Research Reports, 1/2002
Department of Social Psychology
Helsinki University

Cognitive Process and Behavior;

A Conceptual Framework and Simulations

by

Kullervo Rainio
Professor emeritus
Social Psychology
Helsinki University



ISBN 952-10-0469-X
ISSN 0357-4040

Communications:

Copies available from http://ethesis.helsinki.fi

The author:

Prof. emer. Kullervo Rainio

mail address: Petaksentie 44, SF-00630 Helsinki, Finland
e-mail: kullervo.rainio@pp.inet.fi

Department of Social Psychology, Helsinki University:
mail address: PL 9, SF-00014 Helsinki University, Finland
e-mail: tupietil@valt.helsinki.fi



Cognitive Process and Behavior; A Conceptual Framework and Simulations. Research
Reports 1/2002, Department of Social Psychology, Helsinki University
by
Kullervo Rainio
Professor emeritus of Social Psychology
Helsinki University

Abstract

The aim of the book is to build a conceptual system which represents the psychological forces as
probability vectors determining transitions in topological space. The conceptual system presented
in the book is — in a way — a correction and a radical modernization of the classical framework by
Kurt Lewin. Unlike in the Lewinian system, also the time variable is handled as a discrete one, i.e.,
as steps in time. The cognitive process is assumed to occur in the actual life space represented as a
graph, the vertices of which indicate cognitive states. The cognitive transitions are determined by
the probabilities of cognitive trials from state to state and by the probabilities of their success.
Particular rules are given for making the decisions to act.

The book examines the cognitive processes from the holistic viewpoint.

The new conceptual system makes possible to derive stochastic models of cognitive processes
to estimate the behavior. In Chapters 3 and 4 this has been done by simulating simple game
situations. The simulation programs are given in detail, written in Turbo-Basic language. They are
also available in files, in .bas or .exe -forms.

In Chapter 6 some philosophical consequences of the theory are discussed, particularly the
psycho-physical problem and Eccles’ trial to solve it. A formalization of the Eccles’ theory is given.
In Chapter 6.4., the occurrences in the macro-physical and quantum systems as well as in
biosystems and cognitive systems are compared in terms of the given conceptual framework.

Keywords: balance, behavior, cognition, cognitive, Eccles, field, formal, force, games, graph,
graph theory, group maze, Heider, holistic, hodological, learning, Lewin, life space, model, Monte
Carlo method, probabilistic, psycho-physical, reality, simulation, stochastic, topological, vector.
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1. Introduction

1.1. Historical background.

In the last decades, when there has been a great progress within sciences near psychology -
neurology, cognitive science, technology of artificial intelligence efc. - psychology itself has
somehow lost its identity. Most clearly this comes out as a belief that the human consciousness
could be built up as a combination of some neurological processes, i.e., of its parts. (Notice the
serious speculations of some radical cognitive scientist - Daniel C. Dennett et al. - about ”conscious
machines”.)

On many specialized fields in psychology, there is lot of ingenious work going on - no
one can neglect it - but we are, it seems to me, more and more in the danger of losing the holistic
conception of human personality. It is, however, just this holistic view that has made psychology a
philosophically extremely significant science. The findings of gestalt psychology in the begin of
20th century changed radically the whole epistemological basis of our thinking. No mechanistic
thinking about human behavior and cognition was anymore possible. The man is since then seen as
active in all his relations to the outer world, in his perception, in his imagination, in his thinking etc.
And, particularly, person was seen as a whole, as a being who makes his choices, freely,
meaningfully, and creatively.

This was the background on which Kurt Lewin was then building his ’dynamic
psychology”. In conceptualizing the “psychological force” he made just the whole person as the
”point of application of force”, i.e., it was the person as a whole who made the choices between the
behavioral alternatives, not some “inner mechanisms” of neural excitation in him (as some radical
thinkers in artificial intelligence -study seem to speculate).

The Lewinian psychology flourished over a period of 1935 - 1950 and had a great
impact to social psychology (’group dynamics”) but disappeared then gradually. Why? - Only some
peripheral ideas of Lewin were used as “’theorets” for experimental laboratory studies. Kurt Lewin
himself, however, had published his theoretical framework in a very strict and systematic way in his
book ”The conceptual representation and the measurement of psychological forces” (Lewin, 1938).
Why did not his work become a basis for creating psychology toward an exact, developed science?

Maybe sociology of science could give some answer. Perhaps Lewin’s mathematical
orientation was experienced strange in the humanistic culture, a part of which psychology has been
seen. Actually, there was in 1960’s a lot of use of mathematics in psychology but it was mostly
directed to the methods of measurement, to advanced statistical analysis but not so much to analysis
of psychological processes in large. In that time, it was a fashion to build ”mathematical models” in
psychology of learning and in social psychology. (See, e.g., Bush and Mosteller: Stochastic models
for learning (1955) and summarizing articles by Seymour Rosenberg and Robert Abelson in The
Handbook of social psychology (1968).) However, the applicability of those models — included my
own, concerning learning of social contacts (Rainio, 1962) — was fairly narrow. No total life
space”, in the Lewinian sense, was taken into account.

Kurt Lewin had a dream. In the Preface of his book mentioned above he wrote
(August 3, 1938):

”Psychology at the moment is rich with more or less ‘general approaches’. However,
more important for psychology today than general approaches is the development of a type of
“Theoretical Psychology’ which has the same relation to ‘Experimental Psychology’ as Theoretical
Physics has to Experimental Physics. Theoretical Psychology then cannot be satisfied with



generalities (however correct they might be) but has to supply specific means of solving the
concrete problems of the laboratory and the clinic.” (p. 4)

Lewin intended to build his conceptual framework as a core of such a coherent and
strictly systematized “theoretical psychology”. His ideal was a system as exact as in theoretical
physics, but what psychology needed most was its own conceptual system. This need led Lewin to
his ingenious innovation: he used special geometry, the “hodological space”, in describing
’psychological locomotion”.

But the dream of Lewin did not come true. And we have not fulfilled the need of the
general coherent theory in psychology, in spite of the efficient computing instruments we now have
in use - just because there is no exact conceptual system for it.

It seems to me that the quick advance of the computer calculation has merely misled
us - misled to handle statistically more and more great amount of details with the consequence that
the holistic view of human being as a willing, choosing subject has been forgotten.

Psychology is still searching its identity as a science. That means that its impact to
philosophy - once so great - may gradually grow weaker.

I started my research work in psychology by building stochastic models for social contact-making
and opinion formation as well as testing them in laboratory. (See, e.g., Rainio, 1961, 1962 and
Abelson, 1968.)

Encouraged by good experimental results, I gradually enlarged the application of
those models and created a stochastic cognitive model for group problem solving (Rainio, 1970,
1972, and 1986).

At this stage of my study I realized that I actually had modernized Lewin’s theory.
The modifications were, however, so radical that it took time to see the connection between both
frameworks. (Rainio, 1983)

It came clear that for the lack of great theory in psychology we should not put the
blame on the weak interest of the psychologists, only. There were also serious weaknesses in
Lewin’s conceptual system. Actually, it has characteristics which make impossible to derive any
estimates for behavior from it. Those features are corrected in my study, as we shall see soon.

I can not avoid here to citate Albert Pepitone, a famous student of Kurt Lewin. In a
congress of the European Association of Experimental Social Psychology in Tilburg, Netherlands,
1980 [[??]], in discussion after my paper concerning stochastic field theory of behavior, he said:
”Something like that Kurt Lewin had in his mind just before his early death.”

1.2. Epistemological basis

Maybe one important reason among the psychologists to avoid the direct holistic study on cognitive
processes - and nowadays so often to approach them by using neurological method instead of the
purely psychological investigation - is the tendency to see introspection “old-fashioned” and
unscientific. The emphasis in psychology has been long time on the empirical methods and the
introspection regarded very weak as such, merely a speculative way of thinking. Phenomenology -
where it still had been used - has suffered for the low status of introspection. It has been seen more
a part of philosophy than a science.

Naturally, one may not build a theory totally on introspective method but, to test the
consequences derived from the theory, it may prove fruitful and necessary. It is one way of
scientific observation.

But the introspection, surely, is not the only way to study cognition psychologically.
Indirectly it can be studied through the observations of behavior, in a more “objective” way, i.e., in
the intersubjective way (”cognitive etology’). This possibility exists seemingly only in very limited,



simple, and strictly controlled laboratory circumstances. It is true, but it is exaggerated
verificationism to require that every theoretical variable and assumption need to be defined
operationally. It is epistemologically right and enough if the structure of the theory is logically
conclusive and there are possibilities to create such empirical set-ups where the theory could be
applied - although in somewhat simplified form.

To my mind, it seems that the Theory of Cognitive Process with its empirical
consequences fulfills these epistemological requirements.

1.3. Lewinian conceptual system in a nutshell

To understand historically the starting points of this study it may be informative to examine the
Lewinian system and, particularly, its weaknesses in detail.

The basic invention of Lewin was to introduce a new geometrical solution, the
“hodological space” (“hodos”, a Greek word meaning “way”) to describe psychological
occurrences, instead of the Euclidean geometry, used in Newtonian physics. Lewin realized
clearly that what is relevant in describing the behavior is not the perceived physical

changes, not at all, but those states of individual which could be separated of each
other on the basis of their psychological meaning.

”... The purpose of hodological space”, writes Lewin, ”is to find a type of geometry
which permits the use of the concept of direction in a manner which will correspond essentially
with the meaning that direction has in psychology.” (Lewin, 1938, p. 23)

The hodological space is a discrete presentation of space. Instead of Euclidean
continuum of points it is constituted of regions with boundaries between them, some regions being
’neighboring” each other (i.e., having common boundaries) some not. The wholeness of all regions
is called life space”. (We should emphasize that, thus, the regions have their meanings only as
parts of the life space.)

The psychic locomotion of an individual (or behavioral change) occurs from one
region to another over a boundary. (The physical locomotion or change one may fancy to happen
“inside a region” is thus, naturally, irrelevant. It simply does not exist in this representation. Only
the transit from one state of behavior to another, i.e., from one region to another, is relevant from
the psychic point of view.)

Lewin defines the “distinguished path” as the shortest way from a region to another.
This means a queue or a series of neighboring regions, w, as shown if Fig. 1.1.

The direction from a region to another (from A to K) is then defined as the first step (A,B) on the
distinguished path. Now, the direction (notated by Lewin as d with indices, e.g., dax) from one
region (A) to another (K) is the same as the direction toward a third one (L) if the first step on the
distinguished paths (from A to B in both cases) is the same.

The psychological force is now defined effecting in life space as a cause of
locomotion of the point of application (the person).

A force has: 1) direction, 2) strength, and 3) point of application.

Thus, using Lewin’s notation, the psychological force f',p means a force in A,
which has the direction da g and P as point of application” (Lewin, 1938, p. 83). (Fig.1.2)



Fig. 1.1. Life space and regions in it.

————————— Two diztinguished paths:
ABLCHE and 8BFG.L

Lewin uses notation | fan | for the strength of the force.

(Lewin gives no exact definition for ’point of application” of a force. He writes that P,
point of application, is "located” in a region A, i.e., A D P, which means that P is itself a region
subsumed to region A. But it is a special region, a region which the psychological forces try to
move toward certain direction, i.e., to restructure the life space in a certain way. - Usually the
meaning of

Fig. 1.2. Life space with regions A and B and forces acting on person P.
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the point of application seems clear, it is a person located in a region and according to Lewin the
force influencing the behavior of P can be expressed by notation fp g as well as £ A.B- However, we
shall see later that this is a foggy point in Lewin’s thinking.)

”A force can influence the behavior of an individual only in regions where the force
exists” (Lewin, 1938, p. 75).

There are 3 types of forces (see Fig. 2):

1) Driving force, notated as df* s 5 if needed. It is a force applied to person P, located
in the region A, driving him toward the region B.

2) Restraining force, notated as rf 4 4 if needed, or simply fs . It forces the person P
to stay on the same region A where he is already located. Thus, it opposes the driving forces.

3) Boundary force, notated as fs_p , is keeping the person out of the region B when he
is in the ”boundary region”. It corresponds to the tendency to locomote from B to a region X
outside B, for instance to A. The force fs_p exists, therefore, at least at the common boundary of A
and B” (Lewin, 1938, p. 75). When Lewin uses this concept he seems to think that there exists a
kind of obstacle between the regions. However, it seems to me strange to see this obstacle as a
force, particularly because the boundary is not a region. - The concept of boundary force needs
clarification.

An essential concept is the resultant force, which Lewin denotes by f*. The resultant force
determines the direction of locomotion. Therefore it is extremely important to show how the
resultant is derived from the totality of forces applied to the person. Lewin does not succeed in this.
He gives a definition of totality of forces” in a region A:

Ifax=faptfact..+faN

Lewin gives no clear definition of resultant force. He writes: The resultant of a group
of forces can have the same direction as one force of the group. ... For instance, it might be that
ZfA,X = fA,B + fA,C +..+ fA,N = f'kA,B e (Lewin, 1938, p. 85)

In connection to resultant force Lewin introduces a measure for locomotion, namely
the concept of velocity. If there exists a resultant force f*4 3 ,i.e., the strength of it is > 0, formally:
| *aB | >0, then the velocity of locomotion is also > 0, formally va g > 0.

As far as I can see, Lewin thinks that the resultant force is the biggest of the forces
acting in the same time in the same region. According to him, in a certain situation there is one
possible resultant force and the behavior could be exactly determined if this could be found out. But
Lewin had not such a method. According to him, there exists a resultant force P“PAB if there
appears the locomotion from A to B afterwards. He shows no method to estimate which direction
the locomotion takes. This ruins the usefulness of Lewin’s system as an experimentally testable
theory. This weakness in the system is understandable only on that ground that Lewin actually tries
to create a deterministic theory of behavior and, thus, is doomed to failure in his attempt. A radical
change at this essential point, as we shall see, is necessary.

The origin of a force is, according to Lewin, a specific characteristic of region, namely the valence
of it. Lewin gives the definition:

”A region G which has a valence Va(G) is defined as a region within the life space of
an individual P which attracts or repulses this individual. In other words:

Definition of positive valence:

If Va(G) > 0, then | fpg| > 0.”

”Definition of negative valence:

If Va(G) < 0 then | fp,.g| >0.”

Lewin continues: “The concept of valence ... does not imply any specific statement
concerning the origin of the attractiveness or the repulsiveness of the valence. The valence might be
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due to a state of hunger, to emotional attachment, or to social constellation... The statement that a
certain region of the life space has a positive or negative valence merely indicates that, for whatever
reason, at the present time and for this specific individual a tendency exists to act in the direction
toward this region or away from it.” (Lewin, 1938, p. 88)

The valence induces a force field which reaches more or less all regions in the life
space creating in them a force toward the goal region, G, if G has a positive valence, or away from
G, if the valence of G is negative. (See fig. 1.3 and 1.4.) ”As in physics, the forces of a force field
are only conditional ones; they are those forces which would exist in a region if the individual
should be located in this region.” (Lewin, 1938, p. 90)

Fig. 1.3. Force field with a positive valence

Fig. 1.4. Force field with a negative valence
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Lewin makes an additional assumption that the strength of the force in a force field is
bigger near the valence region than far from it (measured in number of steps to reach that valence
region). (This is illustrated in the figures 1.3 and 1.4 with the length of piles.)

As far as I can see, the Lewin’s invention of valence is very suitable just to the
description of intentional activity, goal-directed behavior.

Lewin does not see the boundaries only as separating regions from each other but gives to them
characteristics that are not derived from the formal system of hodological space. They are also
obstacles. In spite of the boundary forces mentioned above, the boundary is seen as a barrier
restraining the locomotion over it. According to Lewin "the strength of a barrier is characterized by
the maximum driving force which can be applied to the barrier without breaking it” (Lewin, 1938,
p. 125). "Breaking it” is a rather curious, even foggy expression in this context. Seemingly Lewin
means that the activity a driving force causes is not enough for locomotion over the boundary. It
causes only a trial but the trial must also succeed. As far as I can see, the “breaking the barrier”
means, thus, succeeding in this trial.

Lewin’s attempt to create a conceptual system for holistic psychology has serious weaknesses, as
we have seen. Still one should be added to them: Lewin makes no clear distinction between
behavioral and cognitive concepts. In the same description he can be dealing with “breakable
barriers” or ”food” as a goal or “locomotion” in physical sense but also with “driving force” or
”valence” which are clearly concepts describing cognition. His expressions are sometimes a kind of
mixture of behaviorists and “heterophenomenalists” (see, e.g., Dennett, 1991) use of language.
Often the “conceptual representation” by Lewin has an illustrative value only.

Why then notice Kurt Lewin’s work at all? - My answer is that Lewin, however,
understood very deeply the nature of intentional activity. One can find the points where Lewin’s
system needs to be corrected (sometimes rather radically, I should say) but, fortunately, also can be
corrected. That means that we can get of it this way a modern, useful, effective conceptual
instrument for theoretical analysis of cognition and behavior. In the following text we shall see the
principles how these corrections should be made. In Chapter 3, the concepts and the assumptions of
the Theory of Cognitive Process (TCP) will be represented in a more systematic way.

1.4. Corrections to the Lewinian system
1.4.1. Hodological (topological) representation

In the Lewinian system, the first feature which needs to be changed is the hodological (or
topological) representation. The structure of “life space” (i.e., the “neighborhood relations” of
regions) is more conveniently represented in a matrix form - and illustrated in graph form if needed.
An example of this is shown in Fig. 1.5.A. If we should add to the life space of A,B,C, and D a new
region E and it is required that it should be a neighbor of all these regions, the only one solution is
that we use a “’tunnel” connecting E and A. The matrix form is given in Fig. 1.5.B where the names
of rows and columns refer to the ’regions” and the elements 1 and 0 to their existing or nonexisting
neighborhood.
From the point of view of theory-building this change is, naturally, trivial.

13



Fig. 1.5. Topological, matrix, and graph representation

&) Topological [hodological] representation
1) 2]

E = neighbaring region of 4.8.C, and D
T ="tnnel"
B Matrix reprezentation of 2). 1 = neighboring
A B C D
11

—_
—_

1
1 1
11 1

Mmoo =
—_t ot -t —] [T]

1
1
1
1

C] Graph representation
1] e 2]
- 4
(D)

2

1.4.2. The concept of a resultant force

The concept of psychological force acting in a hodological space was most essential in the
Lewinian system - Lewin’s central innovation. However, when Lewin, in determining the direction
of psychological locomotion, needs the concept of a resultant force, he uses it in a way which
makes his system strictly deterministic, as mentioned above.

As far as I can see, it is necessary to leave out the concept of a resultant force. The
“psychological forces” should be represented as probabilities.

To make the use of probabilities possible, we shall handle also the time variable as
discrete, in addition to the discrete space. The probability of an event will, thus, always mean the
probability of it during a step in time - the step in time being the unit of time measure.

