Part I1I. A Theory of Mental Representation: Engrams

Guidelines for the reader

Part II is subdivided into two sections. The first section (chapter 4)
consiets of a brief review of the main topics. The intention of this
review is to bring these topigs that are originating from very diffe-
rent parts of psychology together, and not to convince the reader of
their theoretical validity. In the second section (from chapter 5 on-
wards) these same issues are discussed more extensively. Empirical

evidence is often only taken care of in the notes.




4.1 Theory of engrams, a review

In Part I we discussed some variables that give shape to the proces

of consciousness. These continuous variables were put together in the
framework of the Inner State Plane. Although this results in some in-
teresting theoretical considerations, the model itself does not have
enough analogy to reality, to let us really understand the phenomena

of consciousness as they are nrominent in NLP practige. In this part

we will try to get much closer to such an understanding. Bandler and
Grinder assume that people make a model of their world. This model is
constructed from sensory information. All knowledge contained in this
model has entered the mind by means of the gensory system; in fact the
classical idea of the mind as a '"tabula rasa''., However, all this in-
formation is not taken in in a passive way, but is actively structured
in 2 way which differs from person to person. The organization of know-
ledge 1s devendant on people's cogunitive strategies. In NLP a special
theoretical conceptualisation about the nature of these cognitive stra-
tegies exists (Dilts 1984),

Outside NLP, in the realm of cognitive psychology, the existence of
active representations of knowledge is widely recognised. There have
been attempts to make computer simulations of these tynes of processes.
Others conceive all kinds of nrocessing and steering units that seem

to be a necessary part of human information processing. Often this type
of regseareh results in many, complicated diagrams with lots of arrows
and boxes, I find these too complicated so in this part of the book
another approach is presented. We undoubtedly need a good theory of
mental representation because we can be absolutely certain that peoble
make a model of the world in one way or another.

A theory of this kind must allow for individual differences and, in
the case of the Bandler and Grinder method, offer an explanation of
the effect of therapeutic interventions. Such interventions involve
changing the client's model of the world with the help of his own re-

presentational systems. Knowledge about these representational systems




makes it possible to understand how the client arrived at his present
model of the world, and also gives indications about ways in which

the world—model.can be changed. Bandler and Crinder emphasize again
and again that the understanding of the way in which a client con-
structs his image of the world is essential to the therapy. They use
the term "pacipg'' when they are referring to tuning into the experi-
ence and thougt-processes of the client.

I begin by assuming that many individual differences are possible in
the way of representing. Bach individual makes a different representa-
tion of reality. Ultimately, this representation takes place primarily
in the cortex, and all the differences that we find must be connected
with that fact. The structure of the cortex and the conjectured work-
ing of the cortex in connection with the senses, the intermediate
systems of the thalamus, the reticular formation and the limbic
system are central in this theory.

The Gestalt psychology of the first half of this century was based

on a large number of ideas about representation. Kohler (1940) also
reacsoned from the microlevel of the single cortical unit. The theory

offered here follows a similar emphasis.

4,2 Conditioning versus association

After each time that Pavlov had shown a dog a circle he gave it food.
The same dog was given an electric shock every time it was shown an
oval. After a number of repetitions the dog began to salivate at
the sight of a circle and to whine at the sight of an oval. Pavlov
then allowed the circle to bevome increasingly more oval, and the
oval increésingly rounder, until the position was reached where the
dog could no longer determine whether it was dealing with a circle
or an oval, In this situation the animal became completely blocked.
Pavlov describeas this a experimental neurosis.
Sixty years later Bandler and Grinder performed a similar experiment
on a human being. They use the term ''collapse anchors''. Instead of

a method of driving someone mad, they found in it one of the strongest
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methods of neutraliging neurotic reactions. In the literature of beha-
vour therapy, we find techniques which approximate very closely to the
methods of Bandler and Grinder; for example, methods in which lamps

are used as conditioned stimuli. The difference in emphasis between

tne methods of Bandler and Grinder and those of most behaviour thera-
pists is not great in al) respects.In fact the form of so-called covert
conditioning in behaviour therapy is identical to steps taken by Band-
ler and Grinder. In my opinion, we must seek the differences primarily
in the emphasis on the unconscious and the way in which internal repre-
gentations are treated. In principle the behaviour theravnist is concern-
ed with links between stimuli and responses; that is with the external,
visible and testable side of behaviour.

The connections bet¥ween stimull and responses come into existence via
processes which behaviour theravists call conditioning, and the precise
mechanics of which fall outside their domain. A behaviour therapist is
hardly concerned with what takes place consciously and unconsciously

in his client. He often also lacks the theoretical frameworks to take
these processes into consideration. The "mediating processes' ox 'brain
processes'’ take place in the 'black box" and the traditional behaviour-
iet knows nothing about them and dos not want to know. There are of
course many exceptions to this.

