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Goal as a System-Forming Factor in
Behavior and Learning

14

Behavior constitutes a complex phenomenon that assumes both physio-
logical and psychological aspects of investigation. At the present time, there
is apparently little hope of understanding the mechanisms of goal-directed
behavior within the framework of the “stimulus-reaction” pattern, from
whose viewpoint both the integral behavioral act and the activity of in-
dividual neurons in behavior have simple cause—effect relationships to
environmental factors or stimuli. Nevertheless, until now most investiga-
tions of neuronal behavior mechanisms are based on the “stimulus—reaction”
pattern, and this determines both the experimental method employed and
the interpretation of results. For example, neuron activity of sensory struc-
tures is analyzed in terms of a “reaction” to stimuli with particular physical
properties, whereas the activity of motor areas is compared to the motor
reactions of a particular muscle or joint. The psychological aspect of be-
havior in such an approach turns out to be quite superfluous, but the
apparent goal-directiveness of behavior remains unexplained.

This chapter attempts to analyze neuron activity in goal-directed be-
havior from the viewpoint of the functional system theory, first formulated
by P. K. Anokhin (1935-1974). We believe that this theory creates a new
basis for understanding all biological processes and thereby raises new prob-
lems and introduces specific methods of studying goal-directed behavior.

In the broadest sense, behavior can be defined as the relationship
between an organism and its environment in which both the organism and
the environment are integral entities. Only the experience of a species and
of an individual organism makes it possible to identify the particular ob-
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jects in a “continuous” environmen: that guide the animal in its search for
food, shelter, or a sex partner. And it is only that experience that makes it
possible to create from the activities of the organism’s various elements,
behavior that is directed toward the attainment of these goals.

The determination of environmental behavior is mediated by internal
informational or psychological models of environmental objects that cor-
respond to organizations of environmental elements. In a certain aspect,
psychological processes (the “mind”) represent a system of informational
models of different environmental objects and means of transferring one
environmental organization to another. In psychology, these models are
called images and actions. The structure of links between individual models
reflects the linkage structure of environmental objects and comprises the
memory storage or experience of the organism. This store expands in the
process of learning. In definitive behavior, any behavioral act can be de-
rived only from memory storage.

Behavior determination by psychological images is accomplished in
qualitatively specific systems processes or “organizational processes of
physiological processes,” which take place only in the natural behavior of
an integral organism, and are absent in the presence of narcotics, muscle
relaxants or other preparations that disrupt the integrity of the CNS
(Shvyrkov, 1978b). Even as a phenomenon, a behavioral act exists only as
the organization of specific physiological processes throughout the entire
brain and organism. The organization of individual physiological functions
into the unified functional system of an integral behavioral act, even in the
presence of a drug, has specific developmental phases (Anokhin, 1973a, b),
occurs simultaneously in various regions of the brain (Shvyrkov, 1977), and
generally brings about the organizational determination of physiological
functions by organizing the environmental elements (Shvyrkov, 1978a, b).
The determination is of an informational character and is associated with
the double nature of the systems processes: their substrate—the activity of
the organism’s elements, and their informational content—the properties
and relationships of the environmental elements. In other words, the orga-
nization of physiological functions in the functional system of a behavioral
act reflects the organization of the environmental elements. Inasmuch as the
organization of physiological functions is a behavioral act, behavior deter-
mination by psychological processes is the organizational determination of
specific physiological functions by memory-derived images of specific objects.

The image of any particular object is maintained only in the organi-
sation of total brain processes. It can be fixed and retrieved from memory
only by a specific organization or a system of neuron activities. An indi-
vidual neuron in such a system receives the specific organization of a
synaptic afferent transmission that constitutes a part of all interneural in-
fluences in the entire system. Therefore, a certain part of the integral image
can be fixed and reproduced in the memory of a single neuron. This repro-
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duction is probably accomplished as a potentiation of a specific synaptic
organization (Anokhin, 1974; Sokolov, 1969), which is mediated by intra-
neural molecular memory mechanisms (Anokhin, 1974 Matties, 1973).
Therefore, the memory of a neuron may be characterized not only as a part
of a specific image, but also in terms of the potentiatioh of synapses mediat-
ing the effects of a specific combination of other cells. The image of a
specific external object, derived from memory during a change in intra-
neural metabolic processes, is per se, which is a condition for the activation
of each individual neuron and at the same time causing a specific organi-
sation of all interneural links.

