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A COMPUTER SIMUIATION OF SHAPING AND "MEF"
RELATIONS IN A FUNCTIONAL APPROACH

TO SYNTACTIC VERBAL BEHAVIOR
ABSTRACT

The purpose of this study was to develop and simulate an
axiomatic system based on a structural/functional approach to language
interaction in communication. Though communication is often defined
as process, few approaches have dealt adequately with the systematic
relation of constructs over time. Thus, the rationale for the study
is based upon a review of basic structural and functional concerns in
language behavior, the need for a combination of both, theoretical
bases which may aid in the construction of such an approach, and a set
of pre-theoretic assumptions which provide guidelines for a rigorous
development of an axiomatic system.

The axiomatic system proceeds from a set of primitives to a
series of definitions, axioms, and theorems. The four basic relations
which emerge in the system concern the language interaction of persons
over time. These relations include: (1) shaping (Sha) toward simi-
larity, (2) mutual effect (Mef) toward similarity, (3) counter-shaping
(CSha) toward dissimilarity, and (4) counter-mutual-effect (CMef)

toward dissimilarity.
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Based upon the axiomatic system, a mathematical model was
derived, and a simulation program was written to test the internal
validity and logic of the system. The justification for such a proce-
dure was based, in part, on the need for further clarification and
development of the system. As a result of the simulation, (1) two
axioms were falsified, and substitutions were found; (2) twelve addi-
tional axioms and/or theorems were developed; (3) due to the existence
of unique cases, two additional definitions of relations were devel-
oped including shape-counter-shape (ShaCSha) and mutual effect-counter-
mutual effect (MefCMef); (4) a method for describing combinations of
individuals within n-member groups was established.

Suggestions are made for further development of the logical
structure of the axiomatic system, and guidelines are proposed for
(1) the empirical validation of the structure, (2) the relation of the
structure to other variables and constructs, and (3) the impact of the

approach on the broader context of social and cultural systems.
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~ INTRODUCTION

That communication entails both process and interaction seems
to be generally accepted by researchers in the field, dne has but to
look at most fundamentals textbooks (Giffin and Patton, 1971; Scheidel,
1272; Wenburg and Wilmot, 1973; and Burgoon, 1974) to find definitions
of communication as process, interaction, transaction, or some combi-
nation of these. Yet despite a growing emphasis on communication as
process, the concept seems ;o remain elusive, After turning past the
introductory chapters of most communication texts, one still finds the
doubtful dichotomy between source and receiver variables and a general
lack of conceptual relations of variables as they interact over time.

The major thrust of this research work revolves around the
question of how communication behaviors of participants in social
interaction effect and are mutually effected by those of others. The
purpose is twofold: (1) to develop a formal axiomatic system of lan-
guage interaction on which a more complete theoretical system may be
built, and (2) to extract a mathematical model from the axiomatic
system and simulate language behavior within different communication
settings. The need for a structural/functional approach to language
behavior is presente& in Chapter I. This rationale includes a review
of relevant theoretical bases and research, and a set of ﬁre-theoretic
assumptions on which a structural/functional theory may be built. A

viii



formal axiomatic system of interactive language behavior is presented
in Chapter II, Bgsed upon this system, a mathematical‘model, steps in
the simulation, and execution of the simulation are presented in
Chapter III. Chapter IV is devoted to the results of this simulation,
and Chapter V includes a discussion of these results together with
conclusions and speculations about the future of research in this type

of system.



A COMPUTER SIMULATION OF SHAPING AND 'MEF"
RELATIONS IN A FUNCTIONAL APPROACH

TO SYNTACTIC VERBAL BEHAVIOR
CHAPTER I
RATIONALE AND THEORETICAL APPROACHES

That language forms the basis of communication exchange seems
apparent. That it is one of the most difficult communication vari-
ables to pursue empirically also seems evident. As Cherry (1966)
states:

Language makes a hard mistress and we are all her

slaves. It is difficult to exaggerate the influence

which she exerts upon our lives, yet she is aloof and

mysterious. Anyone who would consort with her, to

study and understand her, leaves himself open to a

severe discipline and much disappointment (p. 77).

Perhaps because of this difficulty, it has not been until recent times
that communication researchers have pursued with any vigor language
encodings as they relate to the interactive nature of communication.
As both Lashbrook (1974) and Cummings (1974b) have indicated, it may
indeed be such message variables that lead to the evolution of a dis-
tinct field of "Communication' based upon information exchange. One
has but to look at most research in message factors (See McGuire's

1969 review for example) to see that the emphasis has not been the

interaction of persons through language, but rather such variables as
1
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fear appeals, style, and order effects, Though these variables may
have their importance, it would seem that they have more or less run
their course, and their contribution to our understanding of the inter-
active nature of communication seems to remain at best doubtful.

What then is the role of language as a message variable in the'
study of human communication? If, indeed, communication is to be
viewed as both process and interaction, then it would seem that the
previously mentioned treatment of messages as independent variables
and primarily source oriented may need to be replaced with a theoreti-
cal approach which treats participants as both sources and receivers
whose behaviors are mutually interdependent. Since language plays
such a central role in this concept, then as Cummings (1974c) further
indicates in his plea for a more social interactive approach to com-
munication, '"we must be concerned with interdependent language

behaviors (p. 14)."

Structure and Function

The quest for an approach to language behavior which is
fitting for the interactive nature of communication leads the re-
searcher to a variety of theoretical frameworks. Cherry's reference
to the mysterious and often elusive nature of language becomes exceed-
ingly clear. One seems to be immediately confronted with issues such
as competence versus performance, mentalism versus behaviorism, natural
versus artificial language schemes, and usually the problem of
"meaning". Perhaps a more useful typology of theoretical app:oaches is

offered by Catania (1973). He argues that many of the controversies
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mentioned above rest in what seems to be a lack of understanding of
structure and function. Using an analogy with biology, Catania further
argues that structure may be compared to a science of anatomy or mor-
phology and function to a science of physiology. The questions of
structure thus become ones concerned with the components of a specific
concept, questions of '"what', and primarily phenomenological concerns.
Questions of function are then concerned with problems of ''why'" or
"how'", and primarily teleological issues.*

A central point in Catania's argument is that both of these
approaches are necessary to a ''complete'" science of human behavior.
Likewise, it can be argued that an understanding of commuﬁication as
both process and interaction may necessitate not only a specification
of the components of the phenomena but also the functional relations
of these components over time,

Another central argument.of Catania's discourse is that most
researchers in soéial science have tended to confuse structuralism
with mentalism, or cognitive concerns and functionalism with behavior-
ism. As Catania indicates;

a major argument of (?the author'si? account is that

psychological controversy has often originated because

the dichotomy between structure and function has been

confused with that between mentalism and behaviorism

.(p. 435).

Indeed, theorists with structural concerns include both mentalists

*The reader should consult Rudner (1966) for a discussion of
functionalism, teleological issues, and the inextricable relation be-
tween time and a precise functional approach. Problems associated
with some approaches which have taken a functional orientation are dis-
cussed in the section on theoretical bases.
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such as Chomsky (1957, 1965) who deal with syntactic structures of the
mind, and behavioral learning theorists such as Staats (1968) who are
concerned with behavioral structures through classical or other condi-
tioning and associations of stimull with responses.

The commonality which both of these otherwise disparate
approaches have is that they deal with structures of language pri-
marily in an individual with little emphasis on the interaction of these
structures with other structures over time. Indeed, it can be argued
that few, if any, of the theories of languége Behavior currently
available deal sufficiently with the interaction of behavioral or
mental structures in sufficienély precise sense (See again Rudner,
1966).

Both mentalists or cognitive theorists and behaviorists may
be so concerned with the differences between thgir basic assumptions
about the nature of man that they fail to realize that the proper
domains of their research may lie in dealing with those questions,
whether structural or functiomal, appropriate to both. Cognitive and
mentalistic theorists seem to have been somewhat more successful with
explanation of phenomena than behaviorists. To the extent structures
of the mind are important, the concepps of language acquisition
devices, corpus of speech, meaning, and transformational rules, seem
to offer at least plausible explanations of language. However, the
lack of empirical validation of such mentalistic structures leaves
these approaches with little predictive powers and perhaps less to
say about the functional relations of language structures in communi~

cation interaction (See Cummings, 1974b; Cummings and Renshaw, 1975).
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In a similar manner, learning theorists have been somewhat more suc-
cessful in prediction of behavior than cognitive theorists, yet they
too can be criticized for a lack of ability to adequately deal with in-
teractions of behavior. As Cummings (1974c) indicates;
A learning theory approach to language behavior

(and perhaps any behavior) requires a model which

will both explain acquisition of language and the

"relearning' of language in human social settings.

Any learning theory which analyzes either CS-UCS

association, response selection (free operant con-

ditioning), or stimulus selection (discrimination

learning) is inadequate (p. 12).

Thus learning theories which rely primarily on a passive organism and
its acquisition of certain behaviors through conditioning may not pro-
vide an adequate basis for an interaction of language behaviors in
communication. Indeed, Skinner's (1953) concept of the "lump of clay"
being passively shaped and molded may need to be replaced by a concept
which entails both shaping and the mutual effecting of the linguistic
structures of humans as they interact socially.

It can be seen from the brief analysis above that both be-
haviorists and mentalists have fallen short of contributing to an
understanding of human interaction over time within social settings.
Both to one degree or another seem to have been preoccupied with the
structures of man, whether cognitive or behavioral. Though the im-
portance of these should not be minimized, expansion of these
philosophical bases may be necessary to answer fundamental questions

concerned with the interactive nature of communication. As Catania

argues;
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Structural analyses of grammar and speech , . .

cannot tell us when a person will decide to speak,

or what he will talk about. It is precisely these

latter questions that are the concern of a functional

analysis of language (p. 436).

It is certainly not the contention of this research that
structural approaches to language be eliminated. As Mahood (1974) has
recently argued, perhaps the question of "what" is more important at
this stage of our knowledge of communication than questions of "how'.
To be sure, structural theorists in language are concerned with 'what'.
It would seem, however, that the researcher interested in communica-
tion as social interaction must be concerned with both 'what" and
"how'", concept and relation, structure and function.

The value of structures, thus, seems to lie in their ability
to predict to human interaction in social settings. A structure need
not necessarily be observable to fit this criterion. As Robinson
(1972) argues in an analogy with the electron;

Questions like "What are electrons for?" would probably

be ruled as inappropriate in the discourse of electronics.

Even if we were to allow electrons an existential rather

than a conceptual status, we would not consider answers

like "To carry negative electric charges" as good physics.

. . . they are not for anything, they just are - or we

might prefer to say that the concept of "electron" is

useful (p. 38, italics mine).

Thus, one does not reject the concept of electron simply because it
has not been observed. 1Its usefulness lies in the explanatory and pre-
dictive powers it has in the fields of physics and chemistry.

Likewise, one cannot totally reject hypothetical structures because

they are not easily observed. However, and perhaps most important,

their usefulness lies in their power both to explain and aid



prediction of language behavior.

It is the major contention of this analysis that an approach
to communication which treats that phenomena as social interaction and
process must be concerned with the functions of structures especially
as they interact over time, foward this end, many of the concepts ad-

vanced both by cognitive theorists and behaviorists may prove useful.

Theoretical Bases: Toward
Structure and Function

There are several theoretical bases which have contributed to
the development of the structural/functional system presented in
Chapter II. These include some of the basic concerns of sociolinguis-
tics, concepts of behavioral reinforcement, content analysis, and
processing notions of information theory, particularly probability and
stochastic models.