Within bebhaviourisw, two types of connections between stipuli and res-
ponses are recognized: classical conditioning and operant conditioning,
For me it is a forgone conclusion that the limitation that the behaviour-
ists bave themgelves imposed, namely not to concern themselves with the
necessarlly very complex processes in the mental system, has stood in
the way of progress in psychology. This does not mean that I wish to
underestimate the pgreat contribution that behaviourism has made to psy-
chology. However, in order to understand a technique like collapse
anchors we must explore this diffieult area. We must think and theorize
about how information is stored in our brainas and how this apparent
fundamental can be changed by a few simple interventions. It is a

difficult task, but fortunately not all psychologists have assumed




that the task is impossible. There are sufficient experimental and

theoretical starting points to proceed further.

when we consider the procese of representation In the mental system,

it is really better not to use the term conditioning. Then we are

no longer concerned with relationships between stimuli and responses,

but with relationships between mental images. The intermediate process

between & stimulus and a response consists of a Beries of conscious

and unconscious thoughts. These thoughts are associated with each

other. The term association, whléh was a very comwon psychological

term before the term conditioning was intrdduced, best describes what

we are considering here. ‘WYe shall distinguish two types of association:

contiguity association and contingency association (which I will call

sequence association). The relationship between contiguity association

and classical conditioning is clear, just like the relationship between

operant . conditioning and sequence association (or contingency associa-

tion)., Classical conditioning occurs when two stimuli are presented

at the same time. The stimuli become mutually interchangeable after

several trials. They both produce the same response. Contiguity asso-

ciation involves the relationship between two simultaneously activa-

ted mental representations, irrespective of the response. Sequence

association refers to the sequence of two mental representations.

Sequence. association connections bring about fixed orders in the

train of thought. Operant conditioning refers to situations where
preceed i

a relationship between 2 stimulus and the Sﬂbﬁtqutﬁl response arises

due to the power of repetition.

In the model presented in the following paragraphs, I hope to show

the reader how it is possible that people construct their image of

the world tnrough contiguity- and sequence association. These two

types of relationmship, which function from the level of connections

between Bingle nerve cells up to the level of complex mental repre-

sentations, make the existence of so-called sequences of engrams

possible.
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4,3 Engrams

According to my current idea, mental representations originate out
of the combined influence of contiguity association and sequence
association. This is probably easier to write tham it is to under-
stand. We have to try to make an image of this process using our
own faculties for making mental images; a classic philosophical

exercise.

Engrams are a familiar concept in psychology, along with a number

of similar theoretical ideas regarding the storage of informwmation.
Engram means: memory trace. An engram is a change in the neural
structure which appears as a result of learning. No-one has ever

seen an engram. We find recent theories about the nature of engrams.
in wassermmna (1979), Oatdley (1978) and Eccles (1980). Wassermann
(1979) and Sineclair (1981) in particular have set up an extremely
detailed model of how precise changes appear in the synaptic endings
as a result of learning (1). Wassermann sees engrams as ‘'pictorial
images', which are analogous to what they reflect in terms of their
organization. They are not ‘pulse codes'" &as proposed by Pridbram and
Sinclair among others.

In the discussion about whether engrams are found in a specific

place or are distributed throughout the whole cortex, the ideas of
lLashley (1929) who saw them as scattered everywhere, contrast with
those of Thompson (1969), who thought arelative locality was probable.
wagsermann (1979) and also Eecles (1980) thought that it is possible
that engramse are procent Lo mbre than ons loeation. Among other things,
they @ee mirror image versions in the opposite hemisphere as a possibi-
lity.(2). The degree in which an engram is bound to a particular

place is not essential for the use of the concept.

I am of the opinion that engrams in different parta of the cortex

may have different characteristics, differences caused by variations

in arousability as well as proceeding from the specific qualities of

the modality represented in them.




We shall get to know engrams as the nuclei of areas of excitation.

The activity which arises when a passive engram becomes active in-
fluences the surroundings of that engram. We should see the surroun-
dings as a secondary part of the engram. These activated surroundings
are the area of excitation. The degree in which the area of excitation
extends itself I see as extremely variable, from the immediate surrouns
dings to the whole cortex. Because more than one area of gxcitation

may be active at the same time - a phenomenon that we shall come across
as a ''parallel process'" - it can also occur that the areas of excitation

influence each other (3), overlap and unite.

Schematic representation of an engram and an area of excitation:
—
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Schematic representation of two mutually influencing engrams:




Memory traces or engrams lie dormant in the cortex until they are
activated. The activity in an area of excitation is what we encoun-
tered in chapter 3 as phasic arousal.

In everyday thinking it is seldom only the activity of a single

engram that is involved. It is rather sequencies of engrams, whole
series. The term ''area of excitation' must also be accommodated in

the sequence framework., While the engrams alternate rapidly with

each other, the global activity in the surrounding area can remain
relatively constant. The total activity of all active engrams at a
particular moment in the mental system of an individual is known as
tonis arousal.