The ”psychological force” will be defined as the probability to make a trial during a
step in time.

The direction of “locomotion”, i.e., the trial alternative, is then determined as an
outcome from a probabilistic choice using the vector of the trial probabilities in the situation
concerned.

14



An example of this correction is shown in Fig. 1.6.
Fig. 1.6. Resultant force concept

Lewin: fA,C> fA,B > fA,A —> PkA,C

P A

N . P
—J fo
WA
b B
fa o

Correction: Vector pax
Pr[A,B]
Pr[A,C]
Pr[A,A]

(No resultant force. Probabilistic choice using vector pa x determines the locomotion.)

By this very important revision the Lewinian system loses its deterministic character and we shall
be dealing with a stochastic one. This gives an opportunity to use the theory for estimation
purposes. Not until now the conceptual system becomes a real theory.

1.4.3. ”Point of application of forces”

Lewin emphasizes in his work the need to see the individual as a whole in analyzing the
psychological situation. Thus, “the point of application of forces” in Lewin’s representation is the
person. Lewin shows this using a special symbol with an index for the formal symbol of force, e.g.,
Pin fPA,B .

It is, however, remarkable that Lewin forgets all this completely in his discussion of
the “inner personality”, particularly in his presentation of a relation between a force for
locomotion acting on the person as a whole and the tension in inner systems” (Lewin, 1938, p. 98)
He uses in this context, e.g., the expression

r
be o

indicating "a force working on the boundary b of S in the direction of the neighboring system S'”
(Lewin, 1938, p. 99). Which is now the "point of application of forces”? If it is an "inner system” of
a person, is it meaningful to discuss the "life space” of such a partial system?

It seems to me that, in forgetting the problem of point of application of forces, Lewin
commits a fatal error. Some “group dynamists” are guilty of the same kind of an "inventory error”
when they describe forces at the same time both on the group and on the members of that group
(e.g., J. P. French Jr.)
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Fig. 1.7. A group in a "common” Life Space, an erroneous description

> O +
— O +
—0 +
& B
Correction:
Matrix form: 1) k)
A; B; Ay
B
A 1 1 Ayx 1
1
B; 1 1 By 1
1
1and k) AiAk Ain BiAk Bin
AiAx 1 1 1 1
A;By 1 1 1 1
BiAx 1 1 1 1
BiBx | 1 1 1
Graph form:

A simple example in Fig. 1.7 shows the point. The only way I see to solve the formal problem and
avoid the confusion is to keep the ”life spaces” of different subjects totally separate from each other
and to form the space where the behavior of the aggregate is represented by defining it as a graph
which includes all possible combinations of the vertices (regions) of the separate spaces as the
vertices in it. (A matrix, analogous to the graph, is also shown in Fig. 1.7.)
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1.4.4. Barrier strength

The concept “strength of a barrier” by Lewin has nothing to do with topological (or hodological)
representation. (See Fig. 1.8) It has an illustrative character only.

Fig. 1.8. Barrier strength

Lewin:
Impazzable barier
O A B C

Correction:

Matrix form:

A B C D
A 1 9 0 0
B .8 1 .6 0
C 0 S 1 3
D 0 0 .6 1

Lewin seems to have touched here, intuitively, on an important topic, the resistance of the psychic
locomotion. But one can ask why he has not applied the idea more systematically to a// boundaries
between the regions.

It seems convenient to define - in analogy to the strength of a barrier - a particular
concept “’probability of the success of a trial” and apply it to al/ the relations between the graph
vertices (regions). Thus, the matrix showing the relations between the regions in the life space (in
graph representation: the matrix of the weights of edges) will have a new meaning: the probability
values show the ”strength of the barrier” between them. (We shall call them ”success
probabilities™.)

1.4.5. Cognitive and “real” world

One of the most confusing aspect in Lewin’s representation is his tendency to sometimes describe
cognitive phenomena and sometimes the so-called “reality” by using the same terms and without
formally making any clear distinction between them. In order to create an exact theory in the
modern sense, i.e., a programmable one, it is, however, quite necessary to make this distinction, as
clearly as possible.
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In the theory of cognitive process (TCP) as I should call the system described in
Chapter 4, the psychic processes will be presented as occurring, naturally, in the cognitive space.
The “regions” (the vertices, ”points”, in our graph representation) stand for cognitive states of the
subject. The psychic forces act always and only in this cognitive field - activating cognitive trials.

The graph is also used for the “real” world (i.e., for the world seen by an observer and
interpreted according to the psychological - behavioral - relevance). Thus the objective states of an
individual - relevant to us from the psychological point of view - are represented as vertices of a
graph but this representation has no a priori linkage to the cognitive world of the person in
question. The linkage is given by a particular concept of “correspondence”, i.e., in the form of a
correspondence probability matrix where the rows indicate cognitive states, the columns real world
states, and the elements the probabilities of these states corresponding to each other (see the Table
1.1).

Table 1.1. Cognitive and "real” world
Matrix of correspondence probabilities:

States in ’real” world

Cognitive

states I I I3 . I'n

C1 PI‘])] PI'1,2 PI‘1,3 Prl,n
C2 Prz,l Pr2,2 PI’2,3 Prz,n
Cm P Prm> Prms Prmn

It needs to be emphasized that the content of the correspondence matrix is left totally open. In some
cases, e.g., in game situations with clearly defined rules, the probabilities might equal 1 or 0. The
correspondence is then complete. An opposite case to that should be a matrix with totally
homogeneous probability vectors where the cognitive and real states correspond to each other
randomly.

Actually we shall take in our use two kind of correspondence matrices:

1) RCC - (reality-cognition) -correspondences, probabilities indicating which
”cognitive map” and state in it correspond to a certain real situation. (Cognitive map”, see
Chapter 4.)

2) CRC - (cognition-reality) -correspondence, probabilities indicating which is the
real state to which the subject’s certain cognitive state refers, e.g., which behavioral movement
follows a certain decision to move.

Above we have seen how, in principle, the psycho-physical problem can be solved
formally in our system. Thus, our theory is not based on any neurophysiological hypotheses. In
mathematical analysis of cognition and behavior on our abstract level it is not needed. We shall see
that it is not needed in applications either. (In Chapter 6 we shall, however, discuss briefly
neurophysiological solution of the psycho-physical problem. There will be given a new rather
interesting interpretation of CRCor -probabilities.)
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2. Basic concepts of Cognitive Process
2.1. An elementary example

Before systematic and abstract presentation of our conceptual framework, it may be illustrating to
describe individual’s behavior in a very simple maze and his cognitive process corresponding to it.
Let us observe the game represented in Fig. 2.1.A - C.

Fig. 2.1. The elementary example. Four Position Game
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A) The game board. B) The problem in graph form
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C) The problem in a matrix form

The graph in A presents the game board and shows 4 positions and one piece on the position a. In B
a graph is shown which is used only by the experimenter and hidden to the players. The lines in that
graph mean the allowed ways to move the piece. Thus, moves from a to ¢, from ¢ to b, and from b
to d are possible, only.

The instruction to the player:

”There are 4 different positions in the game: a, b, ¢, and d (Fig. 2.1. A). There is a piece at
the position a. You should move your piece to some of the other positions, i.e., to b, ¢, or d. You do
not know yet which of the moves are allowed. After you have placed your piece on some position
you are informed whether the move was allowed or not. When you move to d you get 1 point for
that move and for all moves left. Namely, there are 10 moves altogether available.”

After the first move the experimenter uses the graph representing the problem (Fig. 2.1 B) and
tells whether the move was allowed or not. The lines in the graph mean the allowed transitions.

The experimenter continues the instruction:
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(In the case of a failed move:) "The move did not succeed. You have to continue from the
position a.”

(In the case of a succeeded move:) “This move succeeds. You are now on the position ¢ and
may continue from that.”

When the move toward d is made the experimenter instructs:

”Now you have reached the position which gives you 1 and” (in case this was the 6th move)
4 points for the moves left. Because you can keep the piece in d, the game is now in its end and we
simply sum the points over all moves. You got 5 points. - Now we start again from the position a
and you may make your move.”

The game is repeated then several times and points scored for each game.

Actually, as far as I know, this (boring) game has not been experimented. It is used here only
as an example simple enough to illustrate the main structure of the conceptual framework which is
later given more systematically and in detail.

In behavioristically oriented learning psychology some groups of individuals were tested and
the errors summed up for the first game, second game etc. A mathematical law for the means of the
decreasing of the errors would be found and - that’s enough.

In our conceptual system, the behavioristic description would use the following concepts:

A real state a of an individual i at time point t. Formally we write that:

Be(i,a,t)

A trial of the individual from a certain real state, say a, toward another, say b, at time point t.
Formally this written:

Tr(i,a,b,t)

Such a trial succeeds — formally: Succ(Tr(i,a,b,t)) — or fails — formally =Succ(Tr(i,a,b,t)).

If the trial succeeds, the individual i will behave at the next point in time by the way b.
Formally: Be(i,b,t+1).

If the trial does not succeed, the individual i will behave at the next point in time by the way
a,

i.e., stay in the state a. Formally: Be(i,a,t+1).

We need only these 3 concepts — state of behavior, trial, and the success of trial — to describe
the behavioral process, the “locomotion” in psychological sense.

The success and the failure of a trial is determined by the problem matrix (Fig. 2.1 C) where
the numbers just indicate the probabilities of the successes of trials, but how to determine which
trial occurs at each step in time?

There is a pure behavioristic way to compute from a large group of individuals the relative
frequencies of trials from each position toward the others, from a to b, ¢, and d (in the beginning),
eg.,:

a b c d

a 0 d 1 8

It is natural to assume now that these relative frequencies correspond to the trial probabilities
of an individual from the state a toward the other states. We can, namely, use the means of the
relative frequencies of moves as estimates of these probabilities. (From game to game these
probabilities then change according to some mathematical learning law. Those are easily derived
from the empirical results, too.)

There is in our simple example no big difference between the behavioral and cognitive description

of occurrences. We shall, however, analyze the cognition in this trivial case, just to show how some
basic concepts of our theory are applied.
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Fig. 2.2. The cognitive states and the trials, the cognitive map

A) The cognitive map in graph form. The cognitive states and transition possibilities.

aa b ¢ 4 x
a’ 1 1 1 1 1
b> 1 1 1 1 1
¢’ 1 1 1 1 1
d 1 1 1 1 1
x> 0 0 0 0 1

B) The cognitive map in the matrix form

aa b o 4 X x

a 0 .099 .099 8 .002 1
b> .05 0 A5 8 0 1
¢ .05 15 0 Z 0 1
d 0 0 0 1 0 1
x 0 0 0 0 1 1

C) The probabilities of the cognitive trials, in the beginning

It is assumed in this simple case that the cognitive representation of the problem situation is in the
one-to-one correspondence to the real situation (“real” meaning, as mentioned in the Introduction,
psychologically adequate description of the situation). The individual i sees himself in this structure
situating in a state a’ which corresponds to the initial state in the game, a. This assumed
representation of the problem situation in i’s cognition we shall call a ”cognitive map”. This is
shown in Fig. 2.2.

There is, however, an additional state x’ in the cognitive map. Why? — It is assumed in our
theory that a person, when accepting the rules of the game, limits his cognitive action taking into
account only the states relevant to the problem situation. But he does not do that totally because this
decision is made by his (free) will. That means that he is also able in any time to “’step out from the
field”, i.e., to refuse to behave or act cognitively according to the rules. To keep this freedom in our
framework we need the state x’ (and the probability > 0 of the cognitive trial to transit into it, as
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well as a probability > 0 of succeeding in this trial). Practically this assumption has not much effect
because the people use to follow the rules very regularly in simple game and test situations.

The cognitive locomotion, i.e., transiting from one state to another, is assumed to occur in the
beginning without any limiting factor, because its natural to think that i, knowing nothing of the
possible obstacles, do not see any reason why a certain locomotion should not be possible. (If there
were such reasons we should take it into account by giving to the probabilities values other than 1.)

The success possibility which is shown by lines in the directed graph representation in Fig.
2.2. A is described by probabilities 1 in the matrix form in Fig. 2.2. B.

In Fig. 2.2.C the probabilities of making cognitive trials, in the beginning, are given. The
numeric values of them are estimated intuitively (because we do not have any empirical results on
which to base them). Those values are changing after each trial according to learning.

The vector a’ (the row a’) determines probabilistically the first cognitive trial. (In simulation
that means that we should use the so-called Monte Carlo -method to select the move by drawing
lots. (See the Appendix 1 to get information about MC-method in detail.)

Because, according to instruction, d is the state which is rewarding with the 1 point score, it is
natural to think that the probability for making a trial to this direction is high (assumed to be .8).
The probability of trial toward x’ is assumed be very small (.002). This is in accordance to the
experience that normal individuals break off the test very seldom. The probabilities of trials toward
b’ and ¢’ are assumed to be equal to each other, .099, so that the sum equals to 1.

There are 3 alternative positions available in the beginning: b’, ¢’, and d’. Although d’ is the
most probable, let us suppose that ¢’ has been chosen i.e., Ctr(i,a’,c’,t’,t) occurs and i’s cognition is:

C(i,c’,t’+1) . We can make now a simplified assumption that there follows a real trial as soon
as a succeeded cognitive trial is made. (Later we shall abandon this simplification and study the
decision making in detail.) Thus, i makes a real trial

Tr(i,a,c,t)

According to the matrix in Fig.2.1.B, this trial succeeds because the probability of success of
that real trial is 1. Thus, i behaves in the way c at the time point t+1, formally:

Be(i,c,t+1)

The second cognitive trial will be then determined by Monte Carlo method using the vector ¢’
of the matrix in Fig. 2.2.C. Suppose that the outcome of it will be d’. Thus, the cognitive trial
Ctr(i,c’,d’,t’,t+1) occurs and i’s cognition is now C(i,d’,t’+1). It is followed by the real trial
Tr(i,c,d,t+1). According to the success probability matrix of the real trials (Fig. 2.1 C), this
succeeds and i behaves in the way d at the time point t+2, formally:

Be(i,d,t+2)

We have assumed above only succeeding trials, both cognitive and real. What happens when
a trial fails?

Let’s suppose that the first cognitive trial is made toward b’, i.e., formally Ctr(i,a’,b’,t’,t).
This leads to the real trial toward b, i.e., Tr(i,a,b,t), which fails — according to the matrix in Fig.
2.1. C. That means that i will stay in the state a:

Be(i,a,t+1)

One of basic assumptions will be that there occurs a learning process after each real trial, a
reward after a success and a punishment after a failure. This means that the probabilities used in the
cognitive trial process (the success probabilities included) will be changed — according to some
mathematical learning law; we shall apply the Bush and Mosteller’s two operator model which will
be described later. Usually we shall take the transfer in learning also into account.

Thus, without showing the computations, the two a’ vectors may after a failed cognitive trial
toward d’ look out as follows:
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The probabilities of success of cognitive trials:
a2 b ¢ 4 x
a1 1 1 2 1
The probabilities of cognitive trials:
a2 b ¢ Jd x z
a0 299 299 4 .002 1

Now it may occur that a cognitive trial from a’ to d’ fails. That means that i stays cognitively
in a’, formally: C(i,a’,t’+1). Notice the cognitive time point t’+1. The real time continues to be t
and will have the value t+1 not until the real trial occurs.

This may be enough for illustrating the main features of our framework. The purpose of this
elementary example was to define tentatively the basic concepts, in words and formally, as well as
show the course of the cognitive and behavior processes and the formal connection between them.
We have left out many important questions (how to estimate cognitive trial probabilities, what rules
follow the decision making, which exact models to use for getting the learning phenomenon
computable, etc. )

The simplicity of our elementary example may mislead some readers. It is necessary to
emphasize that the report of the Group Maze experiment and its simulation will show the usefulness
and the estimation power of our theory, as well as the Chapters 4 and 5 the flexibility of our
conceptual system in forming applications.

In the next Chapter we shall present the basic concepts and assumptions systematically. We
can not avoid some complicated formal expressions, because the exactness (and programmability)
requires that, but the full interpretation using normal language is always given.

2.2. Basic concepts

In our theory, the state of the subject is described as his position at a certain vertex (point) of a
graph at certain point in discrete time, the locomotion of the subject being determined by
probabilities of trials an their success from one position to another in one step in time. Unlike in the
Lewinian system, both space and time appear as discrete variables.

The basic concepts in our theory are the following:

Symbol: Verbal description:

Be(i,a,t) Behavioral state: i behaves in the way a at the moment t — in other words: i is in
the real state a in a space of action states at t.
Note 1:

By “real state” we mean psychologically relevant situation of an individual,
available for observation. It may be a state of eating, as well as seeking food. It
may be a situation in a game — and then to be in a situation of waiting the
opponent’s move is psychologically a state totally different from the state of being
in turn to move, although the situation on the board is physically the same in both
case. — Writing is not a real state but “being writing” is! The pure occurrence of
writing as a more or less motoric process is not relevant from our point of view,
but “writing a letter” (’being writing”) is, because it means some action
seemingly corresponding to some meaningfully experienced cognitive situation
by the person. The occurrence of not-writing per se is not relevant. But ”not yet
writing” — if one “’should write” — is relevant, as well as ”not writing anymore” —

23



C(i,a’,t")

point

Tr(i,a,b,t)

Ctr(i,a’,b’,t")

if one has already ended the writing action. — If a child is writing letter A, this
may be relevant (if we are interested in his canning and uncanning).

Just taking one more example: "Walking” per se is not relevant but ’to be
on walking” or "walking toward some place” may be (if we are analyzing some
psychologically meaningful process where those actions are essential parts.)

When dealing with “real states”, the term “’relevant” means, thus, being a
meaningful part of the process to be analyzed - meaningful in the way an observer
sees it. (There arises a philosophical question: may the observer be the subject
himself — not only an outsider? Why not? Naturally the “real state” seen by an
outsider may be different than the “real state” as observed by the acting subject
himself. That difference may in some cases be essential and had to be taken into
account in theoretical modeling. If such difference exists, it is — according to our
theory — merely the subject himself who should be seen as the observer. We shall,
however, not handle this problem in our short presentation of the theory.)

Cognitive state: i imagines in the way a’ at a cognitive time point t> — in other
words: i is in the state a’ in the space of cognitive states at the cognitive time
t’.

Note 2:

A cognitive state” may be “feeling hunger”, ”listening a violin concert”,
imagining a dinosaurus, recognition of being in a situation were chess mate will
come in to moves, etc.

Cognitive state is always a relevant part of the whole of the actualized
consciousness of the subject. Certainly, consciousness is tremendously rich of
details in every moment (e.g., in perception of the environment). A totally free
fantasy process may be so diffuse that in that it would be impossible to assume
theoretically any separable ’states” of cognition. (Through introspection that
might be possible, in some cases. Notice, e.g., the way one tells his dreams: The
dream “moves” from one situation to another, the subject being somehow capable
to see what is relevant in it and to separate such relevant parts — states — from each
other.) — The free fantasy is too unique to be an object of theoretical analysis.