As may have been discerned in the previous section, both
sociologists and psycholinguists have to one degree or another been
concerned with structures.* However, while the major concern of
Chomsky (1968) is the analysis of structures as an end to innateness
of mental structures, the major concern of sociologists such as
Bernstein (1972) is the '"communal' or manifest social structure of
language. The general difference between these two approaches in

terms of operational and methodological concerns is summed by Cummings

%
See Cummings and Renshaw (1975) for further discussion and
contrast of these approaches.



and Renshaw:

The psychological orientation has adopted the distinction
between surface and deep structure, and the attendant
desire for two operational schema of syntactics. The
sociological orientation, however, has generally, but
not exclusively, adopted a concern for syntactics of
verbal behavior as it is used, i.e., functionalism
(Grimshaw, 1973). Both a manifest and latent syntactic
analysis, including a complete set of rules, is required
for the psychological orientation, whereas the socio-
logical orientation tends to be more concerned with mani-
fest structure (p. 4).

Thus, the sociological orientation would seem to best lend itself to a
functional analysis of language interaction over time. The problem
with much of the research conducted by scholars in this area is not
that social structures of language are avoided, but that there appears
to be a lack of a sufficiently precise typology of language behaviors,
as well as a general lack of a functional theory relating sociolin-
guistic structures over time. An approach to language behavior in
communication settings of two or more persons wouid seem to require not
only a specification of the social structures of language, but the
interaction of these structures as the gommunication interaction pro-
gresses.,

ey,

The sociolinguistic approach explained above entails thé“._

concept of mutual reinforcement and dependent language behaviors of
individuals participating in communication interaction. This is not
unlike a position which Skinner (1957) takes in his analysis of speaker
and listener,

We need separate but interlocking accounts of the behavior

of the speaker and listener if our explanation of verbal

behavior is to be complete. 1In explaining the behavior

of the speaker we assume a listener who will reinforce
his behavior in certain ways. In accounting for the
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behavior of the listener we assume a speaker whose

behavior bears a certain relation to environmental

conditions (p. 34).
To be sure, one cannot deny the existence of shaping and reinforcement
in any communication situation. The participants effect and are
effected by the behaviors of others. For a structural/functional
approach to communication as interaction, it would seem to be necessary
to consider both the structures of language and the effects, mutual or
otherwise, of shaping and reinforcement. In such an approach, none of
the participants would be considered a passive receptor of reinforce-
ments, but an active processor and "effector" of the behaviors of
others.

The quest for a theoretic typology suitable for research in
manifest language structures, and thus the functions of language

*

behavior, has led to a series of measurement theories commonly sub-
sumed in the broader class of content analysis (Pool, 1959; Stone,
Dunphy et al., 1966; Holsti, 1969). Most content analysis research
has concerned the encodings of individuals as they relate to internal
constructs rather than encodings as they relate to other encodings.
As Robinson (1972) indicates;

Content analysis is normally exploited to find out what

the emitter is thinking or feeling rather than what

functions the verbal behavior is performing, and the

classificatory systems utilized are usually intended

to elicit information about the types and strengths of

motives, values, or attitudes rather than a specifica-

tion of other information that might be transmitted

(pp. 42, 43).

The application of content analysis to a structural/functional analysis

%
"Theory" here refers to a precise descriptive typology.
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of language behavior in communication settings would seem to necessi-
tate a system which at once specifies manifest structures of linguistic
syntax and at the same time provides the basis for a functional analy-
sis of structures in relation to the encodings of all participants.

Such a typology has been developed by Cummings (1970a, 1970b).
Rather than dealing with syntactic structures in latent form, Cummings'
system utilizes the manifest syntax observed in the encodings of an
individual involved in a communication situation. The major elements
of the system include: (1) subject signs, (2) modifier signs, and
(3) connector signs (See Appendix A). Subject signs basically include
all subjects and objects of verbs. Modifiers include all signs which
modify subject signs and signs which modify connectors. Connectors in-
clude all verbs. Of pa;ticular interest are the subclassifications of
connectors. Besides the common classification of verbs according to
tense and mood, Cummings further makes distinctions according to the
function of a verb as it compares two subject words (more than, sub-
set, spatial), or as it indicates action. The usefulness of this
classification has been demonstrated by Cummings in his research to
reflect such cognitive structures as dogmatism, anxiety, attitudes,
and intelligence. Its further usefulness may lie in its emphasis on
manifest structure and the typology of language categories it provides
for a structural/functional analysis of interdependent language inter-
actions.

There is one other theoretical approach which forms the basis
for the structural/functional system presented in Chapter II. This

approach includes the concepts of probability and stochastic processes
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as they relate to information theory.

It can be said that one of the most important contributions
of Shannon (1948) in his presentation of information theory was the con-
cept of chance in human interaction (Mandelbrot, 1965). Coupled with
the work of Shannon was the development of the "law of least effort’
by Zipf (1949). What these two approaches seemed to have in common
was the importance of probability in the scope of human encoding and
decoding. The principle of least effort as applied‘to encoding was
basically an argument that there exists an inverse ratio between word
length and frequency of encoding; words of shorter length had a higher
probability of being encoded in any message than words of greater length.
As Mandelbrot indicates, Zipf's law together with Shannon's principles
of "quantity of information" point directly to the concept that man
may utilize probability in the words he encodes.

This concept has been further expanded by theorists concerned
with perception, decision theory, and organization of information.
Broadbent (1971, 1973) in his information processing model of percep-
tion has advanced the position that man operates on his world through
a series of probabilities. Following each decision based upon these
probabilities, a re-evaluation occurs such that new probabilities for
similar situations in the future are derived. Broadbent has emphasized
the use of Baysian statistics to deal with the changing probabilities.
The importance of what Broadbent is saying seems to be in his argument
that man actively processes the information in his environment. The
responses he makes to this environment are based upon probability

notions, Specifically in the field of linguistics, Herden (1962,
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1966) has advanced the notion that linguistic encoding may be viewed as
a probability and statistical system. A person's store of language
behaviors may be viewed as a population from which he samples in any
linguistic utterance. Here again, it would seem that probability may
play an important role in the choice a person makes for any linguistic
utterance.

In the field of Speech Communication, Hawes and Foley (1973)
have developed a model of dyadic interaction based upon Markov pro-
cesses. Essentially, a Markov process is a stochastic process in which
the probability of any event is dependent upon the previous event,
Since stochastic processes are related to any phenomena to which pro-
bability may apply, Markov analysis of communication behavior may
indeed be directly related to a functional/structural approach to
language behavior. |

The commonality of all the theoretical approaches subsumed in
the information theory-probability model is that they assume an active
information processing individual who makes decisions on the communi-
cation he emits. These concepts would seem to form the basis for what
Goss (1975) refers to as intrapersonal and interpersonal communication
structures, the latter comparable to a manifest structure. Though
the primary emphasis of this dissertation is on interpersonal struc-
tures and the functions of language in human social settings, the
concept of the human organism as an active processor of information
plays a central role in this model.

Thus, the theoretic bases elucidated in this section point

to a structural/functional approach which includes a primary emphasis

on the manifest structures of language and the interaction of these
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structures in communication. Such an approach would assume active
processors of information who may both shape and mutually effect the

manifest structures of one another as they interact.

Relevant Research
There are some specific areas of research within the theoret-
ical bases presented above which deserve note here as they relate to
structural/functional concerns. Robinson (1972) indicates that most
functional approaches in both psychology and linguistics have empha-
sized content classifications of speech behavior. He cites as

examples Bales' (1950, 1970) Interaction Process Analysis and

Halliday's (1969) functional models of language. Robinson indicates
that'though these approaches may be concerned with the "uses" of lan-
guage, they tend to be either narrow in scope, or they use definitions
which "are far from precise and they are given no structural realiza-
tions nor possible differentiating concomitants on the behavioral side
(p. 46)." Thus research utilizing these classification schemas has
not really dealt adequately with either specification of manifest
structures or the functional relations of these structures. Indeed,
their contribution to an understanding of communication, specifically
linguistic aspects of communication as process, seems to be doubtful.
Some interesting research is provided by Newcomb (1953, 1956,
1958) relating to the iateraction of individuals over time. Though
dealing primarily with interpersonal attraction and similarity of.
attitudes, Newcomb nevertheless has a concern for interaction as

process. He offers evidence that as individuals interact over time,
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they tend to acquire similar attitudes. The value of Newcomb's re-
search in a structural/functional approach to language interaction does
not lie in his use of the construct of attitude, but rather in his em-
phasis on the mutual effect on the participants in dyadic interaction.
This concept indeed plays an important role in the system presented in
Chapter II.

Some evidence on the similarity of language behavior within
a dyadic situation is offered by Ruesch and Bateson (1951), Runkel
(1956), and Triandis (1960). Although mainly concerned with cognitive
similarity, these researchers noted that patients in therapy situations
tended to acquire the jargon of the psychiatrists as they interacted
over time. Here, at least, is some evidence that the choice of lin-
guistic utterances of individuals within dyadic communication is
affected by interaction, and in this situation, a similarity primarily
through the dominance of one person seems to emerge.

The merit of the research reported above seems to lie in the
orientation with which each situation is approached. Instead of con-
cern with one act of the participants, the researchers appear to be
dealing with the effects of interaction on each member over time. The
major ideas which seem to surface in these perspectives are: (1) that
persons may effect one another in interaction and become similar over
time, (2) one participant may be more dominant in infiﬁenqing the verbal
behavior of the other as similarity is realized, and (3) the general
‘concept that persons cannot communicate without effecting’ one another.
Such perspectives would seem to form the heart of a struc-

tural/functional approach to communication. Though none of the
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researchers mentioned above specify the relations between either
persons or their language behavior and interaction over time, their
orientation may provide the groundwork for an approach which seeks to
not only specify structures of language, but also the functional re-
lations of variables as they interact over time.

Other research of particular interest for a structural/func-
tional approach to communication is presented by Hawes (1972). Hawes'
basic concern was the effect of differing interview styles on clients
involved in therapy sessions. Hawes found that certain interviewer
styles, specifically directive and non-directive, had an effect on the
communication behaviors of clients either increasing certain content
classes or decreasing in some cases. In a re-analysis of the same
data, Hawes and Foley (1973) utilized their Markov analysis of the con-
tent categories selected. Utilizing both state and transitional
probabilities, they were able to plot the development and change of
verbal behaviors over time. The importance of this research is seen
in the emphasis on communication as a process, the use of probabilities
of what is encoded and the concern with the interactions of encodings
over time. Some problems which may limit the generalizability of this
research include: (1) the use of the medical interview rather than a
natural setting, (2) emphasis on the dyad, (3) and a primary concern
with one of the participants (the interviewer) as the primary '"shaper"
in the interaction.

Perhaps as important as the research conducted by Hawes and
Foley are some assumptions about the communication act provided by

Hawes (1973). These assumptions include the following:
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Communication is a spatio-temporal series of con-
catenous acts. . . a series of interconnected things
or events,

Communication is a process phenomenon simultane-
ously involving two or more symbol-using animals.

Communication functions to create and validate

symbol systems which define social reality and

regulate social action (pp. 13, 14, 15).

These assumptions would seem to be tacitly important to an approacH\w
which considers both linguistic structures and their functions y
(Cummings, 1974c).

The research strategies and studies mentioned above seem to
offer empirical evidence that the behaviors of individuals in communi-
cation interactions are to some degree at least effected by those of
others. Yet there does not appear to be an approach which specifies
the manifest linguistic structures of individuals and the functional

relations of individuals and these structures. Toward that end, the

development of such an approach is presented in Chapter II.

