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synapse is either strengthened or eliminated depending upon its activity level
and that of its neighbors. Experience-expectant development occurs only
within a narrowly defined window of time (i.e., a critical period).

Greenough and Black (1992) argued that experience-expectant develop-
ment mechanisms evolved under three conditions. First, information that
guides the retention and elimination of synapses is common to all young
members of the species. Second, the events that provide this information must
occur reliably for all members of the species and must have done so through-
out the evolution of the cerebral system under question. Finally, the matura-
tional time window in which the information is provided is critical.

To summarize, the posterior epicritic system can be regarded as a sensory
system that is influenced by early developmental mechanisms and that it is
affected by species-specific information. Moreover, this system emphasizes
temporal and spatial resolution. This system can be generally regarded as
containing specialized mechanisms for the processing and representation of
the environment. The epicritic system, through the correlated activity of
neurons arranged in topographic maps, extracts invariances from an environ-
ment that is inherently noisy and unorganized (Edelman, 1989; Pribram,
1960). Through reentrant connections, patterns of activity in different cortical
maps can become correlated so that environmental inputs become categori-
cally grouped. Because of these properties, the structure of the categories
formed and represented within the epicritic system is based upon physical
stimulus features such as shape, and is analogous to basic-level and subordi-
nate-level categories (for example, chairs and rocking-chairs, respectively).
Thus, an abstraction (i.e., an average) of a category within the epicritic system
still reflects the shape of individual members of the category (Rosch &
Mervis, 1975; Rosch, Mervis, Gray, Johnson & Boyes-Braem, 1976).

2.2 A protocritic recategorical system

As noted previously, the human brain has grown in size, most notably the
prefrontal lobe (Benson, 1993). During this evolution, the prefrontal lobe has
also increased in its intrinsic and extrinsic connectivity (Altman, 1995; Fuster,
1989; Nauta, 1964). This suggests that the trend in prefrontal-lobe evolution is
toward increasing its processing capacity and ability to organize the informa-
tion provided by improved sensory systems. However, the prefrontal lobe’s
functions are fundamentally different from the specialized functions of the
epicritic system.
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furniture, Rosch & Mervis, 1975), theory categories (Medin, 1989), and goal-
driven categories (e.g., things to keep us warm, Barsalou, 1985). In contrast to
representations in the epicritic system, in which membership in a category
depends upon physical features, membership in these types of categories is
defined by function, theories, and ideals. Moreover, unlike basic and subordi-
nate categories, and in keeping with the general nature of the system, an
abstraction of the members does not reflect correlation among physical fea-
tures of the members.

In contrast to the local signs supported by epicritic representations, the
prefrontal network’s representations are non-local, being diffusely distributed
across both space and time. For example, a second pain pathway (mentioned
briefly above) leads from spinal cord to the medial nuclei of the thalamus and
terminates in the anterior cingulate (Vogt, et al.,, 1993). Cells within the
anterior cingulate have broad receptive fields; a single cell’s receptive field for
noxious stimuli can be the entire body surface. This pain pathway appears to
be responding to the valence of the noxious stimuli. Pribram (1981)/has
designated the term “protocritic” to describe a brain system that processes and
represents these non-local signs.

3. The process of consciousness

“Emotion is assumed to be always present in ordinary consciousness, giving it
a particular experiential quality and maintaining its purposeful flow.” (Izard,
1980) (p. 193).

3.1 The importance of vertical integration to the conscious process

Tucker and Williamson (Tucker & Williamson, 1984) suggested that a unidi-
mensional construct of arousal cannot account for an organism’s complex
attentional control and self-regulatory functions. They proposed that the brain
has two systems pertaining to arousal, each regulated by a different brainstem
neuromodulator system. These systems are believed to be inherently affective
in nature, and they influence attentional, engagement, and cognitive styles.
That is, these brainstem systems are not affectively neutral, but rather their
activity also engenders changes in emotion, engagement tendencies, and
modes of cognition.
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On one hand, the activation system is centered upon the dopamine cells of
the tegmentum and substantia nigra. Its activity produces a redundancy bias
that maintains focused attention and routinizes action. It produces an analytic
cognitive mode. The activation system is believed to be central to the experi-
ence of negative affect, such as anxiety. On the other hand, the arousal system
is regulated by norepinepherine cells of the locus ceruleus. This system
produces a habituation bias so that novel events capture attention. The cogni-
tive mode of this system is holistic. Its activity is believed to be central to the
experience of positive affect, such as elation (for a detailed description see
Tucker and Williamson, 1984).