There is, however, choice and decision-making processes, general enough to
be analyzed in theoretical way. In such cases, namely, the subject may focus his
consciousness and eliminate all such content of his cognition that is not relevant
to the choice process. With a quite great confidence we can then assume the
relevant part of the cognition (the actual life space) to have a certain structure we
can interpret as separable cognitive states and their relations. In some simple
game situations, for instance, this is rather easily done: one can roughly assume
that the real game situations and the cognitive states correspond to each other in
one-to-one relations.

Behavioral trial: i, being in the state a, tries to behave in the way b at the time
point t.

To be exact, we should use a separate expression for the trial aspect of i’s
behavior, namely tr(i,b,t). Thus, Tr(i,a,b,t) means the conjunction Be(i,a,t) A
tr(i,b,t). We shall use the shortened expression Tr(i,a,b,t).

Cognitive trial: i tries to make a cognitive choice b’ at the cognitive time point t’.
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Succ(i,a,b,t)

Succ’(i,a’,b’,t’)

ECh(a,b,t)

NS’(i,30",b",t)

AT()

This is also a shortened expression of: Ctr(i,a,a’,b’,t’,t) which is a shortened
expression itself of conjunction: Be(i,a,t) A C(i,a’,t’) A tr’(1,b’,t") At <t < t+1.
We shall use the shortened expression and leave the real state and real time out, if
they are obvious.

Success of a trial, a shortened expression of Succ(Tr(i,a,b,t)). Correspondingly,
—Succ(i,a,b,t) means failure of the trial Tr(i,a,b,t).

Success of a cognitive trial Ctr(i,a’,b’,t”). “Succ’ means failure.

Environmental change: the behavior alternative b is substituted for a at the time
point t and at any other following time point.

Thus, if i behaves in the way a at the time point t and then the
environmental change occurs at the same time point then the behavior of i is
changed to b without any trial. — Because we are dealing in the applications of
the theory primarily with controlled laboratory situations we shall use constant
environment hypothesis. Therefore the environment change is not analyzed in this
report in details. It is mentioned here only for reason of completeness of the
theory.

Cognitive success sum: number of consecutive successful cognitive trials by i

toward b’ from the state a,’ at real time point t.

The use of this variable is based on the hypothesis that the cognitive process
leading to the decision to make a real trial is dependent on the success
experienced in cognitive trials. The success sum (NS’) is one way to measure that
dependence, but certainly there might be others. We shall discuss this essential
feature of our theory later.

Action threshold: an integer indicating the number of consecutive successful
cognitive trials (NS’) needed to start a choice action (a real trial).

This formal description implies that the threshold value for the individual
concerned is constant over time (a “character feature” by i). High value of this
constant means seemingly a cautious character, even a tendency to hesitate in
decision-making, the low value of AT being a sign of a laissez-faire” character. —
We may emphasize here the flexibility of our system: If the constant hypothesis of
AT comes out to be too rough, there is no hinder to handle AT as variable, e.g.,
assume it dependent of time. In that case AT should be written as AT(i,t).

Cognition and reality:

RCCor(1,a,M’,t) Reality-cognition correspondence: i, behaving in the way a at the time point t,

choices the cognitive map M’ as the graph where i’s cognitive processes will
occur.

The cognitive map resembles, for its structure, the graph of the real states
but need not to be identical with it. In the case of free fantasy (starting when i is in
the state a), we may assume it totally independent of the real environment. On the
other hand, in a problem-solving situation, where i commits himself to the rules of
the problem, the cognitive states of M’ can be in one-to-one relation to the real
states. Those are the extremities of the correspondence.
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In a matrix form of M’, the rows and columns represent the cognitive states
and the elements the success probabilities of the cognitive trials from one state
(row) to another (column).

It is also assumed that i has some idea of his position among the real states,
i.e., some cognitive state, say a’, corresponding to the real state a, will be the
starting state of the cognitive process.

How to determine which cognitive map will be taken in the use in certain
situation, that will be presented in the next chapter.

CRCor(i,a’,a,t) Cognition-reality correspondence: in i’s cognition, the cognitive alternative a’
corresponds to the behavior alternative a at the moment t.

The correspondence between individual’s cognition and the behavioral
space (the totality of the relevant real states) will be given by a matrix of
probabilities p(CRCor(i,x’,x,t)), x> meaning the cognitive alternative and x the
behavior alternative. How these probabilities determine i’s real trial, that will be
presented in the next chapter.

(Taking the correspondence concept into use is our technical solution to the
psychophysical problem. Our solution is only mathematical. It says nothing about
that 4ow in real sense this correspondence is understood. There will be a short
philosophical discussion about this problem in Chapter 6.)

Cognitive and real time:

Real time points are denoted by t, t+1, t+2 etc. Analogously, t’, t’+1, t’+2 etc. indicate points in
cognitive time.

The relation between cognitive and real time is given by the following basic assumption:

Cognitive time is measured by taking a point in real time as the starting point and the sum of
all cognitive time steps during the cognitive process leading to the next action equals one step in
real time.

When dealing with one individual alone, we do not need to “measure” how many cognitive
steps there might be in one step in real time. This question has no relevance in that case.

However, in group problem solving, for instance, because the common real time exists, we
need to take into account a kind of ”cognitive speed” —i.e., we have to define how many cognitive
trials there are available for each individual in one step in real time. For that we shall use formal
expression:

nt’(i).

Thus, we may, in principle, assume different nt’ values (“cognitive speed”) for different
individuals. (Instead of treating nt’ as a constant “character feature” of individual, we may, if
necessary, assume that it is a function of time, too — nt’(i,t). The “cognitive speed” may then, e.g.,
’slow down” during the problem solving.)

The actual sum of the steps taken in the i’s cognitive time after the time point t in real time
we shall denote formally by:

2t°(1,1).
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2.3. The cognitive process. Basic assumptions

The choice process of the individual is - in a stochastic way - determined by the following basic
assumptions:

(In the following text, Outc means the outcome of a probabilistic choice by the Monte Carlo -
method, using the given probability vector.)

(1) Individual i behaves in some way at the first moment of the real time considered. Formally:
(Jao)Be(i,a0,to)
Thus, the starting state is assumed to be given. The following states of behavior are
determined by the rules of the process.
Note: A “’passive” state is also assumed to be a way of behavior in this general sense.

(2) There exists for every state of behavior a cognitive map M’ determined as an outcome by a
probabilistic choice. Formally:

(Va)(IM’) Outc(RCCor(i,a,t)) = M’

The cognitive map is given in the form of two matrices: 1) The cognitive trial probability
matrix p(Ctr(x’,y’)) where the elements are of the form Pr[Ctr(i,a,x’,y’,t’,t)]. — 2) The success of the
cognitive trial probability matrix p(Succ’(x’,y’)) where the elements are of the form:
Pr[Succ’(i,a,x’,y’,t’,t)]. — It is assumed that M’ gives also the information which cognitive state will
be the starting point of the cognitive process (ao’).

(3) The cognitive map determined, the cognitive process by i starts at the cognitive moment ty’
from the starting cognitive state ay’. Formally:
Outc(RCCor(i,a,t)) =M’ — C(i,a0’,t0")

(4) There exists at every cognitive moment for every cognitive state, an outcome of probabilistic
choice where the probability vector of making a cognitive trial is used. Formally:
(V') (Vx*)(3y’) Outc(Ctr(1,x°,t") =y’

(5) If i makes a cognitive trial at the moment t’, an outcome of its success is determined by a
probabilistic choice. Formally:
Ctr(i,a,a’,b’,t’,t)) —> Outc(Suce’(i,a’,b’,t’)) = x; x has two alternatives Succ’ and —Succ’.

(6) Simplified version of transition to real trial:

If i’s cognitive trial from the cognitive starting state a’ toward another cognitive state b’
succeeds, i makes a real trial toward the corresponding state b. Formally:

Succ’(i,a0°,b’,t") — Tr(i,a,b,t)

Thus, our simplified version indicates that only one successful cognitive trial from starting
state ay’ is needed, i.e., the action threshold AT(i) = 1, and the correspondence probability
Pr[CRCor(i,b’,b,t)] = 1.

If the simplified version of transition to real trial is not adequate, the more general version shall be
taken in the use. Thus, instead of the assumption 6, we shall use in this general version the

assumptions 6A - 6D:

(6A) If i’s cognitive trial toward b’ from the cognitive state ay’ at the cognitive moment
t’ succeeds then 1 is added to the cognitive success’-sum of b’. Formally:

27



Suce’(i,a0’,b",t") — NS’(i,a0,b",t'+1,) = NS*(i,a0",b",t",) + 1

(6B) If i’s cognitive trial from state a,’ fails then all the cognitive success-sums assume
the value 0. Formally:
—Succ’(i,a0’,b’,t") = (Vx’) NS (1,a0”,x",t'+1,t) =0

(6C) If any of the cognitive success-sums reaches the action threshold, in steps in
cognitive time less or equal than the maximum amount of the steps available, then an
outcome by probabilistic choice using the correspondence matrix is determined and a
real trial is made according to the outcome, at the real time point t. Formally:

NS’(i,a0°,b’,t",t) = AT(1) A Zt’(i,t) < nt’(i,t) = (Ix) (Outc(CRCor(i,b’,t) = x A
Tr(i,a,x,t)

(6D) If no cognitive success-sum has reached the value of action threshold when the
sum of cognitive time steps equals the maximum amount of the steps available, the real
behavior of i continues at the next real time point t+1. Formally:

Be(i,a,t) A (Vx’) NS’(i,a0’,x°,t’,t) < AT(i) A Zt’(i,t) = nt’(i,t) > Be(i,a,t+1)

(7) If i makes a real trial at the moment t, a probabilistic choice is made at the same moment to
determine whether the trial succeeds or not. Formally:
Tr(i,a,b,t) — Outc(Suce(Tr(i,a,b,t))) = x; x has two alternatives succ and —succ’’.

The following assumptions are based on the constant environment hypothesis. In a more general
form — where that hypothesis is nof made — they are presented in the Appendix 2.

(8a) If i who behaves in the way a at the time point t, succeeds in his trial to behave in the way b
then i behaves in the way b at the next moment t+1. Formally:
Succ(Tr(i,a,b,t)) = Be(i,b,t+1)

(8b) If i who behaves in the way a at the time point t, fails in his trial to behave in the way b then i
continues to behave in the way a at the next moment t+1. Formally:
—Succ(Tr(i,a,b,t)) = Be(i,a,t+1)

The cognitive process continues then as described above, beginning from the point 2.

2.4. Cognitive process. Flow chart

As a summary the following list of the steps in cognitive process is represented, as well as the
corresponding graphic scheme in Fig. 2.3.

1) Start. (Starting real state = ay, and the starting real time point = to)

2) Setx =apand t =ty in Be(i,x,t)

3) Determine the cognitive map M’ according to the RCCor-probabilities

4) Give to the cognitive time point t’ the value ty’

5) Set x” in the cognitive state C(1,x’,ty’)

6) Determine the cognitive trial Ctr(i,x’,y’,t"), outcome denoted by b’

7) Add 1 tot’. Testt’. If t’ = nt’(i) then add 1 to t and goto 4

8) Determine the success of the cognitive trial, outcome being succ’ or —succ’
9) Test the outcome of success of the cognitive trial
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10) If —succ’ then goto 6
11) If succ’ then set y=b in the real trial Tr(i,x,y,t)
12) Determine the success of real trial Tr(i,x,b,t), outcome being succ or —succ. Add 1 to t
13) If —succ then goto 6
14) If succ then set x = b in the real behavior Be(i,x,t)
15) Let t, indicate the end of time available. Test t. If t <t, then goto 4
16) End

2.5. Changes of probabilities. Learning

According to our assumptions, there are five instances where a probabilistic choice was made to
determine the outcomes:

1) the choice of a cognitive map

2) the choice of a cognitive alternative

3) the determination of a success of a cognitive trial

4) the determination of an action (real trial) according to the CRCor probabilities

5) the determination of the success of the real trial

We have already made an assumption that in each behavioral state the individual chooses the
relevant cognitive map according to a probability vector showing the probabilities for several
possible maps in that situation. The ability to select the right” map have to be a consequence from
a long learning process but we can well assume that, in the situation in question, those probabilities
do not change essentially. Thus, we shall leave out from the analysis the point 1. — The same seems
to be true considering the point 4: the CRCor probabilities are results of experiences of individual
and may be assumed constant in the short analysis period — usually equaling 1 and 0 in our
examples.

The probabilities of success of real trials (point 5 above) describe the problem situation. They
belong to the environment and follow special rules given from outside. They can not be the object
of the cognitive analysis.

There are points 2 and 3 on the list left. The probabilities of the choice of cognitive trial
alternative and of the success of cognitive trial we assume to change during the cognitive and
behavioral process. What rules these changes may follow?

We shall take as a starting point the assumption that those probabilities follow the learning
laws.

When we try to develop our theory to make it applicable, we are forced to make some
assumptions about the mathematical laws which the changes of these probabilities follow, i.e., to
select some mathematical model for our use. As far as I can see, the problem of which model to
select is a question of secondary importance compared with the decisions we have to make in
developing assumptions about the reward and punishment effects of the outcomes. These decisions
are necessary in using any mathematical learning model.

In behavioristically oriented learning research, such procedures as feeding or electric shocks are
used as rewards and punishment. We shall have a different point of view. In cognition, it is the
knowledge that some valuable (rewarding) thing is available, if the goal is reached, that has an
effect on the cognition and decisions to act. But this knowledge means a totally different thing than
reward. We shall handle it later, as a source of valences in the life space (see the next chapter).

We shall see the success of a trial — not any concrete thing — as the source of reinforcement.

Thus, we set the following assumption concerning the reward and punishment:

The success of a trial, cognitive or real, produces reward, and the failure punishment.
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After a real trial, both the probabilities of cognitive success and the probabilities of cognitive
trials are changed according to mathematical learning law, success having a rewarding and failure a
punishing effect.

The success and failure of cognitive trials produce, in principle, the same kind of effect. We
shall assume this, however, weaker and usually take it not into account in our applications.

What kind of mathematical learning law we shall apply? There are several statistical models of
learning available (i.e., W.K. Estes, R.R. Bush and F. Mosteller). We shall use Bush & Mosteller’s
Two Operator Learning Model (Bush & Mosteller, 1955).

Let us apply the model to the elementary example.

Suppose that a cognitive trial from state a’ to d” was made, Ctr(i,a’,d’,t"). The probability of
the success of this trial, Succ’(i.a’,b’,t’), was 1 (see the Fig.2.2.B). But the real trial toward d failed.
The failure produces a punishing learning effect. Thus, the probability

Pr[Succ’(i,a’,d’,t’,t)] will decrease.

The amount of the decrease is determined by the model according to the mathematical law:

pe+1 = Pe - Bpe,

where p; is the shortened expression of the Pr[ ], above, and p the same probability but in
the next time point, t+1, B being the learning coefficient used in case of punishment; 0 < < 1.

Suppose that B = .8. The formula gives to the py; the value .2, because 1 - .8-1 = .2.

Let’s then look the first vector of cognitive trial probabilities (see Fig. 2.2.C). (For
convenience, we shall leave out the state x’.)

p(Ctr(i,a’,x’,t’,t))
a’ b’ c’ d
a2 0 Bl 1 .8 1

Let p; be a shortened expression of Pr[Ctr(i,a’,d’,t’,t)] which has the value .8. The
punishment means a decrease of this probability. If [ is now supposed to be, e.g., .5, then
according to the formula above the new value will be:

8-.5.8=4.

We have computed one probability in the vector. The question arises how the others have to
changed so that the sum on the all elements would be 1. Seemingly we have to increase then. If we
share the increase proportionally to the size of elements, we shall get the following vector at the
next time point t+1:

p(Ctr(i,a’,x’,t’,t+1))
a’ b’ c’ d’ )
a’ 0 3 3 4 1

There is another reasonable assumption, too: We can share the increase equally to the
elements. In that case the vector has the following form:

p(Ctr(i,a’,x’,t’,t+1))
a2 b o & )y
a’ .133 233 233 4 1

This latter assumption has been used in some earlier studies (Rainio, 1986, p. 50).
It seems also well argued from some psychological point of view, because it is in
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accordance with the frustration type of behavior. - In this study the first assumption will
be used.

Let’s suppose that the first trial in our example were b’, instead of d’. Also in that case
punishment will occur. B =.5 . According to the model the p-vector is transformed as follows:

p(Ctr(i,a’,x’,t’,t+1))
a2 b < d’ )y
a0 .05 .1056 .8448 1

Notice that Pr[Ctr(i,a’,b’,t’,t))] , that was .1, is now decreased to .05, namely: .1-.5-.1 =.05.

Now, let’s examine the rewarding learning effect. According to the Bush-Mosteller model the
probability is increased after reward applying the following formula:

pe1 =pet ol - py

In our elementary example we may suppose that the first trial was ¢. That trial succeeds and,
thus, is rewarding to the cognitive trial and cognitive success probabilities. Because the latter is
already 1 (see Fig. 2.2.B), it does not change. But let’s look at the cognitive trial probabilities:

p(Ctr(i,a’,x’,t’,t))
a’ b’ c’ d )
a’ 0 .1 .1 .8 1

Now the probability of cognitive trial toward ¢’ is increased according to the formula above
when a is supposed to be .4 :

d+4(1-.1)=.1+.36=.46

The increase .36 has to be taken from the other probabilities in proportion to their size. That
gives to the vector the new form:

p(Ctr(i,a’,x’,t’,t+1))
aa b o & )y
a0 06 .46 .48 1

For calculations needed, there is a handy matrix-algebraic way to get the whole vector
transformed: The vector has to be multiplied by a matrix called learning operator. (See also
Appendix 3.)

In the case of reward, the learning operator matrix Qew has — in our example, ¢ being the
trial — the form:

Qrew
a b d
a’ I-ao O 0 0
b> 0 I-oo 0 0
c’ a o 1
d o0 0 0 I-o
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The p vector has to be multiplied by this matrix. In the following we use the numerical values
in our example, o being = .4 :

Qrew pt pt+l
6 0 0 0 0 pl=0
0 6 0 0 A p2= .06
4 4 1 4 1 p3 = .46
0 0 0 6 8 p4= .48

The calculations in this case are:
pl=.6:0+0-.1+0-.1+0-.8=0
p2= 0-0+.6-.1 +0-.1 +0-8=.06
p3=40+.4.1+1.1+.48=0+.04+.1+.32=.46
p4=00+0-1+0-1+.6-.8=.48

The general form of operators and the multiplication of a vector by a matrix in details are
given in Appendix 3.