Pre-Theoretic Assumptions

The previous sections of this chapter have concerned: (1) the
rationale for a structural/functional approach to the interaction of
language in communication situations, (2) theoretical bases which would
seem most viable for such an approach, and (3) some relevant research
relating to these concerns. Taken together, these sections form the
pre-theoretic bases for a precise axiomatic system on which a
structural/functional theory may be built, It has not been the pur-
pose of these sections to develop any one theoretical base to the

exclusion of others. All appear to have defects as well as merits.
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Research is presented to provide a view of an orientation which is
concerned with the interaction of humans over time in specific situa-
tions.

It is the major contention of this chapter that several
approaches may contribute to a broader theory of language interaction
over time within communication settings. Toward that end, a case has
been made that few, if any, of the theoretical or research perspectives
should be eliminated, but rather that a synthesis of the several
approacﬁes may be necessary.

Based upon the concepts elucidated in the first three sections
of this chapter as well as the general perspective presented above, the
following pre-theoretic assumptions are made:*

1. Man is an active processor of information.

2. In any social situation, man has a repertoire
of behaviors, including language behaviors.,

3. Man operates on his environment as an active
organism and may make decisions on the appro-
priate behaviors based upon probability.

4. The probabilities of selection for any language
behavior are dependent upon three factors: (1)
prior learning, (2) restraints of syntax, and
(3) effects of interaction in the given communi-
cation situation.

5. A communication interaction includes two or more
individuals, behavioral repertoires, and the
alteration of selection from each repertoire by
effecting relations between the participants.

*
Precedence for proceding from pre-theoretic assumptions to
an axiomatic system stems from procedures generally adopted in set
theory and other general mathematics (See McCoy, 1968; Youse, 1970).
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6. The manifest language structures of individuals in
a communication interaction function to both define
and regulate the relations of individuals in that
interaction,

These assumptions form the basis of the axiomatic system
developed in the following chapter. No claim can be made that the
system deals with every assumption. However, as mentioned above, the
system is designed to form the basis for a structural/functional

theory which may integrate the most viable parts of the theoretic

bases provided in this chapter.



CHAPTER II
AN AXIOMATIC SYSTEM

Because a fully formalized theory or model as articulated by
Rudner (1966) is beyond the scope of this work, the system presented
here, based upon the assumptions given in the previous chapter,
should be more appropriately called "toward a structural/functional
theory" rather than a complete formalized theory. However, the con-
struction of the system presented here represents the basis for a more
formalized theory of interaction. A primary consideration of the
approach taken here is that a theory of communication as interaction
should be based upon a sufficiently precise set of statements that
falsification of the concepts through empirical research is possible.

The criteria for construction of this axiomatic system is
based upon that set forth by Rudner. In general, the system proceeds
from a set of primitives which have varying means of operationalization.
Definitions based upon these primitives and statements derived from
combinations of definitions and axioms are then presented. The lan-
guage and rules for formation of statements are mathematical in nature
and based upon set theory, algebra, and differential calculus. A
brief key to symbols used may be found in Agpendix B. Transformational
rules which determine what theorems may be derived from other state-

ments is based upon a symbolic logic of propositions.
19
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The System
The following terms used in the axiomatic system are held to

be primitive:

1., person
2. behavior
3. word

4, time

These terms have varying degrees of operationalization. Without get-
ting into a detailed discussion of the difficulty in operationalizing
these terms, it can be seen that the two most easily determined are
time and person. Time may be expressed in years, days, hours, minutes,
or seconds. The basic unit of time used within the system is an
interval of 1. Time may be considered to be isomorphic with the set
of positive real numbers, and the exact measure awaits empirical vali-
dation which is beyond the scope of this particular study. Person may
be operationalized as a unit of 1, a set of persons being expressed in
some subset of positive integers. The terms not so easily operation-
alized are word and behavior. Behavior may be considered an act of a
human, but the researcher who wishes to test the system must delimit
the concept to specific acts. The researcher may also be concerned
with behaviors not necessarily human. The concept of word as used in
the system entails the notion that a word is a behavior. Specific
delimitation of this term may entail numerous problems, and particular
classifications of utterances may need to be used (Cummings, 1970a;
Cummings and Renshaw, 1975). Behavior and word may, of course, be
considered in units isomorphic with the set of positive integers.

Definition 1. A behavioral repertoire (R) is by definition
a set of subsets each element of which is a behavior.
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Specific identification of a behavioral repertoire necessitates a
classification system of behavioral acts. The researcher who utilizes
this system may limit the scope of behaviors with which he is con-
cerned. Since the primary concern of this work is the interaction of
ianguage behaviors within communication settings, the language reper-
toire becomes the primary focus,

Definition 2. A language repertoire (L) is by definition
a subset of R in which each r in L is a set of words.

Cummings (1970a, 1970b) has developed a classification system which
may provide the basis for this set of subsets. A more precise des-
cription is found in Chapter I,
Definition 3. A situation behavioral repertoire (K) is
by definition a subset of R such that if P is a set of
persons and T a set of time intervals, then for each
t in T and p in P, K exists,
Definition 4. A situation language repertoire (W) is
by definition a subset of L such that if P is a set of
persons and T a set of time intervals, then for each
t in T and p in P, W exists.
These situational repertoires represent specific sets of behaviors
which may occur in a given time segment.
Definition 5. An interact set (I) is by definition
a set of persons P, time intervals T, language reper-
toires (L) corresponding to each p in P, and a set of
subsets W of L for each p in P and t in T,
The concepts elucidated above basically represent the hypothetical
linguistic behaviors available to a person at a given time. In any
given time segment, a subset of the total possible behaviors exists.
The basic elements necessary for communication at this point must in-

clude: (1) persons, (2) behavioral repertoires for each person, (3)

language repertoires for each person, and (4) a subset of these
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language repertoires at any given time segment.

Axiom 1, For any p in P and t in T, WEL may equal @.

Definition 6, Let peP, teT, and WeL corresponding to

p and t. Then for each weW, a word index (v) 1is by

definition the cardinal number of w divided by the

cardinal number of W.
The word index provides a convenient means of assessing the use of
certain language categories. Within a specific category system, the
word index would simply be the frequency of a certain category divided
by the total of all frequencies in all categories for a fixed time
interval.

Definition 7. Let QsP, teT, and W.lL corresponding to

peQ and t. Let n equal the cardinal number of Q. Then
an interact combination (c) %ﬁv

GRS
An interact combination is basically a mean word index for a group of
n persoms.

Definition 8. Let QSP, MSP, c, and ¢, corresponding to

Q and M for some teT, Then Difference (DQM) is equal to

lcQ - CMI'

Definition 8a. Similarity (SQM) is equal to 1~DQM.

Definition 9. Let QEP and c,_, defined for some t€T,

c for t-1€T, Then change in ¢ c is equal
1 g £ @ tQ) q

to (ctQ'ct-lQ)'

Definition 10. Let QEP and c¢ defined for every t€T,
Then the change in c with respect to time is equal to
the derivative of c with respect to time q%é).

In essence, word indexes and interact combinations can be expressed
as functions of time., The derivatives of these equations provide a
means of assessing change over time.

Definition 11. Let Q%P, M<P, DQM and SQM defined for

every t¢T. Q Sha M means by definition that the
following conditions hold:
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cQ ajtanh(t) + by for all t.
c aztanh(t) + b2 for all t.

ac, *ActMZO for every teT.

"cch'th' for some t&T, lActhhctQ] for any t.
DQMéAtanh(t) + B, A<O, for all t.

o

.

W N
- . s @

Definition 1la. In general the Sha relation holds if
conditions 1, 2, and 5 hold, and the derivatives of
each ¢ conform to conditions 3 and 4.

Theorem 1. If Dy = Atanh(t) + B for all t, then B =|cQ0- CMOt
Proof: DQM0=Atanh(0)+B.
D.. =B since tanh(0)=0.

QMO0
D ) by definition 8.

Qo™ g0~ o
B = lcQo-cMol.

Theorem 2. 1If cQ=a1t:an1'1(t)+bl for every t then b=cQ0.
Proof: Follows as in theorem 1 by taking tanh(0).

Theorem 3. If Q Sha M then a,<0 and 32<0’
or ai)O and a >0,
or a;=0 or a,=0 but not both.

Proof: Case 1
g a1=0 and az=0.

Then cQ = by
cy = by from definition 11.
DQM=|b1-b2I from substitution and definition 8.
Don=B from theorems 1 and 2.
DQM=B implies that Atanh(t)=0 which implies that
A=0 or tanh(t)=0,.
Since tanh(t) cannot equal O for all t,
A=0, a contradiction to Definition 11.
o e a1=0 and a,=0 cannot hold.

Case 2

¢ a;>0 and axO.

From definition 1lla, taking the derivative of
c, and c_ .,

a%sech2(¥)*azsech2(t)20.

Let k=sechZ(t).

Then ajk*apk0.

k=0 implies that sech?(t)=0 for all t,
a contradiction.
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For k>0, a;k>0 and ajk<0 which implies that
alk*a k<0, a contradiction. -
‘. a0 and a,<0 cannot hold.

Case 3
g a<0 and a,>0

Proof follows as in Case 2 that this condition
cannot hold.

Taking each of these cases by elimination, only
the three conditions in the theorem may hold.

Axiom 2. Let Q, M, O be subsets of P, Then if Q Sha M
and M Sha 0, then Q Sha 0.

Definition 12, Let Q<P, MSP, D M and S_ _ defined for

every téT. Q CSha M means by definition that the
following conditions hold:

1. cQ = ajtanh(t) + by for all t.

2, ey = aztanh(t) + b2 for all t.

3. ACt *ActMZO for every t.

g. jacgyl>{acyg| for some teT, {ac yifaciq| for any t.

Dy~Atanh(t) + B, A>0.

Definition 12a. In general the CSha relation holds if
conditions 1, 2, and 5 hold, and the derivatives of each
¢ conform to conditions 3 and 4.

Theorem 4. If Q CSha M then a1<0 and a2<0
or a1>0 and az>0

or al=0 or a2=0 but not both.
Proof: Follows in same manner as that for Theorem 3.

Axiom 3. Let Q, M, O be subsets of P, Then if Q CSha M
and M CSha O, then Q CSha O.

Theorem 5. Let Q, M be subsets of P, Then if Q Sha M
then not M Sha Q.

Proof: From section & of definition 11, Q Sha M
implies no change in cy is less than the change in
¢n. But M Sha Q implies that such a relation exists
for some t, a contradiction.

Theorem 6. Let Q, M be subsets of P. Then if Q CSha M
then not M CSha Q.

Proof: Follows as in Theorem 5.
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The relations specified in the previous statements are the shaping
(Sha) and counter-shaping (CSha) concepts. Essentially, shaping in-
volves the acquisition of similarity over time primarily as the result
of change in one interact combination. Counter-shaping involves the
acquisition of increasing difference over time primarily due to changes
in one interact combination.

Definition 13. Let QgP, MgP, D M and S M defined for
every t€T. Q Mef M means by definition that the
following conditions hold:

1. c¢q = ajtanh(t) + by.
2, cy = aztanh(t) + b,.
3. ac, . *ac <0 for some t and 0 for any t,

or[actQ|=|4ctM|for every t.
4, DQM=Atanh(t) + B, A<0.

Definition 13a. 1In general the Mef relation holds if
conditions 1, 2, and 4 hold, and the derivatives of each
¢ conform to condition 3.

Theorem 7. 1If Q Mef M then a;<0 and ap>0
or a1>0 and a2<0
or al=0 and a2=0.

Proof: Utilizing a procedure similar to that in
theorem 3, the proof follows.

Axiom 4. Let Q, M, O be subsets of P, Then if Q Mef M
and M Mef O then Q Mef O.

Theorem 8. If Q Mef M then M Mef Q.