We can see an area of excitation in another way, as a cluster of
passive engrams with an activated engram as a nucleus. The surround-
ings of an active engram consist of passive engrams, which are in-
fluenced by the active engram. This influence is the meamns of finding
the correct follow up engram from the multitude of passive engrams.
Thé active engram floods all the surrounding vpassive engrams with
arousal activity in order to strike one engram among them which can
Bucceed the active engram. I consider this to be the basic mechanism
of seeking information. When an engram becomes active, an area of
excitation is set up by this engram, in order to set up an engram=-
sequence. The arousal consists of the search activity; the search for
the follow up engram.

The essential step in this theory is that in which the so=called
*feedaforward''principle takes shape. An active engram is automatically
the cause of the activity of a following engram. An engram sequence
is a "forward-search''process, in which each engram seeks its successor.
Although I realise that this type of reasoning is open to a good deal
of speculation, I think that it is essential for progress in psycho-
logy. The formation of new hypotheses which link different asvects of

behaviour c¢an indicate directions for further research.




L.4 Learnipng and inhibition

Although Sokolov and other researchers point out that, when we assume
that learning only involves changes in the synaptic endings, we over-
look the changes whiech occur in the nucleus of the neuron, the changes
in the presynaptic element and the postsynaptic elomént still seem to

be the most crucial. In my opinion, the most revolutionary theoretical
contribution in the area of learning is that of John David Sinclair
(1981), who formulated the so-called '"rest principle'". The rest prin-
ciple will certainly bring about a complete change in the psychology

of learning. The rest principle is of great value for the formulation

of ideas about the realisation of engrams, although Sinclair himself
holds a different notion about the nature of engrams. He thinks in terms
of the '"pulse code model", which has been abandoned to some extent by
even Pribram himself. According to this model, knowledge is fixed in
single circuits, and is reproduced via pulse codes. Wassermann (49979)
and Eccles (1980) have developed different models in whieh they build

on the Gestalt tradition. In this, engrams are seen as spatial and
temporal activation patterns in the cortex. According to them, activity
at a particular time and in a particular spatial pattern produces the
code in whieh knowledge is laid down.

I am completely in agreement with this last conception, dbut also attach
much importance to Sinclair's theory of learning, whiéh encompasses

an essential idea that is missing in the work of other authors. Sinclair
proposes that repeated and lengthy activity in a synantie link does not
strengthen the link, bdbut, on the contrary, weakens it, A synaptie link
can even be extinguished almost in ite entipety, A link ic only streng-
thened when it can rest after use, In the rest veriod the link can be-
come stronger than it was before the period of activity. Learning occurs
most efficiently when optimal activity is followed by optimal rest,.
Without rest, unlearning or extinction may take place.

I
[
In my opinion, Sinclair shows that this principle, which is also well- ’

known in sport in relation to muscle training, is an almost necessary




mechanism. The rest principle is a negative feedback princircle, it
epsures that a particular behaviour which is repeated several times,

is not learned so strongly that an organism can do nothing except that
behaviour. Sinelair contrasts the reat principle to the use prineiple.
Theories whieh begin from the ideam that the synaptic connections are
strengthened through repeated activity (irrespective of rest), he calls
‘mpgg principle theories".

The neuro-chemicalLy orientated Wassermann (1979) proposes the release
of special fixation substances as a possible explanation fér the reten-
tion of learned material, After the use of a synaptic link, this would
be, as it were, fixed, Sinclair sees another, more likely, solution to
this fixing mechanism. To summarize, it comes down to this: neurons
have a particular, spontaneous firing rate. During activity a neuron
exceeds this ratd, during rest, it falls short of it. Reset can oceocur
because the neuron is inhibited by an inhibiting neuron. The fixing of
the link occurs by allowing the neurons in question to rest after use
by inhibiting them. Sinclair gives extensive wiring diagrams of nerve
cells, which could take care of this mechanically.

The function of inhibiting systems, like those present in warious parts
of the brain, must be closely related to the capacity for learning.
Without iohibition there is no rest, and thus no strengthening of syn-
aptie links, I return to this in more detail later.

