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CHAPTER I

INTRODUCTION AND CONSPECTUS

The idea that information was something that could
be measured in precise terms, or indeed, quantified at all,

began with the publication of The Mathematical Theory of

Communication by Claude Shannon and Warren Weaver in 1949,

Shannon's information measure was originally for-
mulated to improve the flow of messages in communication
channels, but it has been applied to more extensive fields
of inquiry, such as physics, blology, psychology, and more
recénﬁly, anthropology.

One of the interesting aspects of this information
measure is that the content of a message is invariant %o
its form, It does not matter whether the message is sent
in the form of words, signs, or morse code. The guantity
of information remains unchanged. As such, information
theory provides a conceptual framework and a set of meas-
ures that can be used in the analysis of a number of diverse
situations.

One fundamental principle of the theory is that the
processes which are said to convey information are rela-
tional selection processes, e.g., one makes declsions with

respect to a known set of alternatives. The concept of in-
1



formation only has meaning in relation to a well-defined
system. A second fundamental property of information meas-
ures is that probabilities can be assigned to the set of
outcomes.,

Componential analysis, as a method of semantic in-
vestigation (useful references on componential analysis in-
clude Frake 19623 Lounsbury 1964; Sturtevant 19643 Wallace
and Atkins 1960), also consists of procedures for the iden=-
tification of mutually exclusive features of a well-defined
set, often a set of kin-type designations. Since informa-
tion theory can be regarded, in part, as an extension of
correlation theory, one is able (theoretically) to compare

quantitatively the meaning (e.g., gignificatum, see Schef-

fler and Lounsbury 1971: 3-12) of terms in taxonomic lexi-
cons.

AF.C. Wallace (1961), in a paper presented to a
symposium on the problems of crowding and stress, was the
first anthropologist to use the information metric as a
measure of the "semantic complexity" of kinship terminol-
ogles. ‘

Wallace (1961: u459-460) found that by counting the
number of cells occupied by a term (in a componential par-
adigm), and dividing that number by the number of cells in
the taxonomic space, one has a probability measure that is
analogous to Shannon's information measure. He then used

this measure to test the hypothesis that "human cultures



have become more complex in the course of their evolution
from paleolithic to modern industrial levels of . oganiza-
tion" (Wallace 1961: Uu458). "Complexity" was seen as the
nunber of binary discriminations that are necessary to
specify every term in the lexicon.

Boyd et 2l, (1973) also recognized that the informa-

tion measure is additive functions of probability spaces,
and they formulated a normalized information similarity
measurse. This measure generates patterns of similarity
which were used in the construction of hierarchical clus-
terings (e.g., taxonomies, see Johnson 1967) of Polynesian
kinship terminologies. This analysis aided these researchers
in their attempts to formulate questions of soclal and hige
torical processes--phylogenetic questions--since a taxonomy
of kinship systems could be compared with taxonomies of
langnages as provided by glottochronological techniques.

Since the papers by Wallace and Boyd et al., are, as
far as I am able to determine, the only accounts of appli-
cations of information theory to probléms associated with
the study of kinship, I thought that it would be of some
theoretical value to investigate the wider implications of
kinship terminologies as information systems.

In chapter two I examine briefly the formal proper-
ties of information theory, relate the notion of probabile
ity to sets of alternate messages, and develop the formula

for the Shannon measure of informatlion.



Chapter three is an examination of the problem of
boundary placement on sets of kin-type components and in
this chapter I discuss the relevance of defining behaviour,
which is characteristically infinite in variation, in terms
of finite sets.

Some . eriticisms of componential analysis (e.g.,
Burling 19623 1964) are considered which relate to the
problems of kinship variation and indéterminate "solutions’ .
The contents of this chapter are then discussed in light of
a summary of psychological experiments--treated with appro-
priate skepticism--which indicate that our capacity for
processing information, and hence, for constructing taxon-
omies, is significantly limited.

Chapter four is a discussion of the techniques of
componential analysis as they relate to the placement of
boundaries or constraints on the range of kin-type "mean-
ings", The application of information theory is not pos=-
sible unless one has a precise knowledge of the range of
possible alternatives. ©Since information is conveyed in the
form of messages or signal elements, the distinctive fea-
tures or components of kin terms are seen as equivalent to
these signal elements.

In chapter five I elaborate on the problem of kin-
ship variation and suggest a functional hypothesis which
restricts sibling terminologies to two varieties (e.g.,

terminologies with one or two terms) in terms of maxima



information values. The hypothesis is given preliminary
consideration by testing it against a sample of five hun-
dred socleties. This section concludes with a look at the
relationship between quantities of inférmation in gibling
terminologies (Polynesian), and the independent variables
of social differentiation and population densities.

In chapter six I relate discussions in the previous
chapters to an empirical example, to wit, Athapaskan kinship
systems., This example is organized about the testing of an
hypothesls, proposed by Murdock (1968), concerning the re=-
lationship betweén patterns of sibling terminology and lin-

guistic groupings.



CHAPTER II

INFORMATION AND MESSAGES

Science has given precise definition to our intui-
tive understanding of such terms as "acceleration", "work",
and "information". When a technical concept is designated
by a common word, the word consequently acquires a new
meaning. Before a term can be used in a technical context,
its new meaning must be defined. Since the fundamentals of
information theory are not generally well known, the infore
mation theorist's definition of information will now be de=
fined.

The concept of information, as used in this thesis,
is a refinemént of the everyday usage of the term, Infore
mation can be thought of as that which removes or reduces
our uncertainty about the outcome of a particular event.
(Attneave 19592 1). The more information that we have at
our disposal, the more certain we are about making deci-
sions or choosing between alternatives. The technilcal
meaning of information is simply more precise than the lay
usage.

The reader will find the following "checkerboard”
example illustrative, more embellished variations of which
can be found in Attneave (1959: 2-4), and DeFleur and
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Larson (1958: 261-263),

" If one were asked to determine the location of one square
of the checkerboard, what is the minimum number of questions,
which elicit yes~no answers, that can be asked in order to al-
ways arrive at the correct solution? Since yes-no responses are
the only ones admissible, the task must be accomplished by the

successive binary partitioning of the board. The first question

reduces the number of alternatives from 64 = 32, the second to
16, and so on, until one 1is certain of the location of the cor-
rect square. The number of alternate questions is six, all of
which are not only necessary, but sufficient when properly asked,
to identify the appropriate square.

An interesting aspect of this process is that 26=6h.
Put another way, the minimum number of questions'requiréd to are
rive at the correct solution is the power to which 2 must be
raised in order to equal the numger of available alternativese.

This equation (e.ge. 64%=2 ) can be generalized to the
form m=23 or log m=H, since logarithms are easier to manipﬁlate.
"m" is the numbei of equally 1likely alternatives from which a
choice 1s made, and "H" is the amount of uncertainty or infor-
mation, expressed in binary digits (contracted to "bits"). The
unit for measurement of information is one binary digit (Att-

neave 1959: 4).1

1l
It should be noted that information theory does not
necessarily require "binary digits". Information could be cal=-
culated using bases other than 2.



One bit is the maximum amount of information con-
tained in any yes-no answer. This maximum 1Is only achieved
when the number of possibilities is reduced exactly in half.
As with the squares of the checkerboard where all alterna-
tives are equiprobable, H represents the minimum number of
binary digits into which an event may be encoded (ibid: 9).

The ascertainment of a particular square on a check-

erboard is an example of gradual uncertainty-reduction, The

number of alternatives, and our uncertainty, are progres-
sively reduced to the point where we are certain of the lo-
cation of a square. Six binary digits are needed to specify
one alternative out of sixty-four. This is another way of
saying that the number of bits is the logarithm, to the

base 2, of the number of alternatives (when the alternatives
are equiprobable).

In the example above, every square of the checker=
board has an equal chance of selection. But one must also
allow for situations where a choice must be made from a set
of alternatives which are not all equiprobable.

A welghted average can be utilized to rectify this
problem (ibid: 7). That is, the probability of occurrence is
multiplied by each of the likely alternatives. _

To illustrate this procedure, imagine two events
where the outcomes are divided into two groups, n and n

2
(Raisbeck 1964: 8-10).
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One group has probability p y
A i1 n +n

i
ro

and the other has probability p
2

Since the information associated with n equally
likely alternatives is}
log n,
2
the information assoclated with a two-event space of events

is logn and log n ,
21

22
n n
We then gets H=logn - _1 ., logn = _2 ., logn
2 n 21 n 22

-plelogzp1 - pgalogzpz.

