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Recent research into the multivariate analysis of artifactual
material in archaeology suggests that when data fields are coded
with the appropriate spatial and formal attributes, the artifacts
then can be classified into an appropriate number of "types" or
classes as suggested by the multivariate model. These results have
been interpreted as supporting the notion that the artifact makers
may possess some preferences for certain attribute combinations. In
other words, the variability in a collection of archaeological units,
reflecting the technological and stylistic preferences of tool makers,
can be represented in a multivariate space that represents those
essential dimensions or preferences.

The present study was designed to investigate four techniques of
inferential multivariate classification when considered across fixed
artifact attribute fields. The artifacts were defined as houses in
the Clear Creek drainage. The attribute field was defined by 93 for-
mal and spatial attributes that were most 1ikely to be affected by
changes in style and technology. These artifact attributes were as-
sumed to represent meaningful units of behavior, A total of 33 houses
were recorded and coded across this attribute profile. The coded
information 1ist was then transformed into units of data defining two
sets of relations for each occurrance coefficient. One set defined
relations between artifacts (O-mode), and the other defined relations
between attributes (R-mode). No attempt was made to mathematically
examine the relationships between attributes and artifacts (joint
space). For all analyses each provided a set of classes, such that
the classifications were judged to reveal essentijally the same space
in all cases. Hypotheses were presented to account for the obtained
variability in the artifact record. Extensive interviews with archi-
tects and resident informants suggested that changes in technological
innovations and style accounted for this variability.

The results showed it was possible to relate the changes in the
artifactual form to human behavior, indicating that with knowledge
of potentially analogous behavior, it is possible to stimulate ade-
quate explanations using these techniques of multivariate analysis.
Thus, the hypotheses of change in preferred houseform was mildly sup-
ported relative to the available data. The results were also inter-
preted as suggesting that the artifacts studied, essentially varied
in minimal amounts according to their location across the landscape.
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Chapter |

INTRODUCTION

During the last two decades, there has been a
marked increase in the acceptance of numerical presen-
tation and analysis in archaeology. 0One approach
archaeologists have frequently adopted has been the use
of methods of multivariate analysis for transforming the
large and unwieldy mass of individual units that form the
basic archaeological record into a coherent body of in-
formation, Multivariate methods of analysis have been
particularly useful in the definition of artifact "types"
because the methods force archaeologists to specify their
data and procedures. The work of Spaulding (1953) on
contingency table analysis has typlified this method of
analysis.

The formal problem is one of discovering whether or
not there is any "sturcture'" (i.e. natural arrangement of
the archaelogical units of observation into cultural
types) inherent in the data themselves. ﬁecent work along
these lines in archaeology has gone under the name "attri-
bute analysis'" (Doran and Hodson, 1975:167-168). Also,
in archaeology there is an increasing interest in identi-

fying those groupings or clusterings of the units of



observation under study that best represent certain
empirically measured relations of similarity. For
example, often large arrays of data are collected, but
strong guiding theoretical structures are lacking.

Archaeologists may measure a number of attributes on
the units of observation and analysis and combine them
to form a single aeasure of similarity (White and Tho-
mas, 1972; True and Matson, 1970). Various kinds of
measures of "attribute profiles' can be used for this
purpose (e.g. Pearson's r, or Jaccard's coefficient)
calculated between corresponding components of the
profiles.

A major problem, of course, is that if the number of
observational units is large, the resulting array of
similarity or proximity measures can be so enormous that
the underlying pattern or structure is not evidegt; since
such an array would contain one value for each pair of
objects,

Archaeology by convention, is concerned with arti-
facts. Borrowing from A.C. Spaulding (1960), an arti-
fact is defined in its broadest sense as ''any material
expression of cultural activity.'" On an analytical
level, the artifact is viewed here as a bundle of attri-

butes (e.g. the coocurrence of grit tempering and red



painting on a pot) from which the archaeologist selects
several for study. We generally wish to measure those
attributes that express culturally conditioned behavior,
An artifact type is a class of artifacts which is
distinctive in some sense or another and has a distinc-
tive use or set of uses. The concept of an archaeological
type is based on the notion of class. A class is a
constellation of objects possessing similar attributes,
We delineate classes through the process of pattern
recognition.,  Our minimal definition of pattern is the
sharp association of two or more attributes. If archaeo-
logical units exhibit patterns of difference, we call
them types. We can conclude then, that a type includes

an association of attributes in one sense or another,

Methods
Typological and taxonomic operations are basic to

archaeology (Krieger, 194k4; Brew, 1946; Spaulding, 1953;
Ford, 1954; Childe, 1956; Rouse, 1960). Chang suggests
that 80 to 90 per cent of the archaeologist's time is
consumed in classifying the archaeological materials
(Chang, 1967:71). Archaeologists are not alone in their
difficulties with classificaiton, Some recent classifi-

catory work in the biological sciences has gone under the



rubric '"Numeric Taxonomy' (Sokal and Sneath, 1973).
Simply put, numerical taxonomy consists of procedures

for grouping units of observation into classes, the
members of which are more similar to each other than they
are to a member of any other class,

Often the archaeologist visually recognizes a
pattern, but he conventionally class this a type -- and
is probably correct., That is, intuitive classifications
by archaeologists are not necessarily invalid. However,
this intuitive expertise that the archaelogists acquire
is rarely controlled sufficiently in order for logical,
internally consistent classifications to result,

In light of this problem, mathematical classification
serves two purposes for archaeologists.

First, it forces archaelogists to specify their data
and procedures. Two examples of this are 1) forcing the
archaeologist to define his classificatory universe and
2) presenting the need to make precise the definition of
"type." These two operations must be made explicit before
any rigorous classification is to be accomplished,

Second, mathematical classification provides class-
ifications in those areas where data sets are too complex
or too large to consider or propose through unaided

pattern recognition,



The literature reviewed below will cover studies of
the main numerical approaches that have been used to
divide archaelogical entities into classes. The liter-
ature chosen is highly selective and illustrates’those
principles of numerical taxonomy that have particutlar
importance to the present investigation.

The foundation of numerical typology was constructed
by A.C. Spaulding in 1953, He modified Krieger's (194k)
definition of the type sufficiently to allow compatibili-
ty with both archaeological and mathematical theory.
Spaulding's primary definition of an artifact type was
a "Group of artifacts exhibiting a consistent assemblage
of attributes whose combined properties give a charac-
teristic pattern''(1953). Spaulding's initial challenge
was to define an algorithm to segregate archaeological
units of observation into appropriate types -- for as
Spaulding continues (1953:305) '"this implies that, even
within a context of quite similar artifacts classification
into types is a process of discovery of combinations of
attributes favored by the makers of the artifacts, not an
arbitrary procedure of the classifier.'

The first technique Spaulding selected was the
simple Chi-square test for significance using pairs of

nominally scaled dichotomous variables, The Chi-square



test allows the archaeologist to test the hypothesis
that any observed association between two independent
and randomliy sampled archaeological variables is the
result of sampling variation from a parent population
in which the association is zero at a given level of
significance. Chi-square is the test of significance
for the discrepancy between the observed frequency.

If the test shows the variable attributes are independ-
ently distributed, there is no type.

The obvious utility of this approach is that the
proposed attribute associations define the intuitive
concept of type in a logical, consistent manner. Spauld-
ing notes that this approach:

. Provides an unambiguous and relatively complete

description of an artifact class.

. Assembles and appraises the evidence needed

to make plausible inferences on the kinds and
stringency of the rules followed in the making
of artifacts.

. Provides a broader base for comparison of assem-

blages.

. Makes more explicit the intuitive concepts of

"characteristic pattern'" and "artifact type."

(spaulding, n.d.)



Recent methods developed by mathematical statis-
ticians which offer a systematic method of examining
contingency tables with three or more variables have
been proposed by Spaulding (n.d.). He is particularly
concerned with log-linear multivariate contingency
table analysis (Feinberg, 1970; Goodman, 1971; Read,
1974; Spaulding, n.d.). This is a method of analysis
"which will bring out the various interrelationships
among classifactory variables' (Kendall, 1968). This
is a decision model, not an intuitive model. Keeping
with Spaulding's spirit of analysis, the relationship
between attributes is discovered through hypothesis
formulation and statistical testing of the hypothesis.