The impulse activity of an individual neuron represents its physio-
logical functioning, which is expressed in terms of the neuron’s effects upon
other cells in accordance with the constant distributional topography of its
axon collaterals. The appearance of impulse activity in the selective ag-
gregate of neurons signifies their involvement in the system, which, on the
other hand, determines the organizational specificity of selected peripheral
processes in a specific behavioral act.

Such a solution to a psychophysiological problem that is based on the
functional system theory opens up completely new areas of research in
neurophysiology and behavior and raises a plethora of problems that re-
quire solutions through experimentation. This chapter is concerned with
one of these problems—that of explaining the role played by the various
images that comprise experience in determining individual neuron activity
in goal-directed behavior.

Method

This task requires a knowledge of the memory structure or experience
of the organism under study that, naturally, is self-contained and that is
usually not taken into account. The control portion of the experience €X-
periment can probably be produced rather simply in rabbits, because they
are kept in solitary cages in the vivarium under deprivation conditions and
have a rather limited initial experience. The control series of behavioral
acts in the experimental rabbits was produced in preliminary learning over
a period of one to two weeks. The rabbits received no food in the vivarium
during this entire time.

A hungry rabbit was placed into an experimental chamber 50x50 cm,
with a food box and four levers placed along its perimeter (Figure 14.1).
In the process of exploring the chamber, the rabbit pressed one of the
levers that triggered a flash of light (the photo[lash lamp was placed on the
chamber’s ceiling 90 cm from the floor). One second after the flash of light
the food box was filled with 10-20 grams of cabbage or carrots. In the first
stage of the experiment, the light and food box appeared when any of the
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four levers was pressed. Later, only one of the levers would produce the
light and food. Consequently, the pressing of Inoperative levers was quickly
extinguished and behavior became cyclic. The rabbit went directly from
the food box to the operative lever and went back to the food box after
the operative lever was pressed and the light was produced. After 20 to 40
of these cycles, the lever was made inoperative. The rabbit consequently
exhibited all of the stages of learning that we have called “emergency”
learning, because it is not formation in the full sense of a new skill, but
rather a derivation from the memory of one of the previously learned skills.
During the discord stage, the rabbit continued to press the inoperative
lever three to ten times, but, as no light was produced, it would not g0
from the lever to the food box, although the animal was sometimes ob-
served to have probed the empty food box with its snout. In the trial-and-
error stage, the rabbit pressed the other levers in various sequences and
various frequencies, until it pressed the lever the experimenter made opera-
tive. After producing the light, the rabbit went immediately to the food
box. The stage of new skill formation was then observed: In the course of
three to five cycles, after obtaining the carrots, the rabbit pressed not only
the operative lever, but the others as well. In the stage of a completely
consolidated cycle, the rabbit moved again from the food box to only the
new operative lever, and from that lever to the food box. After 20 to 40
cycles of this behavior, one of the other levers (in random order) was made





[image: image5.jpg]14. Goal as a System-Forming Factor in Behavior and Learning 203

operative, and all the stages of “emergency” learning were observed re-
peatedly.

The pattern of behavioral acts that comprise the rabbit's experience
is presented at the bottom of Figure 14.1, where environmental objects are
designated as circles and the lines connecting them represent the actions
leading the rabbit from one object to another. In cyclic behavior, the rabbit
goes from the food box up to the lever, presses the lever to produce the
light, goes up to the food box, lowers its head, and takes the food. This is
followed by consummatory behavior, including chewing, swallowing, and
so forth, that almost continuously accompanies cyclic appetitive behavior.
Motivation in this pattern reproduces memory material from bottom to top
and external events from top to bottom. Images of identical objects in the
experience structure perform various roles. They act as goals prior to the
implementation of corresponding actions, and act as results following those
actions. The set of images and the bonds between them that comprise this
controlled experience is sufficiently varied. Therefore, the individual im-
ages in one cycle must be connected in sequence. In different cycles they are
linked alternately. A shift from one system of reproducible images to
another takes place in the learning stages.