For the general form of a message having "n" alter-
natives (not equiprobable), let the various outcomes have
probabilities: pl, P g soey pn. In this case, the amount

of information assoclated with a message, X, 1s:

H(X)

«D +1OE P =P 2108 P = seo=p o1lOg N.
1 21 2 2 2 n 2

n
- P -log p Q\<p £ 1, for all i,
i=1 1 21 i

Thls final equation is often called the Shannon measure of
information (Shannon and Weaver 1949: 20,

Each value,then,.is weilghted by its probability.
The average information of an event is equal to the sum of
the information values for each alternative, multiplied by
its probability as a weighting factor (Attneave 1959: 7-8).
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As the Shannon measure implies, information theory
ig founded on concepts of probability, where a state of
knowledge is assigned a numerical code. If one knows every=
thing about a question, all possible answers (except one)
have zero probability (p=0) of occurrence. As such, when
an answer 1is assigned unit probability (p=1l), no more know=-
ledge can be gleaned about the question. Knowledge can
thus be encoded on a probability distribution, and infor-
mation can be defined as "anything that causes an adjust-
ment in a probability assignment® (Tribus and McIrvine 1971:
179).



CHAPTER III

INFINITE VARTATION: A CONCEPTUAL PROBLEM

Information theory is founded on the exploitation
of one rather simple principle, namely, any message is it-
self a sequence of events (Neisser 1968: 355). Information
processing could be considered in the context of the alter-
nate events that might occur, within existing parameters or
constraints. ITf one accepts this premise, every utterance

is basically a choice, or a series of choices, among possi-

bilities.

Information.theory is fundamentally a theory of se-
lection, but the selection must take place within the con-
straints of a well-defined set or from a gpecific set of
alternatives. ©Such a selection process is basically sta-
tistical in the sense that it involves probability consid-
erations.

Ag such, Frieck (1968: 182) argued that behaviour
is not a simple matter of distinct stimulus and response
events, but of sets of possible alternatives or potential
stimuli and responses from which choices must be made.
Speech, for example, can be regarded as a sequence of se=-
lections from a number of possible choices i. e., the mor-

phemes of a language. Consequently, we need information

11
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only when we are faced with a choice of some sort.

In information theory, the source of the information
must be a discrete source (see Raisbeck 1964: L4-5)3 the
number of possible alternate messages must constitute a
finite set of distinct entities., This theory rests squarely
on the definition of a "sample space®”, e.g., an explicit
listing of the range of events over which the probability
measure is to be defined (Rapoport 1956: 309).

' The conceptualization of finite sets of behaviour
raises a problem which questions the determinancy of com-
ponential analyses and, in a sense, 1s fundamental in ap-
plications of mathematical tool kits. The problem is this:
since the classes of all numbers of behaviour éVents is in-
finite, an infinite amount of information must be involved
in the specification of any number, which is an "impossible"®
task.

One must admit that behaviour is potentially infinite

in variation and coding systems are, by definition, finite.
Keesing éptly remarks (1971: 80); "Codes have sharp edges
and neat rules, while behaviour has fuzzy edges and only
statistical regularities", But one might ask if it is use-
ful, or will it facilitate our understanding of behavioural
phenomena, to view them in terms of infinite variation.

A noted scientist, Leon Brillouin, reminds us that

because of this problem of infinite variationj "Experimental

errors are inevitable, and it is unscientific to think of
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infinite accuracy in any measurement" (1962: 320).

In fact Burling's criticism of componential anal-
ysis was that indeterminate solutions were inevitable be-
cause of the infinite variability of empirical data; “"Hom-
onymy, empty spaces, non-binary distinetions, parallel com=
ponents, and redundant solutions all add considerable com-
plexity to the possibilities for anélysis of a set of terms.
In principle, the number of possible analyses becomes in-
finite" (1964: 24).

Burling (1962) also noted that a restatement of
Njamal kinship terminology was possible and that anthropol-
ogists should expect alternate solutions in their compo-
nential analyses. He then proceeded to demonstrate (1964),
(a), the complexity involved in the very large number of
éomponéntiai analyses possible for even a small number of
items, and (b),that many alternate arrangements are often
- logiecally possible.

These observations obviously complicate the problem
of indeterminancy for semantic analysis. Componential anal-
ysis 1s a process whereby a set of terms (from a culturally
relevant domain) are apportioned or partitioned into con-
trasting subsets. And there are alternate ways to arrive
at these subsets.

Eurling further questioned Frake's (1961) analysis

of disease terms in Subanun, a language of Mindanao:
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I cannot help wondering if he does not con-

vey an unjustified certainty in the partic-

ular analysis he coffers., I will not be con-

vinced that there are not dozens or hundreds

of possible analyses of Subanun disease terms

(Burling 1964: 26).

Even though the number of possible analyses rapidly
approaches infinity the more one adds dimensions and sub-
partitions a set, the fact remains that all theoretical
possibilities do not have an equal chance of occurrence.
Are there g priori grounds for assuming that some possibil-
ities have a greater chance of occurrence than do others?

In a rejoiner, Hymes (1964), argued that independ-
ently elicited information on the informants' principles
of "gsorting" can eliminate from consideration many logical
possibilities. Hymes (196%: 116) further reiterates; "The
main thing is to observe that the total number of logical
possibilities is fully pertinent only if all solutions have
~an equal chance of being arrived at".

Since Burling's contribution, a number of anthropol-
ogists, especially those dealing with kinship systeuws, have
given this problem of indeterminancy serious consideration.
Nerlove and Romney (1967), for example, have postulated
some baslic terminological principles that make the occur-
rence of certain types of sibling terminology exceedingly
unlikely in practice. One such principle is that classifi-

cation systems utilize only conjuctive and relational cate=

gories. Disjunctive categories have but a rare and improb-
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able chance of occurrence.

Mariel Hammer (1966) also regarded the distinction
between open and closed systems as a central issue in an=-
thropoligical theory, especially in the formal analysis of
grammatical and semantic systems. She pointed out that no
natural system--physical, biological, or cultural-- is a
closed system. Therefore the demand for a finite set of
rules which govern the operation of a system, particularly
if formulated in absolute terms, should be rejected as inap-
plicable, As such, Hammer considered that Chomsky's cri-
teria of grammar as finite sets was objectionablej

e othe rules involved in linguistic¢ behav-

ior are not a finlte set because natural

languages are not closed systems, and that

the speakers of the language are not an

appropriate source of evaluative criteria

for a formal, finite grammer (Hammer 1966:

366).

Because of this "open" characteristic of languages,
Hammer called for analyses which involved two connected
grammars. One would deal with general sets of rules and
could specify a maximal range, while another grammer would
specify a minimal range and add those restrictiohs which
are necessary for the production of only those sentences
which are always formally acceptable (1966: 365-366),

The reasons that Hammer gave for a set of maximum

and minimum range grammars are that formal grammars, such

as that posited by Chomsky, do not allow for, (a), disagree-
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ment among native speakers, and (b), errors of judgement
(1966: 364%)., But the fact remains that the linguist must
still account for communication, even though an individual
may use different sets of grammatical rules depending upon
the situation.

This concept of minimal and maximal ranges as a
method of coping with infinite sets 1s suggested, albeit
in different terms, by other anthropologists.

Keesing (1971: 329) recognized that the precise
arrangements of human behaviour are potentially infinite
in variability, but qualified this position by noting that
the mode of arrangement, the structure of the designs, is
repeated over and over throughout the cultures of the world.

Some areas of culture, such as house types, dress,
and so on, show wide variation from society to society.
But there is less variation in some areas, such as prin-
ciples of kin classification, where the same themes keep
reappearing. Once 1t is recognized that all the societies
that anthropologists have yet encountered attribute some
importance to kinship, and have some form of marriage, the
range of variation is already greatly narrowed. |

However Keesing found this observation somewhat less
than profound, given the limitations of human biology}

We find over and over again variation on the

same themes, different combinations of famil-

lar elements. This should not surprise us.
Even human imagination can devise only so
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many ways of assigning parentage, tracing

descent, classifying relatives, transmitting

rights across generations, forming groups,

and regulating mating. Given the common

elements of human biology, the range of pos-

sibility is distinetly limited (Keesing 1971:

152-153).

The French anthropologist, Claude Levi-Strauss, has
devoted a considerable amount of attention to the explora-
tion of ﬁniversal patterns which he believes are imposed by
the constraints of human thinking. Levi-Strauss! argument
is that the logic of our thinking closely resembles the
workings of a computer in that it is digital and binary--
that is, it is based on sets of two way contrasts (Keesing
1971: 329).

' levi-Strauss seeks to demonstrate that in cultural
structure and symbolism, symbolic oppositions,; e.g., the
dualistic contrast of polarities: Left: right, moon:
sun, female: male, and so on, are similar modes of thinking
that can be found in various parts of the globe. Such sym=-
bolic polarities as culture versus nature, sacred versus
profane, and other formal arrangements of contrast,; can be
found both within the same culture, and from culture to
culture. But Levi-Strauss is quick to emphasize that it is
the design which is replicated or transformed (1962: 95).
Cultural differences are found in the area of content.

Greenberg's (1963) search for linguistic universals

and recurrent patierns 1s analogous to Levi-Strauss'! en-
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devours. Greenberg argues that grammars often utilize
systems of binary contrast where one feature is "marked"
and the contrasting one is "unmarked". These features are
a recurrent theme in the semantics, phénology, and syntax
of many languages.