The next way of analyzing associations of attri-
butes was proposed by James Sackett (1966). This method
of analysis was presented as "attribute cluster analysis."
Sackett demonstrated this method with a sample of end
scrapers from the Aurignacian period of the Upper Paleo-
lithic. He split the range of several continuous mea-
surements into nominal divisions and considered each
division as an unordered attribute of a multistate
variable (i.e. front contour and body contour). The
remaining variables were considered as simple unordered

nominal categories (i.e. marginal retouch). Sackett



departed from Spaulding's technique in the use of a
statistic of association. Sackett required a suitable
nonparametric statistic of association that would ac-

. commodate all forms of composite frequency distributions
regardless of whether continuous (quantitative) variables
or qualitative attribute states were considered. He
resolved this problem by employing a nonparametric
measure called Cramer's V, a pleasing measure since it

is based on the Chi-square distribution:

’)k"
V= N rman (f-t)'(c—l\

This equation is verbalized as the square root of the
Chi-square score divided by the product of the number of
artifacts in the sample multiplied by one less than the
number of rows or columns in the contingency table,
whichever is smaller., Using Cramer's V and Spaulding's
method of analysis, Sackett found the following types:

. Retouched and round narrow convergent, or with
any two of the following -- round, narrow,
or convergent,.

. Unretouched and medium shallow-wide-parallel,

or with any two of the following -- medium,



shallow, wide or parallel.
. AlY attribute classes not mentioned in
types one or two.
Sackett's data were reexamined in light of Spauldings
proposed multivariate contingency table model by
Dwight Read (1974). Read's model proposed the follow-
ing types:

. Round-narrow=-converged-notched.

. Round-parallel and retouched.

. All other combinations,

The discrepancy can be explained by the incomplete
interaction design employed by Sackett. The multi-
variate contingency table model assumes an additive
effect of the different interactive levels of the varia-
bles considered, which as Read states, ''corresponds
precisely to the concept of the total assemblage' (Read,
1974 2241)

Principal components analysis was used by White
and Thomas (1972) as the major technique in investigat-
ing the variables of flint knapping. Where "'m" is the
number of variables, each of the m variables in the
artifact profile is considered a linear combination of
the same smaller set of values giving the position of

that profile as a point in a to-be-recovered coordinate
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space. Correlation coefficients were first calculated
between every two observed profiles. The variance-
covariance structure of the data is shown as vectors.
These vectors can be expressed as an m x m matrix., The
elements in this matrix can be regarded as defining
points lying on an m-dimensional ellipsoid. Latent
roots and vectors for the matrix can then be extracted
by standard user library programs available at most
computer centers. The eigenvectors of the matrix yield
the principle axes Qf the ellipsoid and the eigenvalues
represent the lengths of the axes. Because variance-
covariance matrices are always symmetrical, these m
eigenvectors will be orthagonal, or oriented at right
angles to each other,

Algebraically, an axis is represented by a linear
equation relating it to each of the original variables.
Consider two original variables Xl and X2. These would
be referred to axes or components by two equations:

P = aX, + bX

| 2
Q dX] + dX

2

Where a and b are elements of the first eigenvector; c
and d are elements of the second eigenvector; and P and

Q are the principal axes' projections.



The variance in the sample would be redistributed
so that it is concentrated in the first component. The
elements of the eigenvectors used to compute the scores
of the observations are called loadings. The computa-
tions maximize the combined weights for each axis.

The eigenvalue is an expression of how much variance the
eigenvector represents (represented as a percentage of
total variance).

Using Principal Components Analysis, we can examine
the interactions between the measured variables and find
the most efficient linear combination of them (that which
accounts for the most variance).

White and Thomas (1972) isolated three independent
variables:

. Fluctuations of tool morphology in tools manu-
factured by the same craftsman (idiosyncratic
variations).

. Fluctuations between craftsmen (group normative
patterns).

. Functional variation (functional differences).

The problem was to determine which pattern of variation
could be isolated and measured in the stone artifacts.

The results of the analysis is valuable for two reasons:
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. To provide an insight into the cultural
variability of prehistoric artifactual
assemblages using ethnographic materials
that are within our realm of experience.

. To provide information about the ethnography
of flintknapping among the Duna as relates
to their cultural system of norms.

in this analysis White and Thomas used over 9,000
artifacts. Six variables were emically (i.e. variables
perceived as important by the Duna) solicited and mea-
sured (i.e. length, width and edge angle). A Principal
Components Analysis indicated that of the two Duna
groups, one group manufactured blades that were longer,
wider, and thicker than the other,

The next analysis was an R-mode analysis. The
variables were grouped into significant patterns. This
analysis suggested that the tools differed in size.
Edge angles, on the other hand, constituted a relatively
independent variable interacting little with the size
variable, The same could be said about blade width.

The Principal Components Analysis considered within
each community suggests that each craftsman possesses
mental template which directed how each artifact should

be made. This provided information about the source of
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variation within and between workers.

The most important feature of Principal Components
Analysis is that there is only one solution for a given
set of data. Principal Components analysis is not,
strictly speaking, a statistical procedure, It is basic-
ally a mathematical manipulation. It is computed through
an iterative process which requires that each new variable
accounts for as much of the total variance as possible,
Factor analysis, a related techniques, has usurped
Principal Components analysis as one of the most fre-
quently used multivariate methods in archaeology.

Factor analysis is somewhat different because it
relies on a set of assumptions about the nature of the
parent population from which the samples are drawn. I'n
Factor anélysis each of the m observed values in each
profile is merely a monotone function of a linear com-
bination of that profile in a to-be-recovered space.

The relationships within a set of m variables reflects
the correlation of the p underlying factors where the
p common factors are less than m,

The factor model may be expressed as:

g = I fp H afy F e H g Tt bys ey
Where fk is the kth common factor. k is the specified

number of factors and e, is random variation unigue to



the original variable i Because there are m original
variabtles, Sy there are m random variables, e consi-
dered as a whole, these constitute the '“unique factor."
The coefficient lik is the loading of the ith variate
on the kth factor (equivalent to the Principal Compo-
nent's loadings). The specified score is calculated by
multiplying the specific value, S for the attribute
for that unit by an associated weight bl'

The best known application of Factor Analysis in
archaeology is that of Binford and Binford (1966) in
which "kits'" of tools, where tools were the variables
under study, were the interpreted clusters of attributes,.
The relationships were judged by their co-occurrence
in 16 Mousterian assemblages of Levallois facies selected
for their availability of tool counts, a large number of
tools (where large means greater than 100), and their
general quality of reporting.

The Binford's study was concerned with the variabil-
ity in these selected Mousterian assemblages attribu-
table to functional differences. The differences tra-
ditionally had been attributed to inter-regional or
chronological variability by Francois Bordes (1953).

The Binfords selected 40 of the types as defined by

Bordes as possessing attributes describing the assemblages.
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A "Factor analysis' was performed and the factor load-
ings for each of the 40 attributes on five factors were
reported. These five factors were reported as groups
of artifacts that exhibited high mutual covariation
with shared common determinates for the variation of
the relative quantitative measurements on the artifacts.
The "kits'" of tools suggested by Factor analysis indi-
cated the following two points to the Binfords:

. The use of Factor analysis allowed the
classification of Mousterian assemblages into
sub~classes of artifacts. This suggested
tool kits for the performance of different
tasks.

. These subclasses varied independently of
each other and could be combined in several
ways.

The Binfords further suggest that correlations are not
necessarily contained in the total assemblages; but
further analysis will indicate that correlations must be
sought in terms of these independently varying factors.

In most archaeological cases, Factor analysis has

been used explicitly to find clusters of attributes.
Two examples are Hill's classification of pottery types

related by their co-occurence in rooms at the Broken K



Pueblo (1968) and Rowlett and Polnac's classification
of lron age Marnian sites into zones judged by their
shared cultural characteristics (1971).

A current tendency shown by students doing archaeo-
logical taxonomy is agglomerative hierarchical classi-
fication (cluster analysis). The objeétive of cluster
analysis is to find groups of objects or entities whose
similarity between each pair of entities to be classi-
fied is construed to mean some global measure over the
whole set of variables. The archaeologist wishes to
separate entities into groups so that each entity is
most like other entities in its group than it is to
entities outside its group.

The typical archaeological application of the
clustering procedure results in the assignment of each
and every object under investigation to one and only
one class. The assumption is that the underlying struc-
ture of the data involves an unordered set of discrete
classes. Archaeologists generally view these classes as
heirarchical in nature with classes and subclasses,

Clustering heirarchies will vary according to the
algorithm used for cluster formation., The first proce-

dure considered here is the simplest one and is known as

the "single linkage'" method (Sokal and Sneath, 1973:216;



Johnson, 1967). At each successive step of the pro-
cedure, a search is made for the closest pair of previous-
ly unlinked units and they are combined or clustered.

If the units are already members of a cluster, then the
clusters themselves are joined. The underlying proposi-
tion is clear - at every level of the hierarchy every

unit contained in a cluster is more like one other member
of that cluster than any member of any other cluster.

An objection to this procedure is that a member of
a cluster may be similar to its neighbor but not necessar-
ily similar to any other members.