Following the formation of this experience, basic experiments were
conducted to record the impulse activity of individual neurons. We used
glass microelectrodes with a tip diameter of about 1 p and filled with 3 m
KCI solution, and a micromanipulator that was built in the laboratory
(Grinchenko & Shvyrkov, 1974). The experiment recorded the rabbit’s press-
ing of the levers, its probing into the food box, and its movements around
the cage. A dimly lit incandescent miniature bulb was fastened to the
rabbit’s head, and highly sensitive photoelectric plates, as shown in Figure
14.1, were placed at the corners of the experimental chamber. Electrical
recording from the plates gave not only the onset of movements, but also
the times at which the rabbit passed by the individual levers. Characteristic
recordings are presented in the top right of Figure 14.1.

All indicators were tape recorded on a four-channel recorder. Following
the experiment, the recordings were reproduced on a printout autorecorder
(at one-tenth of the tape speed) and were processed on a laboratory mini-
computer.

In order to explain the connection between individual neuron activity
and individual behavioral acts, rasters and histograms were constructed
from the onset of lever pressing and appearance of light, as well as from
the moment the rabbit inserted or withdrew its snout from the food box.
In order to determine the images that bring about neuron activity, the
activity of the same neuron was compared in different cycles and behavioral
acts. Finally, in order to explain informational restructuring in the neural
activity that occurred in “emergency” learning, the dynamics of neuron
activity was analyzed in various stages of learning. Several recordings were
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made of neuron impulse activity in the same rabbit: recordings, were first
made of the visual cortical region and then in the motor region. The activ-
ity of 70 neurons in the cortical motor region and 45 neurons of the visual
region were recorded in five rabbits. The activity of 36 neurons of the motor
cortex and 21 neurons of the visual cortex were analyzed in two or more
cycles.

Results and Discussion

Of the 115 neurons that were analyzed, the activity of only seven cells
was found to be unassociated with any of the factors being recorded in the
experiment. The activity of the remaining neurons both in the visual and
motor regions of the cortex was found to be structured in accordance with
specific behavioral stages. Thus, 34 neurons were activated in only a single
behavioral act, whereas 74 cells exhibited several activations corresponding
to all or some of the behavioral acts in a cycle. Any combination of activa-
tions was possible, and could be different in cycles in which there were
different operative levers. A specific time structure of firings could also be
identified within the activations. In accordance with the concepts on the
hierarchical organization of functional systems (Anokhin, 1973), the re-
ciprocal grouping of several activations reflects the form of neuron partici-
pation in the functional system of an entire cycle. A single activation re-
flects that participation—in the system of an act and the structure of each
activation does this—in the physiological subsystems forming a behavioral
act. In this chapter we have limited ourselves to analyzing only individual
Aactivations identified as an increase in the firing frequency of a neuron at a
specific stage of behavior.

In constructing rasters and histograms that reflect the onset of various
events (pressing of lever, appearance of light, snout lowered into food box),
"we found that neuron activations of both the visual and motor cortex
usually precede the future results and cease with the appearance of those
results, as is shown, for example, in Figure 14.2. In other words, activations
in behavioral acts are not reactions to preceding external events, but cause
the appearance of events that are future ones relative to the activations.
Moreover, the results terminate the activity of the individual neurons
directed towards the attainment of those results which also terminate the
whole organism’s corresponding activity in behavior (Shvyrkov & Grin-
chenko, 1972). Thus, the involvement of individual neurons in the func-
tional system of a behavioral act does not depend on the images of the re-
sults already achieved, but is entirely determined only by the images that
comprise the goals.

The fact that the activities of both the visual and motor neurons are
identically associated with the structure of a behavioral act indicates that





[image: image7.jpg]2T me  Nevron N28 Mofor Cortex %50 e

Behavioral r'rr;v - I I I I‘JL“E”“" “;g

Act No. 3 s

Nl i H'
Behavioral iR ! M1 R |

Act No. 12 !