Following Greenberg's earlier work, Lounsbury at-
tempted to demonstrate that dimensions of kinship systems
represent a dichotomous opposition of Just two features
where a distinction is made between a "marked" and an "un-
marked" member of every opposition. For example, the first
term of each of the following oppositions is regarded as
the "marked" member (Lounsbury 1969: 204)3

POLARITY: senior, vs. junior
SEX: male, vs. female
BIFURCATION: cross, vs. parallel.

Although one might be concerned with the question
as to whether Levi-Strauss is actually discovering structure,
or creating it, Keesing feels that these recurrent themes of
contrasting symbolic oppositions possibly are a characteris-

tic of human modes of thinking:

The patterns of thinking imposed by the brain,
applied to the common perceptual features of
men's environment and universal elements of
human experience, must also limit cultural
possibility (keesing 1971: 329).

If these explanations of cognitive patterning appear

much too simplistic, recent neurophysiological research has
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led one writer to remark:

It seems that the language of.the brain is

Jogically much 'simpler! than any we have

been able to devise so far. This is why the

next significant advance in the production

of brain ‘models' will depend on the dis-

covery of a new much more profound and sub-

tle melange of logic, mathematics, neuro-

physiology, molecular biology, biophysics,

biochemistry, electronics, engineering,

and so forth, than any we have already

(Singh 1966: 327).

The first step is to discover the primary logico-mathemat-
1cal language actually used by the brain. Singh uses the
word "simpler", not because it will be easier to learn, but
because the number of successive steps required to complete
an operation in a net of live neurons are fewer than that
found in vacuum tubes or transistors. The invention of
novel systems, which will replicate patterns of human
thinking, appears as a necessary precondition.

There is other evidence, primarily psychological,
which tends to restrict the limits of human variation,
Granting these restrictions, the goal of complete analyses
in ethnographic studies appears less impracticable. Good-
enough (1965) pdints out in his examination of the concepts
'status' and 'role' in Truk, that since people manage to
learn the various duties, status dimensions, and identity
relationships in the normal course of their lives, they are
not likely "to be so complicated as to defy analysis®.

George Miller (1956) in his studies in the psychol-
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ogy of cognition, finds that an individual's ability to
class stimuli on unidimensional scales is remarkabley lim-
ited. The maximum number of discriminations that one can
make on one dimension appears to be about seven (plus or
minus two). This is anether way of saying that the channel
capacities, measured for unidimensional variables, ranges
from 2.3 to 3.2 bits of information.

This is the range for an unidimensional variable,
but what could be the range for multidimensional variables?
Wallace (1961) calls attention to evidence which suggests
that if too many dimensions are involved, one might have
difficulty in making several successive Jjudgements because
the process becomes cumbersome and cognitively difficult.
nglace (1961: 463) then suggests "the numerical value of
2 for maximum size of folk taxonomies",

- When one Qonsiders the wide variety of different
possible variables, these ranges are surprisingly narrow.
Miller hypothesizes that these restricted ranges are pos-
sibly a function, not of a psychic unity, but of the re-
stricted range of our anatomical and physiological charac-
teristics. |

He notes:

There seems to be some limitation built into
us either by learning or by the design of our
nervous systems, a limit that keeps our chan-
nel capacities in this general range. On the
baslis of the present evidence it seems safe
to say that we possess a finite and rather
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small capacity for making such unidimensional

judgements and that this capacity does not

vary a great deal from one simple sensory at-

tribute to another (Miller 1996: 86).

Wallace and Atkins state that one of the major
sources of indeterminancy, or multiplicity of solutions, in
semantic analyses of kinship systems is "the fact that the
set of all kin-type denotata has no finite boundaries"
(1960: 96)., This problem, they believe, raises basic the-
orectical issues which tend to question; (a), the purposes
of componential analysis, (b), the nature of model-building
in anthropology, and (ec), the constraints on purpose im-
posed by the technical demands of a convenient model (ibid:
6k4) .

" I have attempted to demonstrate, in this chapter,
that a number of social scientists are concerned with the
infinite nature of human variation, as it relates to com-
ponential analysis, cognitive processes, and linguistie
universals. This problem is often seen as a major diffi-
culty with studies in the realm of 'social systems', e.g.,
closed ones in Hammer's (1966) sense.

Since information theory developed with the reali-
zation that the processes which might be said to convey
information are basically processes of selection (Frick
1968: 182), and in order to examine the selection process

it is essential to be able to examine the set in finite

terms (Rapoport 1956: 306), applications of information
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theory can be said to be subject to the same criticisms as
levied above by Wallace and Atkins.
But one might question whether the fact that the

possible variations of human behaviour are potentially in-

finite, precludes analyses in terms of finite sets. Hammer
(1966: 371) reminds us thatj "...componential analyses,
like grammars of a language, are finite and formal, and,
thereby, unlike the behaviors utilized in their derivation".
These same problems are much the same as those faced in the
'physical! sciences., But in these fields, infinite quan-
tities are not usually a major concern.

Euclidean geometry may be infinite, but its rules
are a finite set. One need not find any logical difficulty
in a finite set of rules governing the production of a non-
finite set, or sequence of events (ihid: 363).

A geometrical line, for example, is composed of an
infinite number of points, and an infinite amount of infor-
mation would be required to specify one of these points.
But since the position of a point can never be determined
without some degree of error, the number of gpecifiable
numbers is not infinite (Attneave 1959: 5).

This error of measurement, in effect, allows us to
divide a continuum into a limited number of alternate cat-
egories which can be distinguished from one another. Att-
neave (1959: 5) finds a solution to the problem of an in-

finite sequence of events by suggestings
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In general, whenever it appears that we are

able to deal with infinite quantities of

information, we find that we have overlooked

some limiting factor which reduces the num=-

ber of practical alternatives in the solution

to a finite level.

In much the same manner, anthropologists and lin-
guists such as Murdock, Kroeber, Levi-Strauss, and Green-
berg have been able to deal with the potentially infinite
variation of human behaviour by utilizing such 'limiting
factors' as residence rules, historical influences, psycho-

logical processes, and principles of kinshlp classification.



CHAPTER IV

SEMANTIC COMPONENTS AS PARAMETERS TN KINSHIP ANALYSIS

In this chapter I-examine variations in principles
of kinship classification in order to establish parameters
or boundaries on this special lexical domain. Although
little research has been conducted into establishing *"uni-
versals" of kinship variation (for exceptions see Kroeber
1909; Murdock 19493 1968; 1970; Nerlove and Romnéy 1967),
this task is seen as essential, and necessary, in applica-
tions of information theory. Without a precise definition
of the particular constraints or parameters involved, one
would have only a vague understanding of available alter-
natives and, hence, be unable to define the appropriate
probability space. The lack of probability considerations
precludes the application of an information measure.

Anthropologists have heen aware for some time that
kinship systems function as signal units to discriminate
among certain social positions or kinship roles. Every
goclety has a kinship system and accompaning kinship ter-
minology. As such, kinship systems can be considered as
'eommon denominators' or universal aspects of man's soci-
eties and cultures (Epling 1961: 152).

Some years ago Kroeber (1909) demonstrated that

24
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the kinship systems of many cultures share the same struc-
tural features, although each terminology can be viewed as
a more or less discrete system. But the fact remains that
kin terminologies are based on a limited number of recog-
nized kin 'categories' or dimensions of difference between
kinsmen.

Also, since sets of kin terms function mainly as
signal systems used to discriminate among kinsmen, one's
position in a kin network is "defined" by dimensions of
kinship differences. In turn, these dimensions are sig-
nalled, and defined, by various linguistic structures which
are centered about kinship terms, the irreducible forms as-
soclated with thelr own particular "meanings'.

Frake (1962: 76-78) sees these kin categories in
terms of what he calls gegregates, which are "a termino-
logically distinguished array of objects". When a contrast
set makes distinctive alternatives available, this set
forms a series of terminologically contrasted segregates
(ibid: 78-79). When one makes a decision about category
membership, he is selecting a term from a set of alterna-
tives, each of which is important in a classificétory sense.

In the Euro-Canadian kinship terminology, such cate=-
gories as mother, brother, son, and father are all segre-
gates, only the opposition of mother: father categories
would form a contrast set.

The definition as to what constitutes a contrast
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set 1s s8till not entirely clear. The terms of the set:
mother, son, father, differ along two dimensions; sex and
generation. The contrast set: mother-father, differs only
on the component of relative sex, while the contrast set:
'mother-son differs on two components, sex and generation.
Kay (1969: 87) provides a somewhat less ambiguous
definition of "contrast set". "“The taxa are in the same

contrast set if and only if they are immediately dominated

by the same taxon" (ibid).

Consider the taxonomy in figure 1. All contrast
sets are rdpresented by the pairs of taxa (X,¥), (P,Q),
and (R,S5). The set of taxa (P,Q,R,S) is not a contrast set.