The use of Bush and Mosteller’s learning model is no basic assumption of our theory. Other models
may well be used if they are more relevant in certain cases. The matrix form of learning operators is
flexible to modeling other types of learning, too.

2.6. Life space. Field. Valence. Potency of field
2.6.1. Field and Life Space

Thus far we have treated the positions — in real behavior as well as in cognition — as undivided. In
the Lewinian system it is often illustrative and fruitful to describe a position of person
simultaneously in a region and its subregion, or in an intersection of two or more overlapping
regions. In our study this seems necessary, too. We have to keep in mind our holistic view which is
fundamental: The consciousness is considered as a whole which is differentiated to parts and
subparts. This means, apparently, that we have to bind together several positions, i.e., to form
groups of states which correspond relevantly to the categorization of things in cognition. Those
groups of states may, of cause, be included to each other or be overlapping as well.

Let us take an example of the grouping of states. See the graph of states a’ - e’ in Fig.2.3.

We suppose that states b’, ¢’, and d’ are elements of group (cognitive category) F. Then, to be
in the state b’ or ¢’ or d’ means as well to be inside F, while to be in a’ or in e’ means being outside
it. One can think that to stay inside or outside of F would be important to a person while it does not
matter so much to him in which states he stays. (Why then to handle separate states at all? —
Considering the further tramsitions, it may be relevant — e.g., from b’ there exists no further
transition possibility while from ¢’ and d’ there exists.)
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Fig. 2.3. A field
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Groups of cognitive states we shall call fields and denotate them by F. (Because we handle only
cognitive fields, we leave the sign * out. For sake of convenience, we avoid indices and name the
different fields like F, F1, F2, Fx, Fn etc.)

There may be one or more states as elements of a field.

A state may be an element in many fields.

The fields may be overlapping.

One field may also include another: Fx — Fy, if all elements of the former field are also
elements of the latter one.

In Fig. 2.4, three fields are shown, one, F2, being included to another, F1, and two
overlapping, F1 and F3, the state d’ being located in the intersection of them.

Fig. 2.4. Life space and three fields in it
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Formally we can define all possible groups of states as fields, but psychologically relevant may be
only some of them. In our analysis we set for field the requirement that it needs to be also
psychologically relevant. — As before, we consider here that the relevancy depends on the actual
case and describing it is one of the main problems of the theoretical analysis of the situation.

It seems reasonable to think that the “life space” itself is a field. This field includes, then, all the
cognitive states as its elements. As such a field it means the whole consciousness of person.
However, we obviously can not see it relevant in any casual situation. We may describe some main
characteristics of it, in principle, but our theory in its exact form does not, practically, reach it.
Therefore, we shall use the term “actual life space” and denote that by LS. (Lewin seemingly uses
this term in the same way.) The actual life space, LS, has now a restricted meaning: It is the focused
part of consciousness — actualized in a certain situation.

Thus, the actual life space, LS, is the field of all situationally relevant cognitive states.
Formally:

(Vx)x> e LSA(VF)FcLS

It is fair to emphasize that a person’s choice to follow the rules in an application of our theory or to
follow not, is a question of free will. We assume that he forms (selects) a cognitive map and then
acts in his cognition according to that map by his free will, in principle. As long as he stays inside
the actual life space, he can be taken an object of our study, but he has at every moment the
possibility to leave it (by free will, too) — i.e., he tries and succeeds to go from the field LS to the
field —LS outside it, from actual life space to unfocused part of the total consciousness. We can not
know even the probability of doing that. This has the consequence that we can, practically, study
only those cases where the probability of using the free will for leaving the actual life space is
reasonably low, i.e., experiments where the subjects are well "motivated” to follow the instructions.

2.6.2. Valence

Before going to the formal description of fields, let us consider our elementary example again (see
Fig. 2.1). If the ”points” to be given in d’ are there is not mentioned in the instruction, then the
whole game should be seen as meaningless. Nobody could see it reasonable to move a piece from
one position to another, only. — (Maybe somebody could play the game in that simple form for the
curiosity sake, waiting some surprise. But that is an event of "higher order”, not relevant in this
context.)

From a purely behavioristic point of view, we shall see our elementary example as
follows:

We may well see the game as a maze (see Fig. 2.5) and, e.g., put a rat at the
position a. When the rat starts to run in that maze, the running is understood as
instinctive behavior, not relevant to our analysis of cognition.
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Fig. 2.5. The game of the elementary example as a maze.
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The rat finds the reward, e.g., food, in d after the first run. Before that there was no
goal. It is reasonable to think that, in the begin, behavioral trial probabilities by the rat
are homogeneous (equal for each alternative in the vector), as shown in the Table 2.1.

Table 2.1. The behavioral trial probabilities in the begin, in case of rat.

p(Tr(rat, x,y,to))
a b c d
25 25 25 25
25 25 25 25
25 25 25 25
25 25 25 25

—_ == = M

oo o

From the cognitive point of view, the example is seen very different:

To make the game meaningful requires some ”goal”, a symbolic representation of
reinforcement, located somewhere in the cognitive map. The knowledge of the possibility to “get
points” in d — and the belief that it will happen — creates an idea of ’goal” as an essential feature of
the cognitive map.

Lewin introduced in his conceptual framework the concept valence to indicate that character
of a region which creates, induces, in the life space driving forces toward that region (positive
valence) or out and further out of it (negative valence). (See Lewin, 1938, pp. 87 - 92.)

We emphasize that the valences give to the cognition its meaningful character arousing
intentional, goal-seeking activity. And vice versa, the meaningfulness of cognition, intentional
activity, requires the description of valences in the life space.

Let us examine our elementary experiment again. We can describe the cognitive map using the
concept of field (see Fig. 2.6). The Life Space is now divided to two subregions, F and —F, the
states being elements of the groups F or —F:

F={d’} and “F={a’,b’, ¢’}
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Fig. 2.6. Field I in the elementary example
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To give a positive valence to the field F means psychologically that it attracts person, i.e., keeps
him inside or induces moving from outside to inside. In our mathematical language:

The probability of keeping the subject inside F, i.e., Pr[F,F] needs to be higher that the
probability of letting the subject go to outside it, Pr[F, —F]. The attraction means that Pr[ —F, F]
needs to be greater than Pr[ —F, —F]. This is summarized in the following matrix as a numerical
example:

Pr
F —-F
F .8 2
-F .7 3

Lewin did not have any quantitative measure of valence in his conceptual framework (see Lewin,
1938, pp. 87 - 92). In accordance to our way of thinking, we can easily form a measure of valence
of a field:

Va(F) = (Pr[F,F] -.5) + (Pr[ —F,F] -.5)

It can be seen without difficulty that the formula is the measure of both the positive and of the
negative valence.

The negative valence means that Pr[F,F] <.5 and Pr[ —F,F] <.5 so that the valence Va(F) gets
a negative value.

What about the case where Pr[F,F] <.5 but Pr[ —F,F] >.5 or vice versa? That case means
psychologically an ambivalence of F and we have a measure for it, too:

Ambiv(F) = (Pt[F, —F] -.5) + (Pt[ —F,F] -.5)

The maximum values of positive and negative valences are shown Table 2.2.
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Table 2.2. The maximum values of valences

Pr Pr
F —F F —F
F 1 0 F 0 1
-F 1 0 “F 0 1
Maximum positive Maximum negative
valence, Va(F) =1 valence, Va(F) = -1

2.6.3. Valences and cognitive trial probabilities

Lewin’s assumption that valence induces psychological forces (driving forces) has to be translated
to the terms of our theory:

The cognitive probabilities are derived from the field probabilities. In what way, that will be
shown as follows:

Let us analyze first a simple case with one field and two states as shown in Fig. 2.7.

Fig. 2.7. One field and two states

-F
Q.

There are two groups: F = { g’} and —F = { a’ }. It is easily seen that the cognitive trial
probabilities from the state to state correspond to the field probabilities, because there is always
only one direction to which each of the field probability effects. Using abbreviation

p(x,y) = Pr[Ctr(i,x’,y’,t’,t)]
we can, thus, write

p(a,a) = Pr[—F, —F]
p(a,g) = Pr[~F, F]
p(g,a) = Pr[F, 7F]
p(g.g) = Pr[F, F]

What about the case where there are more elements in some field? Let us examine again our

elementary example (see Chapter 2.1) from the point of view of the fields and cognitive trial
probabilities. (See Fig. 2.8)
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Fig. 2.8. The elementary example. One field

-F &) F
O,

We have one state in F and three states in —F. It is quite reasonable to think that the field probability
should be divided equally to the states in the same region — to a’, b’, and ¢’, because they are
located in same region —F. If the field probabilities are, e.g.,:

F —F
F g 3
-F 82 .18

then the cognitive trial probabilities should be, according to that principle:
aa b <o &

a> .06 .06 .06 .82

b> .06 .06 .06 .82

¢ .06 .06 .06 .82

G 1 1 1 7

How do the field probabilities determine the cognitive trial probabilities in the case when there are
more than one field? Suppose that this was the case in our elementary example. (This is also
psychologically reasonable, because we may well assume that the subject sees the states b’ and ¢’
somehow as ”nearer d’ ” and, valuable to reach.) (See Fig. 2.9)
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Fig. 2.9. The elementary example. Two fields

Fi=1d}
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a b ¢ d a b c¢c d
al.1.1.1][7 —F2 al1]3 .3 3
“Fiplaaa |7 A2 2 2
cl.1.1.1 |7 Falcldlz 2 2
F{ d4[.07.07.07].8 dld4|2 2 2
Means
a b ¢

a .1 2 2 .5
b .25 .15 .15 4%
¢ .25 .15 .15 45
d .23 .13 .13 .50

In this case there is one state, d’, inside the field F; and three outside it, while three states, b’ ¢’, and
d’ are inside the field F» and one, a’, outside that.
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The effects of both fields are shown separately, following the same principle as above,
namely, that the field probability is divided equally to the states being located in the same region.

But what is now the common effect of the field upon the cognitive trial probabilities? - One
solution is simply to compute the means of them, as shown in the last matrix, "Means”.

The solution seems to be too simple. Instead of that we shall compute the weighted sum of
separate field effects to get the final cognitive trial probabilities. This leads us to the concept of the
potency of field. (Following Lewins terminology we use the term ”potency” instead of potential”,
although the latter may sound suitable, too. (Lewin, 1938.) )

2.6.4. Potency of field

In summing up the cognitive trial probabilities in the earlier chapter, we actually used equal
weights, .5 and .5, for getting the means of the effects of two fields.

We use the term potency of a field to indicate the weights used in combining (summing up) the
effects of the field in calculation of the cognitive trial probabilities.

Let us take an example. (See Fig. 10)

Fig. 2.10. Two overlapping fields

There are two fields F ; and F; in the Life Space, LS, formally:
F, = {a,b}
F, = {b,c,d}

and, of cause, there exists the LS = {a,b,c,d,e].
Let the field probabilities be:

F1 —Fl F2  —F2
F1 1 0 F2 1 0
—-F1 1 0 -F2 1 0

and the potencies of the fields:
Pot(F1)=.6
Pot(F2)= 4

Because the cognitive trial probabilities are the weighted sums of field probabilities divided equally
to the states being located in the same regions (F or —F), we can compute one vector of the

cognitive trial probabilities in this numerical example as follows:

p(a,b) = Potl- Pr[F1,F1]/NF; + Pot2: Pr{—F2,F2]/NF,
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=.6-1/2+ .4-1/3 = 433

p(a,c) =.6- Pr[F1, =F1]/NF, + .4-Pr[~F2, F2] /NF,
=.6-0/3+.4-1/3=.133

p(a,d) =p(a,c) =.133

p(a,e) =.6-0/3+ .4-02=0

p(a.a)=.6-1/2+ .4.02=3

X=1

The other vectors, p(b,x), p(c,Xx), efc. can be computed according to the same principle.)

Now we are ready to write generally the calculation rule of the cognitive trial probabilities as a
formula:
We use the abbreviation
Pr[x,y] = Pr[Ctr(i,x’,y’,t’,t)]
and make the following notation:
Rk(x) = that region in LS where x is located in relation to field Fy .
X € Fk —> Rk(X) = Fk
X € Fy— Rk(X) =—Fy
Let NR i indicate the number of elements (states) being located in the region Ry(X).
Poty = potency of the field Fy .
The cognitive trial probabilities are now calculated by the formula:

Pr[x,y] = Pot;- Pr[R;(x),Ri(y)] / NR(y) + Pot,- Pr[Rx(x),R2(y)] / NRx(y) +
+ ... + Potn Pr{Rpm(X),Rm(y)] / Nrm(y)

The same formula can be written also in an abbreviated form as follows:

m
Prixyl = I Potj« Pr[Rj(x).R; ¥l / NR;[¥]
i=1

where j varies from 1 to m, m being the total number of fields.

Note: The Life Space, LS, should be understood as a field, too. In the case we assume the potency
of Life Space to be 1, there can not exist any other fields. Using the formula above we get the result
that in that case all the vectors of cognitive trial probabilities need to be homogeneous, i.e., equal to
1/n if n indicates the total number of states in LS. That is just the matrix we have to use to represent
cognition in pure trial and error situation - as was described above (see Chapter 2.1). — In the next
Chapter we shall discuss about the question of the relation between Life Space and the other fields
in detail.

2.6.5. Field effect. Changes of potencies of fields

We make here an important assumption that the cognitive trial probabilities are a mixture of the
component where Life Space effects alone (PotLS = 1) and of the other component computed
according to the field probabilities when the potency of Life Space is assumed to have value 0,
(PotLS = 0).

Thus, we take two aspects of the behavior into account, the behavioristic trial and error type
of behavior and the cognition where differentiated cognitive map is used. Valences are not effective
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in the former type of behavior, we can simply say that they do not exist. It has been already
mentioned that the existence of valences require symbol formation (the so called symbol function).

It is psychologically reasonable to think that, at least in every problem-solving situation, both
aspects of activity are present, with varying emphasis.

The result, the final cognitive trial probabilities, is, thus, the weighted sum of these two
components. The weight used for the latter component (the fields) we shall call a field effect.

Formally the two components are:

1) pi(x,y) =PotLS - 1 /n = 1/n ; where n is the total number of elements in the LS.

2) p2(x,y) = Z Pot; - Pr[R;(x), Rj(y)] / NR(y) ; where j # LS, i.e., PotLS = 0.

Let us notate the field effect by wgg . Then the resulting matrix, the cognitive trial probabilities, is:

p(X,y) = (1 - wrg) - p1(X,y) + WrE - p2(X,y)

We assume — and this is a very essential assumption — that the field effect follows also the
learning laws in such a way that the failure decreases the field effect, while the success increases it.
The Bush and Mosteller model will be used also in this context. The psychological argument of this
procedure is that a failure somehow distracts (or destroys) the structure of cognitive map, while the
success supports the belief that the structure is suitable. The consequence of a failure, thus, causes a
kind of regression of the cognition.

These assumptions concerning the changes of field effect we shall apply to the simulation of
Group Maze (see the Chapter 3 ). We shall see that those are well supported by empirical results.

The analysis of fields, their valences and potencies, enlighten many interesting psychological
situations Kurt Lewin described, qualitatively, in his studies (see Lewin, 1938, pp. 203 - 209). The
theory of cognitive process and behavior gives an opportunity to create exact stochastic hypotheses
for testing them.

2.7. Behavioral and cognitive dependencies

We have already met conditionality when we defined the trial:

Tr(i,a,b,t) was an abbreviation of the expression of tr(i,b,t) and Be(i,a,t). i.e., trial by i to the
direction b at the time point t and the behavior of i in the way a at the same point in time. Formally
this can be written

tr(i,b,t) | Be(i,at)

This means that a trial can occur only by the condition that the subject behaves in certain way
at the same time point (is in a certain real state), which is obvious.

In this chapter we shall describe some dependencies in the large and complicated world of the
conditionalities of psychological occurrences.

2.7.1. Behavior dependencies

1) Environmental change:

In an early stage of our analysis we made the constant environment assumption which means
that we have made all our examinations with the condition —ECh.

All the probabilities we have used have been, then, conditional in the form:

Pr[x | =ECh]

If the constant environment assumption is rejected, the environment change needs to be taken
into account and the process follows different conditional probabilities, e.g.,:
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Pr[Be(i,b,t+1) | ECh(a,b,t) & Be(i,a,t)] = Pr[Be(i,a,t)]

It is the trial to stay in a — or a failed trial from a to some x — which lead to behavior b at the
next time point t+1, because at that time point a is changed to b.

We do not handle here more cases where ECh has taken into account. (See the Appendix 2
which gives more information about that.) The environmental changes are directly observable and
should be handled as characteristics of the situation, described together with the other observables
defining that. They are not per se objects of psychological analysis.

2) Success of real trial dependencies:

There may be events which form conditions for the success of real trial, so that the
probabilities get the form:

Pr[Succ(Tr(i,a,b,t)) | E] where E means a conditional event.

Because we are dealing with real trials, their conditions have to be some kind of physical
events.

Let us take a simple example:

a = "to be at home 8.00 a.m”

b = "’to be in laboratory 8.30 a.m.”

E ="bus 131 is going ordinarily”

The real trial by i to move from a to b starting at time point t (= 8.00 a.m.) is now
conditional, the condition being event E. The probability of the success of it is:

Pr{Suce(Tr(i,a,b,t)) | E]
Suppose that the probability of success were .9 if the condition, event E, is fulfilled. If the bus is
going ordinarily with the probability, say, .8 then the success will occur with the probability .9-.8 =
.72. If the bus is going maximally ordinarily (probability = 1), then the success probability have to
be .9.

3) Social behavioral dependencies:

There are cases more interesting than that above — namely such situations where the
conditions of one subject’s behavior is the behavior of another or others.

Formally these conditional probabilities are expressed as follows:

(3j) Pr{Succ(Tr(i,a,b,1)) | Be(j, x;, )] or

(3j) Pr{Suce(Tr(i,a,b,0) | Tr(j, xi, y;. t)]

There may well be more than one other person, j, whose behavior or trial at the same point of
time as i’s trial form the conditions.

We shall call the dependencies described above as social behavioral dependencies and they
are essential for description of any kind of group problems.

Let us come back to our elementary example.

The example could be seen as an experiment of a group problem if we suppose that the four
states, a - d, are actually combinations of two states of two individuals. Thus, we describe the game
graph as seen in Fig. 2.11.A where the lines of the graph indicate the allowed moves.
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Fig. 2.11. Two-Person Game. Graphs
A)

B)

There are only two possible states, a and b, for the first subject, i, to choose, and correspondingly
two states, e and f, for second subject, j (see Fig. 2.11.B).

In the game, the starting position is supposed to be a & e and the rules are:

1. The subjects are asked make the choice between the two alternatives available, a or b for i,
and e or f for j, but separately, without knowing the other’s choice, and — naturally — not knowing
the solution graph represented in Fig. 2.11.A.