Psychometric studies on the structure of mood have similarly revealed
that attention, engagement, and cognition are intimately entwined (Tellegen,
1985; Watson & Tellegen 1985). Traditionally, mood space has been de-
scribed as consisting of a pleasant-unpleasant dimension and an engagement-
disengagement dimension. However, based upon their factor analytic studies
of mood descriptors, Tellegen and Watson argued that mood space can also be
validly described by the dimensions of positive and negative affect. This
alternative description is just a 45 degree rotation of the axes that describe the
pleasant-unpleasant and engagement-disengagement dimensions. However,
Watson and Tellegen argued that their rotation is preferable because their two
axes conform to the natural clustering of the mood descriptors. High positive
affect is characterized by words such as active, elated, and excited. High
negative affect is characterized by descriptors such as nervous, jittery, and
fearful. Tellegen and Watson argued that these dimensions are more than just
dimensions of arousal or affective. Rather, the descriptors suggest that they
are dimensions that describe mood, arousal, engagement styles, and cognitive
mode. For example, high positive affect is characterized as pleasurable en-
gagement with an orienting cognitive mode. Thus, we can argue that the
association between attention, affect, engagement, and cognition as described
by the activation and arousal systems and the two dimensions of affect reflect
a vertical integration of cerebral functioning.

Vertical integration of valenced arousal systems serves to affectively
motivate, sustain, and integrate sensorimotor patterns. Without affective and
motivational input from the brainstem, sensorimotor patterns in the neocortex
lose their immediacy and quickly fade (Tucker, 1992). This principle may
underlie certain symptoms displayed by patients with frontal lobe and limbic
lesions. For instance, Pribram (1950, 1991) argued that limbic lesions disturb




PREPARATION AND COMPARISON 267

complex action plans because the states and action of the homeostatic centers
are no longer coordinated. In addition, it is possible to observe abnormal
influences of emotion on cognition in persons with relatively intact brains.
Patients with a right temporal lobe epileptic focus display exaggerated emo-
tionality, whereas those with a left temporal lobe focus exhibit obsessive
thoughts or ruminations and a catastrophic response in their self-evaluations
(Bear & Fedio, 1977). Tucker (1981, 1992) suggests that the symptoms
experienced by temporal-lobe epileptics reflect the exaggerated constraints
applied on cognition by emotions. From this perspective, the content of the left
temporal-lobe epileptic’s consciousness is filled with ideational and intellec-
tual themes (such as philosophical and religious ruminations), whereas the
content of the right temporal-lobe epileptic’s consciousness is affectively
colored with feelings of elation. Thus, emotion, through vertical integration, is
inextricably bound up with consciousness.

3.2 The process

A complex organism, through evolution, becomes endowed with cerebral
mechanisms that allow it to go beyond simple, reflexive responses to the
environment. These mechanisms allow the organism not only to respond to
the environment, but also to be aware of it. However, the reflex-arc, a simpler
conceptualization, did dominate the way in which the functioning of the
nervous system was earlier construed (see Pribram, 1960). The concept of a
reflex-arc in its simplest form describes a loop in which a reflex (response) is
elicited by a stimulus. This loop is a closed circuit and does not account for
how information picked up by sensory receptors can be internally influenced.
Decades ago, Pribram noted that the available evidence suggested that such
one-way construals of the function of the nervous system are missing some-
thing. The problem that must be faced in studying the functioning of the brain
is to specify how efferent (back) projections influence receptor mechanisms.
Attempting to go beyond the reflex-arc to account for internal influences
on information processing, Pribram (1960) proposed a cybernetic model of
cortical functioning. In this model, the protocritic and epicritic systems detect
discrepancies between their respective representations of the incoming infor-
mation and adjust behavior accordingly so that the perturbations are reduced.
In this way, the normal functioning of these systems requires a comparative
process. From this perspective, the organism is no longer seen as a passive