Hodson, Sneath and Doran (1966) used this procedure
to cluster 109 brooches from Munsingen, an Iron Age site
in Switzerland. The LaTene brooches were described in
terms of the presence, absence or inapplicability of a
large number of variable characteristics (e.g. fibula
or pins on the brooches). The second stage was the
calculation of a similarity coefficient between each
pair of brooches. The coefficient used was that described
by Sokal and Sneath (1975:132), their Simple Matching
coefficient or § . It is calculated as the proportion

of character agreements, both negative and positive, out

of the number of possible agreements.
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The brooches were analyzed with a library program
that used the single linkage method. The investigators
concluded that this technique was unsatisfactory for
use in archaeology because the ''chain clusters were not
necessarily homogenous in the empirically required sense-
a comparison between the clusters and the inferred date
shows a definite correlation at the highest levels of
group formation...however, this cohesion falls off
dramatically...as large numbers of brooches are drawn
into this main group (1966:321).'" They conclude: '"The
lack of marked discontinuities in the range of material,
the presence of transitional forms, is a regular phenome-
non in archaeology, and, with single link clustering any
transitional type between distinct sets will automatically
link them together as one (1966:322)." Similar unsat-
isfactory results were reported by Cahen and Martin (1972)
in a later study. They clustered African stone cleavers
using the minimum method and reported the same '‘chaining"
effect.

A clustering procedure that avoids the above dilemma
has been extensively used in archaeology (Hodson, Sneath
and Doran, 1966; Johnson, 1972; Hodson, 1970; 1971;

True and Matson, 1970). This procedure avoids the '‘chain-

ing problem'" by allowing clusters to accept a unit only

v



if its average similarity with all existing members
reaches a specified level., This method is called the
"average linkage'" cluster method (Sokal and Sneath, 1973:
228-229).,

The first step in this procedure is to find the
mutually highest values in the proximity matrix to form
the center of the clusters. Next, the proximity matrix
must be recomputed, treating grouped or clustered ele-
ments as a single element. New proximities between all
clustered and unclustered elements are recalculated by
simple arithmetic averaging. The clustering procedure
is repeated; mutually high pairs are sought out and
clustered. Then the process is continued until all
clusters are joined together. The final proximity matrix
will be a3 2 x 2 matrix between the remaining two clusters.

True and Matson used the hierarchical agglomerative
average linkage cluster analysis for intersite comparison
(True and Matson, 1970). The investigators were in-
terested in recovering a classification that was consis-
tent with their intuitive evaluations of four site types.
These included:

. Lithic workshops,

. Seasonal campsites A,

. Seasonal campsites B, and
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. Inadequately described sites,.

Seventy-four variables were selected for 20 pre-cera-
mic sites along the Arroyo Tarapaca in northern Chile,
Jaccard's coefficient of association was calculated to
depict the similarity between all pairs of the 20 sites.
This coefficignt computes similarity on the basis of
characters unique to each site in a pair. Characters
that are mutually absent from a pair are not included

in the calculation., The average linkage clustering
method produced four main clusters that reflected the
classes proposed in the original traditional evaluation,
The authors concluded that the distribution of the 20
Chilean sites agreed remarkably well with the intuitive
evaluations of the same site relations.

The final method of analysis we will discuss is
nonmetric multidimensional scaling. This method has
currently found wide use and favor in Archaeology (Doran
and Hodson, 1966; Hodson, Sneath and Doran, 1966; True
and Matson, 1970; Ammerman, 1971; Kruskal, 1971; Johnson,
1972; True and Matson, 1970 ).

Multidimensional scaling deals with relations on
entities or pairs of entities. The entities can be
variables or archaeological units of observation. The

descriptive term non-metric means that the input data
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consist only of ordinal relations on the pairs of
entities, The output information is metric, or inter-
vally scaled.

The broad objective of multidimensional scaling
is to begin with a set of proximities between data
points in some type of multidimensional metric space.

The archaeologist is interested in both the dimensional-~-
ity of that space and the configuration.

It was the psychometrician, Shepard (1962), who
devised and generalized the non-metric method. This
method combines the best of fully metric and fully non-
metric techniques (i.e. rank order input data and metric
solutions).

Another goal of nonmetric multidimensional scaling
is to find a configuration whose rank order of ratio-
scaled distances, in a specified dimensionality, best
reproduces the original rank order of the input data.

For a specified dimensionality, the procedure attempts to
find a configuration of points whose interpoint distances
are monotone {(given rank order scaled input data). The
interpoint distances have the same (or inverse) ranks as
the input data. The problem is to find the lowest dimen-
sionality for which the monotonicity constraint is closely

met, In other words, the analyst may wish to trade off
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the objective of perfect monotonicity for a solution of
lower dimensionality whose distances are almost monotone
with the original rank order data.

Hodson, Sneath and Doran (1966) used the nonmetric
multidimensional scaling procedures to analyze 30 LaTene
brooches selected from the Miunsingen collection. Confi-
gurations were computed in 4, 3, 2, and | dimensions.
The simple matching coefficient was used in the original
proximity matrix., The stress value indicated the best
configurations were in two and one dimensions.

The two dimensional solution reproduced a definite
temporal zoning of contemporary groups of brooches.
These computed configurations were compared with an
intuitive analysis by four trained archaeologists., The
investigators concluded the computed configurations
came out as well or better than the best of the intuitive
analysis., Thus, the computation procedure was congruent
with the traditional analysis and the archaeological
relationships. The derived configuration in two dimen-
sions improved the interpretation. This was enhanced by

the use of an average linkage clustering procedure,
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INTRODUCTION TO THE PROBLEM

The studies presented earlier suggested that there
are two dominant modes of inferential classification
used in archaeology: (viewing data geometrically as
relations between points in space), we may consider the
cultural milieu through variable space or unit of obser-
vation space (object space).

A variable space is one in which the data consist
of relations between pairs of points, the members of which
are all identified with a single set of elements called
variables., The objects themselves are not mapped into
points in the space, only the variable attributes are, and
each replication ideally tells us exactly the same thing
as every other. Replications are obtained by measuring
different objects. This model seeks the common or pre-
dominent attributes characterizing all the objects.
Binford and Binford (1966) represented this model with
their factor analysis on Mousterian tool kits. The
functional variability was the inferred attribute space;
Lo of Bordes tool types were the variables comprising
the variable space, and the units of observation were the

16 sites,
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it should be noted that these two means of class-
ification are ones in which the points are identified
with the elements of a single set: objects only or
variables only.

The data for object spaces correspond in every
way to the data for variable attribute spaces, except
that the characteristics and the function of the varia-
bles and the objects are exchanged., This means that in
the analytical/classificatory context we must reverse the
roles of variables and objects as they are found in
variable spaces in order to obtain "object'" spaces. In
the variable space, the analyst - object pair determines
the attribute space in which the individual points are
to be localized. The example of this is Hodson, Sneath
and Doran's (1966) study of La Tene brooches. In a
similar manner, this study considered the brooches from
Munsingen as the plotted objects, 70 nominally scaled
attributes as the variables; and inferentially classi-
fied the object space in the space of time.

The present study was designed to determine if one
of four classificatory procedures was superior to the
others in discovering cultural patterns of variation in
a contemporary artifact. The historical house in the

Clear Creek drainage of Blaine county, Montana was



25

selected as a representative artifact. I1f cultural
patterns could be isolated in the contemporary and his-
torical sample, collected under strict control, then
similar procedures can be postulated as being appropriate
for prehistoric assemblages where such external controls
are lacking.

This artifact analysis diffuses the operational
boundary between ethnology and archaeology, and should
find applications in both,

To determine whether the same cultural patterns
can be disFovered by different procedures, we will
examine four procedures that employ the following three
step algorithm:

. Description of the unit of observation (artifact).

. Calculation of a similarity/proximity coefficient.

. Analysis procedure.

The four analysis procedures are:

. Principal Components Analysis,

. Factor Analysis.

. Hierarchical Clustering.

. Non-Metric Multidimensional Scaling.

The first step in the above algorithm is to
describe the artifact. The result of the initial step
consists of the raw data matrix, a rectangular array of

numerical entries whose informational content is to be
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summarized and portrayed in some manner, This problem
is concerned with two operations on the raw data matrix.
The first is to group the rows of artifacts into similar
subsets (based on their correspondence over the whole
profile of variables) (Hodson, Sneath and Doran, 1966).
The second operation is to portray the column space of
the data matrix in terms of a smaller number of new
variables which retain most of the information in the
original data matrix (Binford and Binford, 1966). The
successful execution of these two operations is the
first of our primary concerns in this paper.

Table 1 shows a conceptual illustration of a data
matrix. The array consists of a set of objects (m
rows) and a set of variables (n columns). The (i,j)th
cell entry represents the value of object i on variable
j« The objects may be any archaeological unit of obser-
vation, The variables are characteristics, properties
or attributes of the objects presented later in this
thesis. In this study, cell values consist of nominally
scaled variables as we go across the columns. The
complete (row) vector is called an artifact profile.
An important contribution to the quantification of
artifacts is the individual description of artifacts so

that cultural types can be deduced or inferred from such
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descriptions (using either object or variable space)
(e.g. Tugby, 1958; Clarke, 1962; Sackett, 1966; Doran,
1971; Hodson, 1970; 1971; Cahen and Martin, 1972).