2. After the choices, the subjects are told whether their choices succeeded or failed and asked
to make the next choices.

3. When the experimenter (game leader who knows the solution graph, the graph in Fig.
2.11.A, and is able to observe the moves of both subjects) sees that, after the subjects have reached
the state a & f, they are choosing b & f, he declares one round of game ended, one point given, and
the new round of game starting.

It should be emphasized that the players may not even know that there are two playing the
game and that the moves are mutually dependent. Thus, they do not form a group in social-
psychological meaning. We shall call this kind of combination of individuals an aggregate.

The success probabilities of real trials are in this case conditional in that way that the trial of
the other subject, made at same point in time than the trial of the subject concerned, is the
condition.

We call this kind of conditionality behavioral social dependence — in contrast to the cognitive
social dependence, which we shall analyze later.

Although there exists no group, the subjects are, paradoxically, in a situation of solving group
problem — without knowing that! It may seem that the solution will be found only randomly and no
learning will appear. No, the case needs not to be so trivial. Although no experimentation with this
game have been made, as far as [ know, we can argue theoretically that the solution may be learned.

We have to look the cognition of the subject in this situation.
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What kind of cognitive map is taken in the use by the subject? — If he is only vaguely
committed himself to the game (experiencing it, maybe, too boring), it is well assumed that his
cognitive map consists of two cognitive states, a’ and b’ (subject i), only — without any valences. It
is difficult to see that here could be any possibility to learn the path to the solution.

But this needs not be the case. We can well argue that the cognitive map could be based on
the cognitive states where the conditions are taken into account, so that, instead of the cognitive
states a and b, only, there are, e.g., 30 different cognitive states. (We shall call them conditional
states”.) The matrix of the cognitive trial probabilities between these conditional states, in the
begin, is given in Table 2.3:

Table 2.3. Two-person game. Conditional states

Matrix p(Ctr(i,x”,y’,t’,t))

b

2

X
a
a7
b’

a7

b

-

y

a’|a b a

. .5 0 0 0 0
a 0 0 .5 5 0 0
a 0 0 0 0 5 5
aa etc.
b"aa
a’|ab
b’ |ab
a’ |aaa
b"aaa

a’ | aab

b’ ‘ aab
a’ | aba
b’ ‘ aba
a’ | abb

b’ | abb

a’ | aaaa
b’ ‘ aaaa
a’ | aaab
b’ ‘ aaab

etlc.

ab etc.

b,

abbb

(Mutatis mutandis, p(Ctr(j,x’,y’,t’,t)) with states e and f.)
(The matrices of the probabilities of success of the cognitive trials are the same as above if 1 is
substituted for .5.)

If the subject remembers the "history” of the actual game process so that, e.g., subject i learns to
know that after succeeded trials a and b it is a which succeeds more probably, and after the chain
a,b,a he should choose b, then he may gradually learn to repeat this chain of choices. If the other
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subject, j, learns, correspondingly, gradually the chain e,e,f.f, then both subjects can reach their
maximal success by repeating those chains.

(What has been said here about the cognitive trial probabilities suits as well to the cognitive
success probabilities.)

The learning process were much easier for i, if the other subject, j, repeats his chain with high
probability. If the choices of the other subject, j, are totally deterministic, forming the chain eeff,
the learning process by i is, seemingly, maximally fast.

Because there is no communication between the subjects in this case, we may well call the
”other subject” — who behaves in the deterministic way — the nature (macro-physical nature, to be
exact).

In relation to the nature the human being is forced to adjust his trials to the occurrences on
which he is dependent, without any communication (in the usual sense). The nature
”communicates” only by its occurrences at the same time point they happen — which is "too late”
from the real communications point of view. (Fortunately, in the case of deterministic process, the
occurrences themselves tell the future. Who can read such messages can trust them better than the
information got from human beings, concerning their plans.)

2.7.2. Cognitive dependence. Communication. Group problem

From the psychological point of view, our game example is maybe more interesting if we let the
subjects be in communicative connection with each other. Only in this case we can speak about
”group” in socialpsychological meaning.

We leave here out the question what are the minimum requirements of “communicative
connection”. Should it be enough that there is the knowledge of the existence of one or more other
subjects and of the mutual dependence between them? If so, then the expectation of the other’s
behavior is seen as communication in a large sense. We shall argue in this way, because in the case
of expectation there exists cognitive dependence, i.e., the person makes his choices conditionally
according to what he expects the other will do.

Communication is handled here as an aspect of behavior which produces cognitive
dependence. Thus, the communication acts are included in the behavioral states, formally in a of
Be(j,a,t), and they effect on the cognitive maps of other individuals, making the cognitive states
conditional.

To illustrate the cognitive dependence of the group members on each other, let us examine
our elementary example, assuming a restricted form of communication possible.

In the Two-Person Game, the cognitive states need now to be named in the new way. There is
a reason to assume that the player imagines now common states instead of the place of his own
piece, only. Thus, the cognitive states are named as in Fig. 2.12.

The communication can have meaning only if the subjects know that the states are now
common and that one have to take the other’s choice into account. Thus, we need to assume that the
matrices of the probabilities of the cognitive trials have to take the form shown in Table 2.4. (It is
assumed also that the goal, the point-giving, has been told.)
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Fig.2.12. Two-Person Game. Cognitive states

w@

Table 2.4. Matrices of cognitive trial probabilities

p(Ctr(i,x",y’,t",t))

aec af be bf
ae
af
be
bf

—t
—_—

—_—
N

(Mutatis mutandis, changing i to j, we get the matrix applied to j.)

The situation from i’s point of view is now following:
As long as j has not sent any message, i can choose “freely”, i.e., there are two possibilities:
1)i chooses, e.g., b’ without thinking j’s intentions at all, or 2) i chooses, e.g., b’ expecting that j
will make his choice according to that alternative i is imagining as j’s choice.
The latter case is interesting. The probability on which the choice was based is formally:
Pr[Ctr(i,a,a’,b’,t’,1)) | Expec’(ij,f,t+1)]
which can be read: “probability that i chooses in his cognition the move toward b’ if he expects j to
move toward f on his trial”.
Expectation can be defined formally as follows, to be exact:
Expec’(i,],x,t+1) = C(1,Be’(j,x,t+1),t°,t)

The expectation makes the probability conditional. When we say, that i makes his choice "freely”,
we assume that his expectation is certain, i.e., Pr[Expec’(i,j,t,t+1)] = 1

In the Table 2.4., the abbreviations actually mean:

ae = a’>C(1,Be’(j,e,t),t’,t)

The cognitive state ae is an abbreviation meaning that i’s cognitive state a’ includes that he
imagines j to behave in the way e at present.

bf=b’>C(i,Be’(j,f,t+1),t",t)

The state bf as the goal of a cognitive trial means that i’s cognitive state b’ includes that i
imagines j to behave in the way f at the next point in time, i.e., to make a trial toward f at the same
time as i.

What about the case where j has already sent a message that he will make the choice f ?

If i makes the cognitive choice bf, then we can argue that the message simply makes the
expectation f more accurate. Thus, it means no difference from the i’s point of view.
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But, suppose that j has already sent a message to choose e and i makes his cognitive choice
bf. There exists now a clear contradiction: i wishes that the state bf could be chosen but he can
control his own move only, and the fact that j intends to choose otherwise is in conflict with j’s
intention. There seems to be now three possibilities (before the decision to choose the real trial):

1) i uses the possibility to send a message to j suggesting him to change his choice.

2) i makes a new cognitive trial himself.

3) i simply ignores the message and keeps on his “wishful thinking”, i.e., decides to choose
cognitively bf and makes the move b according to that.

The message sent in the case 1 we shall call a change suggestion.

It should be noted that also i was able to send a suggestion to j already before he had got any
information from j. Such a message we shall call a dominance suggestion.

When j has sent a suggestion to i to behave in a certain way, i has, seemingly, three possibilities:

1) i may follow the suggestion and make his cognitive choice according to that without
thinking what will be the combined state. This case we shall call submissive behavior.

2) i may take the suggestion into account and make his cognitive trials according to that, i.e.,
imaging to choose in the suggested way, but testing the success of his cognitive trials.

3) i may make his cognitive trials quite independently, as if there were no suggestion at all.

This brief description of some features of communication in Two-Person Game may be enough for
an illustration of the dependencies produced by the message sending. It serves also as an
introduction to the Group Maze simulation — to be presented in Chapter 3.

To show the way in which the communication process can be built into the conceptual system of
our theory, we define the basic concepts of the process of sending and receiving information as
follows:

1) Content of a message is a meaningful piece of information included to a cognitive state:

x’ = Cont’ — C(j,y’ox’,t’,t) , Cont’ meaning the content of message

2) Expression of a message is a component of a real state (way of behavior by the message
sender) determined as an outcome of CRCor-probability choice:

x = Expr(j,t) = Outc(p(CRCor(j,Cont’,t’,t)))=x

The expression of a message is, thus, an observable physical thing, a symbolic description or
a signal, which corresponds more or less to the meaning the sender of message wanted to indicate.

3) Received message, RecMess, is that form of an expression that is included to a real state of
behavior of the subject called the receiver:

x = RecMess — (Jy)Be(i,yox,t)

The received message is a physical, observable thing, too. It should be emphasized that
receiving a message does not mean that it is already interpreted by the receiving person, not at all. It
simply means that there exists in a person’s situation a psychologically relevant physical
phenomenon which could be interpreted as a message having some meaningful content. (Because
the expression may be changed physically so that the form in which it will be received can be
different, we use the different notation Mess for this received form.)

4) Interpreting (or understanding) a message occurs when, as an outcome of determination
the cognitive map of the receiver, a piece of meaningful information (corresponding to the received
message — to a certain amount) becomes included to a cognitive state as a content of message by the
receiver. This concept is formally defined as follows:

x’ = Cont’(i,t’) — Be(i,yoRecMess,t) & (IM’)Outc(p(RCR(1,y,t))) =M’ & M’Dox’
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Apparently, the content of message, interpreted by the receiver, needs not to be the ’same” as
the content of the message by the sender. An essential problem in the communication is just how
“far” they are from each other. Applying our theory we are able, in principle, to answer to the
question, what is the probability that a certain content of the message by the receiver comes out if
the content of the message by the sender is given. This measure can be estimated if the conditional
probabilities in the following chain are known:

Pr[CRCor(j,Expr(j,t),t) | Cont’ il

Pr[RecMess(i,t) = Expr(j,t)]

Pr[M’>Cont’; ‘ Be(i,x’>RecMess,t+1)]

5) An important aspect of communication has to be added: the believing of the truth of the
content of the message (by the receiver). Believing the content to be true of false has, apparently, a
great effect upon the cognitive process and decisions to choose the behavior alternatives.

Note: Not-believe, —Bel, should be understood differently from the believing that the content
is false, Bel(Cont; = false). Not-believing means, clearly, the act to ignore the message.

There exist, obviously, complicated philosophical problems concerning the psychological
communication process, problems which can not be handled here. The purpose of this analysis was
only to show that our basic conceptual system is flexible enough for an exact representation of
some essential and psychologically relevant aspects of communication. The great advance of our
theoretical framework, as compared with the pure verbal theorizing, is that it gives the possibility
for mathematically testable estimation.
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Chapter 3. Experiment on Problem Solving by Group and Its
Simulation

3.1. Group Maze. The experimental set-up

From the point of view of the operationalization of the problem solving behavior, the traditional
tasks used in the individual level are not very fruitful, because too many details remain hidden in
the individual cognitive process. Because the subjects in group problem solving have to
communicate between each other, much more observable data — the messages sent between the
group trials — are produced.

Every group task can be represented in a form of a graph on which all possible combinations
of the individual behavioral states appear as vertices. Further, a graph is only another name for a
maze. Thus, to study group problem solving, a particular "Group Maze” experiment was set up.

For an illustrative purpose, we shall first give a detailed picture of the Group Maze
experiment and later in presenting the simulation procedure, show the links between it and our
stochastic theory of cognitive process.

For the experiments reported in the following, groups of only three individuals were studied
in a game in which each person was allowed two alternatives. To eliminate distractions, the game
was made extremely abstract - so abstract that the problem arose of how to motivate the subjects
enough to play it.

As it was absolutely necessary to eliminate all immediate communication between the
subjects, they were made to sit in separate boxes with no face-to-face contact, and in total silence
(see Fig.3.1.). They could communicate only through the experimenter, using special message
cards.

Fig.3.1. Group Maze experiment. Subjects and experimenter

Bl A& BOx B BOx C

[~ =] [=H=] [= =]
L= ] L=0-0 -1 L= ]

= =
= (me| (o=

EXPERIMENTER

9

Each subject had a board and a small pack of message cards, as shown in Fig. 3.2.
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Fig. 3.2. Group Maze experiment. Player’s board and message cards

PLAYER a:
BOARD
Pieces
x Y z
OO0
L 5 R

Message cards

| | choose L I | b should choose 5 | | c should choose H |
| | choose X I | b should choose | | c should choose Z |
M

The experimenter had a map of the group maze in the form of a graph representing the group
problem (Fig. 3.3), with arrows indicating the correct group moves (the passable routes through the

maze).

Fig. 3.3. Group Maze. The task graph

The task graph
[The arrows indicate the possible transitions]
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One can represent the graph in Fig. 3.3 also as a matrix:
The group task as a matrix of the probabilities p(Succ())

LSR LSZ LYR XSR LYZ XSZ XYR XYZ
000 001 010 100 011 101 110 111
0 D 2y 49 3 5 6 )

LSR
LSZ
LYR
XSR
LYZ
XSZ
XYR
XYZ

coocoococo o~
CoOo0O0O0O K~ —
cCoooOo—~O —
coocoo—~0o O~
COO = ===
CO— O = ==
O~ OO = ==
—_— e O

(Situations are named by letters, by binary numbers - indicating the points the group gets from the
situation - and by decimal numbers corresponding the binary ones. - Notice, particularly, that XSR
is number 4 and LYZ number 3.)

The valences of the states were created by telling the players how many points they would win as a
group upon reaching each state. (No additional instruction on the final goal was given.) Thus, on
every successive move the group would win more points if a state with a higher valence was
reached.

The idea was the same as in existing individual maze experiments: to let the subject (here the
group) run through the maze several times and record the mistakes it made each time.

According to our theoretical system, a group move or “’group response” was achieved when
all the members made a simultaneous trial. In terms of the game, this meant an unanimous group
decision — i.e., three consecutive ’Let’s try” messages from the subjects.

The instructions were given verbally in five parts: Part 1 after the subject had been asked to keep
absolutely silent throughout of the experiment, Part 2 after every player had sent one message, Part
3 when the group was making its first group response, Part 4 after the group had reached the goal
for the first time (gone through one ”game”), and Part 5 when the group seemed to have learned the
solution.

Part 1:

”The aim of this experiment is to study how a group of three individuals solves a common
problem. For this game, you will use the board and three pieces you see in front of you. You will be
called A, B, and C - as you can see from your boards. You will be A, you B, and you C. On each
board there are six positions marked L, S, and R in the bottom row and X, Y, and Z in the top row.
Each of you will have two of these positions: A will have positions L and X; B, S and Y; and C

, Rand Z. To play the game, choose one of these two positions and put one of your pieces on
it. A combination of your three choices will then be a trial by the group.”

”Use your other two pieces to mark the choices of the other players. This will remind you of
your fellow player’s moves.”

”You can also send messages, using the message cards you see in front of you.”
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”When you make a move, tell me what your choice is by showing me the appropriate message
card. But before going into message-sending in detail, I will tell you about the scoring. After you
have all made a trial, I’ll tell you whether the trial has succeeded or not. If it succeeds, the group
will get as many points as there are pieces in the top row, and the game will continue from this new
combination. If the trial fails, the group will get as many points as there are pieces in the top row
and the game will continue from the situation you reached before the trial.”

(Nothing more is said about scoring. The experiment does not inform the group what the final
goal is. The process of finding out what the real goal is, is an essential part of the game itself.)

”As I said, you can send the messages written on the cards. To do so, first hold up the card
with an exclamation mark on it to attract my attention. Then tell me your choice of move by
holding up the card with the appropriate message on it. At the same time, if you want, you can send
suggestions to one or both of the other players — or to neither. You will find the cards to do so in the
pack in front of you. So, to send a message, you can use one, two or three cards. I’ll then read your
message out aloud.”

(In passing on a message, the experimenter should always read it in a neutral tone.
Suggestions to the other players must always be red in the form ... should choose... ” so as to
eliminate any variation in the strength of the suggestion.)

”Now you can ask for your turn to send a message. At least, please let me know what your
first move choice is — whether to move your piece or keep it where it is. We start with positions L,
S, and R. So put your pieces on the bottom row. All right, I’'m waiting for your messages.”

Part 2 (after every player has sent his first message):

”Each of you has sent a message, so you know what moves the other players want to make.
You can now choose whether to stick to these moves or not. If you think the first trial can be made
using this combination, hold up your ‘Let’s try’ card, if not, send the other players further messages
with other cards.”

Part 3 (after three successive “Let’s try” messages):

”Now, as you have all said ‘Let’s try’, the group trial can take place. Thus your pieces are
now in positions (e.g.) L, Y, and Z. That’s the trial as it stands.”

Using his map of the group problem (Fig. 3.2), the experimenter checks to see whether the
trial is in the direction of an arrow or not. Part 3 of the instruction then continues in one of the two
forms:

1) (If the trial corresponds to an arrow on the map):

”This trial was successful, so the group has won ... points because there are ... pieces in the
top row. The game can now continue from this combination. Move your pieces to positions ... , ...,
and ... and send your next messages. Remember — you can send a message with one, two or three
cards. You must tell me what your own choice is, but you can also send suggestions to one or both
of the other players if you want.”

2) (If the trial does not correspond to an arrow on the map):

”Sorry, but this trial was not successful. The group has won ... because you have ... pieces in
the top row. If the trial had succeeded, you would have got ... because there would have been ...
pieces in the top row. So the game will continue from the positions ... , ..., and ... .” (After the first
trial: ”... from the starting positions L, S, and R.”) ”"Now send your next messages. Remember —
you can send a message with one, two or three cards. You must tell me what your own choice is,
but you can also send suggestions to one or both of the other players if you want.”

Similar instructions are used after every group trial.

Part 4 (at the end of a game, after the group has made a successful trial towards X, Y, and Z):
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”You have reached positions X, Y, and Z which gives the group three points. As you can see,
this is the maximum score you can get with a single trial, so you will win three points for every trial
still left to you. Now I will tell you what I did not tell you before: you had 20 trials in which to
reach X, Y, and Z and you have now used ... trials. That means you win ... times three points for the
trials left over. So altogether you get ... points for this game.”

”Now we start again from positions L, S, and R. Set your pieces on these circles. The rules
are still the same, so please start sending your messages.”