Vs K
4 | ¢
Summation of g .’
1 thAiIII I T llllllmiilll ill | I
15 Acts o |
From:
Light
S S e |
K
5 8
3 ¢ bl
3 |
1
01
Feeding
K
—l
5
P——r—

O 200 400 600 msec

Figure 14.2. Preactivations of a motor cortex neuron. Top: Neurograms in two sep-
arate cycles completed by the rabbit in different rhythms. (C) Flash of light when lever
is pressed; (K) lowering of snout into food box. Bottom: Histograms and cumulative
markings of lever pressings and snout probes into the food box (below). Horizontal lines
indicate the time spreads of snout probes (K) and the appearance of light (C). Bin is

equal to 5 wsec in the histograms. ¥ sk Spmae

neuron activations of various morphological brain structures in behavior
signify not only the functidning of physiological “sensory” or ‘“‘motor”
mechanisms, but also reflect the involvement of neurons that have various
physiological functions in a unified functional system of a particular be-
havioral act. The association between neurons of other brain structures
and behavioral stages has also been described (Andrianov & Fadeev, 1976;
Miller, Satton, Pfingest, Ryan, & Gourevich, 1972; Ranck, 1976; Reymann,
Shvyrkov, & Grinchenko, 1977; Sparks & Travis, 1968; Travis & Sparks,
1967).

The activations of any individual neurons reflect their involvement
in the actuating mechanisms of behavioral acts; that is, in an action, and
they correlate with other coordinated and goal-directed processes during the
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neuron activations of various morphological brain structures in behavior
signify not only the functidning of physiological “sensory” or ‘“‘motor”
mechanisms, but also reflect the involvement of neurons that have various
physiological functions in a unified functional system of a particular be-
havioral act. The association between neurons of other brain structures
and behavioral stages has also been described (Andrianov & Fadeev, 1976;
Miller, Satton, Pfingest, Ryan, & Gourevich, 1972; Ranck, 1976; Reymann,
Shvyrkov, & Grinchenko, 1977; Sparks & Travis, 1968; Travis & Sparks,
1967).

The activations of any individual neurons reflect their involvement
in the actuating mechanisms of behavioral acts; that is, in an action, and
they correlate with other coordinated and goal-directed processes during the
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action. The image of an external object that serves as the goal determines
the activity of all neurons in behavior, and the action is made possible not
only by “motor” neurons but by all the remaining neurons. Therefore,
neuron activity in behavior not only precedes the result, but also correlates
to external movements. An example of the correlation of a visual neuron’s
activity to movements is shown in Figure 14.3.

Activations of the same neuron in stereotype behavior appear in the
same behavioral acts. Consequently, the activations are informationally
determined by the same goal. The constancy with which the activations of
individual neurons are associated with a specific goal was particularly clear
when the neuron participated in only one behavioral act out of the entire
cycle. Examples of such neurons are shown in Figures 14.4 and 14.5. Figure
14.4 illustrates a visual cortex neuron that was activated by pressing lever
No. 3 only. When the lever became inoperative, activation lasted somewhat
longer, probably because no light was produced when the lever was pressed.
When either of the other operative or inoperative levers was pressed, the
neuron was not activated. Figure 14.5 shows a motor cortex neuron that
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Figure 144. Visual cortex neuron activated exclusively by pressing lever No. 3; (a),
(b),-(c); (d), are same as in Figure 14.3. Top: Activations when opera{ive lever No. 3 was
pressed (3). Bottom: Neuron activations when inoperative lever No. 3 was pressed (3) and
the absence of activations when operative lever No. 2 is pressed (2). (3): Raster of activa-
tions when operative lever No. 3 is pressed, 3: designation activation raster when inop-
erative lever No. 3 is pressed. Rasters were constructed from the time the lever was

pressed.
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Figure 14.5. Motor cortex neuron activated upon approach to lever No. I; (a), (b),
(c), (d) are same as in Figure 14.3. (1) shows activation raster upon approach to pedal
No. I; (2): activations roster upon movement from food box to lever No. 2 and from
lever No. 2 to food box; (3): activation raster upon approach to lever No. 3 from food

box and from the lever to the food box.
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was activated in all cycles as lever No. 1 was being approached, regardless
of whether or not the rabbit proceeded to the food box from some other
lever or levers.

Thus, certain neurons are activated by a specific goal under any condi-
tions. In this case, this association has a clearly causal character, but not
the “probability” or “stochastic” nature that is characteristic of activation
associated with preceding events. The clear and constant association be-
tween individual neuron activations and specific future results allows one
to presume that in stereotype behavior the same goal causes activations of
the same neuron system.

The images that appear as goals can be derived from memory only
through the internal links between all images in the experience structure.
It is possible that a goal derived from memory by motivation and the re-
sult which acts directly from the environment are represented in individual
neurons by complementary organizations of potentiated synapses. Although
a neuron receives different synaptic transmissions in activations “from
within” and “from without,” one organization of a synaptic transmission
assures the activation of the neuron while the other organization eliminates
this activation and causes the following goals to be retrieved from memory.