The archaeologist uses the resulting data matrix
to judge the relative similarities or differences be-
tween data points in either the artifact (object) or
the variable (attribute) space. The choice of proximity,
similarity, associational, resemblance (all four form
terms will hereafter be referred to as proximity measures)
and correlation measures play a prominent role in the
quantitative analysis of archaeological reéemains. The
coefficient selected provides the basis for the analysis
of the material and plays a prominent role in the inter-
pretation of the final data sets.

Proximity measures usually are viewed in relative
terms. For example, two artifacts are similar, in terms
of the group, if their profiles across variables are
""close'" or they share '"'many'" aspects in common in relation
to those which other pairs of artifacts share in common.

Most hierarchical clustering and non-metric multi-
dimensional scaling procedures use pairwise measures of
proximity. The choice of which artifacts and variables
to use in the first place is largely a matter for the

"intuitive expertise' of the archaeologist. While these
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prior choices are important ones, they are strictly
problem oriented and beyond the scope of this thesis.
Even assuming that such choices have been made, however,
the possible measures of pairwise priximity are many.

There is an increasingly large number of proximity
measures in the literature of\intuitive classification.
Most of these have been used only once or twice. We
will consider the two coefficients most widely used in
archaeology: the simple matching coefficient and the
coefficient of Jaccard.

A proximity coefficient is a pair-function that
measures the agreement of two objects or variables over
an array of nominal or multistate characters, Intuitively
speaking, two profiles are viewed as similar in the
extent to which they share common attributes.

In the most common model, association coefficients
are computed with two state characters, coded 0 or 1.
The 0, | code generally represents the presence or
absence of a variable.or variable state. When states
are compared over pairs of columns or rows in our data
matrix, the outcome can be summarized in the form of a
2 x 2 frequency matrix such as Figure 2, Formulas a,
b, ¢ and d represent frequencies in the two-way table

where the plus sign indicates the occurrence and the
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negative sign indicates the non-occurrence of a variable.
An additional requirement is that a+b+c+d all add up

to n, We note that there are four possible conditions:

. a@a - The mutual occurrence of attributes,.

. b - The mutual non-agreement of attribute states.

. C - Another mutual non-agreement of attribute
states.

. d - The mutual non-occurrence of attributes.

The simple matching coefficient can be stated as:
s, =T =(a+d)/(a+b+c +d)
sm n
This is one of the oldest and simplest coefficients used.

As an illustration of this point, consider two artifacts

and their variable profiles:
Attributes
A 1 001 01

Artifacts

B 0111 01
Each of the above artifacts is characterized by possession
or non-possession of each of six attributes, where a "1"
denotes possession and a "0'" denotes non-possession. The
number of matches -- either (1,1) or (0,0) are counted,
totaled and divid;d by the total number of attributes.
This insures that the simple matching coefficient will
always lie between 0 and 1,

The simple matching coefficient gives equal weight

to mutually absent and to mutually present scores. The
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FIGURE 2. 2 x 2 CONTINGFENCY TABLE
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coefficient of Jaccard omits consideration of mutual
absences (Jaccard, 1908). The computational formula
is:

Sj = a/{a + ¢ + b)

Whether mutual absence of a variable attribute should be
incorporated into a proximity coefficient is a moot
point. True and Matson used a coefficient of Jaccard
to estimate similarity between preceramic sites in Chile.
It was argued that basing similarity between two archaeo-
logical units of observation on the mutual absence of a
certain character was improper. However, it could also
be argued that the mutual absence of, for example, Poverty
Point objects could be important in a classification of
middle Mississippi sites.

The final coefficient we will consider here is the
product moment correllation coefficient '"r' for the

data coded 0,1 (also known as the point correllation

coefficient and Phi coefficient). It also can be shown
that:

sphi = (ad - bd)/((a + b)(a +c)(c + d)(b + d))1/2
and like Person's r, the squared value of Phi allows

intermediate coefficients between -1, 1 and 0 to be
given a clear direct interpretation. The basic meaning

of a large positive Phi value between two variables
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will be that they tend to be well or poorly represented
on the same unit of observation. High negative correla-
tion means that where one attrébute is frequent the other
will be rare and vice versa. A high positive Phi
value, of course, implies only that the relative rarity
or frequency of correlated types is the same, not the
absolute rarity or frequency.

An aspect of this paper will be an evaluation of
the ability of these three measurements to reproduce
the cultural variability found in a culturally produced

artifact,



Chapter 3

METHOD USED IN THE STUDY

An artifact was selected that would probably reflect
cultural variability as measured by attributes of proven-
ience and form. The contemporary house was selected
as an artifact meeting this criterion. |t was hoped that
from the ethnographic data base, certain analytical gen-
eralizations might be advanced which would be of use to
the archaeologist in making inferences about prehistoric
cuitures, The house is the most commonly built structure
on the cultural landscape. The importance of the rural
house can be illustrated by three observations on houses
from Clear Creek, Montana:

. The Clear Creek houses are semi-isolated from

all of the other homestead buildings.
. The front of the house always faces the road
and projects the initial image of the farmstead,

. The farmhouse is the closest building to the road.

The Clear Creek drainage was chosen because it
represented a natural region defined by the extent of
the creek's first order drainages (Horton, 1945). Also,
because of environmental factors defined below, the
drainage possesses a broad range of fundamental ecologi-

cal variations.

34
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The Clear Creek drainage straddies the following

townships in North Central Montana:

Township Range
33N | 18E
32N 17E, 18E
31N 17, 18E
30N 17E, 18E
29N 17E

A road, running north-south, the entire length
of the drainage, preceded historic settlement. All
of the homesites are of the late nineteenth through the
mid twentieth centuries, The Federal government of
the United States of America opened the Clear Creek
drainage for homestead settlement on May 1, 1888,
"Bearpaw' Jack Griffin and Alexander Ross were the first
two settlers filing their claims that first day. They
staked their claims on two of the three natural springs
located in the valley,

Three of the homes in the study area were originally
built as school in the early twentieth century. Each
housed a resident teacher,

Fifty-five per cent (18) of the houses are occupied
by families directly involved in agricultural production.

Eighteen per cent (6) of the houses are now used by
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non-agricultural families for various purposes (i.e.
recreation). Twenty~seven per cent (9) of the farm-
houses are empty; as far as | have been able to ascertain,
all of these have been empty since the farm consolidations
of the 1940's and the 1950's.

The diversity of cultural patterns in houses is
obvious even to the most casual observer. Such diversity
presents a challenge in the making of a critical! evalua-
tion and classification of the elements responsible for
the differences. One logical approach would appear to be
the quantitative and qualitative consideration of the
houses by the '"new' archaeologist's method, analogous to
that employed by the numerical taxonomist.

The importance of houses is self-evident. They
usually represent the most elaborate and costly posses~-
sions within a given culture. House form is not simply
the result of physical form or any single causal
factor, rather it is the consequence of a whole range
of socio-cultural factors seen in their broadest terms.
lt may be said that form is a response to climatic con-
ditions, methods of construction, materials available
and technology. It is rarely possible to describe houses
as mere shelters, for, as Amos Rapaport (1969,2) remarks,

"Given a certain climate, the availability of certain
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materials, and the constraints and capabilities of a
given level of technology, what finally decides the form
of a dwelling, and molds the spaces and their relation-
ships, is the vision that people have of the ideal 1ife',

The literature dealing with houses as artifacts
and types of houses is extensive, Studies include those
that emphasize floor plans and external form (Dias, 1949;
Weiss, 1959; Cresswell, 1960); studies of the component
features of houses as well as complete units (Spencer,
1945, 1947, Gritzner, 1974); studies that consider func-
tion and emphasize form and materials (Demangeon, 1920;
Raglan, 1964); and studies that deal with the evolution,
origin and distribution of types (Kniffen, 1936; Scho-
field, 1936).

The house as an artifact is one component of the
rural landscape. The rural landscape contains two other
components:

. The nature of the land forms.

. The plant cover.

The house is a part of that class of cultural pheno-
mena we call artifacts. Artifacts, landforms, hydrology
and plants are variables or factors which influenced the
rural inhabitants' decisions; in the case of Clear Creek

housing, these may be thought of as factors which create
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agricultural regions., The study area was delimited
under the assumption that within an agricultural region
of more-or-less similar conditions the majority of
farmers, being rational men, will tend to make more-or-
less similar decisions, thus to create an agricultural
region.