Part 5 (after the group has played two consecutive games with the same moves):

”Before starting again from the initial positions, I’ll ask your opinion about continuing this
game. What would you prefer: to go on playing, or to get the same number of points as in the last
game for every game left? There are ten games altogether, and you have now played ... games, so
you will get ... times ... points for the remaining games if you do not continue. How do you feel
about it? Those of you who would like to stop this problem, please hold up your exclamation-mark
cards.”

If two players want to stop working on this problem, the experimenter announces it is ended.
In its standard form, the whole experiment is now over. If two or three group members want to
continue with the problem, the players are asked to start again from the initial positions L, S, and R.

A data protocol was made of all the messages, as well as of the group responses (trials).

This were the instructions used in the main study. However, it seems more reasonable to let the
groups play always 6 games. Thus, the Part 5 of the instructions should be changed
correspondingly.

(If more difficult tasks are used, the number of games may be larger than 6.)

3.2. Groups studied. Empirical results

There were three experimental studies on the Group Maze made, one by the author and two by Miss
Orvokki Vuokko, who made her Master’s thesis 1962 at Tampere University, concerning
particularly the characteristics of the leaders in Group Maze test. (That theme is not taken account
here. The results are referred in Rainio 1972.)

All the subjects in these three studies were university students.

The number of groups in each study are given in Table 3.1.

Table 3.1. The groups in the experimental studies.

Number of groups:

Game
1 2 3 4 5 6
El 15 15 15 11 7 5
E2 17 17 17 17 15 14
E3 20 20 19 17 16 13
> 52 52 51 45 38 32
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Unfortunately, the test was in some cases disrupted before the 6th game, sometimes even earlier,
because the group was already solved the problem successfully two times, repeating the same path
twice. Thus, the results on the 5th and even more on the 6th game are based on smaller account of
cases.

We are focusing our attention here only upon those results which are essential in comparisons
we shall make between the estimates produced by simulation and the empirical variable values.
(There is a lot of detailed information published in Rainio 1972, concerning the reliability,
correlations and common factors of the variables ezc.)

One of the most important variables is the number of failures made by group on each period
of the experiment — called a game. Fig. 3.3 shows that the results form a typical learning curve. It
may seem rather surprising that the Bush & Mosteller’s operator model suits extremely well to
these failure results. The same information is given also in Table 3.2, where also the standard
deviations are shown.

Fig. 3.3. Failures. Means and standard deviations

Failures

Fame
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Table 3.2. Failures. Means per game and standard deviations
(Rainio, 1986, p. 185)

Failures/game:

Means: 40 1.7 1.1 .51 42 .16
St.dev. 28 20 16 .80 1.0 .28
[Trials: 320 201 170 121 100 73 ]
[Succeeded: 112 112 114 98 84 68 ]
[Failed: 208 88 56 23 16 5]

Predictions made by Bush & Mosteller’s one operator learning model (see Rainio, 1986, p. 172):
pe1 =pe T a(l - pr) where o= .3

p Failures per game
Game Probability Predicted Empirical
of a trial to be
correct
1 33 4.0 4.0
2 .54 1.7 1.7
3 .68 94 1.1
4 78 57 Sl
5 .84 37 42
6 .89 24 .16

The reason of the phenomenon that a mathematical learning model used for predicting trial and
error -behavior of individuals is not easily found. It is difficult to understand why it should be so.
Mathematically this is a very complicated matter.

We can notice only that somehow the result should be a consequence of the complicated
process of the cognition and communication of the individuals in the group. We shall deal that
process only by simulation, but we can hardly see in it any explanation for the found emergent
feature of the simple group learning. Why the learning on the group level, as a whole, takes just the
form of typical trial and error process?

The standard deviations of the mean values of failures per game are rather large. In the so-called
differential psychology, we are used to see this kind of variations as a consequence of individual
differences, analogically group differences in our case. In the light of our simulation we shall see
that this conclusion is not adequate. Naturally, group differences may exist but they are not the
explanation of the variance in this case.

Some characteristics of the communication are measured and the results shown in Table 3.3.
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Table 3.3. Communication measures.

Messages/game, means:
24.1 144 13.0 9.7 10.3 8.6
("Let’s try” messages are not taken into account.)

Dominance suggestions/trial, games, means:
81 86 86 .85 .71 .45
(The maximum amount of dominance suggestions/trial is 3.)

Change suggestions/message, games, means:
167 .140 .133 .110 .088 .078

Making a suggestion to another player before he has sent any message is called a dominance
suggestion. The first message sender can, thus, make two dominance suggestions, the second sender
only one. This can happen only in the beginning of the trial. Therefore the maximum amount of the
dominance suggestions per trial is 3.

When a player has sent a message (informed others about his own choice, at least), then
another player can, if he will, send to him suggestion to make the other choice. This suggestion is
called a change suggestion. The frequencies in the Table 3.3 are relatively low.

The successful trials form a path from the start, state 0, to the goal, state 7. There are 15 different
paths available: 3 paths with one 1-point step to the goal, namely 0—1-7, 0-2-7, and 0—4—7; 3 paths
with one 2-point step to the goal, namely 0-3-7, 0—5-7, and 0—6—7. In addition, there are 9 paths
with two steps to the goal. The paths are numbered from 1 to 15 in Table 3.4, where the frequencies
and the relative frequencies of the paths used by groups are presented.

Table 3.4. Paths in the first game, frequencies and relative frequencies

Paths

) 2) 3) 4 5 6 7 8 9 100 1) 12) 13) 14) 15)

-7 27 37 47 57 6-7 1-3-7 1-5-7 1-6-7 2-3-7 2-5-7 2-6-7 4-3-7 4-5-7 4-6-7
Paths in the first game: )y
Freq. 0 0 12 2 11 15 0 0 3 1 4 1 0 1 1 51
Relat. 0 0 23 .04 21 29 0 0 .06 02 08 .02 O .02 .02 1
Smoothed distribution:

013 .013 243 .013 .243 243 .025 .025 .025 .025 .025 .025 .025 .025 .025 1

We can read that the goal was reached through 2-point states with 2 steps in 73% of the cases.

We can hardly see any psychological reason for the difference between the choices of the
steps 0—1, 0-2, and 0—4, no more for the difference between the steps 0-3, 0-5, and 0—6. The same
holds well for the choices of paths 7-15. Thus, we handle those differences as random variation and
smooth the relative frequencies, as shown in Table 3.4.

How stable is the process? Do the groups repeat the exactly same solution they have found or
do they transit from one solution to some other, in the game which follows? For examining this

stability, the frequencies of path transitions from a game to the next game was coded and are shown
in Table 3.5.
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Table 3.5 Path transitions

Path transitions, relative frequencies:
Path in the next game
1) 2) 3) 4) 5) 6) 7) 8) 9) 10) 11) 12) 13) 14) 15 X
-7 27 37 47 57 67 1-3-7 1-5-7 1-6-7 2-3-7 2-5-7 2-6-7 4-3-7 4-5-7 4-6-7

Path

1) 2 0 0 0 0 2 2 2 0 0 0 2 0 0 0 1
2) 0 14 28 0 28 0 0 0 0 0 14 0 14 0 0 1
3) 03 .03 5 02 14 24 03 0 0 03 0 0 0 0 0 1
4) 0 0 g5 025 0 0 0 0 0 0 0 0 0 0 0 1
5) 0 04 18 .02 49 22 0 0 0 02 0 0 0 0 02 1
6) 0 06 27 .02 31 29 0 0 0 0 0 02 0 02 .02 1
7) 0
8) 0
9) 0 0 25 0 25 0 0 0 25 0 0 0 0 0 25 1
10) 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1
11) 0 0 0 0 66 0 0 0 0 0 A7 0 0 17 0 1
12) 25 0 S50 0 0 0 25 0 0 0 0 0 0 0 0 1
13) 0
14) 0 0 20 0 60 0 20 0 0 0 0 0 0 0 0 1
15 0 0 20 0 0 20 0 0 0 0 0 0 0 20 40 1

As a measure of the path stability we shall use the probability of repeating the same path in the
next game, i.e., the diagonal values in the matrix of transitions. These probabilities are presented in
Table 3.6.

Table 3.6. Path stability.

Diagonal frequencies and relative frequencies of the path transition matrix (see Table 3.6):

) 2 3 4 5 6 7 8 9 100 1) 12) 13) 14) 15)
1-7 27 37 47 57 67 13-7 1-57 1-6-7 2-3-7 2-5-7 2-6-7 4-3-7 4-5-7 4-6-7

Freq. 1 1 29 1 22 15 1 0 1 0 1 0 0 0 2
Sum of the cases on the row:

5 7 58 4 45 52 5 0 4 2 6 4 0 3 5
Relative frequencies:

20 14 50 25 49 30 20 O 25 0 A8 0 0 0 40

Note: In some cases, as already mentioned, the play was stopped when the group was used the same
path twice (the experimenter assuming that the group would follow the same pattern). Actually this
means that, for making the data comparable with the simulated results, we should add the lacking
stable paths with 40 cases. The corrected values of path stability are given later, in the Table 3.16
A.

To summarize the results of path transitions, the paths are classified in types and the transition
frequencies are computed according to them. There are 3 types of paths, the first type (A) including
the paths 1, 2, and 4, the second type (B) the paths 3, 5, and 6, and the third type (C) the rest, paths
7-15. After the mentioned correction with 8% of stable paths is made, the frequencies are presented
in Table 3.7.
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Table 3.7. Transitions between the path types.

Frequencies of transitions Relative frequencies
Path type Path type
A B C Sum A B C
A 3 8 5 16 A .19 50 31
B 12 147 7 166 B .07 .89 .04
c 3 15 12 30 Cc .10 .50 .40

This report of the main results of the Group Maze experiment, failures, communication variables,
and the path transitions, should be enough for describing the most essential features of the test. The
comparison between these variable values and the simulation products in the following chapters
will show, how much of these results can be explained by our theory of cognitive process.

3.3. Simulation program

The Group Maze experiment was carried on in the purpose to produce observable variables
connected to a cognitive process so simple that we can hope to be able to build an exact model for
it.

It is easy to see that the estimates can be produced only through simulation, because the process is
stochastic in a complicated way: The actual occurrences during it are dependent on the occurrences
before, the probabilities of the varying according to that what actually has happened (what
alternatives have been chosen).

A Turbo-Basic program was written for the simulation. One reason for selecting this
programming language was that it is easy to understand: there are no difficulties to see the
connection between the theoretical model and the program statements. Also a layman can use it —
and possibly make his own variations of it.

The main features of our simulation model are as follows:

1) The choice of messages the ‘stat-subjects’ send is based on a chain of cognitive trials they are
assumed to have made. (We shall call the statistical subjects simply subjects, because it hardly
causes any misunderstanding in the text. By that we do not mean that they could have any
”consciousness”. Subjects we are dealing with are abstract logico-mathematical thing, only.) For
every situation we assumed a vector of probabilities to choose a cognitive ‘response set’. A
cognitive response set i1s a combination of the three choices expected. A probabilistic choice using
this vector is made to determine the subject’s cognitive trial. After that, another probabilistic choice
is made to determine whether the cognitive trial succeeds or not. If this trial (in cognition) succeeds,
the subject sends a message informing the others of his choice. If the trial fails, the subject makes
new cognitive trials until one of them succeeds or else a certain maximum number of them has been
made (10 in our simulation). In this last case the subject does not send any message and the others
take turn.

2) When a subject decides to send a message, a determination is also made whether he sends
suggestion or not. This is based on probabilities to send a ‘dominance suggestion’ or to send a
‘change suggestion’(see Chapter 3.2). If the response set is in accordance with the message sent by
the other subject, no suggestion is sent to him.
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If a suggestion is sent to the subject from the others, a probabilistic choice is made to
determine whether he follows it (‘submissive behavior’) or not.

3) When all subjects have sent at least one message, the subject sends a ‘Let’s try’ message if his
images of the other’s future behavior (his ‘response set’) corresponds to the messages they have
sent.

4) A group response (trial of the group) is made in simulation as in the real game: after all subjects
have consecutively sent their ‘Let’s try’ messages.

The success of the group response (group trial) is determined as in the real game, according to
the ‘maze’.

5) If the group response succeeds, a certain reward procedure is carried out and, in the case of a
failure, a punishment procedure.

6) The probabilities used for determining the cognitive trials (mentioned in paragraph 1, above) are
formed as follows:

We shall assume two cases of the Life Space, the potencies of fields in them varying
radically. They are noted by LS; and Lsq . The first will be called diffuse Life Space, the second
differentiated Life Space.

Three fields — in addition to the Life Space, LS — are assumed (see Fig. 3.4):

Fig. 3.4. Fields of the Life Space. Group Maze. Task

Figlds:
FO=LS5=1450.....57}
F1=1{51... 57}
F2=1{53. 55 56, 57}
F3=1{57}

F3 including the ‘goal’ state (s7 or 111, i.e., 7 in binary form, corresponding to XYZ in the
game),

F2 including all 2-point states (s3, ss, and s¢ - in binary forms 011, 101, and 110 -
corresponding to LYZ, XSZ, and XYR) and the goal state, s7,

F1 including all states other than s, (000, LSR), and

FO which includes all the states.

Summarizing:

FO= {So, S1, S2, S3, S4, S5, Se, S7}

F1= {S1, S2, S3, S4, Ss, S, S7}

F2 = {s3, ss, S¢, S7}

F3 = {s7}
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For every field, the valences are:

F —F
F 1 0
-F 1 0

Every field has a potency value. The potency of field Fyx is  indicated by Pox. The
computation of the cognitive trial probabilities according to the fields was described in Chapter
2.6.3 and 2.6.4. We shall use here the equation presented in that context (Chapter 2.6.4):

m
Prixy] = X Potj« PrRj(x).R; (11 { NR; (¥)
=1

We shall assume that the potencies of the fields in a completely differentiated Life Space are those
given in Table 3.8 on the first row vector:

Table 3.8. Assumed values of the potencies of the fields

Field
FO F1 F2 F3
Differentiated LS: 0 .07 .23 .70
Diffuse LS: 1 0 0 0

(I shall confess that selection of potency values was totally intuitive. The basic idea was that the
potencies might be equal to the squares of the point-values (‘rewarding power’) they have. This
should give the following relative values for them: 0, 1% 2% and 3, i.e., 0, 1, 4, and 9. Thus, the
potencies were 0, 1/14 = .07, 4/14 = .29, and 9/14 = .64, so that the sum will be 1. As one can see,
only slight changes was necessary to make then during the simulation, to get better goodness-of-fit.)

The reason to use these two components is the following:

We may well assume that, after the subjects have just heard the instruction with the clear
point-counting system, the cognitive map, the Life Space, is clearly structured to the valence fields.
The expectation that the goal should be easily reached, is high. (Nearly 90 % of the groups actually
choose the goal state, s7, on the first trial.)

When the actual Life Space is maximally differentiated, i.e., the cognitive trial probabilities
are based only on the fields, equaling the f-probabilities, then the field effect is said to be in its
maximum, 1. If the actual Life Space is maximally diffuse, the field effect is 0. Thus, we define the
field effect as the measure of the differentiation of the Life Space.

(The terms differentiated and diffuse are used here in gestalt-psychological sense.)

But what happens, when the trial toward the goal fails? Psychological understandable is that
there occurs some kind of frustration-like behavior. Typical for it are, at least in the deep
frustration, rather meaningless action outbursts without a clear goal-seeking. One may well argue
that it corresponds to such a cognition where the valence structure is disrupted and the actual Life
Space homogeneous.

Note: Naturally the frustration is in the play situation very limited. The subject is frustrated
only inside the game to which he is committed, so to say. Theoretically we can argue that in the
case of a continued frustration during the play the probability to leave the actual Life Space may
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increase and cause even the stop of the playing. In that case we may see typical emotional reactions
caused by heavy frustration — not in the case of one failed trial.

The frustration-like behavior means in cognition, according to our theory, a radical change of
the field effect from 1 in the beginning to nearly 0.

According to the equation above and the values of the potencies of the fields, the cognitive
trial probabilities from state to state, based on the fields of the differentiated Life Space, were
calculated. They are called shortly f~probabilities. In addition to them we have the r-probabilities
based on the diffuse Life Space.

Each cognitive trial probability is now a weighted sum of two components: a) a r-probability,
a random probability (1/8 in our case) and b) a f-probability, the probability computed according to
the valence fields of the differentiated Life Space. The weighted sum is the final cognitive trial
probability. Thus

cognitive trial probability p = w-ps + (1-W)-p;

where the weight w is the field effect.

Table 3.9 shows the component vectors and the cognitive trial probabilities in the beginning
(field effect being 1) as well as the component vectors and the cognitive trial probabilities after the
frustration, field effect being now as small as .05.

Table 3.9. Cognitive trial probabilities
(The rows s; — s7 in the following matrices are equal to the row sy.)

1) In the beginning; field effect =1.
States
So S1 S S3 S4 S5 S6 S7
r-component JA25 0125 125 125 125 125 125 .125
f-component 0 .01 .01 .07 .01 .07 .07 .77
Cognit. trial prob.,
weighted sums 0 .01 .01 .07 .01 .07 .07 .77

2) After frustration; field effect = .05
States
So S1 S> S3 S4 S5 S6 S7
r-component JA25 125 125 125 125 125 125 (125
f-component 0 .01 .01 .07 .01 .07 .07 .77
Cognt. trial prob.,
weighted sums .119 .120 .120 .122 .120 .122 .122 .157

7) The reinforcement procedure, mentioned in paragraph 5, above, is carried out in the following
way:

Two operator learning model (Bush & Mosteller’s model) is applied to the field effect, using
different coefficients for reward (o) and punishment (B). In addition to that, the amount of
frustration, caused by a failed trial, is assumed to decrease during the process. This effect is caused
by letting the B-coefficient itself decrease on every trial by the rule: By = Be - BBt , where B
indicates the amount of the decrease of [3 at every trial.
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Bush & Mosteller’s model is applied also to the following variables, but the learning
coefficients o and 3 are assumed to be equal:

Success probabilities of cognitive trials (name in the program: CognSuccProb)

Probabilities of submissive behavior (SubmProb)

Probabilities of sending dominance suggestion (DomProb)

Probabilities of sending change suggestion (ChangeProb)

In addition, a transfer effect is assumed, concerning the success probabilities of cognitive
trials. In the case of negative transfer, if a trial toward the state si is failed, all the probabilities of
the success of the trials toward it are decreased, i.e., the column s is changed according to the rule:

p’ =p - Ntransf - B - p, where p’ is the new value of the CognSuccProb-variable, p being the
old one, B the learning coefficient, and Ntransf a special negative transfer -coefficient.

A corresponding change of the probability column is made in the case of success, all the
probabilities in the column being increased using a positive transfer coefficient Ptransf.