Proof: Follows simply from section 3 of definition 13;
condition holds regardless of order ofac.

Definition 14. Let Q&P, MSP, D M and S_._ defined for

every teT. Q CMef M means by definition that the
following conditions hold:

1. CQ = altanh(t) + bl.

2, ey = aztanh(t) + by,

3. ActQ*Ac <0 for some t and }0 for any t,
or {ac, j=lac_ | for every t.

4, DQM=Atanh (t) + B, A>O.
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Definition l4a. In general the CMef relation holds if
conditions 1, 2, and 4 hold, and the derivatives of each
c conform to condition 3.

Theorem 9. If Q Mef M, then a.,>0 and a2<0

or ai<0 and a2>0

Proof: Again follows from similar procedure as in
Theorem 3.

Axiom 5. Let Q, M, O be subsets of P, Then if Q CMef M
and M CMef O, then Q CMef O.

Theorem 10, If Q CMef M then M CMef Q.
Proof: Follows as in Theorem 8.

The relations defined agbove are the mutual-effect (Mef) and counter-
mutual-effect (CMef). The Mef relation involves the acquisition of
similarity over time through the mutual change of both interact combin-
ations. It should also be noted that the unique case of a;=0 and a,=0
as well as A=0 occur only in the Mef relation. The Mef relation was
chosen for these cases as the lack of any effect (or the presence of an
equal change in the same direction for both combinations) implies that
neither have been dominant in change over the other, and difference has
not increased or decreased. The CMef relation involves the acquisition
of dissimilarity over time again through the mutual change of both
interact combinations.

Definition 15. A communication interaction (C) contains

by definition a set of persons (P), subsets of P (Q, M, 0,...),

sets of R corresponding to each peP, a set of time intervals

(T), subsets of R (W) corresponding to each teT and peP and at

least one of the following relations: Sha, CSha, Mef, or CMef.

The major thrust of the axiomatic system presented here re-

volves around the interaction of behaviors over time within communica-

tion settings. It can be seen that in any situation, the basic
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components of an interact include persons, behavioral repertoires,
behaviors for a given time segment, and the four defined relations.
With a specific emphasis on language behaviors, each word index at a
given time can be viewed as a probability for that behavior in the
next time frame. Thus, changes in encoding behavior at any time be-
come directly related to the probabilities of other individuals involved
in the interaction.

Obviously, the system cammot be considered complete or closed.
It may be noted that the system at present concerns primarily the des-
cription of interaction over time. WNo specification of any extraneous
variables leading to one or more of the relations is made. Thus, the
system, would seem quite open to development along at least two lines:
(1) a specification of the combinations of relations and derived state-
ments for differing communication settings may be Added to the set, and
(2) a specification of the relation between the system and other vari-
ables such as learning theory, cognitive processing, leadership, and
power in groups. The second area is so large as to be prohibitive for
one or two research pfojects. The first, though quite extensive,
appears to lend itself to a procedure which would allow an analysis of
different situations and values, given the assumptions of the system.
Such a procedure is available through the use of computer simulation.
The remaining portions of this work are concerned with this type of
procedure, A more specific justification and precise questions are
presented in the following chapter. Suggestions concerned with the

second area are given in Chapter V,



CHAPTER III
A MODEL AND SIMULATION

Justification and Procedure

Abelson (1968) defines simulation as the "exercise of a
flexible imitation of processes and outcomes for the purpose of clari-
fying or explaining the underlying mechanisms involved (p. 275)." A
simulation of a given phenomenon, thus, should provide both a clarifi-
cation and a specification of the relations involved in that phenomenon.
According to Abelson, simulations have been used to assess phenomena
ranging from social interaction to human intelligence. Since the usual
method for testing a theory or axiomatic system involves the generation
and testing of hypotheses, it would seem necessary to justify any de-
parture from this procedure.

In the choice of a computer simulation for the further devel-
opment of the system under consideration in this work, the following
justifications were considered, First, a simulation would provide more
information than any one empirical study. In the previous chapter, it
was noted that the further development of the axiomatic system necessi-
tated further specification of combinations and statements concerned
with differing communication settings, With the digital computer, a
variety of situations ranging from 2 to n member groups could be viewed

in hypothetical situations. This would seem to provide more information
28
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about the nature of the defined relation than, for example, a single
study with twenty dyads. Second, a simulation would provide a means of
assessing parameters for research in a variety of situations. Such
parameters would also provide a means of establishing a criteria for
judging the fit of the axiomatic system to empirical data. Third, a
simulation would provide a means of viewing a number of possible situa-
tions in order to assess whether or not certain of the axioms hold, for
example, the transitive property of shaping (Sha). Finding one possi-
ble case where this property does ﬁot hold would negate that axiom, and
actually provide a test of the logical structure of the system. Fourth,
a simulation would provide a means of developing combination properties
of the defined relations, for example, if Q shapes M (Q Sha M) and M
counter~shape O (M CSha 0), then what is the relation between Q and O.
Though many of these combinations may be derived from the system
analytically, a simulation would limit the number which may be integral
to the system. Fifth, a simulation in general should provide a means
of assessing any unusual cases which may occur but cannot be explained
by the system.

It should be pointed out that the simulation reported in this
chapter was not an empirical or external validation or falsification of
the axiomatic system, but instead was an internal validation of that
structure. It was designed primarily to amplify and clarify the basic
relations. On this basis and the justification mentioned above, the

following specific research questions were of primary concern:
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1. What possible conditions will the system not describe
accurately?

2. Given certain individual relations within n-member groups,
what types of relations emerge when individual scores are
combined?

3. What possible situations, if any, contradict axioms or
theorems within the system?

4., What new theorems or axioms can be developed from the
simulation which concern combinations of the defined
relations?

5. Given initial index or combination values, are there
other equations which fit better than the tanh function?

The computer simulation designed to answer these questions
was developed using the following procedure (Some steps are taken from
Abelson, p. 283):

1. A detailed mathematical model was developed to
determine the equations to be used in the simulationm.

2. This model was then translated into a specific se-
quence of steps which could be computerized (This included
the development of a flowchart).

3. Storage requirements were assessed in relation to
computer facilities available,

4, Choice of the appropriate computer language was
then made.

5. The program was written,

6. The program was simulated by hand.

7. Debugging took place.

8. The program was run on full-scale hypothetical data.
In developing the simulation, two programs were written. The first
contained a sufficient number of iterations as to be prohibitive of any
objective analysis. The model in the following section (Model I) and

output in Appendix C are reported for illustrative purposes only.
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The importance of this model is found in its illustration of the
 difficulty found in trying to iterate many initial valﬁes as well as
trying to establish equations when only initial values are known. The
plot function built into the program based upon this model is useful
in that it should provide the reader with a graphic view of the de-
fined relations. Instructions for reading representative output are
included with these graphs in Appendix C. The program based upon
Model I will not be reported as its relevance to the basic questions

raised in the previous section is minimal.

Mathematical Models
The following two models are derived from the statements in
the axiomatic system. Iterated values in Model I are starred (*).
Model I

1. Let wao* and wbo* be initial index values at time O,
Ya0"Yb0"

= %
S,p= *Atanh(t) + B

3. 3=1 - (wao-wbo) since S=1-D, thus S.=B=1-(w

0 a0~¥po) -

4. Let A»0. (Case 1)
5. Let v, = *altanh(t) + b1 , (Various curves for wa)
6. by= wgq

7. wb=wa-ll-sab]. (Values for wy derived from wy)

8. Let AS0 (Case 2)

9. Let W= *altanh(t) + b

1

10. = ~|1-8 .
wb a ‘ ab‘
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Model IT
1. Let n be the number of persons in I,
2. Let vi0 be an index for the ith person at time 0.
3. Let wil be an index for the ith person at time 1.

4. b.=w
1

i0*
5. Since w, $735 tanh(t)+b and w, 1—aitanh(l)+b
a Wil b s
i tanh(l) Condition: If wi>1.0
hence Wi.:(w'] -b, )tanh(t) +b, or wi<0.0, model does
tanh(1) not fit.
6. Let w; and W3 be different 1ndexes, 0<ign, O<jsn, i#j.

7. Estimated D (Equation from points given):

D..=|w.-w.|= Aijtanh(t) + Bij'
B..= |w,

ij io” 0I

Dij1= b wig-vyrl-

Dyj= Aggtanh(l) + 3By,
0 = Dij1-Bij |
J tanh(1)
hence Di: =fPii1 Bij
ij .lﬂ___lﬂ.tanh(t)+Bij Condition: If
tanh (1)

D, J>1 0 or Dy:<0.0
for any t, then modei
does not fit,
8. Let w, 10W4 T € and WjO'wjl =g

9. Let e=cg.
10. If e<0 or {c]=lg| and Aiﬁso then the relation "Mef" holds.
1i. 1If e«0 or jci=lg| and A, >0 then the relation "CMef"

holds.
12. If e20 and Ai‘<0 then the relation '"Sha" holds.

13. If e20 and Aij>0’ then the relation "CSha'" holds.
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14. Let k= the number of interact combinations in the group
of size n.

15. Let l,, O<m<k, be the number of persons in each interact
combination m.

_ k
16. cpg = & Vr0.
r=v k
17. cpp = % Yr0.
= k

18. Repeating steps 4 through 13 for each interact combina-
tion, relations between each are established.

The simulation program developed in this chapter was based upon this
mathematical model. Each of the statements was derived from the basic

axioms, definitions, and theorems of the system.

Simulation Program

Following the second step of the procedure, Model II was
translated into steps which could be computerized. The £flowchart for
this procedure may be seen in illustration 1. The facilities available
at The University of Oklahoma included an IBM 370-158 digital computer.
Since estimates of storage requirements did not exceed 100K, and the
actual program took only approximately 75K, no problems were en-
countered,

The programming language chosen for translation was PL/I. The
advantages of this language over Fortran IV lay not only in its flexi-
bility and conciseness in execution, but also in its flexibility for
use by the general programmer, After the program was written, it was
simulated by hand using one set of dummy values., Several runs were
necessary before the program was ready for full-scale date. The

completed program may be seen in illustration 2.
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STMT LEVEL NEST
t

SINPLEXS PROC OPTIONS(MAIN);

INSTRUCTIONS FOR USE QF SIMPLEX

IN FIRST CARD CODE NUMBER CF PERSONS IN GROUPe

CODE THE INITIAL AND SUBSEQUENT NORD ENDEX FOR EACH PERSON
IN oXXXX FORMe AS AN EXAMPLE, A GROUP OF 2 PERSONS WHOSE
INITIAL AND SUBSEQUENY WORD INDEXES ARE 0.2323 = 042424 AND
02696 = 04565 RESPECTIVELY WOULD BE CODED AS FOLLOWS:

ccar 2

CC2-6 <2323 WORD INDEX I FOR PERSOM 3
CCT-i1 <2424 WORD INDEX 2 FOR PERSON 1
CC12~-106 #2656 WORD INDEX &t FOR PERSON 2
CC17-21 +4565 WORD INDEX 2 FOR PERSON 2

IF THERE ARE INTERACT COMBINATIONS DESIREDs PUNCH THE NEXT

CARD AS FOLLCWS: :

ONE-EN THE FIRST CC CODE YHE NUMNBER OF ICOMBS

TWo-IN THE NEXT CC CODE THE NUMBER OF PERSONS IN ICOMB 3

THREE~IN EACH SUCCESSIVE COLUMN UP TO THE NUMBER IN STEP TwWO.
CODE THE NUMBERS OF EACH PERSON.

