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Linking Brain to Behavior in Normals and Schizophrenics

An outstanding problem in psychology and neuroscience concerns how to link
discoveries about brain mechanisms to the behaviors that they control. A related problem
in psychiatry is to understand how abnormal behaviors arise from breakdowns in the
brain mechanisms that govern normal behaviors. During the past few decades, neural
models have been getting develolJed of how normal cognitive and emotional processes
learn from the environment, focus attention and act upon motivationally important events,
and cope with unexpected events. When arousal or volitional signals in these models are
suitably altered, they give rise to symptoms that strikingly resemble negative and positive
symptoms of schizophrenia, including flat affect, impoverishment of will, attentional
problems, loss of a theory of mind, thought derailment, hallucinations, and delusions.
These models thus suggest how an imbalance that is created in otherwise normal brain
mechanisms can ramify throughout the brain to create the clinical symptoms that are
observed.

Another key theme in these models is that constraints on brain development and learning
greatly constrain the kinds of information processing that govern both normal and
abnormal behaviors. For example, one of these models is called a CogEM model, because
it joins together Cognitive, Emotional, and Motor processes (Grossberg, 1982, 1984b).
The CogEM model tries to explain how emotional centers of the brain, such as the
amygdala, interact with sensory and prefrontal cortices (notably ventral, or orbital,
prefrontal cortex) to generate affective states, attend to motivationally salient sensory
events, and elicit motivated behaviors. Closing the feedback loop between cognitive and
emotional centers is predicted to generate a cognitive-emotional resonance that can
support conscious awareness. When such emotional centers become depressed, negative
symptoms of schizophrenia emerge in the model (Grossberg, 1984a, 2000b), as
summarized below. Such emotional centers are modeled as opponent affective processes,
such as fear and relief, whose response amplitude and sensitivity are calibrated by an
arousal level and chemical transmitters that slowly inactivate, or habituate, in an activity-
dependent way. These opponenl: processes exhibit an Inverted-U whereby behavior
become depressed if the arousal level is chosen too large or too small. Underaroused and
overaroused depression can be clistinguished clinically by their parametric properties.
Negative symptoms are proposed to be due to the way in which depressed affective
opponent processes interact with other circuits, notably cognitive and motor circuits,
throughout the brain.

A related model suggests how brain mechanisms of cognitive learning, attention, and
volition work, and may give rise to positive symptoms like hallucinations during
schizophrenia and other mental disorders. This Adaptive Resonance theory, or ART,
model (Grossberg, 1980, 1999b) proposes an answer to the "stability-plasticity dilemma;"
namely, how the brain can learn quickly throughout life without being forced to forget
previously learned memories just as quickly. ART proposes how normal learning and
memory may be stabilized throu;gh the use of learned top-down expectations. In other
words, we are "intentional" beings so that we can learn quickly without suffering
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catastrophic forgetting. The:se expectations learn prototypes that are capable of focusing
attention upon the combinations of features that comprise conscious perceptual
experiences. When top-down expectations are active in a priming situation in the absence
of bottom-up information, they can modulate or sensitize their target cells to respond
more effectively to future bottom-up information that matches the prototype. Such

expectations cannot, however, fully activate these target cells under most circumstances.
When bottom-up inputs do occur, an active top-down expectation selects the cells whose
input features are consistent with the active prototype, and suppresses those that are not.
This matching process can synchronize and amplify the activities of selected cells. Such a
matching process has been mathematically proved to be necessary to stabilize the
memory of learned representations in response to a complex input environment (e.g.,
Carpenter and Grossberg, 1991). In order to realize these matching properties, top-down
expectations and attention were predicted to be controlled by top-down on-center off-
surround networks. A balance between top-down excitation and inhibition in the on-
center of this network leads to the modulatory effect in the on-center on its target cells,
even while cells that are in the off-surround may be strongly inhibited. Recent
psychophysical and neurophysiological data have supported this prediction; see Raizada
and Grossberg (2003) for a review.

The ART model proposes how the brain has exploited the modulatory property of
expectations and attention to enable fantasy, imagery, and planning activities to occur. In
particular, phasic volitional signals can shift the balance between excitation and
inhibition to favor net excitatory activation when a top-down expectation is active. Such a
volitionally-mediated shift enables top-down expectations, in the absence of supportive
bottom-up inputs, to cause conscious experiences of imagery and inner speech, and
thereby to enable fantasy and planning activities to occur. If, however, these volitional
signals become tonically hY1>eractive during a mental disorder, the top-down expectations
can give rise to conscious experiences in the absence of bottom-up inputs and volition.
Many data about schizophrenic hallucinations can be clarified by these model properties
(Grossberg, 2000a). Related work has predicted the detailed laminar circuits within the
visual cortex wherein these top-down expectations and volitional signals may act, and by
extension in other sensory and cognitive neocortical areas (Grossberg, 1999a, Grossberg
and Raizada, 2000; Raizada and Grossberg, 2003). ART also predicts that the contents
and level of abstractness of learned prototypes may determine the contents and
abstractness of hallucinations. A similar breakdown of volition may lead to delusions of
control in the motor system.

Attention, Affect, and Volition in Schizophrenia

This CogEM and ART modl~ls bring a new perspective to thinking about the well-known
fact that schizophrenia inv()Jves a loss of attentional control, motivational defects, and
disorganized behavior. Kraepelin (1913/1919) early noted that "This behavior is without
doubt clearly related to the disorder of attention which we very frequently find
conspicuously developed in our patients. It is quite common for them to loss both
inclination and ability on their own initiative to keep their attention fixed for any length
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of time" (pp. 5-6). Attentional deficits in schizophrenia have also been emphasized by a
number of other workers; e.g., Bleuler (1911/1950), Braff (1985) and Mirsky (1969).