A historic characteristic of the Northern Plains
agricultural region is the homestead. An essential
artifact of the homestead is the farm house. It is
suggested that no other artifact provides better in-
sight into the cultural variability in an agricultural
region, yet no other theme is more complex, because the
form of the house may be completely divorced from its
functions, The maker can demonstrate artistry, adver-
tise his beliefs, and flaunt his wealth. All of this
combines to provide a formidable task to the researcher
seeking to classify house types. Fred Kniffen (1936: )
reminds us that the task of the cultural taxonomist dif-
fers from that of the biological taxonomist when he notes:
"The biologist never finds the tail of a lion grafted to
the body of a cow; the classifier of culturally pro-
duced artifacts has no such assurances.'

We may discriminate between two classes of attri-

butes: environmental and external stylistic character-
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istics.

The first class of artifact attributes are included
as to measure the relationship of the house to the
remainder of the cultural landscape. This enables the
investigator to minimize the effect of the environment
on the formal/stylistic variability of the artifact under
study.

We simply defined the study region as the Clear
Creek drainage. This spared us the agonies that rack
archaeologists whose regions are ephemeral and transi-
tory. The river basin is describable -- it is united
by water; and it is relatively constant. Yet, it is
ciear that, while the creek drainage is a hydrologic
unit, it is not a physiographic one; and if one seeks
a more finite division of land, the physiographic region
offers this character to a great degree., We assume that
some knowledge of physical and biological process is
essential to understand the cultural landscape. The
basic goal then, is that it is necessary to understand
natural variables as interacting processes and these
can be interpreted as proffering opportunities for human
use -- but also revealing constraints. The environmental

parameters include:
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. Climate: Holdridge Life Zone Classification

. Vegetation

. Groundwater resources

. Bedrock Geology

. Soils

. Physiography
Climate. The topography of Clear Creek has the usual
effects on the climate., The coldest extremes are record-
ed in the valley bottom; the earliest warming following
a cold spell is on the hillsides, and the heavier precipi-
tation is in the higher portions of the drainage in the
mountains,

The general Koppen climatic classification is
continental (Spencer, 1968). The exception is, of
course, the chinook winds (from whence we get the name
of the town 10 miles west of Clear Creek).are regionally
significant, for when these winds blow, they give almost
immediate relief from the cold temperatures., Winter
temperatures generally reach -37O C. at least once in
an average winter., The warming trends occasionally are
unable to penetrate the layer of cold air on the valley
bottom, In these instances, the warming winds will only
reach the hilltops or mountain slopes.

Summers are generally pleasant and warm. Most rain
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comes as thundershower activity which occurs in the

late afternoon or evening. Temperatures reach above

320 C. on fewer than 25 days in an average year. The
average warmest daily temperature in July generally is
around 300'C. The late afternoon relative humidity
ranges around 35 and 4O per cent for the middle and late
summer,

Recorded data is scarce. However, reasonably
accurate sources indicate that precipitation varies
considerably over the drainage. In general, there is
less rain over the rolling land in the northern section
of the drainage than over the hills and mountains to the
south. Annual amounts up to 562 mm. have been recorded
in the southern end of the drainage, while the northern
part averages about 270 mm. per year. This generally
would classify the northern end as semi-arid, but be-
tween 70 and 80 per cent of this annual average preci-
pitation falls during the April 1 to September 1 grow-
ing season. The most critical plant growing month,
June, averages nearly 67.5 mm. Available data suggest
the annual snowfall averages 832.5 mm. in the northern
area, and 2,150.0 mm. in the southern mountainous area
(U.S.D.A.S.C.S.).

Frost free periods vary considerably from the south
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to the north., At the northern end, the average frost
free period lasts 119 days. In the valley bottom of
the southern area, the average is only a 105-day sea-
son.

Stormy weather occurs, but most troublesome is the
summer thunderstorm which produces heavy precipitation
that may wash out bridges on the southern end of the
drainage. When hail damage which infrequently accom-
panies thunderstorms is sustained by a crop, the
loss is considerable.

Holdridge Life Zone Classification, It has long been

recognized that there is an association between the
climatic regime of a region, the type of vegetation in
that region, and patterns of cultural land use. Conse-
quently, considerable attention has been given to corre-
lation of the distribution of plants on the basis of
physical climatic factors. This discussion has been
carried on under the rubric of "life zone ecology," which
is based on the notion of '""zones of tolerance.' A

zone of tolerance is that space or '"niche'" throughout
which a particular species or community can live,
Qutside of this zone there are marginal zones in which
the species will not successfully reproduce. All to-

gether, these zones will define a particular habitat.
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Geographers have shown that, among the various
methods used by ecologists to explain the distribution
of particular plant communities, the best available is
by Holdridge (1964). This system has been used to pre-
dict stream orders in the mountains of Colorado,
(Thompson, 1966); it was used to explain urban settle-
ment in South America (Tosi, 1964); and provided a
reasonable model for the distribution of vegetation in
the Bitterroot valley, Montana (Foor, 1971).

I have selected Holdridge's method to model the
interaction of climate and vegetation in the Clear Creek
drainage. This system is based on the following assump-
tions and corresponding corrolaries:

. Any particular association of plant species is
primarily determined by three factors: heat,
precipitation and moisture, the last directly
dependent on the first two. This will allow
us to predict and define plant associations
on the basis of these three climatic variables.

. The three critical variables are expressable
in equivalent, relevant units. Mean annual
biotemperature is the index used for heat.

This is defined as those temperatures falling
in the range where vegetation growth occurs
(from 0 to 30o C.). This value is obtained

by adding up all the mean daily biotemperatures
and dividing the sum by 365. The precipitation
is expressed as annual amount in millimeters.
These two numbers, precipitation and biotemp-
erature, are sufficient to determine the posi-
tion of a group of plant associations that
express the relation between types of plant
formations and their climatic determinants.
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. The effects of temperature, precipitation and po-
tential evapotranspiration on plants is a
function defined by the logarithm of the mea-
sured value of any of those variables.

. Latitudinal regions and altitudinal belts have
equivalent effects on the vegetational assem-
blages.

. The type of plants growing in any particular
site is not uniquely determined by the 1life
zone. Within the zone units, Holdridge
proposes a nested tier called associations.

He recognized three types of associations:
atmospheric, edaphic and hydric.

Clear Creek drainage can be characterized by four
of Holdridge's biological units. The region encountered
at the mouth of the drainage is classified as a semi-
arid cool temperate montaine steppe transitional zone,
This region is cross-cut by an edaphic association,
the creekside area. The vegetational modifications
appear to correlate with differences owing to topography,
drainage and the origin of the soil, This '"creek-side"
association becomes further modified as it extends up
into the elevationally higher region which is charac-
terized in the Holdridge scheme as a semi-arid cool

temperate sub-alpine steppe transitional zone.

Vegetation., As a floral unit, the Clear Creek drainage

is characterized by its altitudinal zonation and creek-
side associations. Increasing altitude produces temp-

erature reductions except as reported in the climate
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section, in the case of inversion caused by cold air
drainage. This occurs at night when air from rapidly
cooling ridges settles and flows down valleys under
the warm air rising from them.

The result is lower night temperatures in the
valley bottom with warmer upper slopes. The thermal
belts are sharply defined and may be distinctively marked
by the vegetation they support (Oosting, 1956). Pre-
cipitation and humidity also increase toward higher
elevations. We have, then, a series of vegetational
zones that are responses to moisture and heat related
to elevation. Species diversity increases from high
elevations to low.

A list of the floral zones and some characteristic
plants is located in appendix 1.

Geology. Glaciers flowed out of the north about 50,000
years ago. At that time the Milk River occupied the
old Missouri River bed, and a new tributary system is
still in the process of adjusting the physiography of
the glacial plain.

The material carried into Montana and deposited
by the continental glaciation consisted of unsorted
fine-grained clastic sediment having poor to no per-

meability. The mantle of till and moraines in the
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Clear Creek area includes outwash deposits., These

are mixtures of sands, gravels and boulders left

behind in meltwater channels that originated as tunnels
or cracks in the ice, and also are in marginal ridges
deposited at the edges of the ice. The coarse material
was deposited in the shape of ribbons and terraces.

The overall thickness of the glacial mantle varies

from a thin patchy veneer to about 200 feet.

The major direction of ice movement in Blaine
County was from northwest to northeast, over gently
rolling plains, river terraces and valleys and low
hills., Traces of glacial movement has been detected
at elevations of almost 4,000 feet above sea level, and
erratic debris has been reported at even higher elevations
in the Bearspaw Mountains.

The unglaciated portion of the area is characterized
by sedimentary and igneous structures. The regional
sedimentation in Paleozoic and Mesozoic times was pri-
marily marine in character. In the Cretaceous period,
it was almost entirely non-marine., Transgressive and
regressive sedimentation occured in the Cretaceous
times; the sea had permanently receded by the Paleo-
cene period. The regional sedimentation ceased in the

early Eocene with the deposition of beds of channel
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boulders, composed of material! derived from the Rocky
Mountains to the west.