FOUR~REPEAT FOR EACH ICOMB STEPS TWO AND THREE

AS AN EXAMPLE. SUPPOSE 3 PERSONS WERE IN A GIVEN GROUP,

AND ICOMAS WERE OESIRED BETNEEN PERSON 3 AS 1 ICOM8 AND

PERSONS 1£2 AS THE OTHER ICOMB. THE CARD WIW.D BE CQOED

AS FOLLOWS: BEGINNING IN CCt 213212

IF KO ICONBS ARE OESIREDs THEN PLACE A BLANK CARD.

REPEAT PROCEDURE FOR EACH SET OF DATA.

BE SURE A BLANK CARD IS PLACED AT THE END OF THE DATA SET
THIS WOULD INCLUDE A BLANK CARD AFTER EAC+ SET OF ICOMBS.
THE FOLLOWING ORDER OF DATA SERVES AS AN EXAMPLE:

FIRSY CARD- DATASS*INIT IAL INDEXES

SECOND CARD~ FIRST ICOMBS

THIRD CARD- SECOND ICOMBS

FOQURTH CARD~ BLANK

FAIFTH CARD~ SECOND SET OF INDEX VALUES

SIXTH CARD-~ BLANK

SEVENTH CARD- THIRD SEY OF INDEXES

EIGNTH CARD- FIRST ICOMB VALUES

NINTH CARD= BLANK

DERNOPBRUEBRIRBRBNGRNRRRENOOERRRPOENIERNBIRNERNRRTREEN
NBPRORBIRBER BN BBEENE QRPN RR RN RSSOy

SINPLEX IS LINITED TO GROUPS DF SIZE S DR SMALLER AT THIS TIME *

OCL (W(SeB3)eDE(Ss5:51)eD{S5+5¢511eALSeSIBIS,5)cAW(S)eBUIS) 0Z(S5)eVeXe
CeGoE) DECIMAL FIXED(8¢4)s (leJeKelsN) BIN FIXED(20),

(SAIB8(5)e IC(S5eS5)) BIN FIXED(20),

Q FIXED DECIMAL(B8:4),

AM{S5.51) FIXED DECINAL{B8.4).

R(5+%) FIXED DECIMALIS¢33,

NY 22034
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STNT LEVEL NESTY

AE FIXED DECEMAL(8+8)¢ NAME CHAR{A) VAR3

3 [ § ON EMDFILE (SYSIN) GO YO EGQJ;
/% READ IN VALUES #/
S 1 START: PUT PAGE; GET EDITINMIF(I)) S
7 H PUT EDIT(* INITIAL INDEX VALUES®*)I(X(S)e¢A(20)):
8 3 PUT EDIT(®EQUATIONS FOR EACH INDEX®*)(X{(1S)+sA '24)); PUT SKIPS
10 3 DG J=1 TO N3
11 1 3 GET EDITEW(Jol) oWEJIe13) ILF(Sea)eF(S5.4))2
12 1§ ¢ PUT EOITI WL ®vJe®el)a® el (Jal) oW (% sJe%ell)=" i Jeld))
CAC2)eFl1) AL} oF(Sea)eXISIeAL2)eF(1)eAIS)oF(S.4))3
7¢ DETERMNINE ESTVINATED EQUATIONS FOR EACH & &/
13 3 ? 8wl JI=WlJe));
14 1  } AWC II=(W(Je12 )-WlJs 1))/ (TANH(1.0000))5 -
15 ] ) Ta=0e1000; Z(J)=0.0:
17 | § 1 DO KX=1 YO S13
18 3 2 TaT¢0.10002
/7% DETERMINE VALUES FOR EACH w @/
19 1 2 WHCIoKIZ(AWLIIS{TANHIT ) I I ®BU(JI DS
20 | I 2 I (WCJeKDI<COD | (WCIoK)ID1a0) THEN Z(J)=13 ENDJ
23 3 1 IF 2(J)=1,0 THEN PUT EDIT( *NODEL DUES NOT FIT*)(X(14).,A(18))3
s [ ] 3 PUT EDIT(O W qANC I o *TANHITI® oBWIIDIIIXIL2)eAL 2)sF(6e3)eALB)F (S,
an
26 1 ) PUT SKIPE END?
28 | PUT SKIP(2)3
29 1 PUT EDIT{*EQUATIONS® ) (X(S):A(9)); :
30 00 I=1 YO N-13}
31 ] g DO J=%4) TO N3
32 | 3 2 DU K=1 TO 813
7% DIFFERENCE SCORES CALCULATED FROM W EQUATIONS &/
33 |} 3 Qew{leK}=W(JeK) 3
3 1 3 D(leJeRI=ABS(Q) 3 ENDS
7¢ DETERMINATION OF ESTIMATED DIFFFERENCE EQUATEIONS &/
36 | § 2 BlleJdI=D(IeJdeld3
ar 3 2 REL+JI=0LO05
38 | § 2 AT +J)=(D(2eJe18)-B(1+J})I/(TANNH{1.0000));
/8 CALCULATION OF ESTIMATED DIFFERENCES FROM DE EQUATIONS /7
39 1 2 Tu=Ne10003
40 3 2 DO 1K=} YO S1i3
41 1 3 3 Ta¥90410003 N
42 ] 3 DE(LsIeKISIAL T2 JISITANI(T) )} eB(10J) 3
/¢ DETERMINATION OGF WHETHER OR NOT MODEL FITS s/
A3 ) 3 IF DECleJeXI<0.0 THEN R(IeJ)=n1.03
AS 3 IF DE{I.JeK)>1e0 THEN R(IsJI=103%
47 3 3 IF (DEC1¢2eX)CID(L0IeK)400D1)IIJUIDE(S0JeK)IDID(TeIsX)=0e001))
48 ) 3 THEN R(leJ) =1.03
A9 ) 3 END3

8¢



STMT LEVEL NEST

S0 1 2 1F R(leJ)-=0 THEN DO:
52 ] 3 PUT SKIP;
S3 1 3 PUT EDIT(*D%¢leJe®~NODEL DOES NOT FIT®ICAC1)eFIL)F(12:A(19))3
Sa ) 3 END: 003
56 1 3 PUT SKIPS
/% PRINT OIFFERENCE EAQUATIONS &/
$7 1 3 PUT EOLTC’D%elede® = %AlleJ)e *TANHI(TI®*¢B(144))
CALL) eF(1)eFl1)eAl1)oF(7:8)eA(B)F(3:8))3
/% DETERNINE RELATIONS o/
58 H 3 CaW{Tek)=Wlledd);
S9 1 3 G=N({Jed)-wWlJet1)3
60 ) 3 E=C8G:
6} 3 3 C=ABS(C) 3
62 1 3 G=ABS(G) 3§
63 1 3 IF (C<(G+0e0005)2E6(C>(5~0.0005)) THEN C=G;
6S 1 3 IF (AlReJ)<0e0002)6(A(TeJ)D>~00002) THEN AlReJI)=0,00003
67 1 3 TFC(EC0.0) | LC=G)IECA(LeJ)<=0e0) THEN NAME=*MET?
69 3 3 ELSE IF ((E<CO0)}(C=nG)IEIACL:2)>0.00) THEN NAME=SCMEF®]
k4l ) 3 IF UIEDZ0,0)C(A(14J)<0+0)) THEN NAMUE=®*SHA®
3 1 3 IF C((E>Z060)6(A(1+J)5000)) THEN NAMEx*CSMA®
k£ ) 3 3 IF UNAMEZ=*SHA®) | (NAMEZ*CSHA® )} THEN 003}
7 1 L) IF C>G THEN PUT EDIV(JINARELIIIX(A)FLLDeAlAD (L))
9 1 L) ELSE PUT EDIT(INANE«JI(X(A)sFl1)eA(4)FL1))3 ENDS
s 3 ELSE DO3
82 1 . PUT EDITI(NANEX(X(48).A(4))7 ENDS
84 [ 3 END 3
as 13 2 END; ENDS
/7% PRINT OUT ALL VALUES IN SIMULATION o/
ar 1 PUT SKIPS
1] 1 PUT EDIT(*EXPECTED VALUES®)(X(40},A(15))¢
89 ) PUT SKIPS
90 1 PUT EOIT(°TIME® J{A(100);
91 1 T=~0050003
92 3 00 =1 TO S1 BY S
93 3 3 T=T¢050003
s 3 ] PUT EDITITI(F(10.4))3
9s 1 3 END;
96 ] 00 I=1 TO N3
97 1 1 PUT SKIP3
98 ) 1 PUT EDITLOWo o lo®=? J{ALLDFLL)eX(7)eA()));
99 1 ¥ D0 J=3 TO 31 8Y §;
100 t 2 PUT EDITIWIIeJII(F(10e4))3
108 | 2 ENDS END;
103 3 00 =1 TO N-13
104 1 ] DO J=l+1 TO N3
105 3 2 PUT SKIPZ
106 3 2 PUT EDITC D olode®=® JIN(I)eF(1)eF(1)eX(6)eAlLD)3

6¢



STMT LEVEL NEST

107
100
109
110
13
1
13
115

17z

118
119
121
122
123
12¢

127
128
129
130
133
132

138
136
137

140
1412
142
144
143
140
147
149
130
15
152
185
187
1se
159
160

00 S 0 00 UN PO s B0 ph B0 P P D Be e B0 M o

P00 po 0000 go I

NUNNNWUN

WUNN -

T L L L L L N T

00 k=3 YO 53 8Y S;

PUT EDIT(D(I+JeK)IIIF(10.4))3

ENDS

PUT SKIP3

PUT EOIT(YDE Y sLode®=® J{AL2eF (21)eF(12eX(S)eAl i) )]
00 K=1 T0O S1 BY S

PUT EDITIDEISeJoK)I)IIF(20:,4)); END;

END END3J

START1: GET SKIP;

/% READ N VALUES FOR ICONBS o/
GET EDIT(IA)IF(1));

IF 1A=0 THEN GO TO FINES

DD I=1 TO IA3

GET EDIT(EBLI)IIF(1));3

00 J4=) YO i18L1);

GEY EDIT(IC(I2))(F(1)); ENDS END;
/¢ DETYERMINE MEANS FOR ICOMBS »/
00 1Is=i1 YO 1A

DO x=t TO 513

AN{ 14X)=0+03

00 J=i TO 18(I)3

ANE T oKI=AME T oK) LWL ICLE e JD eI/ IB(L) DS
END3 END END:

/7% REPEAT ABOVE PROCEDURES FOR ICOMBS-PRINTOUT [S SANE s/
PUT PAGE;

PUT EOIT(*INETIAL ICOMB VALUES®*)IIX(S).Al20)): .
PUT EDIT{*EQUAT JONS FOR EACH ICONB®I(X(15).A(24)); PUT SKIP;
00 J=1 TO fAS

PUT EDIT(JI°COMBY I(F(1)sALA)) 3

00 I=1 TO 18(J):

PUT EDITLICIJIIILIFCLI)); ENDS

PUT EDITC(AMIJIo1)IIX(S-IB(I)DoF(T7:4))3

8w J)=AN{Je1)¢

ANCIICANCIe L 2D -ANL I I DZ(TANH{10000))3

T2=~0.10003 Z(J)=20.0;

D0 K=t TO 513

TaT¢0.10003

AN{JoKIRCANIIIS(TANHITI ) DI¢BN(I)S

IF CAM{IoKI<0) | (ANCIK)IDLI0) THEN 2Z(J)=lei END3Z

IF Z(J)=1.0 THEN D03

PUY EDOIT(*MODEL DOES NOT FIT*)IX(26), AL18))3
PUT EOITLONZ® qAN{ J) o *TANNITI¢°:BW(J) ) IX(12), Al2)sF(6e3)eA(8)s
F(S+8))3 END? ELSE
PUT EDITI*M=® sANL J) o *TANH(T )¢ %8B I) I (X(20) 0 Al2)eF(6e3)0A(8).