A detailed description of the simulation program is given in the Appendix 4 and the total program
in Basic language in the Appendix 5.

3.4. Simulation results. Goodness-of-fit

The Group Maze simulation model is very sensitive for some parameter values, particularly for the
potencies of the fields and the field effect, because they determine the early failures and successes.
Thus, these parameter values are determined carefully by ‘range-finding’, attempting to fit in the
distribution of the very first empirical trials as well as possible. By the ‘range-finding” we mean
simulations first with largely varying parameter values, intending to get the experimental results
between the estimates by those simulations (to the ‘range’). When the results are in this ‘range’, the
range can be diminished by simulating with parameter sets nearer each other, until the best fit is
reached.

When the range-finding method is used, it is clear that the conventional statistical tests to
compare the theoretical estimates and the empirical data are not anymore acceptable. Several
degrees of freedom are lost, when the empirical results are used for the choice of the best (or nearly
best) parameter values in simulation process. To get the correct statistical test for measuring the
estimation power of our model, new experimentation is needed. However, we can get an intuitive
picture of goodness-of-fit from the comparisons of the empirical and simulated results made in this
pioneering study. Anyway we can see how to apply our theoretical framework, in principle, to
derive out of it exact mathematical estimates.

3.4.1. Homogeneous groups. Parameters and results

We start with homogeneous groups, i.e., with groups where all the parameter values used in the
simulation process are equal for all three subjects (‘stat-individuals’). Later we shall examine
whether differing parameter values for subjects produce different estimates, when we shall simulate
unhomogeneous groups.

The parameter values used in the simulation of homogeneous groups is given in Table 3.10.
Results of the simulation are presented in Figures 3.5 and 3.6 and in Tables 3.12 - 3.14. There are
200 simulated groups and 52 empirical groups (see Table 3.1).
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Table 3.10. Parameter values for GM Simulation. Homogeneous groups

FldEffbeg=1: field effect in the beginning

alfaFIdEff=.1: learning coefficient a for the field effect

betaFldEffbeg=.95: learning coefficient 3 for the field effect

betbetFEff=.1: the rate of change of the betaFIdEff

Ptransf=.15: the rate coefficient of the positive transfer

NTransf=.3: the rate coefficient of the negative transfer

wei2=FIdEffbeg:weil=1-wei2; weil for TrErProb (r-probabilities), wei2 for f-probabilities

1,1,1,1,1,1,1,0 Task, success probabilities of the real trials
0,1,0,1,0,1,1,1
0,0,1,1,0,1,1,1
0,0,0,1,0,0,0,1
0,0,0,1,1,1,1,1
0,0,0,0,0,1,0,1
0,0,0,0,0,0,1,1
0,0,0,0,0,0,0,1

0,1,1,2,1,2,2,3: Field() which includes the state sy, sy, ... etc.
0,.07,.23,.70: potencies of fields
8,7,4,1: nStateInF(), number of states in a field

0,.8,.8, .8,0,.8, .8,.8,0: SubmProb, probabilities of submissiveness

.25,.25,.25: DomProb, probabilities of sending dominance suggestion

.2,.2,.2: ChangeProb, probabilities of sending change suggestion

.2,.2,.2: aTrErr, learning coefficients for r-probabilities

.8,.8,.8: bCognS, learning coefficients for cognitive success probabilities

.1,.1,.1: aSubm, learning coefficients for probabilities of submissiveness

.05,.05,.05: aDom, learning coefficients for probabilities of sending dominance suggestion
05,.05,.05: aChange, learning coefficients for probabilities of sending change suggestion

The curve of failures produced by the simulation fits extremely well in the empirical failure
data. But they are not only the means which fit. The empirical and estimated standard deviations of
the failures do not differ much from each other. One has to notice that the standard deviations of the
empirical data are not caused by the random variation — as in the case of conventional psychological

tests — but explicable by the characteristics of our theoretical model.
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Fig. 3.5. Failures, empirical and simulated
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Fig. 3.6. Failures. Standard deviations, empirical and simulated groups
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Table 3.12. Failures. Means per game and standard deviations, empirical and simulated

Failures/game, means:

Empirical 40 1.7 1.1 51 .42 .16
Simulated 395 1.84 1.08 47 .34 31

Standard deviations:

Empirical 28 20 16 .80 1.0 .28
Simulated 2.86 2.28 1.75 92 87 .76

Note: The biggest differences of the empirical and simulated results are in the sixth game,
concerning both the failure means and the standard deviations of failures. The reason might be that
some plays were stopped before the sixth game, as was mentioned in Chapter 3.2.

Results of the communication variables are presented in Table 3.13. The simulated values fit also in
this case well in the empirical data. There exist one notable difference: In the fifth and sixth games
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the simulated frequencies of dominance suggestions are somewhat higher than the empirical ones.
Actually there seems to be decrease in the empirical values but slight increase in the simulated
ones. If it is not occasionally so, we have to think some reason for that. We might well argue that in
the real play some subjects notice that the dominance suggestions are not reasonable later in the
game, when everybody seems to have already learned the best solution. This kind of ‘higher
cognition’, a conscious control of own behavior in this matter, is not taken into account in our
model. We handle the tendency to send dominance suggestions on trial and error basis, as an
character feature of the individual. In contrast to that, sending the change suggestions is dependent
on the situation.

Table 3.13. Messages and suggestions, empirical and simulated
Messages/game, means:

Empirical 24.1 144 13.0 9.7 103 8.6
Simulated 25.1 16.8 12.7 11.1 9.5 9.2

Dominance suggestions/trial, means:

Empirical 80 95 98 99 80 .77
Simulated J6 85 85 90 94 97

Change suggestions/message, means:

Empirical A8 13 .13 .11 .10 .10
Simulated A3 .14 14 12 12 .10

Submissive behavior/game, means:

Simulated 5.33 3.85 3.12 2.29 2.14 2.19
(Empirical, not possible to compute.)

Paths used by the groups in the first game are shown in Table 3.14, both empirical and simulated.
The paths are numbered from 1 to 15 and from the names of the paths the starting state 0 is left out.
Thus, ‘1-7° indicates path 0-1-7, “1-3-7’ the path 0-1-3-7 etc.
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Table 3.14. Paths in the first game, empirical and simulated frequencies

Paths

H 2 3) 4 5 6 7 8 9 100 1) 12) 13) 14) 15

-7 27 37 47 57 6-7 1-3-7 1-5-7 1-6-7 2-3-7 2-5-7 2-6-7 4-3-7 4-5-7 4-6-7
Paths in the first game: )y
Empirical:
Freq. 0 0 12 2 11 15 0 0 3 1 4 1
Relat. 0 0 23 .04 21 29 O 0 06 .02 .08 .02 O 02 .02 1
Smoothed distribution:

013 013 .243 013 .243 243 .025 .025 .025 .025 .025 .025 .025 .025 .025 1
Simulated:
Freq. 9 6 42 3 26 46 7 8 5 10 10 6 7 8 7 200
Relat. .045 .03 21 015 .13 23 035 .04 .025 .05 .05 .03 035 .04 .035 1

(e
—
—
()]
—

It was argued in the Chapter 3-2 that we can not find any reason why the some of the two-step with
I-point path should be chosen more often than another, e.g., 0-4-7 more often than 0-1-7 or 0-2-7.
The same argument concerns the two-step with 2-points path, too, as well as the paths 7) - 15). We
can clarify the picture by classifying the paths in a new way, i.e., by summing up the classes 1), 2),
and 4) to one class A, the classes 3), 5), and 6) to the class B, as well as classes 7)...15) to the new
class C. We can say that the results handled in this way are smoothed for symmetry. The
information in Table 3.14 is represented in this new form in Table 3.15.

Table 3.15. Path types in the first game, empirical and simulated results, smoothed for symmetry

Path types

A B C )y
Empirical relative frequencies 04 75 21 1
Simulated ” .09 57 .34 1

Path types: A = paths 1,2, and 4; B = paths 3,5, and 6; C = paths 7 - 15

Looking the path types in Table 3.15 we shall notice that there are somewhat less paths of type B in
the simulated estimate than in empirical data.

In examination of the path transitions, we shall use 5 classes of paths for not loosing too much
information: type A, paths 3, 5, and 6, and type C. In addition, we shall make the correction for the
lack of cases transition by adding 40 cases to the diagonal values, because we assume that the
lacking cases are all transitions from path to the same path (stable cases). In the diagonal of the
transition matrix (computed from the Table 3.16 in Rainio, 1986, p. 186) there are altogether 74
cases. Adding 40 cases means that every diagonal value needs to be multiplied by 1+40/74 = 1.54.
This correction for comparison is shown in Table 3.16.A. After that, the relative frequencies are
computed (B) and smoothed for symmetry, as shown in Table 3.16.D.

68



Table 3.16. Path transitions, empirical and simulated

A) Transitions, empirical frequencies and the corrections for comparison:

A 3 5 6 C 2
A 341 5 2 1 5 17
3 5 29+15 8 14 2 73
5 3 8 22+12 10 2 57
6 4 14 16 15+8 3 60
c 3 6 6 3 11+4 33

B) Transitions, empirical relative frequencies:
A 3 5 6 C

235 .294 118 .059 .294

068 .603 .110 .192 .027

.053 .140 .596 .175 .035

067 .233 .267 .383 .050

.090 .182 .182 .090 .455

AW W
»—A»—A»—a»—A»—AM

C) Transitions, simulated relative frequencies:
A 3 5 6 C

28 .12 21 18 .21

A2 .51 13 .09 .15

A3 13 48 .12 .14

09 07 11 .62 .12

A7 .16 20 .19 27

A W»n W
’_"_"_"_"_‘M

D) Transitions, empirical frequencies smoothed for symmetry, compared with simulated results:

A 3 5 6 C z
A
Empirical .23 .16 .16 .16 .29 1
Simulated .28 .17 .17 .17 .21 1
3
Empirical .07 .53 .21 .21 .03
Simulated .12 .54 .11 .11 .13 1
5
Empirical .05 .21 .53 .21 .04
Simulated .12 .11 .54 .11 .13 1
6
Empirical .07 .21 .21 .53 .06
Simulated .12 .11 .11 .54 .13 1
C
Empirical .09 .15 .15 .15 .46 1
Simulated .17 .18 .18 .18 .27 1
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The comparison between the empirical and simulated path transitions shows that the distributions
are quite similar, in main features. There are, however, empirically more transitions from a B-type
path to another than produced in simulation. Maybe some small change of parameter values in the
simulation is needed — or there might be a psychological phenomenon which is not taken into
account in our model, e.g., a ‘higher order’ cognitive tendency to examine whether all the 2-point
states are exchangeable.

One of the main characteristics of the process is its stability, measured by the path stability, as
presented in Table 3.17. Although the comparison between the rows B and D shows some
differences, the simulated results fit quite well in this measure of the empirical data.

We define the total path stability the ratio: sum of all diagonal frequencies / sum of all
transitions. The empirical total path stability is, thus, = 114/258 = .44. Correspondingly, the total
path stability by the simulated groups is equal to .373.

Table 3.17. Path stability. Empirical and simulated measures

Diagonal relative frequencies of the path transition matrix:

1) 2) 3) 4) 5) 6) 7) 8) 9) 10) 11) 12) 13) 14) 15)

-7 27 37 47 57 67 1-3-7 1-5-7 1-6-7 2-3-7 2-5-7 2-6-7 4-3-7 4-5-7 4-6-7
A) Empirical relative frequencies (corrected for comparison):

27 20 60 33 60 38 27 O 33 0 .60 0 0 0 .38
B) Path stability, smoothed for symmetry (empirical):

270027 .53 27 .53 .53 17 17 17 17 17 17 17 17 17
C) Simulated relative frequencies:

28 21 51 15 48 62 0 33 .07 .04 04 18 09 22 .14
D) Simulated, smoothed for symmetry:

21 21 540 21 54 540 120 120 12 12 12 12 12 12 .12

3.4.2. Unhomogeneous groups. Parameter values and results

The simulation with homogeneous groups, where the learning parameters of the subjects were
equal, fitted well in the empirical data although we can hardly belief that in each group the real
subjects were psychologically equals. We could well start with more natural ‘stat-groups’, the
individuals owing different parameter values. The problem is, however, how they differ. Should the
characteristics correlate or not and how big the differences should be. To examine all the
possibilities is an unlimited task. We shall make, however, one trial to throw some light on the
question, how much the process of unhomogeneous group differs from homogeneous. In this
example the means of the three values in each parameter are same as in the case of the
homogeneous groups.

The parameter values differing from those used in the case of homogeneous groups
are presented in Table 3.18.
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Table 3.18. Parameter values for GM simulation. Unhomogeneous groups
(Only those parameter values which differ from the data in Table 3.10 are given in the list.)

0,.7,.7, .8,0,.8, .9,.9,0: SubmProb
.3,.25,.20: DomProb

.25,.2,.15: ChangeProb

.25,.2,.15: aTrErr learning coeffic.
.7,.8,.9: bCognS coeffic
.08,.1,.12: aSubm coeffic.
.04,.05,.06: aDom coeffic.
.04,.05,.06: aChange coeff.

A simulation of 200 unhomogeneous ‘stat-groups’ was made and the results are shown in Table
3.19 - 3.22 and in Figure 3.7.

Table 3.19. Failures, empirical and simulated, unhomogeneous groups
Failures/game, means:

Empirical 40 1.7 1.1 51 42 .16
Simulated 3.97 2.01 1.00 45 .31 .29

The goodness-of-fit concerning the failures is very high also in this case. The results differ not
essentially either from those produced by the simulation of homogeneous groups.

Fig. 3.7. Failures, empirical and simulated, unhomogeneous groups
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The figure 3.7 is very illustrative in the matter of goodness.-of-fit.
Four communication measures are given in Table 3.20.

Table 3.20. Messages and suggestions, empirical and simulated, homogeneous and unhomogeneous
groups

Messages/game, means:

Empirical 24.1 144 13.0 9.7 10.3 8.6
Simulated

homogen. gr. 25.1 16.8 12.7 11.1 9.5 9.2
unhomog. gr. 252 173 129 104 9.5 8.6

Dominance suggestions/trial, means:

Empirical 80 95 98 .99 .80 .77
Simulated

homogen. gr. 76 .85 .85 90 .94 97
unhomog. gr. J8 86 90 91 94 1.0

Change suggestions/message, means:

Empirical A8 13 13 11 .10 .10
Simulated

homogen. gr. A3 .14 14 12 12 .10
unhomog. gr. A2 .14 14 12 13 .11

Submissive behavior/game, means:

Simulated

homogen. gr. 5.33 3.85 3.12 2.29 2.14 2.19
unhomog. gr 53 40 32 24 22 22
(Empirical, not possible to compute.)

The results in two simulations in Table 3.20 do not differ essentially from each other.

Table 3.21. Path types in the first game, empirical and simulated results, smoothed for symmetry

Path types

A B C )
Empirical relative frequencies 04 .75 .21 1
Simulated, unhomogeneous gr. .08 .60 .32 1

Path types: A = paths 1,2, and 4; B = paths 3,5, and 6; C = paths 7 - 15
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In Table 3.21, where the path types in the first game are shown, the simulated values are slightly
nearer to the empirical ones than in the case of homogeneous stat-groups. In Table 3.22, the path
stability measures are shown and the empirical and simulated values compared in the smoothed
form.

Table 3.22. Path stability. Empirical and simulated measures

Diagonal relative frequencies of the path transition matrix:

1) 2) 3) 4) 5) 6) 7) 8) 9) 10) 11) 12) 13) 14) 15)

-7 2-7 37 47 57 67 1-3-7 1-5-7 1-6-7 2-3-7 2-5-7 2-6-7 4-3-7 4-5-7 4-6-7
A) Simulated frequencies (unhomogeneous groups):

13 2 96 12 101 141 2 4 1 1 3 8 4 5 9
)y 45 24 192 55 214 248 13 27 30 17 20 27 29 28 31
Rel.fr..29 08 50 22 47 57 15 15 .03 .06 .15 30 .14 .18 .29
B) Simulated, smoothed for symmetry:

20 20 51 20 51 51 16 16 16 16 16 .16 .16 .16 .16

A) Path stability, smoothed for symmetry (empirical):
27 .27 .53 27 .53 .53 17 17 17 17 17 17 17 17 17

The Table 3.22 shows that the path stability measures produced by simulation the unhomogeneous
groups fit well in the empirical data, still little bit better than in the case of simulating the
homogeneous groups.

Summarizing, we have to notice that both simulations reported above are fitted well in the empirical
data — surprisingly well, I should say, if we take into account that we have been dealing with a
pioneering work on the totally unknown scientific area. To compute statistical significance tests
new empirical material is needed, however. Anyway it should be very satisfying to see that our
conceptual framework and the main theoretical assumptions are applicable and that mathematical
models with good estimation power can be derived from the theory.

3.4.3. Fictive groups. Parameter variations

The mathematical theory has a fascinating characteristics: it allows to examine fictive examples, in
our case the cognition and behavior by groups which never existed and never can! We may only
change some parameter values radically in our model. It is very tempting to do this to absurdity —
particularly because there is no possibility to compare the theoretical estimates with empirical data.

We shall resist the temptation and take only few examples.

It may be interesting to know how the extreme cases look like, i.e., the group problem-solving
by subjects with 0O-values of learning coefficients as well as by subjects of learning coefficients
equaling 1.

The both cases has been simulated (in the first case the field effect also being 0) and the
results are shown in Tables 3.23 - 3.24.
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Table 3.23. Failures. Fictive groups A and B
Group A: All learning coefficients 0 and field effect 0.
Group B: All learning coefficient 1and field effect 0.

Game
1 2 3 4 5 6
Group A 7.26 5.89 6.68 6.18 5.76 6.70
GroupB 3.11 0 0 0 0 0
Empirical 4.0 1.7 1.1 51 .42 .16

As it was easily guessed, the failures are not decreased at all in the group A, because no learning
could occur. In contrast to that, there are in the group B only few failures in the beginning but no
ones later.

In Table 3.24, there are presented the stability of path transitions by the groups A and B,
compared with the empirical data. The diagonals of the transition matrices are shown and the total
path stability value given. (Total path stability = all diagonal frequencies / all transitions in the
transition frequency matrix.)

Table 3.24. Path stability, groups A and B.
Groups A and B as in Table 3.23.

Diagonal relative frequencies of the path transition matrix:

1) 2) 3) 4) 5) 6) 7) 8) 9) 10) 11) 12) 13) 14) 15)

-7 27 37 47 57 67 1-3-7 1-5-7 1-6-7 2-3-7 2-5-7 2-6-7 4-3-7 4-5-7 4-6-7
A) Path stability, group A:

03 03 15 04 19 23 0 02 04 03 .02 06 .09 0 .03
B) Path stability, group B:

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
C) Path stability, smoothed for symmetry (empirical):

27 .27 .53 .27 .53 .53 17 17 17 17 17 17 17 17 17

Total path stability: ~ Group A: 0.12
Group B: 1
Homog.: 0.37
Unhomog.: 0.37
Empirical: 0.44

It should be noted that the path stability is very low in group A but complete in Group B. Group B
cannot find any alternative solution to the problem.