The composition of contrast sets is an impertant
fundamental distinction. Kinship systems, considered in a
taxonomic sense, are characteristically composed of various
contrast sets. But it is a different matter to specify, in
different cultural settings, the alternatives which consti-
tute culturally relevant contrast sets. At any rate, tax-
onomies, such as those made up of networks of kin terms,
"make possible a regulation of the amount of information
comnmunicated about an object in a given situatioh" (Frake
1962: 80).

As pointed out above, one of the interesting aspects
of kinship terminologies is that discriminations are usually
made between two classes or sets of features, e.g., male

and female, cross and parallel, and, elder and younger.
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Figure 1. A Tree Arrangement Depieiting Levels of Contrast
) (Adapted from Kay 1969: 87),
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Such binary oppositions as these are the building blocks
of information theory. One might speculate that future
researchers may discover that decisions of a binary nature
are fundamental to human cognitive processes. Nevertheless,
the fact that binary discriminations appear to be a univer-
sal principle of kin term differences, makes kinship systems
an intriguing aspect of analyses of an "informational"
nature. |

In much the same vein, Lounsbury, in his studf of
the Irqquois kinship system found it instructive to reduce
the sets of terms to binary discriminations, or, as he
phrases it, "dichotomous oppositions", Lounsbury (1969:
203) remarks further on the reciprocal characteristic of
sets of Iroduols kin termsj "It will be noted that, the
four dimenéions employed in the analysls of the consanguin-
eal system, three of them--sex, bifurcation [;ross ¥S. par-
gllei}, and relative age--were dimensions representing a

dichotomous opposition of just two features".

In 1909, Kroeber enumerated eight categories or
principles found in kinship systems around the world.

Kroeber wrotej

It 1s apparent that what we should try to
deal with i1s not the hundreds or thousands

of slightly varying relationships that are
expressed or can be expressed by the various
languages of man, but the principles or cat-
egories of relationship which underlie these.
Eight such categories are discernible (Kroeber
1909: 78).
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These eight kinds of differences between kinsmen
are: (1) the difference between persons of the same and
of separate generationsj (2) the difference between lineal
and collateral relationshipj (3) difference of age within
one generation; (4) the sex of the relative; (5) the sex
of the speaker; (6) the sex of the person through whom re-
lationship existsj (7) the distinction of blood relatives
from connections by marriagej; and (8) the conditions of
life of the person through whom relationship existse.

Kroeber's attempts to delimit, in explicit terms,
the principles of kinship organization will be utilized in
my efforts to determine maximum probability spaces that
one could encounter, and still be empirically plausible,
in the kinship systems (here restricted to sibling termi-
nologies) of the world.

These criteria have an empirical, as well as a log-
ical basisy various combinations of which include all the
principles employed by different societies to elassify and
differentiate their kinsmen (Murdock 19%9: 101). The lin-
gulstic recognition of these criteria makes a classificatory
term less inclusive, and a descriptive or denotative term
more specific.

l. Criterion of generation. This kinship princi-
ple rests on a recognition given differential reproduction.
When people are born, they are automatically aligned in

different generations.
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2. Criterion of sex. This principle rests on the
biological difference between males and females, and is
commonly found at all generational levels although there
is a tendency to ignore this distinction in the second des-
cending and second ascending generations.

3+ Criterion of relative age. This distinction is
based on the birth order of individuals. Generally it is
recognized only within Ego's generation. However, some so-
cieties, such as the Yuman tribes of the American Southwest,
also differentiate the elder and younger siblings of a par-
ent and children of an elder and younger sibling (Murdock
1949: 105).

L. Criterion of speaker's sex. This kinship prin-
ciple is based on the biological fact that the speaker, as
well as the denoted relative, must be either male or female.
Note that this criterion will automatically double the num-
ber of kin terms since two terms will be required (usually)
for each relative.

5. Criterion of affinity. This distinction rests
on the phenomena of marriage and incest taboos. Relatives

"can be thought df as comprising two groupsj the members of
one group are related biologically to Ego (consanguines),
and Ego can also trace relationships with members of an-
other group through at least one marital line (affines).

In the following discussion only consanguines are

taken into consideration, as the inclusion of affines would
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substantially increase the boundaries of a systeh and,
hence, this analysis. It should be noted however, that
among some Australian tribes, e.g., the Kariera and Njamal,
the affine-consanguine distinction is not made as such.
The distinction between relatives vs, non-relatives is de-
termined with reference to societal boundaries, as opposed
to internal kinship structures (cf. Romney and Epling 1958
Epling 1961). '

| The following terminolegical analysis will begin
with all of the kin-types for which sibling terms can be
distinguished. ©Similar procedures could be utilized to de-
termine probability spaces for other kin categories, e.g.,
egousin terminologiles, categories for terms for children,

and so on.,

Sibling Terminoleogy

P

This section of the chapter examines variation in
sibling terminology. The analysis is restricted to full
siblings, as the extension of terms to cousins, half-sib-
lings, and so on, is not considered. Also, this analysis
refers only to terms of reference.

As a preliminary consideration, I assume that any
set of words/terms that refer to the same domain may be ex-
fressed, as to their primary denotative meaning, as a col-
lection or bundle of "components" (or, as a bundle of values

on components).
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Any of the myriad of kinds of sibling terminologiles
can be characterized by means of three dimensions or fea-
tures: relative age, sex of referent--as opposed to sex
of speaker, and parity--same sex sibliﬁg (//), or opposite
sex sibling (X) (Nerlove and Romney 1967: 1793 Murdock
1968: 23 Boyd et al. 1973: 3). The distinction between
male and female relatives is designated by "m" or "f",
Relative age is distinguished by an "e" for elder sibling,
and a "y" for younger sibling. 4

These three features yield elght possible kin-types:
Xem, Xef, Xym, ny,///em, //efy //ym, and //yf. Four of
these kin-types (Xem, Xym, //em, and //ym, constitute the
same range as the Euro-Canadian term for "brother®.

A sibling terminology which utilizes all of the
eight distinctions can be diagrammed as in Figure 2. This
figure, also, is the sample space of sibling terminology.
Notice that there are eight cells or eight distinct concepts
and terms shown.

Sibling terminologies often employ these eight dis-
tinctions in unequal proportions and, as such, it is nec-
essary to distinguish among "primary", “secondar&", and
"tertiary" components.

A primary component is one which partitions the
eight kin-types into two equal subsets of four kin-types
each. All three primary components may occur together (as

in figure 2, where only primary components are used),
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7/ X

Flgure 2. The Set of Elght Possible Conjunctive
Sibling Kin-types

m £
° nc‘;aéé/ /)th’éé’; n dawe’ma
/
J nece. mo
// X

Figure 3, Notations Illustrated for the Ojibwa Sibling
Terminology, after Landes, 1937.
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A secondary component apportions one of the subsets
divided by a primary component. A tertiary component par=
titions a subset which contains just two kin-types. A ter-
tlary component can be produced by the intersection of two
primary components, or, of a primary component and a sec=
ondary component (Herlove and Romney 1967: 183).

Ojibwa sibling terminology, for example, makes use
of all three different kinds of components (e.g., primary,
secondary, and tertiary). Consider the kin terms and kin-

types below (from Landes 1937: 9-10);

n dawe’ma --sibling of the opposite sex,
met.’mo  __ --younger sibling (no sex distinction),
ﬁLtJQLé / - --elder brother,
ncnvc(Sé -=-glder sister,

These four sibling kin-types can be diagrammed as
in figure 3, which 1s an arrangement of these 0jibwa terms
in "square" or box notation.

It bears noting, as the Ojibwa case exemplifies,
that each term has been so defined, with reference to the
components selected, such thatj (a), no term over-laps or
is ineluded 1in another, e.g., is conjunctively defined;
(b), each term is discriminated by at least one component;
and (¢), all terms can be displayed in the same paradigm
(cf. Wallace and Atkins 1960: 62). This may not be the
best presentation, but it can be argued that this paradigm

is adequate to define the set of terms chosen. It is also
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adequate to sufficiently define the probability space of
any sibling terminology yet known.

Thls same process can be utilized in the analysis
of other kin-types, besides sibling terms., With respect
to parental kin terms, for example, the two dimensions of
sex of relative and parity are sufficient to describe terms
for parents. These two dimensions iield four kin-typese.
The dimension of relative age might also conceivably be
used in cases of polygamous marriages where a distinction
is made between elder and younger "fathers", or elder and

younger "mothers",



CHAPTER V

LIMITED COMPLEXITY

A problem allled to the previous discussion of 'lim-
iting factors' of human behavioural variation is, to wit,
the role of functional determinants as principles of organ-
ization in patterns of behaviour,

I assume here that patterns of classification or
taxonomy, such as kinship systems, do not occur haphazardly,
but are the result of specific pressures or stimuli, e.g.,
psychological, social, eultural.