FiS.4));

0%



STHT LEVEL NEST

161

163
164
16S
166
167
168
169
17

172
373
174

175
176
177

178

180
182

183
184
188
187

188
189
191

192

193
194
198
196

198
200
202
204
206
208
210
212
218
218
217
219
220

e 00 O (e G0 B0 be 00 fm S0 W G be B0 DB G0 pe 00 S gs B0 pu e B0 S

NUIPUWIPIPUUWUHWUWWULUWULUL WUWUWWUNVWWWUBUNNRANNWUON-

PUT SKIPS

PUT SKIP(2)3

PUT EDITI(*EQUATIONS®*IIXLS)+A(9));

DO I=) YO 1aA-1:

00 J=1¢1 TO A3

00 Kx=1 YO S1i:

. O=AM(IeK)=AM{ IR}
D(1+JeK)I=ABS(Q); END;

Bl{leJ)=D(TeJsl)3

R(1+J)=0603

AlLeJ)=(0(LeJde22)-B(14J))I/(TANH{10000))3

T=-0010003%

00 k=3 TO S33

T=T+0.10003

OE(I1+JeKIZ(A(Ts JISITANHI(TIII®O(I.J)}
IF DE(IeJoK)C040 THEN R{IeJI)I=1.03

IF DE(IsJeK)>1e¢0 THEN REZeJI=1.03

IF (DE(LoJeK)C(DILeJeXKI 00008} LOECToJeKID(D(LeJoKI=0+001))
THEN R(1e¢J) =103

END:

IF Ri{l1+J)~=0 THEN D003

Pur

PUT EDITI*D®y59J4,°~NODEL DOES NOT FIT*I(ALL1)sF(1DsF(1D+AL(19))3

END3
Pyt

PUT EDITI®D % elede®= eAlLed) o *TANHITI#*oB(I:+J))

SKIPS

003
SKIP:

CACLDoFCL2eF (L 2eALL)F(704)0ALBIF(Se8));

C=AM{Le) )-AM{L.11)2
GEANLJIe 12-AN{Js 213

E=CeG3
C=ABS(C) ¢
G=ABSt(G):

IF (C<(G#0.00052)6(CO>(G~0.0005)) THEN C=G3}

IF (Al1+J)€00002)CC(A(1:J)5=040002) THEN AlL+J)=20.0000:
IFC(EC0.0) (C=GIICIALTeJ)<=0e0) THEN NAME=*MEF"*®

ELSE IF ((E<0.0)](C=G))IE(ALT1+J)50000) THEN NAME=*CMEF°*;
IF ((E>=040)CCAL11:J)<00)) THEN NAME=*SHA®

IF CCE>0e0)ECALLeJ)>000)) THER NAME=*CSHA®;

IF (NAME=*SHA®) | {NANE=*CSHA®) THEN 00

IF C>G THEN PUT EDIT(JoNAME«II(XC(A)sF(1)eAlA)F(L))3
ELSE PUT EOIT(INANESJIC(KIA)oF(1)eAL42Fl2)); ENDS

ELSE DOS

PUT EDITINAME)(X(4)oAL4)); ENDS

END3
ENDS

END3S

13/




STMT LEVEL NEST

222 | PUT SKIPS

223 3 PUT EDITL*EXPECTED VALUES® }(X(40).AL1S5));
22 1 PUT SKIP3

228 3 PUT EDITI*TIME* J(AC20))3

226 | T==0.5000;

227 1 00 I=} YO Si BY S:

228 3 1 T=T74¢0.%50003

229 3 1. PUT EDITE(TI(F(10.4))3

230 1 1 END3

23 | DG I=}3 TO 1AS

232 | 1 PUT SKIP3

233 1 ) PUT EDITC*Moolo®= )AL )eF (1) e X(7)oAL1)3)3
238 | |} 00 J=i TO S1 6y S: °
233 | 2 PUT EDITIANILJ))ILIF(10+:0))3

230 1 2 END; END3

238 | 00 I=3 TO la-13

239 | [} DO J=i+r TO 1A

260 | 2 PUT SKIPS

201 3 2 PUT EDITE D% eledeo®=m )CACL1)eF(1)eF(1)eX(GIeA(1))}
242 | 2 00 k=1 TO Si 6y S3

243 3 3 PUT EDITC(D(Le oK) ICF(10048))3

26048 1 3 END3

243 1 2 PUT SKIP}

2406 | 2 PUT EDITC*DE® o14Je2®)lAL2)sF{1)eF(1)eX(S)sA(LI)3
207 | 2 00 X=i YO St 6y S;

248 | 3 PUT EDIT(DE(I+JeKII(F(104))3 END3

250 1 2 END ENODS

282 | GO 70O START1S

283 | § FINE: GET SKIP} GO TO STARTE

258 1 €0J: END SIMPLEX]

A
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To avoid having to compile the program each time data was
input, an object module was created. Thus, several runs could be made

without compilation each time.

Input

Instructions for coding data to be placed in the program are
contained in illustration 2, The researcher wishing to use the pro-
gram should read these instructions carefully. Essentially, values at
time 0 and time 1 are coded, and types of interact combinations then
may be specified.

Several criteria were used to determine what values to be
simulated as well as the number of cases to be viewed. First, values
were selected on the basis of possible word index scores based upon the
categories found in Appendix A. Based upon research utilizing these
categories (Cummings, 1970a, 1970b), various values ranging from 0.0
and 0.50 were used. Because Cummings' data tended to show a cluster of
values on most variables between 0.05 and 0.35, a majority of the simu-
lations contained values within this range. Besides grosser increments
such as 0.5, some values to 4 significant digits were used to check the
accuracy of the program (0.1654 for example)*. Second, the criteria
used to determine how many simulations were "sufficient" based upon

whether or not the addition of cases produced any new information or

*Since the use of fixed decimal numbers in PL/I produces a
truncation error of approximately 0.0001 when the tanh function is used,
a tolerance factor of 0.0002 was written into the program. Thus, values
such as 0.1654 and 0.1655 would be considered equal. It will also be
noted that the other equations used produced similar truncation error.
This is discussed more fully in the next chapter.
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trends. When simulations of certain combinations of values became
redundant, they were eliminated. Third, in a group of 5 initial index
values, combinations could be specified so that all information on each
dyad, triad, four member group, and any other combination of these
could be obtained from the program. Hence, simulations used for anal-
ysis were all based upon 5 member groups. This criteria was in part
based upon the issues raised above. It was quickly found that no new
information could be obtained by simulating values in dyads which could
as easily be simulated in groups of size 5.

Twelve sets of values were simulated and 30 combinations were
specified on each set in order to assess what changes would occur in
the basic relations when individuals were combined with others. A full
~ set of the combinations is included with the last data set in
Appendix D. In general, these combinations included the following
types: (1) Person 1, Person 2, Person 3, Persons 4 and 5; Person 2,
Person 3, Person &4, Persons ! and 5; . . ., (2) Person 1, Person 2,
Persons 3, 4, and 5; Person é, Person 3, Persons 1, 4, and 5;

(3) Persons 1 and 2, Persons 3, 4, and 5; Persons 2 and 3, Persons 1,

4, and 5; . . ., and (4) Person 1, Persons 2, 3, 4, and 5: Person 2,
Persons 1, 3, 4, and 5; . . .. The selection of both index values and
the number of combinations was based on the unique nature of information
obtained concerning the basic questions asked. Different simulations
were run using other values and combinations to assure that no unique
case was missed, After comparison with the above three criteria, the

12 simulation cases were retained as representative.
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Output

Output from the simulation program may be found in Appendix D.
The 12 sets of initial values are all reported. The 30 combinations
run on each of these sets provided such a bulk of print-out, that a
few of these have been included for the last case only.

Instructions are included with the examples to facilitate
reading the print-out. In general, information regarding the fit of
the model, projected relations, and obtained values is included.

As an example of the output, the following illustration may
prove useful to the reader. Let us suppose that three persons are
involved in a communication interaction: Bill, John, and Sue®, Let
us also suppose that empirical validation of the model for this situa-
tion has shown that a time interval of 1 is equivalent to 1 hour.
Suppose that it has also been found that negative verbs tend to be a
category which fit the mathematical model. Through pre-testing of the
indiv;duals involved in this situation, it has been found that Bill
normally has an index value on this category of 0.0, that is, he uses
practically no negative verbs; John has an initial value of 0.1, and
Sue a value of 0.2. For convenience in research, an hour is sub-
divided into 10 equal intervals of 6 minutes. Now suppose that after
an hour the last six minute interval p;oduces the following index
values for the participants: Bill's value is now 0.1; John is now at

0.15; and Sue now has a value of 0.20.

*Data for this illustration may be found in case 12 of
Appendix D.
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Inserting the values obtained empirically above, the model
would produce the following explanatory equationé for each participant:
Bill- W=0.131ltanh(t)+0.0
John- W=0,066tanh(t)+0.1
Sue - W=0.,000tanh(t)+0.2
The similarity (or difference equations as produced by the model) would

be as follows:

Bill-John D=-0,0655tanh(t)+0.1

Bill-Sue D=-0,131ltanh(t)+0.2

John-Sue =-0,0656tanh(t)+0.1

Noting the criteria for the different relations (the reader
may verify these himself), the following relations would emerge*:

1. John Sha Bill

2. Sue Sha Bill

3. Sue Sha John
These relations are graphed in illustration 3.

It can be seen in this illustration that if relations 3 and 1
were known only from the interaction of these two dyads by themselves,
then relation 2 could be predicted by the transitive property of Sha.
It will be seen in the following chapter that such predictions are
much more difficult when other types of relations emerge. The future
development of a method for dealing with such situations is discussed

in Chapter V. The illustration presented here should provide the

reader with knowledge of the process through which the model describes

*The reader may note a similarity between these relations
and leadership characteristics such as those described in the
Lashbrook and Bodaken (1969) PROANA-5 system. The relations described
above may provide a more precise operationalization of these kinds of
characteristics. Other such areas are discussed in Chapter V.



48
and predicts certain relations when at least two values are known for

each participant in the communication interaction.



CHAPTER IV
RESULTS

Results of the simulation provided a plethora of information
regarding the questions posed in the previous chapter. No claim can be
made that every single possible case was simulated as this would have
produced far too many volumes of printout. However, utilizing the pro-
cedure outlined in the previous chapter, the 12 data sets provided
sufficient information to establish some answers to the questionmns.

Question 1. What possible conditions will the
system not describe accurately?

The criteria for determining whether or not the model fit was
as follows: (1) the estimated difference equations could produce no
value greater than 1.0 or less than 0.0, and (2) the word index equa-
tions could produce no value greater than 1.0 or less than 0.0. It will
be observed that the critical element for detefmining these equations
was the time point 1. As expected, some cases were simulated in which
initial and subsequent word indexes were so disparate that values for
the indexes at time points 3, 4, or 5 exceeded 1.0 or were less than
0.0. An example of this may be seen in illustration 4. Suggestions
for dealing with these kinds of situations in empirical data are dis-

cussed in the next chapter.

49
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The most unusual finding of the simulations concerned cases
in which the estimated difference equations produced values less than
0.0. This occurred only when word index equations "crossed each other"
or more specifically, when for some t greater than 0 and less than 5,

1. At tq<t, Wa2Wh . |

2. At t, wTwy.

3. At t>t, wiqwp. (See illustration 5)

Again the time unit of 1 plays an essential role in analyzing this case.
It was found that when the indexes were equal at a point in time greater
than 1, the absolute value of the difference equation equaled that of
the computed difference between the index equations. " The choice of

time unit for determining the difference equations, thus, becomes very
important. The existence of ''crossed equations" in a number of cases
(See Appendix D) indicates the need, perhaps, for an additional set of
definitions. Perhaps two new relations, Shape-Counter-shape (ShaCSha),
and Mutual effect-Counter mutual effect (MefCMef), are necessary. The
possibilities of thesze relations are discussed in the next chapter.