There are small inhibition mechanisms, such as those which, according
to Szentagothal (1978), are built into cortiecal modules, and large in-
hibition mechanisms, such as those whieh flutter over the cortex from
the frontal lobes. Uthers seem to be governed by the hippocampus in
particular, im the limbic system. The involwvement of these inhibitory
ayontems seema to become stronger in proportion to the intensity of the
learning process and the degree of consciousness. In operant conditio-
ning, a learning process which can take place outside the attention,
changes in behaviour are realised through a great number of unconscious=-
ly conducted trials. In the conecious mode (which is called the controlled

mode by Schneider and Shiffrin (1977)), learning is possible after one




single trial. In the conscious mode of a human being, it seems that
the hlppocampus. in combination with the septum and amygdala, deter-
mines whether extra inhibition or extra excitation will occur?)In
conclusion, we can postulate that, if Sinclair's ideas regarding the
rest principle are correct, inhibition in the cortex ims an essential’
pre-condition for learning. Because waking seems to be associated

with the appearance of alpha rhythms in the EEG, and this evidently
(5) controls the cortical inhibition mechanism, an association between
waking and learning is to be expected. That learning also takes place
unconsciously in the waking state is irrefutably demonstrated in a
great number of operant conditioning experiments and also in all sorts
of classic forms of conditioning.

According to Sinclair, excitating neurons cannot rest during sleep,
because there is then no inhibitionm in the cortex. We can only recall
dreams which occur just before waking because the neurons activated

by dreaming can rest after waking. That sleep is rightly a state of

excitation is completely in conflict to the ideas that Pavlov had

about sleep., The discoverer of inhibition and excitation saw sleep as
a form of total cortical inhibition. He saw hypnosis as an intermediate
1 form. Sinclair's ideas indicate that 1t is exactly the other way round.

Waking means inhibition (&).

The theme of the rest principle and the importance of inhibition in

learning will recur again,

4,5 The formation and activation of engrams

In the cortex an enormous cowplex of engramas exists, and these hang

together in clusters to a greater or lesser degree. An important poiot
is: how do engrams come into being and how does it happen that a par-
ticular engram becomes activated at a particular moment? These quest-

ions are central to this paragraph.

From research into perception (Oat :ley 1978) we can conclude that, for
i the activation of a particular engram, only a part of that engram needs

to be activated through sensory perception. We can recognise an object




quite quickly if we only see a corner of it. The engram completes itself
as soon as a small part of it is activated.

This is an essential characteriatic, which is directly concerned with

the way in which engrams come into existence and activate each other.

A part of an engranm is, as it were, the key to the rest of it.

Engrams can be activated either because stimuli are introduced via the
senses, or because this happens via other engrams. In reality both
methods of engram activation happen simultaneously, continuously.

Engrams have a certain degree of synchronicity, that is to say: an engram
become8 activated as a whole and deactivated again as a whole. When an

engram is activated by sensory or internal stimuli, it is not the only

engram to which this happens. [n every act of perseption, very large num-

bers of engrams are activated. We attribute the selection process by

which one engram is activated and another is not to the dominance charac-
teristics of this engram.

We fing this principle in the cognitive dominance theory of Shallice (1978).

This type of dominance also appears in neo-Pavlovian psychology.

4.6 Bograw activation, conscious and unconscious

How does a train of thought begin? How does the pereeption of something
arise? In my opinion, Ulrich Neisser {(1967) has made a sigpificant contri=-
bution to the formation of theories about this point by postulating 'pre-
attentional information processing'. For something must happen before we
perceive a particular stimulus. Ye are all familiar with situations in
which our attentgon is suddenly drawn to something. Before this happeuns
there must have already been a perception which led to the idea that some-
thing ia goinglto -Btrike" us.(?). sefore we consciously perceive a sti-
pulus, we have already unconsciously perceived it to some extent. In this
period something happens through which we make the transitiom to comscious
peregeption of the stimulus. There is & function in our mental systems
which makes a selection from everything we pereeive unconsciously and

and which ensures that we perceive thid selection consciously.

Pavlov (1928) discovered that certain stimuli produce a much stronger




physiological reaction than otlers. It struck him particularly, that
unknown stimuli often cause such strong reactions in laboratory animals
and human test subjects. He also proposed that there is a relationship
petween the novelty of the stimulus and the occurrence of a 'what is
that" reaction. Pavlov began here a line of research which later became
known as research into the OR (orientation reaction, orientation res-
ponse). Sokolev (1960, 1963) in particular tried to give the concent’
'‘vbrientation reaction' a firm theoretical basis. With the help of a
technique known as ‘evoked potentials'" it is possible to make these
erientation reactions visible. Nadtanen (1980), among others, was able
to use it to investigate the phenomenen further. He proposed that such
an intense reaction to the presentation of a stimulus was due to a mis-
match between the stimulus and the representation present in memory.
Theorizing about orientation reactions has almwost always been on the
basis of ideas in which the gualities of the stimulus are related to
mental representations as an interaction between internal and external
events Qg). In my theory, the concept orientation reaction gets a new
lease of life, a very important life. My conception is based only on
internal events. Also Ohman (1979) has put forward such an exclusively
internal OR conception.