The processes of goal change and behavioral acts in sequential be-
havior are very complex and include stages of result recognition, afferent
synthesis, decision making, formation of the acceptor of action results, and
action programs. These processes correspond to stages in the formation of a
behavioral act system and last about 100 msec from the time the result of
the past act is achieved to the beginning of the next act. We have analyzed

- neuronal mechanisms of these processes in other works (Shvyrkov, 1978a, b).

All “reactions” to “stimuli” in behavior actually constitute an activity
determined by goals, as is easily demonstrated by future-related events rela-
tive to the “stimulus” (Aleksandrov, 1975; Shvyrkov & Shvyrkov, 1975).

The activations that we analyzed were determined by images of integral
environmental objects such as levers, the food box, or portions of food.
The so-called receptive neuron fields identified in analytical experiments
probably reflect the fact that in the absence of behavior only very elemen-
tary subsystems on the physiological level can be organized, where goals
and results appear as information about very detailed environmental ele-
ments. These are identified, however, in accordance with innate or acquired
experience, but not in accordance with the “physical properties of a stimu-
lus” that are synthetically identified by the experimenter. A change in goals
also takes place on the hierarchical level of these subsystems in accordance
with the goal change of the behavioral level. The appearance of “reactions”
to specific stimuli probably means that specific goals are derived from
memory only after specific results are achieved in accordance with the
structure of image associations in experience.

The activations both in acts preceding the flash of light and in those
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that were closer to consummatory behavior were observed in a single
stereotype cycle in the 36 motor neurons of the cortex and 21 visual neurons
that were examined during the cycle changes. These activations were not
extinguished in eight visual neurons and eight motor neurons in the dis-
cord stage when the lever became inoperative. This indicates the degree
to which such activations are determined by images corresponding to the
lever and the flash of light. Activations in acts more removed from con-
summatory behavior were extinguished in twelve motor and four visual
neurons after two to three unsuccessful lever pressings, whereas those acti-
vations were maintained when the animal probed his snout into the food
box (see Figure 14.6). Inasmuch as the approaches to, and pressings of, the
inoperative lever were made without the participation of these neurons,
their physiological functions are probably really essential only in subse-
quent acts. One can therefore assume that the participation of neurons in
acts further removed from consummatory behavior is determined by the
goals of subsequent acts of the cycle.

The goals of all of the cycle’s subsequent acts in stereotype cyclic be-
havior are probably reproduced from memory even in the first act; that is,
in the approach to the lever. Thus, the goal of the first act causes the for-
mation of an integral functional system, whereas the goals of subsequent
acts that do not disrupt the integral system of current behavior cause the
partial formation of a subsystem. The fact that “anticipatory” activations
were observed in only 82 of the 46 neurons activated in near-consummatory
behavioral acts supports the hypothesis about the partial formation of
subsequent act systems. The physiological functioning of neurons that
yield anticipatory activations can be manifested, for example, in the pre-
ceding heightened tonicity of certain muscles or in the appearance of sali-
vary flow prior to the appearance of food, as has been demonstrated by
classical conditioned reflex methods.

A comparison of neuron activity in different cycles has shown that 9
neurons in each region were activated at a specific stage of behavior, re-
gardless of the cycle. This also applied to the anticipatory activations of
these neurons (Figures 14.7 and 14.8). In one cycle, the other 24 neurons
(14 motor and 10 visual) were activated in a single behavioral fragment,
whereas in the other cycle the neurons were included into another system
(Figure 14.9) or yielded activations, including anticipatory ones, in one
cycle only (Figure 14.10).

These observations probably indicate that the goals of separate acts in
a cycle’s functional system are in specific antagonistic or synergistic logical
relationships and cause one another’s inhibition or appearance. The struc-
tural differences in the activity of individual neurons in different cycles
are probably tied to the restructuring of logical links between the goals of
individual acts in the transition from one cycle to another.