Question 2. Given certain individual relations within

n-member groups, what types of relations emerge when

individual scores are combined?

It was observed in the numerous combinations of the 12 data
sets that an individual might change his relation with other individuals
by combining with another or some group of these individuals, for
example, A Counter-Mutually effects B (A CMef B) and B Counter-Mutually
effects C (B CMef C); BC Shapes A (BC Sha A). Though the program could

compute all combinations that an individual might make, no discernible

rules seemed to hold without going through the entire simulation process.
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However, a method for plotting these relations within a group was
developed. This method together with prospects for a more rigorous
cet of statements which deal with these combinations is presented in
the next chapter.

Question 3. What possible situations, if any, contradict
axioms or theorems within the system?

Two axioms within the system were found not to hold in the
simulations. These included the transitive properties for the Mef
relation and the transitive properties for the CMef relation. The
substitution for these axioms may be found in the next section. Each
is starred (*).

Question 4, What new theorems or axioms can be developed

from the simulation which concern combinations of the

defined relations?

The following statements were developed from the simulation;
no contradictory cases were found. They may be added to the axiomatic
system as either theorems or axioms depending upon whether they are

derivable analytically or not.

1. If Q, M, O are interact combinations and subsets of P,
then if Q Sha M and M Mef O, then any of the following may

hold:
1. Q Mef O
2. Q CMef O
3. Q Sha ©
4., Q CSha O

2, If Q Sha M and M CMef O then (1) Q CSha O or (2) Q CMef O.
3. If Q Sha M and M CSha O then (1) Q CSha O or (2) Q Sha 0.
4, If Q CSha M and M Sha O then (1) Q CSha O or (2) Q Sha O.
5. If Q CSha M and M Mef O then (1) Q Mef O or (2) Q Sha O.

If Q CSha M and M CMef O then any of the following may'
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14.
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If Q Mef M and M CSha O then any of the following may

1. QMef O

2. QcMef O
3. Q Sha O

4. Q CSha O
If Q Mef M and M CMef O then any of the following may hold:
1. Q Mef O

2, QCMef O

3. QSha O

4, Q CSha O

If Q Mef M and M Mef O then any of the following may hold:
1. QMef O

2, Q CcMef O

3. Q Sha 0 or

4, O Sha Q but not both.

5. Q CSha 0 or

6. O CSha Q but not both.

If Q Mef M and M Sha O then any of the following may hold:
1. QMef O

2, Q CMef O

3. QSha O

4. Q CSha O

If Q CMef M and M Mef O then any of the following may hold:
1. Q Mef O
2, QCMef O
3. Q Sha O
4, Q Csha O

If Q CMef M and M CMef O then any of the following may
hold:

1. Q CSha O or

2. O CSha Q but not both,

3. QMef O

4. Q Sha O

If Q CMef M and M CSha O then (1) Q CMef O or (2) Q Mef O

If Q CMef M and M Sha O then any of the following may hold:
1. Q Mef O
2, QCMef O
3. QSha O
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It is probable that many of the statements above could be
derived from the definitions and theorems in the axiomatic system.
However, the simulation has limited the number of possibilities. A
brief look at some of the statements indicates that proofs for some of
these theorems would indeed be quite laborious and detailed.

It should also be noted that the transitive relations of Sha
and CSha held -throughout the simulations. It may also be possible to
change these axioms to theorems through analytic means.

Question 5. Given initial index or combination values,

are there other equations which fit better than the tanh

function?

Two other equations were utilized besides the tanh function in
the simulations. These included: (1) t / t+1 and (2) 1 - e"t, 1In
using these equations, it was felt that each would offer an alternative
to the tanh(t) function and at the same time maintain the same basic
curve desired in the system. Each equation produced different values,
though for most cases, a change in the time parameter created isomor-
phic values. There were a few cases for each of the alternative equa-
tions in which the tanh function at time point 1 fit and they did not.
No case was found in which either of the alternative equations fit and
the tanh(t) function did not. Truncation error up to 0.0002 occurred
using all equations. This was probably due to the fixed decimal

nature of the data declaration within the program.
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Summary

In general, results of the simulation indicated that (1)
unique cases are directly related to choice of time parameter for the
estimated equations, (2) rules for predicting combinations of individ-
uals will be related to the type and magnitude of the relation involved,
(3) two of the axioms within the system are false, i.e., the transitive
property for Mutual Effect (Mef) and Counter-Mutual Effect (CMef),
(4) substitutions may be made for the falsified axioms and 12 addi-
tional statements may be added to the system as either axioms or
theorems, and (5) the tanh function appears at present to be the most

appropriate equation for use in the system,



CHAPTER V

SUMMARY AND DISCUSSION

The guiding principle of this study has been the need for an
approach to language behavior in communication which entails the con-
cept of process. Based upon the doubtful ability of previous constructs
to deal with process, an axiomatic system was developed to form the
basis of a theory which would combine both structural and functional
concerns in language. As a primary step in the development of this
system, a simulation program was developed and run on various combina-
tions of values in order to further specify and test the internal
validity of the system. The success or failure of this simulation must
be judged in relation to the criteria and questions raised in Chapter
111,

There appear to be at least four specific areas which warrant
discussion in this chapter: The first concerns adaptations and re-
finements in the basic axiomatic system as a result of the simulation.
This includes a discussion of procedures for adding statements to the
system. The second area concerns the empirical validity of the system
while the third is concerned with the relation between the system and
variables which concern similar concepts. The fourth area concerns the
operation of the system in the broader context of social and cultural
systems. These areas provide specific guidelines for the development

of the system in any future research.
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Adaptations of the System

In general, the simulation was quite successful in clarifying
some of the basic concepts of the system and providing parameters for
adaptation, Based upon the results of the simulation, the following
changes seem necessary:

First, specification of two new definitions seem in order
based upon the occurrance of the case DEO. Mathemétically, these may
be expressed as follows:

Definition 16. Let Q¢P, MtP, Dyy and Sgy defined for

every t&€T. Q MefCMef M means by definition that the

following conditions hold:

1. Dom = | Atanh(t) +B|, A<O.

2. For one and only one {, DQ =0.
3. ACtQ*ActM"O for some t and glo for any t,
orlActQ|=|ActMl for every t.

cqg=ajtanh(t) + by when t<t,.

cM=aztanh(t) + b2 when t<t_.

cQ=aztanh(t) + by when t2t and cM=a1tanh(t)+b1, or
. cy=ajtanh(t) + by when t2t, and cQ=aztanh(t)+b2

~Noyum &
.

Definition 17. Let QSP, MSP, Dyy and Spy defined for
every t€T, Q ShaCSha M means by definition that the
following conditions hold:

Dou = JAtanh(t)+Bl, 4<0.

For one and only one t, >0, DQM=0'

. ActQ*actM;O for every teT,

. lacyl>lacyg| for some teT,IactMHhctg] for any t.
5. Conditions 4, 5, and 7 in definition 16 hold.

S W N -

These definitions are isomorphic with the findings of the simulation.
The MefCMef relation basically indicates that the individuals involved
mutually effect one another to gain similarity up to a point in time,
but then mutually effect each other to gain dissimilarity thereafter.
The ShaCSha relation essentially indicates that one individual is

responsible for shaping toward similarity and then at some point in
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time, responsible for counter-shaping toward dissimilarity. As was
noted in the results section, the equation for the estimated difference
did not fit actual differences unless the two index scores became equal
at some point beyond the time unit used to determine the equations. To
solve this problem in relation to the two defined relations, a simple
theorem may be used:

Theorem 11. If either the ShaCSha or MefCMef relation
holds, then if cy=cy at time te, then
Dot =‘ -B tanh(t) + B).
tanh(t,)
Proof: Let t, be the time point at which cQ=CM:
Then DQM at tx = 0 since the difference at

that point is 0.
Hence, 0=Atanh(§x) + B.
Thus , = ~-B s
tanh(t,)

and the theorem f%llows.
This provides a convenient means of determining the difference equa-
tions with points known. Again, the specific time paraméters to be
used in actual research may affect procedures throughout the system,

The second area in which adaptation of the axiomatic system

seems necessary is in some of the axioms. It was found that both
axioms relating to the transitive properties of Sha and CSha held, but
the transitive properties for Mef and CMef did not. It was fortunate
that neither of these axioms was necessary for any of the theorems or
later definitions within the system. As such, the substitutions for
these axioms with the findings reported in the results section may be
made. In addition to these changes, each of the other 12 statements
deserve inclusion in the axiomatic system. In further logical develop-

ment of the theory, specification of which of these statements are

axioms and which are theorems should be made.
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The third area in which the axiomatic system may be adapted
concerns the manner in which different combinations of individuals may
change the relations inveclved. As was noted in the results section, no
discernible rules were generated by the analysis of the simulation.

The simulation did, however, provide a new data set which should pro-
vide a test of any rules developed. It was quickly found that any set
of rules governing the combinations of individuals would have to in-
clude a rather complex mathematical formulation. It may be noted that
the "a" values in each word index and icomb equation represent a degree
of change for that set. The "A" value in the difference equations also
represents a degree of change. It would seem necessary in any formu-
lation of rules for combining individuals to account for these degrees
of change as well as the direction of that change. Perhaps a rule
which assesses each relation an individual has with all other indi-
viduals in terms of the direction and magnitude of each relation will
prove fruitful. Then a measure of "power of shaping' or 'degree of mef"
might be established.

To aid in the development of these rules, a method of graphing
group relations was developed. An example of this method may be seen
in illustration 6. Using this method, the researcher may specify the
distances between individuals at time 0, then the relations and dis-
tances at time n., An example of an icomb relation is also shown in
illustration 6.

The graphs in illustration 6 are taken from one of the cases

in Appendix D. The procedure for graphing icomb relations involves the

following:
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CA: AA sna B .
(:::>: ACmd ‘IEI»
(Hx AM:«BB(:>
®) Acte§ B :

Basic Relations Time O

Icomb Time 2

Illustration 6.~ Examples of Icomb Analysis.
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1. At time 0, straight lines between individuals with
initial distances specified.

2. Specification at time n of the relation and the
distances between individuals at that time.

3. For any combination, specification of the relation
and distances.

The values used in graphing the relations may be taken directly from
the computer print-out, or iniactual data, from the values obtained.

Without knowing the actual rules for combinations of
individuals, icomb analysis provides a méans of graphing the projected
relations based on the simulation program. Hence, the researcher may
take initial values in his data, graph these values, specify what com-
bination of individuals he wishes to study in the program, and graph
the projected relations and distances provided by the computer program.
As such, the simulation program and icomb analysis provide at least a
means of assessing specific cases under consideration.

The full development of icomb analysis may necessitate a
three-dimensional model in which a visual measure of the distances
between individuals may be produced. As more empirical evidence is
added to the axiomatic system, plots of changes in relations over time
may be discerned, such as ShaCSha, or instances in which many relations
can be defined for individuals over timg.

In order to account and predict relations between individuals,
it will be necessary to develop combinatorial rules which work in all
situations involving groups of size 2 to n. Since the simulation has
provided both a data set and a program which may be used in specific

situations, any rules which are developed may be tested.
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Empirical Validity

The major purpose of the simulation reported here was to test
the logical structure of the axiomatic system, as well as, provide pro-
cedures for development, One major test of the system must remain its
validity in empirical data. 1In fact, as a priority in research, this
step would be considered very important. Research along this line may
move through several phases, each of which is related to the others.