This long interval of sedimentation was followed
by regional uplift and by introduction volcanism in the
middle and late Eocene., The first major structural
feature to form was the Bearsbaw Mountains arch, Its
uplift was accompanied by magmatic activity.

The arch and bordering areas were intruded by
dikes, sills, plugs and stocks, culminating in volcanic
eruptions which covered the arch and the bordering
ptains area with lava flows and pyroclastic rocks.

The complex doming and folding of the arch occured
during this period of magmatic activity, and apparently,
the arch was an active structural element during the
middle Eocene time. Collapse faulting in the sedimen-
tary floor beneath and along the margin of the volcanic
fields, and in the adjacent plains area, began sometime
before the period of volcanism and continued into late
Eocene time, after volcanism had ceased.

Erosion during the rest of the Tertiary period and
during the early part of the Quaternary period produced
the present topographic configuration and established a
drainage pattern that was adjusted to the late Tertiary -

early Quaternary Missouri River system.
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Table 2,

Clear Creek Historical Geology

Age and Stratigraphic Unit.
Quaternary:
Alluvium
Ground moraine
Terrace gravel
Tertiary:
Eocene:
Pediment gravel
Porphyritic latite
Syenite
Shonkinitic rocks
Felsic flow rocks
Mafic flow rocks
Wasatch formation equivalent
Paleocene:
Fort Union formation
Cretaceous:
Late Cretaceous:
Hell Creek formation
Fox Hills sandstone
Montana group:
Bearpaw shale
Judith River formation
Claggett shale
Eagle sandstone
Colorado shale:
Telegraph Creek formation equivalent
Niobrara and Carlile shale equivalents
Greenhorn limestone equivlanet
Belle Fourche shale equivalent
Early Cretaceous:
Colorado shale:
Mowry shale equivalent
Newcastle sandstone and Skull Creek equi=-
valents
Fall River sandstone equivalent
Kootenai formation
Jurassic:
Late Jurassic:
Ellis group:
Swift formation
Rierdon formation
Middle Jurassic:
Ellis group:
Sawtooth formation
Mississippian:
Madison limestone
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Groundwater - Hydrolog&

The groundwater resources of Clear Creek are
closely related to the geologic history and to the
events that took place during the advance and retreat
of the Pleistocene ice sheets. The groundwater sources
of the region are either water table or artesian aqui-
fers. Generally, the unconsolidated rocks are water
table aquifers and the bedrock formations are artesian.

Quaternary Alluvium., The stream deposits are composed

of gravel, sand silt and clay in the valley and undrained
depressions, This is normally unconsolidated or only
weakly cemented. Water can be obtained from the sand

and gravel from depths of 20 to 200 feet. Shallow water
above 50 feet is considered 'bad.'" The Clear Creek
alluvium has a relatively high percentage of gravel and
usually yields sufficient water for stock and domestic
use,

Quaternary Glacial Till, This is seldom an aquifer

because it contains a high percentage of fine impervious
material. Outwash and ice-margin deposits within the
till are generally more coarse and often provide a source
of water if sufficient opportunity for recharge exists.
Other. Other sources of groundwater are scarce in the

Clear Creek drainage. Small supplies can be obtained
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from the Judith River, Fox Hills and Hell Creek forma-
tions of Cretaceous age,. However, these resources are
severely limited in terms of supplying a domestic user,
Soils. The soils of Clear Creek generally fall into
three types: alluvial, glacial and mountain. We will be
concerned with the dynamics of the first two.

The major geologic event in the development of
the Clear Creek soils was continental glaciation,

Local rock formations supplied the material that was
picked up and deposited in the form of glacial till,

The soils are generally underlain by glacial till in

the northern area. There soils cover the northern three-
fifth's of the drainage.

The glaciated area in Clear Creek and its topography
is quite rolling in nature with glacial erratics and
smaller cobble deposition over the surface terrain.
Dryland farming areas have been cleared of these obstruc-
tions. The stone heops characteristic of the work in-
vested in Montana rural landscape are found in almost
every field.

The soils of Clear Creek are dark grayish-brown
with three essential layers., The loose powdery surface
iayer may range in thickness from 25 mm. to 100 mm.

and forms a sticky muck. An underlying silty layer
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varies from 180 to 340 mm., is a rich dark brown color,
is compact and usually possess a well-defined columnar
structure., Below this structure is a layer of high
carbonate accumulation underlain by the parent material
of grayish-brown calcareous glacial drift. The texture
of the glacial drift varies but generally is of a hgavy,
tight compact nature and restricts drainage.

Alluvial soils occur along the stream. They owe
their distinctive characteristics mainly to the influ-
ence of their parent material, but also to the degree
of development under the soil forming processes. The
material below the surface is essentially the same as
it was at the time of deposition, The alluvial soils
range from very dark colored loam to clay loams which
are relatively free of salinity.

Physiography. This dimension of landscape may be used

to represent clearly, accurately, and in detail the sur-
face form of the Clear Creek drainage. One goal of any
landform description should be the measurement of the
actual characteristics of the existing surface rather
than error-prone and often ambiguous genetic interpreta-
tions. Modifying Hammond (1969) we shall measure the
diagnostic characteristics of surface through the head-

ings of relief, slope and profile type.



the maximum difference
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relief was ascertained by measuring
in elevation at several spots

Slope was determined by the frac-

tion of the selected area which has an inclination

less than a given value,

The profile from the mouth

of the drainage to the head is indicated by where the

flatland lies in the region. These are then grouped

into a few generalized classes to separate distinctive

kinds of terrain found

and

is a

This classification

is not an end in itself, The

1

reasonable approximation that

of the data available. Additiona

1

in Clear Creek drainage.

is only a tool for our analysis

andform dimension
is made on the basis

data would probably

permit more refinement of detail; however, it would not

reasonably alter the basic pattern,

are:

The data classes that generate

Local Relief
0-100 meters.
100~-200 meters,
200-300 meters.

Slope
50-80% gently sloping.
20-50% gently sloping.

Profile Type

the classification

50-75% of gentle slope in upland.
lowland.

50-75% of gentle slope in
Greater than 75% of slope

in

lowland.
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These classes were used to generate three physiogra-
phic regions,

The second class of artifact attributes relate to
the artifact's form (in the sense of the artifact's
physiochemical properties). The formal attributes are
described and analyzed into a number of discrete attri-
bute systems,

It is presupposed that these attributes represent
units of meaningful behavior, They are indicative of
the factors which influence the decisions of the indivi-
dual who made the artifact. Ten primary structural
parts most likely to be affected by changes in style

and methods of construction were distinguished. They

include:
. Roof
. Walls
. Chimneys

. Dormiers

. Windows

. Doors

. ODverall size
. Floor plan

. Appendages

. Entrance~-way.
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A list of the formal attributes is located in Appendix
2. The selected variable attribute field serves as the
linking constant from artifact to artifact. It is this
field that contributes to the similarities or dissimi-
larities.

The first and most time-consuming aspect of cltass-
ification is the initial attribute inventory., A survey
was made of the Clear Creek drainage. For the entire
area delimited as the drainage, five photographs were
taken and a coding sheet was filled out for each house

(See Appendix 2).



Chapter 4
RESULTS

Principal Components Analysis. Correlation coefficient

matricés were calculated, first producing a 33 x 33 sym-
metrical correlation matrix. (see Appendix 3) Eigen-
values and Eigenvectors then were extracted using the
SPSS (Statistical Package for the Social Sciences) compu-
ter library program (Nie et al, 1975).

Each column in Table 3 represents a component.,
OQur model specified a total of two components. The
lower rows on the table indicate the proportion of
overall variance reflected by the components. It will
be seen that the first accounts for 53.8 per cent of
the overall variance and the second for 46.2 per cent.
Two distinct groups can be identified from this analy-
sis--one group loading high on each component., They are:

A. 29 13 25 28 07 31 27 01

B. 19 12 05 06 14 23 10 t1 16 18 08 20 03 09 07 02 29
Figure 6 is a plot of variable loadings on the two com-
ponents, It is obvious from the plots that the first
principal component essentially represents the B Class.
The second represents the A Class. These two components
alone are sufficient to account for all the original data
set, without redundancy of membership in the classes.

The differences between the attributes can be almost com-

58
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Table 3.
List of Variables Arranged According to a Descending Order

of Principal Components Loadings--Loadings > |.40]|..(Q-mode)

Name L 11
19 .66

12 .64

05 .63

06 .59

14 .59

23 .59 -.57
10 .53

11 .53

16 .51

18 .51 - b4
08 .50

20 .48

03 47

09 7

07 Lh6 .52
17 Ak -.45
02 43

20 Jh2 .64
13 .60
31 .57
25 .54
28 .52
27 .50
01 4O
EIGENVALUE 6.108 5.241

PCT OF VARIATION 53.8 46,2
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Figure 6.

Flot of Principal Components Loadings
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pletely described by two house classes.