As noted in the preceding chapter, kinshlp systems
'function?! as signal units which discriminate among social
positions or kinship roles. In other words, kin terms con=-
vey social information which is utilized as a basis for the
recognition of differences between relatives or kinship
'categories?, But the problem here is whether these kinship
categories are (a), the result of zome psychological lim-
iting factors such as Wallace's "2 Rule", or (b), the re=-
sult of functional connectlons between systems of kinship
terminology and aspects of socilal structure. I will first

consider alternative (a),

Conceptual Limitations

36
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Components or semantic features serve both as a
bagis for the discrimination of kin categories, and as pa-
rameters for an analysis of information processing. At
this juncture, one might ask if the guéntity of information,
as defined by the parameters of a kin category, has any re-
lationship to the general clagsification patterns of kin-
ship systems. .

This is essentially a question concerning psycho-
logical, as opposed to social, processes. And it should
not go unnoted that some theorists have attributed kinship
terminology to certain elementary psychological or logical
processes. Kroeber (1909: 84%), for example, maintained
that "terms of relationship reflect psychology, not soci-
ology"e.

- With Kroeber's comment in mind, and Frick's (1968:
184) suggestion that information theory is often helpful
in formulating hypotheses regarding the manner in which
people process, or organize, the sensory inputs from their
environment, I began, as an initial level of enquiry, with
a graph (figure 4) of the information measure plotted
against numbers of sibling terms (the horizontal axis).

Recall that a sibling terminology, using the three
dimensions of contrast--relative age, relative sex, and
parity--can have from one to eight terms depending upon the
number of discriminations actually employed in the termi-

nology. The vertical axis of the graph corresponds to
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levels of bits of information, where a sibling terminclogy
can range from 0 to 3 binary diseriminations.

This graph is that of a typical logarithmic function,
but a number of significant points are discernible. I had
originally thought that this curve, and its significant

2 could be used as a heuristic device for generating

points,
hypotheses concerning sibling terminology.

Notice, on the graph of H(x), that each additional
sibling term does not necessarily correspond to constant
increases in information. There is an inecrease, for ex-
ample, of one unit of information from one to two terms,
but the rate of increase from a two to a four term system
is one-half a bit, and there is only a one-quarter of a
bit increase between four and eight terms.

At two and four terms oceur the maximum amount of
information with the least numbér of sibling terms., In
terms of 'cognitive economy', it might be hypothesized that
sibling terminologies will tend to be composed of either
two or four term systems, while five to eight terms appear

the least likely to occur, strictly on formal grounds, since

there is only a minimal (one-quarter) increase in infor-

2

These points, in the language of differential cal-
culus, are inflection points. The function H(x), whose
graph is shown in figure %, 1s increasing and convex dowh=-
ward on the interval {1,8]. The points (2,1)and{%,2) are
said to be inflection points on the graph of the function,
H(x), since the convexity changes as the graph passes these
points.
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Figure 4. Graph of Sibling Terms as a Function of

Quantities of Information.
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mation with the addition of each term.

Murdock'!s latest (1970) ethnographic data on the
sibling terminologies of 5951 societies allows for a fairly
comprehensive 'test' of this hypothesis. Figure 5 is a
histogram of the percentages of the sample societies for
each of the eight varietles of sibling terminology.

The hypothesis receives some confirmation from the
breakdown and analysis of Murdock's éample. As predicted,
most (sixty-three percent) of the sibling terminologies
have a system with only two or four terms. One-fifth of
the sample use a three term terminology, and this form
could possibly represent a transitional stage.

The 'paths' of this transition or evolution are de-
picted in figure 6, This lattice outlines plausible steps
that the three varieties of two term systems could go
through in arriving at a four term system, where the change

is by successive binary partitioning (ef. Boyd et al, 1973:

2=-10). But a two term system need not go through the inter-

mediate partition of three terms. Thus, a system such as

may come directly from or s Or vice versa.

It should also be noted with reference to figure 6,
that any sequence of bilnary 'cuts' generates a conjunctive
terminology. It may be hypothesized further, that the evo-
lution of a sibling terminology is primarily a process of
meking binary distinctions and/or removing old ones (Boyd
et al. 1973: 10). This notion provides a partial justifi-
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Latticé of Conjunctive Sibling Kin-types, showing Paths or

Chains of Evolution, after Boyd et al. 1973.
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cation for restricting sibling terminologies to evolvable
partitions,

This process of binary partitioning receives addi-
tional support from Murdock's (1949: 197-199) observations
that kinship systems, under conditions of contact, tend to
change by a process of internal readjustment, as opposed
to change by direct diffusion,

Sumner (1913: 5-6) also regarded culturé change as
essentially an adaptive process, or as he termed it, "a
strain toward consistency" which is a trend toward the inte-
gration of the elements of a culture. There is a tendency
to approach an equilibrium, although this integration need
not be regularly achieved because historical events can
interrupt processes toward equilibrium, and initiate trends
toward a new equilibrium (Murdock 19%9: 197-198).

This perceived trend towards "consistency" or equi-
librium® is quite similar to the phenomena of "drift" in
language change. Such examples of linguistic drift as
Grimm's Law exhibit limited possibilities of change where
there is a shift from one state of relatively stable equi-
librium to another, with consistent internal readjustments

(Bloomfield 1933: 347-350).

The proposed hypothesis concerning tendencies to-

ward a sibling terminology with either two or four terms
is also consistent with Miller's (1956) review of the infor-

mation channel capacities of human beihgs from psychologi=-
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cal experiments. As pointed out above, he found that "ab-
solute Jjudgements of unidimensional stimuli" were generally
onlj accurate for seven or fewer stimuli (e.g., between two
and three binary discriminations).

These results obtained in the psychologist's labor-
atory are remarkably close to this analysis of sibling ter-
minology. On the single dimension of "zero" generation,
three binary discriminations represent a maximum for sib-
ling kin-types, although in light of Murdock's sample this
"rule" might be amended to read: "sibling terminologies
will tend toward an equilibrium of one or two binary dis-
erimination®.

Besides satisfying one's intuitive notions of 'cog-
nitive economy' or parsimony, this analysis could alsoc have
implications for the reconstruction of proto-sibling ter-
minology. When information on the various sibling systems
within a genetic unit is incomplete, one might tentatively
assume, on an average, a two or four term system. But of
course, this assumption will not help the reconstructionist
in decisions regarding which linguistic forms are appropri-
ate.

Before terminating this discussion, a few words re-
garding a possible critiecism would not be out of order..
One might be tempted to argue that the percentages in fig=-
ure 5 simply reflect the skewed frequency-distribution of

possible kin-types per term. For example, there are
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slightly over 1,700 logically posslble different kin-types
for a four term system, while there is only one possible
type of arrangement using one or eight terms.

In a sense this eriticism would have some merit,
since both bell-curves are somewhat similar, but the cen-
sure would not account for the low occurrence of five or
six term systems (which comprise only four per cent of

Murdock's sample).

Functlonal Determinants

Besldes cognitive aspeets, most theorists would
agree that there are social and cultural considerations to
the study of kinship. Kinship systems are one way by which
people map thelr social worlds and, as such, they have
"promised to provide some kind of Rosetta Stone for under-
standing social organization" (Keesing 1971: 176). But a
precise outline of this 'social map' has alluded behav-
loural scientists.

Murdock (194%9: 116) calls attention to the curious
paradox that kinship terminology, and forms of social or-
ganization, often show resemblances where historical con-
tact is exceedingly unlikely, but differ where historiecal
relationships are not in question.

Consequently, Murdock calls for an analysis of de-
terminants that are not historically limited, and he sug-

guest that economic factors play a significant role in the
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formation of soclial structure. One reason for the predom-
inance of economic considerations is thatj "the available
sources of food and the techniques of procuring it affect
the sex division of labor and the relative statuses of the
sexes" (Murdock 1949: 137), which in turn, are reflected
in the terminological system of kinship. It is also plau-
sible that particular rules of inheritance, which are con-
ditioned by modes of property distribution, are mirrored in
~elder~younger distinctions, especially in sibling terminol-
gy »

In thelr study of the taxonomy and phylogeny of the
sibling terminologies of twenty-three Polynesian societies,

Boyd et al., (1973) also find that economic features account

for a large proportion of the differential development of
this sub-lexicon of kinship categories,

The earliest "ethnographic® reports of Polynesia
suggest that by the early part of the nineteenth century
many socleties, widely dispersed geographically, but be-
longing to a single genetic unit of language and culture,
were organized in terms of hierarchical ordering of social
classes.

Sahlins (1958), on the basis of more recent ethno-
graphic reports and an evaluation of the older information,
has concluded that there was, and 1s, a gradient of rank
system running throughout Polynesia. He then suggests

that there is a positive correlation between "degree of
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social complexity", or "social differentiation", and the
elaborateness of social ranking institutions. These
ranking systems, in turn, are apparently related to levels
of productivity.

Boyd et al. (1973) assume that sibling terminolo-

gles have social jobs, in the sense that they convey social
information., This assumption provides the basis for the
positing of their function hypothesis, namely;

The amount of information, H, of sibling

terminology is positively correlated with

the degree of social differentiation and

degree (emphasis on) of social ranking

(1973 228.