The difference between the classlc views of Pavlov and Sokolov regarding
the phenomenen orientatien reaction and the view presented here can also
be clarified in another way. We ¢an call Sokolov's theory a ''feedback
theory' because the memory image must be compared (backwards) with the
stimulus. Thus, at the moment when the stimulus has already instigated
the preattentional processing, these must be compared. Such a process
is difficult to imagine. Verbaten (1980) in his research regarding the
habituation of oriéntation weactiom reactions was not satisfied with
Sokolov's ‘model either. The mlternative to the feedback concept is a

go-called feedforward concept. This is what I want to promote in this

book.

In order to handle the feedforward model it is simplest to think in



terms of engrams. Engrams are activated by &imuli or by other engrams.
Once an engram is activated, it seeks a follow-up engram. If it finds

a successor guickly, it immediately activates it, In 1ts turn the follow-
up engram also searches for another follow-up engram. However, if an
engram cannot find a follow-up, then an orientation reaction is set up.
The forward search process is interrupted. Ye must visualise this as a
sudden halt in the train of thought, because there are no rails to the
next station. The train tries all the points but no way of continuwation
is found.

In my view, an orientation reaction does not occur when an engram makes

a mismatch with an already activated engram or with the sensory informa-

tion, but when it is not linked with a successor engram, and no such

engram can be found.

This reasoning involves the assumption that the pre-attertive (unconscious)
processing of informwation is characterized by engrams following each

other up in a chain. The stream of information continues being processed
when the engrams in question activate each other and continue to find a
follow-up. However, when an engram becomes activated and cannot be
followed up, the searching activity becowmes so intense, that the attent-

ion mechanlsm is, as it were, alerted,

Schneider and Shiffrip '1977) and Chman (1979) see the unconscious as
parallel rurning, automatie forms of information processing. In my term-
inology it is many trains of thought running together. The trains are
composed of engrams which can continually find a follow-up engram. 1f,
however, a link breaks in one of thé sections of a train, the conscious-
ness, as 1t wére, "zooms" in on it. "he process, which at first took
place un=noticed and automatically, then becomes conscious. ihe attentlon
becomes involved.

Rosler (1982) further elaborated the theory of Schneider and Shiffrin.
His conclusions nresented powerful insights into the consciousness. The

role of the time factor is especially important. From the beginning of

the activity O§ an engram it takes about 300 milliseconds until this

il
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engram can become conscious. According to Rosler, the so-called P3oo
(the P3 complex), a peak to be seen in evoked potentials, is a sign of
the beginning of the operation of a conscious process.

1f this time 1limit has been correctly estimated, it means that a parti-
cular engram has to find a follow-up within 300 williseconds. 1f an
engram exceeds this search period, it then becomes conscious. Ln other
ipterature we encounter a period of 500 milliseconds for the unconscious
search period (Mandler, 1979; Naatanen, 1975).

I am of the opinion that the complexity of an engram is correlated with
its speed.of processibility. A complex engram needs more time for its
activity. In proportion to the extent to which an engram consists of
more cortical units, it becomes more complex and its speed of belng pro=
cessed, expressed as the time required for the excitation—inhibitio;?ofS
that engram, becomes greater. Iln case of simplification of an engram,

the reverse happens (9).

To summarize we can conclude that if this temporal margin of 500 willi~
seconds is essential as the threshold of consciousness, each engram that
exceeds this period penetrates the consciousness. nowever, L am of the
opinion that consciousness of something arises through the intensity

in which anrn engram 15 activated. In the first place the difference in
electrical potential which exists in the cortex is a determiner of wether
a process will be within the conscious mode., The time margin of 300 or
500 milliseconds is only meaningful in that this is about the time that
an engram needs to build up great differences in electrical potential

to such an extent in the cortex.

In the next chapter we will see that the activation of an engram proceeds,
indeed proceeds more intensely if this engram is not inhibited by a
follow-up engram ip time. If an engram is not inhibited, then it builds
up a greater charge, and gives rise to great differences in electrical
potential in the cortex to Buch an extent that it becomes conscious,

and thereby dominates all parallel processes at that time. The attention

mechanism is postulated here as a sort of extra excitation "booster'"., A



difference in electrical potential can be intensified by the partici-
pation of the attention mechanism. The booster (amplifier) function
seems to be the provwince of the limbic system, perhaps with connections

to the reticular formation as wellﬁd.

5.1 The cycles of excitation and inhibition of engrams

In chapter four; we diecussed many issues, although not much experimen-~
tal evidence was presented. Although we will be far more precise in our
formulations and considerations in the next chapters, it is not our in-
tention to add empirical support to every statement. Our main goal is,
to describe a number of mental phenomena in a consistent and comprehen-
sive theory, and not to prove that this theory is correct in all instan
ces againat a background of 2ll empirical facts. The most important em-
pirical facts we want to deal with here are those resulting from re-

peated observations of NLP interventions.