It is clear that the ”groups” A and B do not represent human groups at all. Both are artificial:
A is an indeterministic, stochastic automata, B is a deterministic one. It is interesting to notice how
the maximum ”speed of learning” (coefficients equaling to 1) makes the system inhuman — if we
look as inhuman the absolute inability to find more alternatives than one. In other words: in our
theoretical model the deterministic process is seen as one of the special forms of behavior, an
extreme case.
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As examples for the use for estimation by our simulation model, results are produced for three type
of groups, where the characteristics of the ’leader” and the “followers” are varied:
The data used in the simulation of the three group types are in Table 3.25.

Table 3.25. Leadership simulation. Data

Group A: A clever” leader and two “stupid” but “submissive” followers.
Group B: A clever” leader and two ”’stupid” and ”stubborn” followers.
Group C: A ”stupid” leader and two normal followers.

Data for all groups:
Leader Followers

Probability of sending dominance suggestions: 95 0 0
Probability of sending change suggestions: .95 0 0
Learning coeffic. of submissiveness 0 0 0
Learning coeffic. of sending domin. sugg. 0 0 0
Learning coeffic. of sending change sugg. 0 0 0
Data differing:
Probability of showing submissiveness
Group A: A .
Group B: A ||
Group C: A
Learning coefficient, trial and error:
Group A: 9 0 0
Group B: 9 0 0
Group C: A 4 4
Learning coefficient, cognitive success:
Group A: 9 A 1
Group B: 9 A 1
Group C: A 8

All other data, not shown in Table 3.25, are the same as in the standard version of the simulation
program (used in Chapter 3.4.1). In each group type 100 processes were simulated. The results are
collected to the Table 3.26.
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Table 3.26. Leadership simulation. Results

Game
1 2 3 4 5 6

Failures:

A 3.7 1.0 44 31 36 .30

B 41 12 .74 44 40 .28

C 38 2.1 14 .67 .63 .49
Messages:

A 24 13 11 10 10 10

B 27 15 13 12 11 10

C 27 20 16 12 11 11
Submissive behavior:

A 86 45 39 35 32 32

B 1.3 09 07 07 0.6 05

C 82 63 48 39 37 34
Dominance suggestions/trial:

A 1.1 1.1 1.2 1.1 09 1.0

B 1.1 1.1 1.0 1.2 1.0 09

C 10 1.1 1.0 1.1 12 1.0
Change suggestions/message:

A A7 18 .17 .16 .16 .15

B 20 23 22 21 22 21

C A2 13 13 12 11 .12

There are differences between the group types, but not so radical as maybe waited for the big
differences in the data. Because the “cleverness” means only the good ability to memorize, the
effect of it comes not out in the first game, but later: there are seemingly less failures in the games 2
- 6 by the group type A and B than in C. In addition, the “’stubbornness” of the followers increases
slightly the amount of failures in the beginning of the process.

Note: In the Group Maze experiment the leaders send the first message significantly more
often than the followers (see Vuokko, 1964, and Riita, 1966, and also Rainio, 1972, p. 44). This has
not been taken into account in the simulation above. (It could be easily done if with some changes
are made in the program.)

3.5. The problem of the roundabout route

A problem of the roundabout route arises when the subject needs to give up something already
reached for proceeding on the route toward a goal.

Kurt Lewin has analyzed the problem using a bird, a canary, in a cage as an example (Lewin,
1938, pp. 65 - 68):

”A canary P is in a cage E with the wire wall B (Fig. 3.8.A). A person G is beckoning to it.
The canary is accustomed to fly to his shoulder. The door R of the cage is open. Nevertheless, this
canary will come out only if the person stands at the position 2 or some other place physically not
too much opposed to the direction to the door R.”
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”What are the psychological directions for the canary P if the person G stands physically
opposite to the door in region C?”

In the case the door R were closed, the region B blocks totally the locomotion out from E.

”Even if the door R were physically open, the situation would not be different psychologically
as long as the fact that R is open is not present cognitively for the animal at that time,” Lewin
writes.
”The direction to the door R has for the animal not the character toward but away from its goal G.
In the constellation of Fig. 3.8.A we could even say that both directions are opposite.”

Fig. 3.8. A canary in a cage. Kurt Lewin’s example
(Lewin, 1938, p. 68)

P = canary; B = wall of cage; R = open door; G = goal

As long as this situation holds, the canary will not fly to the door to reach the goal.

”The animal will find the solution only if the cognitive structure of the field changes so that
dar =dag” (the direction from A to R, the door, becomes same as the direction from A to the goal,
G). This requires a certain restructuring. The cognitive structure of the situation has to change into
that given in Fig. 3.8.B. ”In this case the regions A and C are no longer separated by the Region B,
but A and C become part of one connected region. The distinguished path from A to G will not be

Lewin’s semiformal way to describe the situation is very illustrative, indeed. (Lewin mixes
cognitive and physical features in the same picture. This makes the description ’pittoresque” but
unfortunately theoretically diffuse.) It might be, thus, interesting to see how the same problem
would be described in terms of our theory. This is done in Figures 3.9 and 3.10.

There are two ways to approach the problem:

1) We may assume that the Life Space is changed at moment after moment (Fig. 3.9.) as if the
canary was building her cognitive map again and again.

2) We may assume that there begins to exist an enlarged Life Space including now also the
means states, when the bird has formed an insight of the situation.

The first alternative represents seemingly the more primitive cognition, which we know to be
typical for instinctive behavior, as well as trial and error learning.
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Considering the cognitive trials, we shall see the following (Fig. 3.10.A):

When no roundabout route has been found, there will be lot of cognitive trials as well as real
trials followed them from A to the goal G. They fail, because the success probability of real trials is
assumed to be 0. The cognitive trial probability toward G decreases according to the punishment.
Thus, the bird makes less and less trials toward G but stays in A. (This does not mean that the bird
would not move. There may be lot of “’restless movement” inside the cage, but it is not relevant for
us. In our analysis we can well think that all that kind of locomotion is inside the state A.)

When the door is found and the bird has — occasionally — flied to G, it is possible that the
reconstruction of the Life Space occurs, which we interpret as an insight of the situation. (What
makes the reconstruction ”possible” and when it happens, that is merely a philosophical question.
Some assumptions can be set, concerning the time point of the reconstruction, e.g., defining a
particular stochastic variable, the value of which increases as a function of time, but without any
experimental data it would be merely guessing.)

Fig. 3.9. Canary example. Changes of Life Space
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Fig. 3.10. Canary example. Life Space restructuring
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Fields and potencies of fields:

FO={A,G}  PoF,=0 FO= {A,R,H,G} PoF,=0
F1 = {G} PoF, =1 F1={R,HG} PoF, >0
F2={HG}  PoF, >0
F3 = {G} PoF; > 0

In the case of Group Maze, the roundabout route problem means such a task where it is necessary to
go from 2-point state to 1-point state for succeeding to reach the goal, 3-point situation. One of this
type of tasks is presented in Table 3.27 and called Task 2. There are, thus, 9 possible paths leading
to the goal, as shown in the table also.

Table 3.27. Roundabout route. Task 2 in matrix form
Probabilities of the success of real trials ( = task)
State
0 1 2 3 4 5 6 7
State:

N R W~ O

coocococ o —
e e Y S = S
R N e e N W
cooco—~o O —
= Y SN R ==
co—~ocoococ o~
oO—ocoooco O~
— OO, O = =0

3

0
The possible paths:

1 2 3 4 5 6 7 8 9
3-1-7 3-2-7 3-4-7 5-1-7 5-2-7 5-4-7 6-1-7 6-2-7 6-4-7
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Is this kind of roundabout route problem solvable by the group with the exactly same characteristics
we assumed in our simulation. We shall test it simply by changing the task according to matrix in
Table 3.27. (The program needs to be changed in that block which numbers the paths and computes
the path frequencies and the transitions of paths. This is presented in Appendix 6 in details.)

The problem turns out to be solvable — and not even very “difficult”. Naturally more failures
are waited now, and this comes out in the results presented in Table 3.28. In the simulation A, there
were 200 groups simulated, data being the same as in the case of simulated homogeneous group in
Chapter 3.4.1 (the standard version). In the simulation B, the field effect was complete, i.e., setting
the change coefficients of the field effect equaling 0, it was kept during the whole process equal to
1. - 100 cases were simulated.

Table 3.28. Roundabout route task. Failures

Game
1 2 3 4 5 6
Simulation A:  6.14 2.85 1.64 1.11 .69 .52
Simulation B:  4.90 3.22 2.26 1.87 1.39 1.05

Information of the paths and path stability is given in Table 3.29.

Table 3.29. Roundabout route task. Paths and their stability

Paths, relative frequencies in the first game
1 2 3 4 5 6 7 8 9
3-1-7 3-2-7 3-4-7 5-1-7 5-2-7 5-4-7 6-1-7 6-2-7 6-4-7
Simul. A: 125 11 JA15 .10 13 .09 13 085 .115
Simul. B: 09 09 19 06 .16 .07 .17 .07 .10

Path transitions, relative frequencies, diagonal:
Simul. A: S8 62 63 63 59 57 48 53 .65
Simul. B: A8 .11 25 18 27 .08 20 .08 .10

Total path stability: ~ A:  .587 B: .176

It was simply quite wrong to simulate the cognition and the behavior in Task 2 with the exactly
same program model and with the same data as in Task 1. This concerns particularly the assumption
of the structure of the Actual Life Space. Following Lewin’s thinking about the restructuring the
Life Space, we seemingly have to abandon the assumption of the continuously stable field structure
of the LS. (Actually, we have already abandoned it in assuming the frustration effect.)

We based our assumption of the structure of the LS on the fact that the subjects were
instructed to take into account the point rewards in the play. This was supposed to mean that the
field of the goal state (3 points) had a very high potency, the field of two-points state (+goal) the
second highest potency etc.

How has the roundabout route task to be changed so that it should correspond to the
psychological situation?

It is reasonable to think that, once the subject has found the route (once or more times) he
may recognize that the one-point states are the means to reach the goal, i.e., he may see the sense of
those states as the means. If this is a case, the 1-point states form an instrumental field, beginning to
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exist in the Actual Life Space as soon as the sense, idea, of the means character of these states has
been detected during the play. (A possible alternative would be that, e.g., only one of the 1-point
states is seen as the means. We do not, however, handle all cases here.)

Practically, in programming, we make the following simplified assumption:

We suppose that the first game is enough to the subjects to get the idea of the mean character
of the 1-point states. When the group comes in the second game to a 2-point state (s3, ss, or s¢) the
actual LS is changed in such a way that the fields and their potencies are now as follows:

Fo = {so, .... , 87}, i.e., all the states, and PoF, = 0;

Fy = {s1, s2, 84}, i.e., all the 1-point states, and PoF; = 1.

These fields produce the vectors of the cognitive trial probabilities as:

So S1 S> S3 S4 S5 Se S7

so O 333 333 0 334 0 0 0

Ss as above
S6 as above

We assume that this change of the actual LS is occasional: in the other states than sl, s,, and s4 the
original actual LS is restored.

When this change, described above, is made to the program, a simulation (with continuos
field effect 1) gives the failure results shown in Table 3.30.

Table 3.30. Roundabout route task. Simulation with an instrumental field. Failures
Game
1 2 3 4 5 6
499 140 1.11 .82 .83 .67

(Total path stability = .156)

One can see that the solution is obviously improved. This is easy to understand, because we have
actually forced the group to choose some 1-point state after it has reached a 2-point state.

We do not have any experimental results produced using Group Maze with Task 2. Therefore
the further analysis would be more or less speculation.

The assumption of the change of the Actual Life Space during the play is so radical that it
leads us to a general discussion about our Group Maze model.
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3.6. Discussion
3.6.1. Changes of the Actual Life Space

In creating our model for Group Maze process, we separated two Life Spaces from each other:
LS1: Fo = {so, ... ,s7} and PoFy=0
F; = {si, ..., s7} and PoF, = .07
F, = {s3, ss, s¢, 7} and PoF, =.23
Fs= {s7} and PoF; = .70

LS2: F() = {So, ey S7} and POF() =1

We assumed that the first one of these Life Spaces was the actual one in the very beginning of the
play (as a consequence of the instruction).

When the first trial toward the goal s; failed, a radical change of the Actual Life Space was
assumed. It was a mixture by 5% of the LS1 and 95% by the LS2 and, thus, could be described
using the potencies:

PoFy=.9500, PoF; = .0035, PoF, = .0115, and PoF5 = .0350

When the field effect was then slightly changed after each real trial, we could say that the
Actual Life Space was changed during the play. Thus, the change of the LS in the beginning of the
second game in the roundabout route task was not anything new, in principle. What was new was
its ad hoc character (the change was based neither upon the instruction nor upon the laws of
learning).

After this analysis we can look the trial and error cognition from another perspective. Suppose
that there exists the Actual Life Space LS2, i.e., the field F only, including all the states and having
the potency equal to 1. Suppose further that the subject, staying, e.g., in s, has learned to choose s3
with a rather high probability, say .90. We can handle this situation also in such a way that we
assume the Actual LS to change occasionally so that there exist two fields with potencies as
follows:

Fo= {so, ..., s7} and PoFy=.114

F; = {s3} and PoF, = .886

(The probability of the cognitive trial from s; to s3 is, thus, = .114 - 1/8 + .886-1 = .9 as
above.)

Note: In assuming these two fields only, we have actually made also the assumption that the
other cognitive trial probabilities equal to each other. If the probability of one alternative is very
high, this is approximately true, indeed.

In trial and error process, when the subject who has, e.g., reached s; makes his new choice s7,
we may well think that the Actual LS changes again. If the cognitive trial probability from s3 to s;
is, say, .94, the new fields and their potencies must be now:

Fo = {so, ... , 87} and PoF, = .07

F, = {s7} and PoF; =.93

To generalize, we can say that it is typical for the cognition produced by trial and error
learning that the whole Life Space changes successively after each trial. The learning by insight, in
contrast, is understood, according to our theory, as forming a relatively stable Life Space which can
be continuously held as a guidance to the goal — and changed only exceptionally. This is in
accordance to the well-known phenomena in developmental psychology: the primitive psyche is
like closed in a capsule which is thrown from situation to another. (See, e.g., Heinz Werner’s
Comparative Psychology of Mental Development.)
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This vision might be a useful hypothesis for studies where, e.g., children and adults may be
compared in Group Maze experiment.

3.6.2. Simplifications made in building the model for Group Maze simulation

A model applied to a certain process is always somehow simplified, if it is compared to the
theoretical framework as a whole. Something is seen relevant and taken into account, something
irrelevant and left out. In addition to that, some very little variating features of the process are
described by constants, although in some other context the use of variables should be more relevant.
— Some simplifications may lead to fatal errors, particularly in those cases where a model formed
for one process is applied to another without analyzing whether the simplifications are in the new
case relevant or not. Therefore it is necessary to make the simplifications used as explicit as
possible.

We have made several simplifications in building the model for Group Maze. Some of them
need to be mentioned here:

1) The cognitive map was assumed to be the same for every individual and correspond to the
structure of the real game in every detail, i.e., the probability Pr[RCCor(i,S,,S.,t)] = 1, where S;
indicates the real state in the game and S, the cognitive map, including that the cognitive starting
state of trials corresponds exactly to the actual real state in the game.

Although we can think that there may appear some absentminded or demential persons among
the subjects, who totally forget the situation, this simplification seems not to be fatal in the case of
normal people — as those in our experiment.

The cognitive map was assumed to be complete, i.e., all the time al/l combinations of moves
exist cognitively. This needs not to be the case always: we may well imagine individuals who, e.g.,
concern to their own choice between upper and lower row, only, not taking notice of any moves of
the other players. There are, however, no clear signs of this in our results, but this is a phenomenon
which seems really worthy to be examined carefully.

2) The theoretical concept of action threshold was not taken into account, i.e., we have put it
equal to 1. There seems to be no reason to abandon this simplification. (Maybe this concept is not
needed even in the theoretical framework itself. On the other hand, it seems, intuitively, very
natural that the human beings may differ just in their decision-making characteristics. Thus the
action threshold would be important, because it is the measure of its speed.)

3) Always, when we use the exact value 1 for some probability, we make, in principle, a
simplification. Sometimes the value of probability may be, practically, so near 1 that this
simplification is justified. So seems to be the case when we have used 1 as the beginning values of
the probabilities of the success of the cognitive trials.

4) The programming practice forces us sometimes to use a technical variable which may be
interpreted theoretically important, too. This was the case when we needed in our program a
limiting number of cognitive trials one subject get make before the turn of the others (Ntrials in the
program). This is mainly a technical problem. Actually the subjects seem to think, to make their
cognitive trials, simultaneously, but this is impossible to carry through technically in our program.
Both letting a subject to continue very long time his cognitive trials and cutting the process shortly,
are unrealistic. But what would be the “right” value of Ntrials from the theoretical point of view
that is a complicated problem. Any simplification we are forced to do is questionable.

Perhaps, instead of assuming the Ntrials constant ( = 10), we could let it vary around some
mean value, but because we do not have any idea of the amount of this variation, this would be only
a ’cosmetic” change.

5) A very general way to simplify the model is to handle probabilities unconditional instead
of taking their conditionality into account. One example of this is the assumption of dominance
suggestion probabilities in our model. We apply to them the learning process, but otherwise we
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handle them as unconditional. During the game process, there might well exist a kind of saturation
process which decreases these probabilities. Thus, the dominance suggestion probabilities need
perhaps to be taken as conditional, the duration of the game being the condition.

The simplification we have made concerning the dominance suggestion probabilities seems
not to lead to any big errors in simulation.

Naturally, the important assumption that the subjects commit themselves to the problem situation
following the rules of it, is a rough simplification per se. It may be surprising to notice that,
actually, this commitment occurs so regularly. Otherwise we could hardly find any invariances to
study experimentally.

3.6.3. Further studies on Group Maze

The Group Maze can be varied in many ways to study different aspects of cognition in group
problem-solving: the size of the group and its communication network may be modified in
numerous ways, a large number of different tasks can be studied, the interacting group can be
varied for special purposes by choosing the members systematically, modifying the Instructions,
etc. Some of these possibilities are discussed below. (A more detailed description about the
variations of Group Maze experiment is represented in Rainio, 1972, pp. 47 - 54.)

1) Varying the size of the group:

Group Maze can be run for groups of two or four, as well as three. A five-person group would
probably be difficult, because the graph of the group task would include at least 32 points
(vertices).

2) Content of communication:

In the standard form of the Group Maze, the number of messages 