This hypothesis is given preliminary consideration
by comparing the information values for a sample of Poly-
nesian sibling terminologles with Sahlins' déta. Marsh's
(1967) material is also included as a further check on the
indices of social differentiation which is compared with
the same information measure.

The problem here is this. The polynesian languages/
societies show a rather wide range of type within this ge-
netic unit. Specifically, in the area of kinship terminol-
ogy, one can treat kinship terminology as a dependent vari-
able, and use a subset of it as an index of this variable:
sibling terminology.

The results are shown in Table l. When the vari-

ables of social differentiation and sibling information are
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dichotomlized, Marquesas 1s the only exception.

Further indirect support is given the hypotﬁesis by
correlating the information measure with aboriginal popu-
lation densities (Table 2) where three cases out of twenty-
two are not predicted.

Boyd et al. propose (1973: 24) that throughout a
genetic unit, there is an increasing differentiation of
sibling distinctions, which also correspond to population
growth. They further suggest (ibid: 26) that there is a
"unit-wide trend towards greater and greater differentiation
of the sibling categories with increasing 'cognitive! com-
plexity and information',.

But here I am inclined to argue that the trend is
not necessarily towards greater complexity, but rather to-
wards stability or a state of equilibrium.

This notion that human cultures have become ine-
creasingly more complex through the passage of time was
eritically examined by A.F,C. Wallace (1961), the first an-
thropologist to suggest the application of an information
measure to the cultural sub-system of kinship. In a paper
bearing the curious title, "On Being Just Complicated
Enough", he employed the log function as a "“quantitative
measurement of semantic comp%exity" in the analysis of six
kinship terminologies of wvarying levels of complexity.

Wallace concluded that:
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Society Amount of Sahlins' Index Marsh's Index
Information of Social of Social

Differentiation Differentiation

Hawail 2.0 1 5

Tonga 2.0 1 5

Tahiti 2.0 1 L

Samoa 1.75 1 4 High

Mangareva 2.0 2 - Degree

Easter 2.0 22 3

Uvea 2.0 2 -

Mangaia 2.0 2 L

Marquesas 2.0' 3 2

Tokelau 1.5 L 1 Low

Pukapuka 1.5 L 2 Degree

Ontong-Java 1.0 Y 2

Futuna 1.0 3 -

Tikopia 1.0 3 1l

Table 1. Amounts of Information of Fourteen Polynesian

Sibling Terminologies Tabulated Against Indices
of Social Stratification, after Sahlins (1958),
Marsh (1967), and Boyd et al. (1973).
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Information of Sibling Terminology

0,0 = 1.50 1,75 = 2.00
Kapinga Uvea
Ontong-Java Tongareva

300- over Tokelau

per square Tikopia

mile Pukapuka
Ellice
Nukuora
Manahiki
Futuna Niue
Samoa
Tonga
1-299 Hawaii
per square , Mangaia
mile - Marquesas
Easter
Rennell
Mangareva
Tahiti

New Zealand
Table 2. Amounts of Information of Twenty-two Polynesian
Sibling Terminologies Tabulated Against Estimated

Population Densities, AD 1900, after Boyd et al,
- (1973).
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seofirst, there is no necessary relation between
complexlity of the kinship terminology system
and the size and technological level of the
society; and second, each of the systems can

be accommodated by a taxonomic space re-

guiring only six binary dimensions or less

(1961: 461).

6
The-implication of Wallace's "2 Rule" 1is that as

the size of the population increases, as the population
density rises, and as the complexity increases in the tech-
nologys; new taxonomic systems are added rather than more
-ecomplex systems developed. If the Kariera and the Euro-
Canadian live in conceptual worlds of about the same com-
plexity (e.g., their systems of classification have less
than sixty-four mutually exclusive categories), one might
question whether there 1s any valid functional connection
between the complexity (information) of a kinship system
and sub-systems of social structure (e.g. economy or tech~
nology).

Despite the profundity of the hypotheses discussed
thus far, one has to admit that the ethnographic evidence
réquired to adéquately "test" these hypotheses if far from
complete. In the preceding problems, we have been working
with a sample of societies/languages. This sample is not
random, but is drawn from the universe of all socleties and
languages on the basis of availability of data, a decidedly
poor criteria for samples generally.

However, it might be suggested that the data is a
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reflection of gross patterns, and thus, could merit future
consideration in the formulation of hypotheses concerned
with the relationships between functional determinants and
kinship systems. But sampling deficiehcies must always be
a major concern with comparative ethnological studies.

Another concern is with the potential significance

of the relationship between functional correlates and kin-
ship systems. One cannot help reading Murdock's (1949)
Social Structure without feeling somewhat inundated with

his plethora of correlations. When one discovers that
patrilineal descent tends to be associated, for example,
with an Omaha cousin terminology, he may find that his anale~
ysis fails, (a), to. account for the absence of Omaha cousin
terminology, and (b), to generate new hypotheses.

McKinley (1971), in a stimulating critique of what
he terms the "reflectionist theory" of kinship terminology,
believes that much of cross-cultural testing relegates a
passive role to kinship systems which obscures the effects
that these systems can have on social organization. He
explains this point by stating (1971: 245);

I am strongly convinced that kinship nomen-

clatures are grounded in social life. My

point is simply that there is a difference

between grounded in social 1ife and being a

reflection of social life. Things which are

grounded in social life are by nature much

more than simple reflections. Once they are

produced they become things in their own

right and they begin to act back on the so-
cial world which first produced themj; and
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this action in turn influences the course of
their own further development.

Without indulging in a "Whorfian" exegesis, it
might not be inappropriate to speculate that in certain
instances, aspects of kinship such as sibling terminologies,

could influence population growth. In a system with eight
sibling terms, there could be a tendency to try and fill

these categories. But at this juncture, one cannot say

miich more without succumbing to tautological explanation.



CHAPTER VI

ATHAPASKAN: AN EMPIRICAL EXAMPLE

In order to relate the previous discussions of in-
formation theory to specific ethnographic data, the sibling
terminologies of Athapaskan speakers will be analysed., This
analysis will permit a modest "test" of an hypothesis re-
cently formulated by Murdock (1968).

Reconstruction of kinship terminology is now rela=
tively common in North American anthropology. Based on
comparative linguiétic evidence, the reconstructions have
run the gamut from Algonkian to Yuman. Hoijer (1956a), for
example, has presented a formlidable analysis of Athapaskan
kinship terminologies based on Kroeber's "tentative recone-
struction of primitive Athabascan kinship" (Kroeber 1937:
602). More recently, Proto Central Algonkian has been
studied by Hockett (1964).

In this chapter I will focus on the historical re-
construction of Athapaskan sibling terminologies as pre-
sented by Hoijer (1956a). The purpose of this focus is to
examine several assumptions inherent in this reconstruction,
and relate these assumptions to Murdock's (1968) hypothesis
concerning the relationship between patterns of sibling .ter-
mineclogy and linguistic classification, specifically Athapas-
kan linguistic groupings.
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In this thesis I take as fact the genetic relation-
ship among Athapaskan cultﬁres. All Athapaskan cultures
are members of a single cultural genus., Through the pas-
sage of time, these cultures have become differentiated to
the point they appear as species variations within the genus,

Athapaskan speakers are described as a genetic unit.

Sapir (1949) originally suggested this term in 1916, and
Romney (1957: 35) later provided the following refinements

on the conceptj

The genetic model takes as its segment of
cultural history a group of tribes which are
set off from all other groups by sharing a
common physical type, possessing common sys-
tematic patterns, and speaking genetically
related languages. It is assumed that cor-
respondence among these.three factors indi-
cates a common historical tradition at some
time in the past for these tribes. We shall
designate this segment of cultural history
as the fgenetic unit! and it includes the
ancestral group and all intermediate groups,
as well as the tribes in the ethnographic
present.

The collection of Athapaskan societies constitutes a cone
temporary example of the "ethnographic present " subset of

a genetic unit, in Romney's sense.

Murdock's Hypothesis

In "Patterns of Sibling Términology", Murdock (1968
1-24) attempted to establish an exhaustive classification
for kinship terms used}for siblings. ©Sibling terms were
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analysed from all parts of the world for approximately 800
socleties.

This study, Murdock (1968: 1) claimed, "generated
unexpected insights into problems of linguistic classifi-
cation". These "insights" provide the basis for his ''ge-
netic® hypothesis (1968: 5):

ess the distribution of types of sibling

terminology follows very eclosely the bound-

aries of known linguistic divisions, espe-
c¢ially language families and sub-families,

And for further clarification Murdock (1968: 11) adds;

«+o the process which governs the develop-

ment of sibling terminology is most typi-

cally the genetic one which also governs

the evolution of language itself, so that

the patterns tend strongly toward corre-

lation with linguistic groupings.

I will ‘begin with a brief examination of Athapasken
- 8ibling terminologles based on Hoijer's substantial review
of Athapaskan kinship material.