In our consciousnesg there is a coming and going of ideas, the stream

of consciousness. William James (1890) emphasized this changeable aspect
of conscitousness. People also paid attention to the coming and going

of mental contents in Eastern psychology. Although our consciousness
resembles a stream, in my opninion it is not continuous but rather it is
a phasic stream. One idea does not flow smoothly to the nest: the ideas
follew each other so that they can be distinguished. Many other theo-
rists also recognise this. Rosler (1382) speaks of '"Cognitive Elements",
Schneider and Shiffrin of "informational nodes", Milner (1972) speaks

of "networks", and fAebb (19438) meant something gimilar with '"cell assem=
bly". These a%e what I call ''engrams’

Engrams come into existence through processes of contiguity association.
This point is central to my theory. An engram is a momentary recording
of a situation. In this case the light sensitive plate is composed of
neurons in the cortex. In my terminology, engrams are the same as what
Eccles (1980) calls "spatio-teamporal patterns'" of cortical '"modules'".

Such a pattern exists some time. It appears and disappears again. I call




this process the excitation-inhibition cycle of engrams. It is the
building block of all mental representations.

The model whidh I now present is based on the principle of so-called
"positive completion'. This positive completion is the result of conti-
guity association. I hope to make clearer to the reader precisely how
this works in the course of my argument. Positive completion and conti-
guity association are essential to the understanding of every tyve of
classical conditioning, and also to what Bandler and Grinder (1978)

call "anchoring' in their therapeutic techniques.

The process that we call positive completion here is, in general, hardly
recognized in the formulation of theories about mental representations.
Yet, this process is the crucial step necessary to make association
processes possible. e can identify positlive completion through intro-
spection. we only have to look at an irregular pattern in the wall-paper,
or at clouds, or leaves on a tree. In such in-themselves meaningless
structures, we can see all sorts of things, especially faces and animals,
Ssow 1is thies possible? Why does a cloud make us think of a rabbit? We

are so used to these phenonmena that we are no loriger surnrised at them.
The situation in which we See only & tiny part of an object is an even
stronger example. Although we only Be¢¢ & bumper, we know for certain
that a car is behind that wall. We do not have to go and look, The sight
of a part of a human body does not lead us immediately to believe that
there is only & part involved, we expect the rest to be there too. A
very amall sign can lead us to think of a particular image. A few lett-
ers, '"postipletion'', can make us think of a particular word. All these
examples are concerned with incomplete representations which we complete
for ourselves; parts which we make into wholes. This is the basis of
positive completion.

Next we will consider the physiological and neurological working of

the positive completion process.

An engram becomes activated initially by part of that engram becoming
activated. The rest of the engram becomes active after positive comple-

tion,is instigated by the activated part. The activation-inhibition
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cycle of an engram begins with the partial activation of that engram.
If the part is large enough, then the whole engram becomes activated

by it. As soon as all the cortical units which belong to the engram

are activated, the engram begins to search for a follow-up engram. The
search is coupled with the excitation of the surroundings of all cor-
tical units involved. This excitation can lead to another engram being
partially activated in its turn, and that can result in the positive
completion of this new engram. “hen this follow-up engram is activated,
it will inhibit the preceding engram. In this way the preceding engram
disappears from the process. In this way only one engram is ever active
at any given time, while the preceding one is inhibited and the future
one aroused.

We call this the excitation-inhibition cycle of engrams. There follows

a description of this process in five phases.

In this model, I reason in accordance with the ideas of Eccles (1980).
He writes that engrams are composed of cortical modules which are a

sort of micro-computer system of neurons, including both excitating and

|

inhibiting neurons.

In our model of the cycles of excitation and inhibition of engrams, we

recopgnize the following stages (31):

1. Partial activation. The excitational activity that partially activa-

tes an engram, may have its origin in one or more sensory input reg-
ione of the cortex, or may be the result of thd activity in other
engrams somewhere in the association cortex.

2., Positive cqmpletion. When enough modules of the engram are activated,

these activated modules are able to activate the as yet unactivated

modules of the eungram. The result is a completely active engram (3).

3., Irradiation of excitation. The dendritic branches of all the activa-

ted pyramidal neurons that belong to a module, start to send their
excitat oy energy in all directions. They already do this when the

engram is only partially activated. “hen the engram is fully activated,

this becomes more significant (14). The excitatory energy of all mo-

_
"
.
r
l
_
"
b
"
X
d



». dules spreads around over the surface of the cortex, and this results
in the formation of an area of excitation around the engram (13).

4, The search for a follow-up engram. The area of excitation spreads

over larger areas of the cortex with increasing intensity, as long as
no other engram is activated and starts to inhibit the original active
engram. The search may continue until the synaptic endings of the
dendritic branches get tired out through lack of transmitter subatan-
ces. ln this case we spéak of extinction.

5. Finding a follow-up engram. When the Bearch phase results in the part-

ial activation of another engram, this new found engram will start its
cycle. At the same time as it starts to build up its own excitatory
energy, it will start to inhibit the preceding engram. This inhibition
(feedback inhibition) will result in a strengthening of the synaptic
connections between the two engrams. The preceding engram is thus not
only neutralised, it becomes a little more negative at the outset.