The first phase of research involves a nominal decision. Do
the relations exist or not? If they do exist, for which language cate-
gories or behaviors do they exist? General hypotheses and research
designs at this stage may proceed along simple proportionality tests,
The curves either fit or they do not. In relation to this phase,
specific time parameters must be established. This step may entail
long range research projects. To find that in 100 dyadic interactions
which took place for 10 minutes, that the curves do not fit would be
valuable information, but would not be a complete test of the axiomatic
system. On the‘other hand, a long range study of interactions over a
year's time which fails to produce any of the relations would be evi-
dence that the system was being falsified*. Since the time parameter
plays such an important role in the system, special attention should

be placed on establishing parameters which fit different research

*To aid in the collection and analysis of data, a program
written by Cummings and Renshaw (1975) may be used. Appendix A con-
tains the categories analyzed by this program. Using punched cards
for input, the program analyzes each message according to the language
categories under consideration. Since the program produces index
cards and punched output, analysis is considerably shortened,
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situations. Examples of dummy data which did not fit the simulation
may not occur in actual data. If these situations do occur in actual
data, differing time units used to establish estimated difference
equations may be needed. As a third phase, attention must Be placed
on the use of the tanh function. Other equations such as those used
in the simulation may give better fit to specific data. In these first
three phases, research designed to falsify or add support to the
axiomatic system must include: (1) collection of language data in
differing communication situations and in differing time frames, (2) the
analysis of this data into word indexes for specific time intervals,
(3) the derivation of an equation of best fit to the actual data,
(4) a comparison of that equation with the one predicted by the model,
(5) initiation of any reassessment of time parameters or equations if
the model does not fit, and (6) a proportionality test to determine the
existence of the relations in a sample of size n.

Following the initial phases of research in the validation of
the relations, further testing of the system must involve hypotheses
concerned with combinations of the relations. Again, this research
may proceed along nominal lines. For each of the axioms énd theorems
originally in the system, as well as those derived through the simula-
tion, existence is an either-or question, Complicated statistical
designs will not be necessary to test these relations, 1In fact, the
existence of.one interaction in which the transitive property of Sha,
for example, does not hold, would be sufficient evidence that the ééibm
does not hold. Such a finding would certainly necessitate a re-evalua-

tion of the axiomatic system.
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In general, research in this area should provide answers to
the following questions: (1) Do the relations hold, and if so, for
what specific language categories? (2) If the relations occur, in
what situations do they occur? (3) If the relations.do occur, do the

axioms and theorems hold in all cases?

Relation to Other Variables

Research prospects outlined in the previous section are de-
signed to test the empirical validity of the axiomatic system as a
concept in itself, Full validity of the system as either a descriptive
or predictive tool in communication will necessitate studies relating
it to other variables and concepts*. Such research should also provide
a view of the system in relation to the basic assumptions underlying it.

In the area of small groups, the axiomatic system could be
studied in relation to concepts such as leadership, power, status,
deviates, propinquity, networks, and consensus. Some possible hypo-
theses relating the system to these variables might include the
following:

H,: There will be a correlation between Mef behaviors
and democratic leadership.**

Hp: There will be a correlation between counter-shaping
behavior and deviate behavior within groups.*#*%

*See Guilford (1954) for a discussion of this type of validity.
**See Selvin (1960) for discussion of democratic leadership,

*%*%See Schachter (1951) for a discussion of deviation.
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Hqp: Group morale will increase as the number of Mef
(mutual effect) relations increases within a group.*

These hypotheses are only a few of the many which might be advanced in
relation to the axiomatic system. They have purposely been worded in
different ways to give a general view of the possibilities.

In the area of language development, there are several inter-
esting areas of research which may be pursued. As an alternative to a
strictly learning theory approach, one might assess the relation be-
tween shaping and learning, but also determine at what time in a
child's development this relation becomes one of mutual-effect or
counter-shaping (See Cummings, 1974c). Such studies would aid in the
validation of the system as a useful tool in describing communication
behaviors over time.

Since one of the assumptions of the axiomatic system is that
probability plays an essential role in commuﬁication behavior, further
construct validity of the system would.seem to necessitate studies of
its relation to other variables which might influence those probabili-
ties. For example, what prior syntactic or cognitive behaviors lead to
the choice of certain categories? 1Is there a relation between prior
learning and susceptibility to shaping or mutual effect? Overall, some
of the most important questions which may be raised in this area of
research involve those variables which lead to one or more of the de-
fined relations. Though the system may provide a definitive explanation

or description of interactive language behaviors, its development in

*See Homans (1950) for a discussion of morale and satisfaction
within a group. '
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relation to other factors which influence the relations seems to be a

necessity.

The Broader Context

There are several prospects for development and use of the
axiomatic system in the study of communication. The major guideline in
the development of the system was that a theoretical approach which
combined both structural and functional approaches was not only appro-
priate at this time, but also necessary if communication was to be
studied as process. The‘most important element of the system involves
the attempt to describe interaction in relation to time. The element
of time seems to provide a basis on which a truly systemic view of
communication may be obtained. As such, the application of the system
to social and cultural contexts would seem most appropriate. For
example, the socialization of an individual through language interac-
tion may be studied in terms of the basic relations involved. Like the
example in the previous section on language behavior, an important
question here would be at what point the individual ceases to be
shaped and instead develops mef relations. In other contexts, the
axiomatic system would seem to be applicable to studies in family
counseling, organizations, and education. For example: What types of
relations exist between parents and children? What types of language
behaviors and relations are most congruent with high morale or produc-
tivity in organizations? These questions would seem quite open to

analysis and study in relation to the system,
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Overall, the axiomatic system, with empirical validation,
would seem to provide a means of explaining and predicting inter-
dependent communication behaﬁiors. Knowing the relations between
certain individuals or groups, one might predict what would occur when
certain combinations are taken together. Through further development,

the system may provide the basis for a truly "process’ theory of

communication.
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APFENDIX A

LANGUAGE CATEGORIES
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APPENDIX B

KEY TO MATHEMATICAL SYMBOLS
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The following symbolé are utilized in the axiomatic system
presented in Chapter II, A list of references has also been included
for the reader who is unfamiliar with some basic concepts in algebra,
set theory, and calculus. The list is only representative. There are

numerous texts on these subjects.

Symbo1l Definition
ASB A is a subset of B
aeA a is an element of A
® The null or empty set
ﬁg a a is summed n times
-
la] the absolute value of a
(if a 0, a = a.)
(if a0, a =-a)
(if a=0, a =0)
Aa change in a, (defined in text)
dy the derivative of y with respect
dx to x (See Thomas, 1969 below;
pp. 59-98).
a¢h a less than b
a>b a greater than b
* multiplication, used only in

statements within system

a¥b a not greater than b
adb a not less than b
References

Riddle, D. F. (1970) Calculus and Analytic Geometry. Belmont, Calif.:
Wadsworth.

Thomas, G. B. (1969) Calculus. Reading, Mass.: Addison Wesley.

McCoy, N. H. (1968) Introduction to Modern Algebra. Boston:
Allyn and Bacon.

Youse, B. K. (1970) An Introduction to Mathematics. Boston: Allyn and
Bacon.
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APPENDIX C

PLOTS OF BASIC RELATIONS
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Instructions for Reading Output

The following pages give representative examples of the plots
of the basic relations. Each plot of the basic relation between
w, and wp, is preceded by a plot of either the similarity equation
(1-D) or the difference equation (1-S). The similarity equation is
noted for examples of Sha and Mef. The difference equation is printed
for examples of CSha and CMef. For each of the relations, the equa-
tion for w, is given (wp=w,- | 1-s}). Values for each of Was Wh, S OF
D, and t are printed. Identification of which plot represents the
appropriate w may be determined by these values. The relation exempli-

fied has been noted at the top of each page.
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0.9300 0.1500
0.9400 0.1500
09400 __0+1500
0.9500 0.1500
0.9600 0.1500

Q0«9700 0.1500

0.9700 0.1500
0.9700 0.1500
- 0.9800 0.1500

C.9800 0.,1500
0.9800 0.1500
09900 0.150¢C
0e 9900 0.150C
0.9900 0.1500
09900 0.1500 ¢
0.%900 0.1500
0.9900 0.1500

0:9900 0.1500
0.9900 041500
0.9900 0.1500

Ce 9900 041500

049900 0.1500
049900 0.1500

09900 ©0.1500
0+9900__0.1500
0.9900 0e.150C
09900 0.150C
0.9900 0.1500

0.9900 0.1500
0.9900 041200
0.9900  0.150C
09900 0.1500
0.9900 0.1500

Ce9900 0.,150C

045900 001500
0e9900 0.1500
09900 0.1500

09900 0.1500

wB T
_ - O".‘.n..'.NQQ"U".QO.‘QQU.-lOOQQIQQDQQ.Q'OQDOOQlQn00
0.0000 "6.0000 T e T T T
0.0100 0« 1000 »* .
0.0200 Q.2000 s .
0.0400 Qe 3000 s = - -
00500 0.a000 * » *
0+ 0600 0.5000 PO *
Ve 0R00 06000 * 0 *
0.0900 047000 . w0 *D

..... )___0.0900  0.8000 = * > =
0.1000 0.9000 - = . *
0.1100 140090 » .«
0.1200 11000 - * s
0+1200 i.2000 * &
0.1200 143000 * P
0e1309 144000 . * »
0e1300 15000 * « .
0.1300 16000 . * « .
0.1409 17000 - -

50 ( 0s1a400 18000 * *

Vel1300 1«9000 . - huuv
0+1400 2.0000 * .
Oe 1400 201000 » -
041400 2.2000 * = W
0.1400 23000 * . -
0.1400 2.4000 [y *
001400 2.5000 . * A
0.1400 2.6000 * -
041400 247000 - 0]
0.1400 2.8000 . * >
0.1400 2.9000 . *
0.14060 3.0000 * ¥ .
CG.1400 3.1000 * *
V.1400 3.2000 - .
018400 343000 * *
0e1400 344000 * *
01400 345000 . -
0.1400 346000 [ -
0e140V 3.7020 * @
0.1400 3.8000 * .
0.1400 3.9000 ] -
0431400 4.0000 * *
0.1400 4.1000 . *
0.T460 32,2600 ¥ .
0.3400 443000 * .
0.1a00 444000 * .
0e1409 4¢5000 £ (]
0.1400 4.6000 * *
001400 47000 * *
0e1800" 4 +8UU0 - 3
0.1400 4.9000 . *
0.1400 5.0000 - *
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90
Instructions for Reading Output

Each item mentioned in the instructions is numbered for
reference in the output. Since the program first analyzes each indi-
vidual case, the first page of print-out includes the index values for
each person at time 0 and time 1 (1). Estimated equations (2) are
then printed, and if the model does not fit, this is supplied with
the equation (3)*, Equations for the difference (estimated) scores
are then printed (4) and indication if the model does not fit (5). If
one of the nonsymetric relations is found between individuals, this in-
formation is supplied, i.e. 1Sha 2 for example (6). If one of the
other relations exists, this is indicated (7). The program then prints
a table of values which includes time (8), indexes (9), computed dif-
ferences (10), and estimated differences (11).

Following the last case, examples of interaction combinations
are reported **, The printout looks virtually the same except that
interaction combination values are used. The number of the intéract
combination is printed (12) and then the numbers of the persons which
comprise that "icomb" (13). The initial icomb value at time O is then

printed (14).

*
An example of 3 may be found in the 6th case,

%k
Following case 12.
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