Kinship data is available for thirty Athapasken soci-
eties. Table 3 lists the sample (by accepted name of the
language and society) and the sibling terms with their pri-
mary denotations for each of the thirty groupings. Figure
7 reduces the data in Table 3 to componential paradigms.
(box diagrams which show the component structure of each

terminology).

Six paradigms are sufficient to characterize all of
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onya, emj ?ym; oda, efy datea, yf.

‘eya, em; téidl, yms eda, ef; dadze, yf.

eya, emy tcylitl, ymy ota, efy tadz, yf.

ura, ems toidl, ymg odé, efs tadza, yf.

ona, emj tecil, ym; ada, efy tia, yf.

onde, emj tca, ymj edji, efs djio, yf.
guntie, em; e-tchile, ym; are, efj e-die, yf.
onde, m3 taye, fo

kinte, emj e-tchile, ymj e-dare, ef; dieze,
yf. .

estia, emj tsitle, ymy dada, efy tatze, yf.

estiuh, emj tshitle, ym; e-tata, ef; teszuh,
yf.

¥udie, emj; s-tcee, ym; a, ef; e~de, yf.
ondie, emj tse, ym; ade, efyj die, yf.
unaga, ems tchile, yfs dez, efj are, yf.
unaya, emj tcile, ym; are, efs deze, yf.
wodege, em; a-sidel, ymj ade, ef; dje, yf;
xona, mj ade, efj die, yf.

iniya, emj sitla, ymj da, efs dadza, yf.
anoy, emj tcel, ymj at, efs dez, yf.
onaxel, em; loane, ym; wate, ef; deetse, yf.
oniyi, em; tcele, ymj; ati, ef; esi, yf.
xonwodj, emj kil, ym; at, efs de, yf.

ona, emj tcel, ym; at, efj tesi, yf.

onun, emj tcel, ym; at, ef; te, yf.

inai, emj tsili, ymj adi, ef; dezi, yf.
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26, Sancarlos dage, //e; de, xe; dize, ysib.
27. Chiricahuaj
Mescalero kis, //3 ilah, x.
28. Jicarilla naa, em; dade, ef; s-dazah, ysib.
29. Lipan naa, emj badi, ef; s-da, ysib.
30. Kiowa daya, em; tlaa, ymj; dada, efj detca, yf

Table 3. Athapaskan Sibling Terms and Their Primary
Denotata, after Hoijer 1956a.
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1. Ze lje. 19. 25
2, 8. 1k, 20. 26,
3 9, 15, 21, 27
b, 10. 16, 22, 28,
e 11. 17, 23, 29,
6. 12, 18, 2k, 30,
Figure 7. Componential Diagrams, Thirty Athapaskan

Sibling Terminologies.
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the thirty cases in Table 3. Thus you will note that

thirty individual cases reduce to six types, by taking note
of common structural features. This is a not inconsiderable
reduction of apparent diversity.

Now, recall the fact mentioned in the introduction
of this chapter, namely, that all Athapasken societies are
assumed to derlive from a common ancestral stock and hence
that they are all demonstrably "related". We can ask the
question: What is the "best" way to characterize the pat-

tern of similarity between the six types?

Iexicostatistical percentages will be used as a
measure of similarity between the languages of the Athapas=

ka

ks
E_.l
'..l
Lol

inguistic grouping. Before these eognate values are
compared with the corresponding sibling similarity measures,
the information measure, which was developed in the second
chapter, is "applied" to the sibling "space',

To recapitulate, H(x) is the uncertainty of x, and
p is a probability measure where a sibling terminology, x,
has probabilities p 4 eoes D o

Recall the %hree pregiously discussed dimensions of
contrast (relative age, sex of referent, and parity), and
the resulting eight possible distinctions. These compon-
ents of sibling terminology are represented as partitions
on the set siblings, and the partitions provide boundaries
on probability spaces.
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A Similarity Measure

In order to determine the quantity or bits of infor-
mation in a sibling terminology, consider the following pa-
radigm (A), defined by the components of sex (m and f) and

relative age (e and Y).
m f

A =

The two components define a set of four terms (de-
noted by em, ef, ym, and yf)., The probability of occur-
rence of any one term is 4. Therefore the information as~

sociated with terminology A is:

1 1

H(A) - (%‘10g2. %‘ + %1°g2? + E—log 741; + '%'10g .&.}
2 2

log2 4 = 2 "pits",

Notice that the information measure has the property of al-
ways being positive, and 1s at a maximum when the probabil-
ity distribution is uniform.

Now, given two measures of information, H(x) and
H(y), H(x,y) is the sum of their individual information
values--the information of a joint event., But H(x) and
H(y) often overlap, e.g. they share information. Therefore,
let I(x,y) be the information transmitted (Attneave 1959:
48). ’
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This relationship can be depicted quite simply with
the aid of Venn diagrams, where I(x,y)=H(x)+H(y)-H(x,y).

Notice, with reference to the (b) part of figure 8,
that the total information associéted with any two sibling
terminologies is not necessarily equal to the sum of their
individual information values. A sibling terminology x (de-
noted by em, ym, ef, and yf) and a terminology Y (denoted
by //m, //f, xm, and xf) share the coﬁponent of sex, and
therefore, the sum of their information values is three,
and not four.

It might also bear mentioning thst I(x,y) has more
than one property of the measure of the correlation between
x and y. As a matter of fact, 1,3863nI (where n is the num-
ber of occurrences of the event that one uses to estimate
probabilities involved) yields a value which is essentially
the same as the value of chl square that one would compute
to test the null hypothesis that x and y are independent
(Miller 1953: 3-113 Attneave 1959: 27-30, 63-66).

’ The formula for I(x,y) would be a reasonable meas-

ure of similarity in itself, but it requires normalization.
A pattern of similarity for the individual Athapaskan sib-

ling terminologies is then based on the normalized similar-
ity measure (Boyd et al, 1973: 12):

I(x,y)
H(x,y)

(o€ s€ 1)

S(x,y) =
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£Elder " Cross

|

Younger Paralle/

Figure 8. Schematic Representation of the Several Quanti-
ties of Information that are involved when Mes-

sages are Received from Two Related Sources,

after Miller 1953,
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Table 4 is a matrix of the similarity values for the thirty
Athapaskan sibling terminologies.
Swadesh (1955) has developed the "glottochronologi-
cal" method, by which (on the basis of a posited constant .
retention rate for lexicon) the "timedepth", or length of
time since the divergence of two languages or dialects, may
be computed. For, given limited assumptions about rates of
change in languages, those entities which have most recently
begun to diverge from each other should at present be most
similar.
A test of Murdock's hypothesis, e.g«. "...patterns
[éf sibling terminologi] tend strongly toward correlation
with linguistic groupings...", is madé possible by Athapas-
kan lexicostatistical data, frem Hoijer (1956b).
In order to test the strength of Murdock's posited
association, a matrix of shared cognate values between
. fourteen Athapaskan languages was compiled from Hoijer's
(1956b: 219-232) data. Table 5 shows this matrix.
' If patterns of sibling terminology, and by impli-
eation other kinship categories, tend strongly toward cor-
relation with linguistiec groupings, there should be a sig-
nificant correspondence between Table 4 and Table 5.
The correlation in fact, between the fourteen Atha-
paskan sibling terminologles and the coghate values of the
corresponding languages is r = 0.25. This correlation is

significant only at tﬁe twenty per cent level. Thus, from
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the data available, I can find a weak association between
the variables.

The failure of the lexicostatistical and sibling
data to support Murdock's hypothesis poses an interesting
anomaly. After all, as Hoijer (1956a: 309) has put it

eee kinship systems are in part sets of words,

and the analysis and comparison of kinship

systems, with a view to determining their

historical relationships, may well profit

from comparative linguistic studies.

Two reasons may be proposed for this incongruity.
One reason revolves about the general problems associated
with the glottochronological method. It may be argued that
the 100 word lists, which are utilized in lexicostatistiecal
studies, are not representative of the language vocabulary
from which they are taken. Another non-trivial quibble is
that due to the varying pressures of diffusion and borrowing
on different societies and languages, one may question the
assumption that all languages change at a uniform rate,; e.g.,
over a 1000 year period, 81 forms out of 100 will be re-
tained.

The assumption that the words in the lists express
universal and essentially non-cultural meanings, which can
be found in all éocieties, is also questionable. Most lex-
icostatistical studies must be supplemented with words from
an additional 100 word list. Note that Hoijer (1956b: 219)
could us only 78 items of the "preferred 1list". The usual
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reason given for these deletions is that adequate lexical
data for the languages under consideration were unavailable.
It is possible that the reason for this "unavailability" of
data 1s that the items on the preferred list do not strictly
represent universal categories.

A second set of reasons for this lack of concordance
is that the . Athapaskan coghate values were presumably based
on both form and "meaning", as an index of linguistic simi-
larity. The similarity numbers for the sibling terminolo-
gies used in this study ignore the form of the sibling term
per se, as they are indexed only by semantic components.
It can be suggested that these data illustrate the indepen-
dence between sign and symbol in languages (Boyd et at, 1973:
16).