It becomes inhibited and tus confirmed, and thus is better learned,

Feedback inhibition is an opposing force to feedforward excitationI‘Q).

In this model, the search process continues until the follow-up engram
inhibits the preceding eungram. 1f no follow-up engram is found, an
untenable situation arises, which can only be solved by extinction or
by process iphibition. The active engram must be inhibited in one way
or another.

Onee an engram is activated - and sometimes only a very slight partial
activation is necessary for this - then, normally speaking, there is

no further restriction, and the activity continueg until it is inhibited

becauge another emngram has heen activated.

I shall describe how an engram can be defined on the basis of the cha=-
racteristics of positive completion. Positive completion originates
Prom situations where neurons mutually activate each other at a moment

Qben both are agtive, Thus when neuron A activates neuron B, while B

does the same to A, a mutual excitation relationship arises (
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However, when neuron C activates neuron D while neuron D is not active

at that moment, and therefore does not activate neuron C, then a situa-
tion arises in which D responds to the excitatiory activity of C only

with inhibition.

sequence association
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When A and B mutually activate each other, they afterwards probably

inhibit each other somewhat.

ln my theory, 1 am concerned with two types of connections which can
eximst between cortical units: contiguity association and sequence
association (also known as contingency association). I want to tenta-
tiyely proceed from the assumption that these are the only two possible
tvpes of association in the cortex. The difference between these two
ways of connecting neurons is directly related to the timing of the
activation. If two cortical units are simultaneously activated and
activate each other at that moment via a dendritie connectiomn, then a
contiguity association arises.

If two cortical units generate sequence assoclation, this occurs at
the moment when one was activated and activated the other, but this
other was not activated (at that time).

The synaptic connections become consolidated when a period of inhibi-

.




tion occure after a period of excitation. The involvement of inhibi- |
ting interneurons in the realization of both types of association
appears assential. |
The proposal, as sketched above, in which only two cortical neurons é
are mentioned, is too simplistic. For the explanation of the inhibi- |
tion which must necessarily occur after excitation, we must also in-

volve inhibiting neurons in the model. Nevertheless, the precise neural

connections which are responsible for the difference between contiguity
associatlon and sequence association add very little of use to my
theory at present (see for this the ideas of Sinclair, 1981, and Szen-

tagothai, 1979).

Positive completion arises on the basis of a previously existing
contiguity association between cortical units; that is the previous

formation of an engram.
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Positive completion is a time consuming process. more time will be
required in proportion to a less intensive partial activation, because
of the relatively larger positive completion which must take place.
My basic hypéthesis with reference to positive completion and process

speed can be formulated ae follows:

1. The first starting point is that the couplexity of an engram is

equivalent to the number of cortical units involved.

2, The second starting point is that positive completion can only take

place after an adequate amount of partial activation has occurred

(the stimulus threshold or threshold of perception).

|




3, The physical intensity of a stimulus is related to the degree of
of partial activation, but the signal/moise relatiomship in the
cortex is of decisive importance. An intense partial activation
arimes when the stimulus produces a well detectable signal in the
cortex. This can also be caused simultaneocusly in different ways:
engrams may be partially activated at almost the same moment via
different modalities (representational systems, eg: visual and ki-

nesthetic).

These starting points make it possible to say something about the

duration of the process of positive comvletion in relation to engram-

complexity and the intenaity of partial activation. If we take a part-

ial activation of a certainm intensity for a gcertain engram with a cer-

tain degree of complexity, the duration of positive completion will in-

crease in proportion to the degree to whiech the engram is more complex

and the partial activation is less intense, Ye

This hypothesis predicts that simple engrama can be positively completed

relatively quickly. When partial activation occurs via a clearly dia-
tinguishahle stimulus, pogitive completion will also take place more
rapidly. Complex engrams are slow, and simple engrams are fast. In this
way we See process speed, with the same meaning as I ugsed this concept
in the Inner State Plane, again as the result of the characteriestics of
pocitive completion. (Engram-complexity is related to the extent of the

field of attention.)

The following pointms are ¢gsential in order to follow my argument further:
A. Poaltive completion begins after "adequate" partial activation of

each system of contiguously-associated cortical units (engrams).
B. Positive completion continues until the whole aystem (engram) is com-

pleted. Pomitive completion stops when the sytem (engram) becomes in-

bited.

L]

Positive completion develops smoothly into irradiation of excitation
when the whole system has been completed, This implies the search

for the follow-up engram.

N



D. A segquence of engrams arises through the combined effect of conti-
guity- and sequence association.

E. Both the contiguous links between the neurons and the links due to
sequence aesociation are dependent on inhibition for their origin
and consolidation.