Note must be taken of three more motor and two visual cortical
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Figure 14.8. Analogous neuron activations of the motor cortex in cycles with opera-
tive lever No. 2 (top) and the operative lever No. 3 (bottom); (a) (b), (¢), (d), are as in
Figure 14.3. (2) shows activation raster during approach to the food box and taking of
carrots with operative lever No. 2, constructed from the time the snout was lowered into
the food box. Designation 2 shows raster in the discord stage, constructed from the time
pressed; (3) shows activation raster during approach to

the nonoperative lever No. 2 was
the food box and the taking of carrots in the cycle with operative lever No. 3.
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Figure 14.9. Various activation in a motor cortex neuron in cycles with operative
lever No. I (top) and No. 3 (bottom); (a), (b), (c), (d) are as in Figure 14.3. (1) shows
activation raster when operative lever No. 1 is pressed; (3) is the activation raster in ap-
proach to food box in the cycle with operative lever No. 3. Rasters were constructed
from the start of the flash of light.

neurons that were activated in lever approach and pressing acts only during
the discord and probe pressing stages. As soon as the lever became inopera-
tive, the activations of these neurons were extinguished (Figure 14.2). One
can also probably associate such activations with the restructuring of goals
derived from memory in the learning stages.

All of the phenomena which we observed in the learning stages might
be summarized as follows.
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[image: image19.jpg]1. The activations in neurons implicated in the system by the approach
or pressing goal in the discord stage are maintained (Figures 14.4
and 14.5).

2. The activations in neurons implicated by the goals of the cycle’s
future acts are gradually extinguished (Figures 14.6, 14.7, 14.8, and
14.10) and appear in supplemental neurons that are activated only
in the discord and trial pressing stages (Figure 14.11).

3. Activations determined by the image of the previously used lever in
the trial pressing stage disappear.

4. The activations determined by images of the tested levers appear,
and the activations in neurons connected with the learning stages
only are maintained.

5. The activations corresponding to the approaches and to pressing of
the new operative lever are maintained in the new cycle’s formation
stage, and the anticipatory activations are developed gradually as
the activations in neurons associated with learning stages are ex-
tinguished.

In the learning process, there is a restructuring of the intergoal links
that correspond to one cycle, in response to the new link structure that
corresponds to another cycle. This restructuring probably begins with
memory materials closest to consummatory behavior. In addition to goals of
one cycle, the goals of other cycles that are in alternate relationships are
activated during the discord stage. This is also probably a manifestation
of activations in previously nonactive neurons and the elimination of antici-
patory activations. Trial pressings are initiated by goals of different cycles in
sequence. Finally, during the formation of a new cycle, there is a gradual
elimination of alternative goals corresponding to different cycles, and only
one cycle is realized. This is probably a manifestation of anticipatory
activations.

Phenomenologically, the dynamics of anticipatory activations are not
distinguishable from the dynamics of the so-called conditional reactions
that are observed in neurons of different brain regions when external and
electrocutaneous stimuli are combined, for example (Rabinovich, 1975;
Shul’gina, 1969; Shvyrkov, 1969; Vasilevskii, 1968). Our data indicates in-
formationally, that anticipatory activations are determined by the goals of
future acts. This conclusion can also be applied to cases of “conditional
reactions.” This is particularly true if one considers the latter’s dependence
upon future events (Aleksandrov, 1975; Shvyrkov & Shvyrkov, 1975).

It seems to us that all of the phenomenology accumulated in the
neurophysiology of behavior can be explained by approaching the analysis
of the neuronal mechanisms of goal-directed behavior from the viewpoint
of the functional system th_eory. At the same time, that approach raises
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many new problems, the most important of which, we believe, is the hier-
archical organization of systems and goals of different levels in behavior.
Although many of the preceding hypotheses require further confirma-
tion, we believe that we have proven experimentally that goals informa-
tionally determine the activations of individual neurons, both in behavior
and in “emergency”’ learning, and they constitute a system-forming factor.

Conclusions

1. In behavior, activations of neurons in different brain regions reflect
their involvement in integral functional systems of behavioral acts
that are determined by psychological images of environmental
objects. The activations are initiated by goals and are terminated by
the achieved results of the behavioral acts.

2. In stereotype behavior, the same goal, as a rule, activates the same
neurons.

3. In stereotype cyclic behavior, neuron activations are determined
both by goals of current behavioral acts and by the goals of subse-
quent acts.

4. Neuron activation in different cycles are determined by goals that
are in different logical relationships to each other.

5. In “emergency”’ learning stages, neurons are activated by goals that
are derived from memory in the processes of restructuring the past
experience.
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