Factor Analysis, The 33 x 33 correlation matrix was

used as the input data matrix. Then, a factor analysis
with varimax rotation was performed. Our model speci-
fied that we retain two factors for rotation. The
varimax orthogonal rotated factor loadings for each
of the 33 houses are given in Table 4. Looking at the
factor loading for each of the houses in turn, it will
be seen that most are closely associated with just one
factor (i.e. #31)..This varimax model suggests the
following two groups:
A. 29 07 31 13 28 33 01 25 04 15 30 10 27 32 22
B. 23 19 18 05 17 06 03 14 09 16 12 11 26 20

Cluster Analysis. It should be recalled that our proxi-

mity matrices were calculated for two coefficients,
namely Jaccard's and the Simple Matching measures.
Also, in the gq--mode we considered the 33 houses

across a 91 attribute profile. Appendices 3 and 4
portray the symmetric matrices of Jaccard and Simple
Matching coefficients respectively. Appendices 5 and 6
portray the hierarchical clustering schemes obtained by
applying the unweighted average linkage method to the

two proximity matrices,
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Table 4,
List of Variables Arranged According to a Descending Order

of Factor Loadings--Loadings > |.40]|. (Q-mode)

Name L LL
23 .81

19 .76

18 .68

05 .67

17 .63

06 .61

03 .60

14 .57

09 .56

16 .55

12 Y

1 v

26 43

20 L4

29 o717
07 .69
31 .69
13 .68
28 .50
33 .50
01 .49
25 .49
04 b
15 Ak
30 43
10 42
27 LU
32 LB
22 4o
EIGENVALUE 6.416 L,284

PCT OF VARIATION 60.0 ko.o



63

The minimum significant clustering for the co-
efficient suggested two significant clusters whose
memberships were in exact agreement with the model
constructed using the various coefficients. The
difference between the methods is confined to the
splitting of f of house #32 to form its own '"cluster.,"
This gives a three-cluster representation using the
single linkage model. The two clusters for the un-
weighted average linkage method are:

A. 01 04 07 29 13 15 21 22 31 33 32 25 28 27 30

B. 02 20 08 12 14 10 11 03 16 05 09 06 19 23 17
18 24 26

Multidimensional Scaling. The nonmetric multidimension-

al scaling analysis yielded solutions to the Jaccard's
and Simple Matching proximity data in one, two, three
and four dimensions for Euclidian spaces. Figure 7
shows the stress values for the Euclidian solutions,
The break at the stress values between one and two
dimensions and significant departures of these values
from what has been called the critical cut-off point
(.32 for m=2) initially argued for a two dimensional
Euclidian representation,

However, the '"C'" shape of the configuration sug-

gested a lower dimensional solution. In the analysis
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Figure 7.

PLOT OF STRESS VERSUS DIMENSION
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of many different sets of data that were known to be
basically one dimensional, Roger N, Shepard (1973)

has found that two dimensional solutions, can charac-
teristically assume either the simple 'C" shape (Figure
8) or the inflected 'S" shape.

In light of these facts, we propose that the pos-
sibility of a one dimensional solution is extremely
feasible because of the potentially undetected occur-
rence of a merely local minimum (which is quite likely
in a one dimensional solution). This would make the
one dimensional solution appear to yield an unaccep-
tably poor monotone fit. In order to achieve the maxi-
mum advantage of the multidimensional model, we will
recognize the advantages of stability and interpreta-
bility and seek a solution in one dimension,

Table 5 portrays the values for the 33 objects and

their rankings for the Simple Matching proximity data

(which was in total agreement with Jaccard's coefficient).

Specifying two types in one dimension, we search
the positive and negative vectors, The obtained solu-
tion essentially delineated two groupings:

A. 27 25 28 13 01 29 31 32 07 33 30 22 15 04 21 10

B. 02 20 08 12 14 11 03 16 05 09 06 19 23 17 18 24

26
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Figure 8.

Scaling Configuration
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Table 5.

Q-MODE ONE DIMENSION
MULTI DIMENSIONAL SCALING

.52
46
A
.37
.22
.12
.06
.00
.99
.82
.78
.63

.29
.23
17
.002
.02
.28
.32
L6
.55
.68
.79
.84
.08
L1
.15
.23
.52
.58
.85
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Principal Components Analysis.- R--mode. Two indepen~

dent axes were defined for the set of 91 attributes using
the Principal Components method. The intercorrelation

of the 91 attributes across the 33 houses produced a

91 x 91 symmetric correlation matrix (Appendix 7).

The model specified a solution in two components. The
loadings greater than the absolute value of .40 are
presented in Table 6. Given the negative and the posi-
tive loadings for each component, we can identify two
groupings for each component yielding a total of four
groups:

Factor Analysis. The matrix of correllation coeffi~-

cients among the 91 attributes was factor analyzed by
means of the "principal fackors“ method. Using a vari-
max rotation, we again extracted two factors. Of the
total variance, 59.2 per cent is accounted for by the
first factor and 40.8 per cent by the second factor.

The extreme loadings may again be mapped into four class-
es of attributes as shown in Table 7.

Cluster analysis. The results yielded by cluster anal-

ysis for the single linkage and unweighted group average
methods using Jaccard's coefficient add very little in-
formation and will not be presented here. The rele-

vance of the priximity measure can best be judged only
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Table 6.

List of Variables Arranged According to a Descending

Order of Principal Components Loadings--Loadings

Name

Large window area

Large floor area

Paint wall covering

Scallop shingle roof material

Timber walling with wide weatherboard

cladding
Glass around door
Brick chimney material
Basement
1/3 window
Asphalt/tar roof materials
Wide roof molding width
Natural stone chimney material

Wood roof material
Rectangular floor plan
Wood foundation

No celler

Rectangular shingle roof
Log walling materials
Narrow roof molding width
Pitch walling covering
High roof pitch angle

No entrance

Multiple pane windows
Small floor area

Small window area

Morainal plain bedrock

Rolling physiography

Holdridge morainal plain association
ii vegetation

Scoby loam soils

i vegetation
Holdridge lower stream association
Quaternary alluvial bedrock

EIGENVALUE
PCT OF VARIATION

.61

.52
.50
b9
47
.

-.bo
-.49
-.50
-.50

-.58

.63
.63
.66
.73
.76
.80

12,658 6.
59.6 ho.

.ho.
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Table 7.

List of Variables Arranged According to a Descending
Order of Factor Loadings~--Loadings .40.

Name i3 I
Large window area .78
Large floor area .77
Scallop shingle roof .65
Glass around door .64
Timber walling with wide weatherboard .
cladding .62
3/1 window .60
Asphalt roofing material .57
Paint wall covering .56
Wide roof molding width .56
Basement .55
Stoop with roof entrance .48
Asphalt roof ridge rotl A7
Natural stone chimney material .ho
""" shaped floor plan )
One chimney -.h0
Metal roof ridge roll -. 47
Wood roof material -.h9
Log walling material -.51
Narrow roof molding width -.54
No celler -.55
Wood foundation material -.55
Pitch wall covering -.55

Rectangular shingle roof -.61

High roof pitch angle -.61

Multiple pane windows - 71

No entrance -.73

Small floor area -.77

Small window area -.78
Quaternary alluvial Bedrock .92
Mountain physiography .59
Holdridge lower stream association .50
Morainal plain bedrock -.92
Rolling physiography -.92
Holdridge morainal plain association -.92
il vegetation -.92
Scoby loam soils -.92
EIGENVALUE 13.103 9.015

PCT OF VARIATION 59.2 4o.8
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in terms of the theoretical model(s) that the inves-
tigator has in mind or in terms of the practical pur-
poses for which the classification is intended. Al-
though we have used Jaccard's coefficient to differen-
tiate between populations of houses, the mutual absence
of a trait on a house is judgéd in this case to lead
to a much more trivial solution when considered over
a total profile of only 33 houses. We turn, therefore,
to the hierarchical clustering schemes derived from
the Simple Matching coefficient,

In view of the relatively large number of elements
concerned, the uncertain number of clusters likely
to be required and, at the same time, the small size of
the sample (33 units), the simplest procedure seemed
to be to use average likage cluster and single linkage
cluster analysis with the level of interpretation at
n=4, where n is the number of significant clusters.
There is no guarantee that these results are in any
way optimal. The factor analysis did not classify all
the attributes, this suggests a residue will exist.
The H.C.S (hierarchical clustering scheme) plots are
presented as appendices 8 and 9.

Multidimensional Scaling. A non-metric multidimensional

scaling program (Kruskal, 1968) was applied to the 91 x
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91 Simple Matching and Jaccard proximity matrices.
Solutions were obtained in one, two and three dimen-
sional representations for the Euclidian metric. The
stress values for the Simple Matching solutions, were
always smaller than the corresponding values for the
Jaccard solutions.