F. Feedback inhibitioh, originating from a follow-up engram, eventually
stops positive completion continwing in very complex engrams. This
imposes a limit on the complexity of engrams (and results in simpli-

fication, through repetition).

6.1 Sequences of engrams

Let us imagine that a train of thought originates in an engram being
activated, then this engram, as it were, seeks a follow-up engram which,
in its turn, also looks for a follow-up engram and so on..... What does
thie imply?

It implies that this search process in itself forms the essential link

in our thinking. One engram seeks another. We can designate this process
as a feedforward process; thies is what was called association in classic-
8l nsychology. The one concent recalls the other. Although this tendency
is evident to most psychologists, there is little exact theory about the
precise manner in which this process of association works.

Tim Shallice (1978) laid the basis for the theory of cognitive dominance,
which T see as a great contribution to peychology. His guestion was: on
what grounds and according to what rules is a choice made between diffe-
rent possible behaviours? He proposed that courses of action must be
represented in the cortex or elsewhere, in one way or another. And that
these "action systems”, ae it were, compete with each other for the fa-
vour of the person who is to carry them out. The selection from alterna=-
tive behaviours proceeds via certain rules of dominance, whereby one
action system dominstes another. We find the element of a choice of a
poasible behaviour from an exieting arsenal in miscellanecus theories of

cognitive pasychology. And if we wanted to, we could trace the problem

back to the skinnerbox,




we can teach a rat two alternative reaction patterns. Then we can see
which alternative it chooses if both are possible, for example: when

the conditioned stimulus for one alternative is offered at the same

time as the conditioned stimulus for the other alternative. In behavi-
ourism, it is possible to make a prediction about which choice the rat
will make. A behaviour that was practiced more often, requires less
effort and yields greater rewards, will occur more often. ilthough the
testing of this prediction is troublesome, 2 great deal of certainty

can be deduced from the partial testing in countless conditioning ex-
veriments. The factors practice, effort and reward return in the theory
of cognitive dominance in another form.

when an engram is activated, it seeks a follow-up engram. The prediction
is that the engram which has most practice in being activated, which
requires the least effort and is the most rewarding, will become active.
Such an engram wins from all the alternative engrams. In the theory of

cognitive dominance we speak of the dominance characteristics of an

engram. When an engram 1s well engrained, is simple and has a good follow-

up, we Say that such an engram has good dominance characteristics. Shallice

(1978) atresses the qualities 'simplicity' and "familiarity" in the
case of action systems.

The theory of cognitive dominance does not diverge from other psycholo-
gical theories, and is easily translatable into the concepts of behavi-
oural psycholegy in particular. From an evolutionary standpoint, we can
see the cortex as an organ of ¢hoice. An organism with a large cortex
has at its disposal an enlargement of cnhoice functions. Alternative be-
haviours can be weighed against each other, taking all kinds of factors
into account., When an organ of choice functions well, it makes the chol-
ces which will increase the chance of survival for the organism. The
lawg of cognitive dominance are like the laws of economics. The orga-
nism not only makes the best choices for its survival, but makes these
choices with the least possible effort. A good organ of choice like the

humen cortex chooses according to the way of least effort (Zipf, 1949).
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6.2 The engram succession

In the foregoing pages, 1 have tried to fix the way in which one engram
follows up another one in a model. An essential feature of this is,

that partial activation of an engram leads, via positive completion,

to the total activation of the engram, and that this fully activated

engram in its turn can take care of the partial activation of another

engram. I

Sccles (1980) envisages this same process, from which he takes the i
line that the elements of engrams are made up of mo-called cortical -
modules. These are cylindrical units, composed of about 2500 neurons, 1
which function like integrated circuits (IC) of chips. 95 % of the cor- ﬂ
tex consists of such modules. The remalning parts are formed of the |

sensory reception areas and the motor transmission areas. I see the

sensory reception areas as places where no engrams are to be found. 1
The engrame are to be found in the remaining 95 % of the cortex, also jﬂ
called the association cortex. Numerous dendrites extend from the sen- ﬂ
sory arees into the association cortex so that partial activation of y
the engrams in the association cortex by the mensory areas can take |
place. The sensory areas, as it were, radiate continuous streams of
activity into the agsociation cortex. This resulta in a continual part-
ial activation of very many engrams. :
When an engram is fully activated, whether by means of partial activa-
tion caused by the senses or by anothey engram this means that a great
pumber of neurons (or modules) influence their surrounding areas with
a particular pattern of excitation. We have already proposed that a
particular degree of partial activation ie a pre-condition for the de- !
velopment of positive completion in an engram. YWe can equate this degree ;f
of partial activation with the threshold of perception for a particular: [
stimulus. This threshold of perception marks the limit beneath which no

positive completion will take place, and above which this will indeed

ogccur.

“he threshold of perception is not a discreet- but a continuous variable.