The kinship terminology of the Arizona Tewa provide
an interesting example of the incongruity between phonologie-
cal (sign) and semantic (symbol) change(Dozier 1955: 242-
257). The ancestors of the Tewa of Arizona split from
their relatives in New Mexico about the end of the seven-
teenth century and settled with the First Mesa Hopi, These
immigrant Tewa borrowed heavily from their Hope neighbours,
-especially in the area of kinship systems. The result has
been a different retention of cultural patterns by the Tewa
of New Mexico‘and their Arizona counterparts.

"Today, the Arizona Tewa kinship structure resembles

that of the Hopi more than it does the New Mexico Tewa.



69

The kinship structure of the New Mexico Tewa 1is character-
ized by bilateral descent, with a generational or descrip=-
tive terminology. The social and economic unit is the ex-
tended (bilateral) family with patrilocal residence.

The kinship systems of the Hopl and Arlzona Tewa
are extremely similar, but quite devergent from that of the
New Mexico Tewa. Both have matrilineal lineages with mat-
rilocal residence. Intermarriage and kinship relations be-
tween the two groups go on with only minor adjustment. Al-
though the structure of the kinship systems is similar, the
Arizona Tewa and Hopi use different kin terms. The Arizona
Tewa still use terms cognate with the New Mexico Tewas

The similarities between the lexical forms of the
New Mexico and Arizona Tewa are not indicative of shared
lexical meaning. The kinship system of the Arizona Tewa
represents an important situation where organization and
behaviour have changed, but where the original kinship
terminology has been retained.

The Arizona Tewa and Hopli are similar in the actual
usage of their kin terms, and the behaviour evoked in re-
sponse to these ﬁerms, but there is an extremely wide di-
vergence in the kinship terminology. The two groups have
similar kinship organization and behaviour, although they
do not correlate all in lexical form. Arizona Tewa kin

terms were formerly organized about a bilateral, genera-

tional kinship system. After their migration, the kinship



70

system of these Tewa was made to fit into a lineal system,
and the behaviour adjusted accordingly. Alterations in the
Arizona Tewa kinship struecture shows, at least in this case,
that lexical form is more resistent to change than is the
cefresponding semantic denotata. In the Tewa case, new
usages and their behavioural counterparts have been acquired
~without a corresponding change in phonetic form.

One might speculate that a reasonable hypothesis is:
"kinship concepts evolve as systems relatively independent |
of gross linguistic changes", In other words, specific lex-
ical sets, such as kinship terms, within a language are prob-
ably susceptable to particular "pressures", while the lan-
guage as a whole remains relatively unaffected, Thus, gross
language changes, and the resulting linguistic groupings,
are less affected by specific pressures. But these pres-
sures may have a dramatic effect on small lexical units,
-which in turn are not a function of broad "genetic" processese.
At least the strength of the relationship between the dis~
tribution of types of sibling terminology, and the boundaries
of linguistic groupings, seems less convincing than Murdock
appears to believe. |

There is, however, another way of viewing the re-
lationship between linguistic groupings and patterns of
sibling terminology. Figure 7, the componential diagrams
of the Athapaskan sibling terminologies, shows that the

terminologies can be divided into two main groups. One group
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utilizes variations of the primary components of relative
age and sex of referent, whilé another group utilizes the
primary component of parity. _

This division corresponds to the linguistic division
of northern and southern Athapaskan speakers. The division
is actually more dramatic when we note that all of the Apac-
hean languages (Navaho. San Carles, Chiricahua-Mescalero,
Jicarilla, Lipan, and Kiowa) have an alternate system where
siblings fall into two classes: siblings of the same sex
as speaker ys. siblings of the opposite sex of speaker (cf.
Hoijer 1956a: 315). Although this gross division between
northern and southern Athapaskans is consistent with Mur~
dock's hypothesis, it is not exactly a profound revelation.

However, the fact that Apachean languages use, or
have used, an alternate system has important implications
for the historical reconstruction of the proto-Athapaskan
kinship system.

Kroeber (1937: 603) suggested that proto~Athapaskan
had two systems for sibling terms, one specifying sex and
seniority, and the other, the Apachean scheme. On the
other hand, Hoijer (1956a: 315) states quite unequivocally
for the proto-Athapaskan sibling terminology

e.. siblings are put in four groups,0B/YB/

0Ss/¥5s, which is unduestionably also the
PA system (emphasis mine).

There is a considerable amount of finality inherent
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in this statement. It 1s worth noting that the complete
lattice of partitions of the eight sibling kin-types, which
comprises all the possible ways to partition these, forms
the space for the natural experiment of evolving a sibling
terminology. This space was first systematically enumerated
by Nerlove and Romney (1967).

The gize of the problem--that is, the size of the
space involved in a taxonomy of thirty objects--may not be
immediately obvious. Roughly, the space might be conceived
as the set of all possible partitions for a set of "n" ob«
nects. Recursively, this number is (Birkhoff 1968: 97);

) 34 =

n 0
I P , where P =1 and| |[=1.
(n+1) 1

i1 0 1

Tk

In this case, the number of logically possible types
of sibling categories, e.g. the number of partitions for "n"
objects is P =1, P =2, P =5, P4=15’ eeey P =h, 140, Put dif-
ferently, 4,140 iszthe namber of nonnemptyssubsets that can
be extracted from a universe consisting of only eight points
(Niven 1965: 112-113).
Thus, the number of distinct sibling terminologies
that can be "made" assuming the three dimensions, as above,
with four kin terms (and eight kin types) is caleulated

from the formulaj

_ m ' m m K-l %ﬂ
g(m,k);%l[£ -C(K,1) (K-1) +C(K,2)(X-2) =...+(-1)  C(K,k-1)
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where "m" 1s the number of kin types and "K" the number of
kin terms. .
Thus, for the nymber of terminologies with four

terms we havej

g(lgf,(h)%l [484@ (3)8+(3‘ (.2)8-('13% mﬁ

~ =1,701.
Granting Hoijer the reconstrucfion of a four term
system, we note that there are 1,701 possible terminologies
for four terms. The probability of Hoijer's assertion,

ceretis paribus, is 1/1701.

All of these combinations, of course, are not plau-
sible in an ethnographic sense, The number of possible
types of sibling terminology can be reduced, for example,if
one eliminates "disjunctive" categories, which allow alter-
nate criteria for membership (Lounsbury 1969: 19%).

But the question here'is, how, or by what rule or
algorithm, did Hoijer eliminate all of the other 1700 pos-
sible four term systems, as possible proto systems?

" Kirk and Epling (1972: 81-93) have discussed phylo-
genetic reconstruction within genetic units, in terms of the
formal properties of the problen,

The heart of the problem, briefly, is this: given
a matrix of (e.g.) similarity numbers, derived from an ob=-
servation of events at some ending time~-the present--which

of all possible sub-trees of the phylogenetlic space is most
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likely to have generated the sub-tree implied by this mat-
rix? Specifying the point in the best-fit sub-tree where

the evolution bégan (e.g., specifying the beginner or proto-

type) is a special sub-problem of the more general concern.



CONCLUSION

This thesis has been concerned with two different
but related problem areas., One of these areas, which has
been the principle focus of the flrst half of the thesis,
is the nature and logical foundation of the technical con-
cept of information. It was found that certain prerequi-
sites, namely a precise formulation of probability space,
must be met in applications of information theory. Semantic
components of kinship terminology provide, theoretically,
these necessary parameters on probability.

The second part of the thesis was concerned with
the relationship between quantities of information and eth-
nographic data. It was shown that the information measure
is of some general utility in the formulation and testing
of hypotheses which necessitate comparison (cross-cultural)
of kinship terminology.

I am not at all certain that the ideas ventured in
this thesis, concerning possible applications of information
theory to the stﬁdy of kinship, lead in the "right? direc-
tion, But an éttempt has been made to provide a substantive
foundation for such applications.

The application of information theory to anthropo-
logical concepns, admittedly, tends to raise more problems

than it solves. However it does provide a basis for the

75



76

solution of some rather pristine queries.

The search for universal categories of culture,
for example, has been a recurrent theme in anthropology.
Twenty years ago, Kluckhohn (1953: 507) asked if there
were "fairly definite limits within which cultural variation
is constrained by panhuman regulgrities in biology, psychol=-
ogys and the processes of social interaction'. These limits
of variation, Kluckhohn thought, could be useful as a basis
for cultural description and comparison.

An interest in cross-cultural comparison is, of
course, still prevalent in anthropology, yet the problem of
limits of variation has not received satisfactory consider-
ation.

Since the efflorescence of componential analyses,
more comprehensive and precise data on cultural variation
is now available. And informati on theory provides a satis-
- factory measure for the quantification and comparison of
cultural variation.

Psychologists, such as George Miller, have been
attempting to deal with the problem of human variation for
some time. Anthropologists are now in a position to con-
tribute their particular expertise to the solution of
Kluchkhohn's query.
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