tree"
(Crosson 1986).
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