First, considering the stress values for the mean
proximity data, we note a sharp break between m=1 and
m=2 (where m denotes the dimensionality of the space).
The stress values suggest that the house attributes
can be adequately represented in two dimensional space
(Kruskal, 1964). However, as has been previously men-
tioned, the configuration may represent only one dimen-
sion of house attributes as it approximates the ''C"
solution. Tables 8 and 9 contain the final solutions
for two and one dimensions respectively., The one dimen-
sional solution and the first dimension of the two

dimensional solution suggest two highly developed groups.
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Table 8,

R-MODE TWO DIMENSIONS
MULT! DIMENSIONAL SCALING

Small window area

Rolling physiography

Multiple pane windows

Small floor area

Narrow roof molding width

Timber walling with narrow cladding
Rectangular floor plan

Metal roof ridge roll

Rectangular shingle roof

Lower Milk River flood plain

Wood foundation

No celler

High roof pitch angle

Pitch wall covering

Wood roof material

Quaternary alluvial bedrock material
Upper-stream Holdridge association
Log walling materials

Metal pipe chimney

Natural rock chimney material

Stoop with roof entrance

1/2 Horizontal slide window

"' shaped floor plan

Chimney within the house avoiding the
ridge

Brick chimney material

1/3 window

Concrete foundation

Asphalt roof ridge roll

Asphatt/tar roof material

Timber walling with wide weatherboard
cladding

Basement

Wide roof molding width

Paint wall covering

Large floor area

Large window area

Scallop shingle roof material

Glass around door.

1
.« .
Rl g
~ =

A7
- .53

.54
- .60
.61
. 7h

|
~
(@]

.84

- .86
.90
1.05
-1.05
-1.06
-1.07
-1.09
-1.13

o1k
.78
-. 14
-.05
.002
-.17
.72
1.06

.59

-.25
-.Sl*

-.37

L 0h
1,12

-.32

-.27
.006
.97

-.05
.45
.26
.51
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Table 9.

R-MODE ONE DIMENSION
MULT! DIMENSIONAL SCALING

Paint wall covering

Asphalt roof covering

Large floor area

Cement foundation

Glass around door

Large window area

Scalloped shingle roof

Wide roof molding width

Asphalt roof ridge roll

Basement

Timber walling with wide weatherboard
cladding

1/3 windows

Brick chimney material

Stoop with roof entrance type

Chimney position within the house avoid-
ing ridge

""" shaped floor plan

1/2 horizontal slide window

Upperstream Holdridge association

Log walling materials

Wood roofing material

High roof pitch

Pitch wall covering

Wood foundation

No celler

Rectangular shingle roof

Timber walling with narrow weather-
board cladding

Narrow roof molding width

Multiple pane windows

Small floor area

Lower Milk River flood plain

Small window area

Rolling Physiography

Metal roof ridge roll

Rectangular floor plan

Alluvial flood plain bedrock.

-

1.70
1.60
1.51
1.b4o
1.34
1.33
1.24
1,00

.93

.89

.88

.73
.71
.64



Chapter 5

DISCUSS1ON

Briefly recapitualting the main results of the
preceeding section, we note that attribute and arti-
fact spaces are taken with house attributes and houses
as respective points in them. An incidence matrix is
constructed for each house by measuring the occurrence
of selected attributes on each house. Correlating
the attributes and correlating the artifacts gives
rise to two matrices which are analyzed by the Princi-
pal Components and Factor methods. The Euclidian dis-
tances of the same two spaces are used to construct
genotypic spaces using multidimensional scaling and
hierarchical clustering schemes in both the '""R" and
Q" modes. Qur quantitative model specified two dis-
tinct types and in all cases we were able to discriminate
two classes.

Principal Components and Factor analysis suggested
two more classes of attributes in the "R" mode. These
classes loaded on the polar extremes of component/
factor 1l, which is interpreted here as a residual
factor/component. This factor/component was required

by our model to fit the following grouping of inter-

75
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correlated attributes that crqss—cut the housing
types:

. Morainal plain bedrock,

. Rolling physiography,

. Holdridge morainal plain association,

. ii vegetation, and

. Scoby loam soils.

Because theée five attributes are intercorrelated

at the 1,00 level, but not correlated with the two
classes of attributes described on the first factor/
component, we specified another vector space to account
for them.

The "R mode' hierarchical clustering scheme also
is interpreted as a four class structure. Again, this
interpretation allows us to isolate two '"residual
classes!' that essentially agree with the factor and
principal component results,.

The independent structure of the "R mode' clus-
tering scheme is more difficult to interpret. in this
case, it will be used to support the postulated asso-
ciation of attributes within a single cluster rather
than as a means of direct interpretation.

Two-by-two contingency tables were constructed

comparing all the analyses as to their agreement in the
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various spaces., The methodological similarity of the
four analyses was verified for the typological problem
presented. The methods tended to uncover similar at-
tributes and artifact spaces. This tendency was sug-
gested through a comparison of the methods using the
chi-square test with Yate's correction. Table 10 is

a presentation of the results of the two-way compar-
ison,

The chi-square tests allowed us to test the hy-
pothesis that any association we observed between the
me thods and their classifications was the result of
sampling variation from a population in which the
association was zero.

Our null hypothesis for each test was that there
was no relationship between the respective methods of
analysis. Given a .01 significance level and 1 de-
free of freedom, the rejection level for our null hy-
pothesis lies at the value of 6.64,

Using our rejection criterion, it was suggested
that we accept the alternative hypothesis of associa-
tion between methods of analysis in all cases. From
these results, we may conclude that the various methods
uncovered equivalent space in this study.

We sought to interpret the variation in the two



FACTOR-R P.C.A.-R M.D.S.-R H.C.S.-R FACTOR-Q P.C.A.-Q M.D.S.-Q H.D.S5.-Q

20,141 22.154 22,154 FACTOR-R
16.736 21,154 P.C.A.-R

37.040 M.D.S.-R

17.204 22,446 19.697 FACTOR-Q

22.378 25,483 P.C.A.-Q
k1,371 M.D.S.-Q

~l
oo

H.C.S.-Q

Table 10.

Two-way Comparison of Analysis Techniques Using Chi-squared (1 d.f.)
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proposed artifact classes in the traditional archae-
ological sense. The variation in the artifact form
was considered in terms of human behavior. This
type of consideration is what makes archaeologists

anthropologists; namely, we infer the behavior of

people from the relics we have to deal with (Spaulding,

personal communication). Archaeologists seek to ex-
plain the differences in cultural units using four
models:

. Differences in age (evolutionistic).

. Differences in geographical environments
(different resources require different tech-
niques for survival).

. Products of long separate traditions (iso-

lation for long periods of time).

. Products of different physical or psychological

types.
It is clear in this context, that a limited spatial
area was selected for a specific purpose - to hold the

third and fourth explanatory models relatively constant,

The Q@ mode analysis suggested two house types:
B A
17 21
18 ol
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B A
03 15
09 22
23 30
16 33
05 07
19 32
26 31
14 29
24 01
06 13
11 28
20 25
12 27
08

The attribute classes presented in our analysis
are proposed to model a formal change through time
in the manufacture of these two classes of houses/
artifacts. As time is not a directly observable
dimension in archaeology, the inference here, on temp-
oral ordering, is drawn by application of three princi-
ples of temporal ranking:

. All things being equal, the degree of similarity

between two artifacts varies inversely with
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separation in time (principle of serial
correlation).
. All things being equal, people choose to use
more efficient ways of doing things.
. All things being equal, there is a tendency
to refinement and elegance in form. (We
are not often "fooled" by degeneracy).
Armed with these principles and a higher abandoment
index for type B (.46 versus .13 for type A), we
were able to develop a model reflecting changes in
manufacturing behavior for the Clear Creek housing

artifact,

House Foundation Variability.

Two changes were noted in the construction of
the house foundation., The first is the appearance of
subterranean excavation. Basements, cellars and half-
cellars were present in the later class of houses, but
absent from the earlier. lt would appear this is re-~
lated to the increasing mechanization of the construc-
tion process. Earth moving equipment became reasonably
available, an easy way to move large quantities of
earth fast. Informants related that, in effect, '"it

was just too difficult to build a basement by hand and



82

farm horse."” A full cellar for a modestly~-sized house
could take the better part of a season to excavate

by hand., Today, using machines, a full cellar can be
excavated in a matter of days.

The second change occurred in the material used
for foundations. Associated with the change to sub-
terranean excavation, there was a shift from brick
and wood foundations to poured concrete foundations.
This reflects the development and accessibility of
concrete technology. It was cheaper in in}tial and
maintenance cost and it was easier to pour concrete
for subterranean walls and the foundations than to use

either brick, stone masonry, or wood.

Floor Space Variability.

Three changes were noted in the floor space.
First, there was an increase throughout time in total
floor space area. Class A houses are 620 square me-
ters in average size, and Class B houses are 312 square
meters. This increase indicates several trends: There
was more available capital and labor for each farm-
stead; and, with the advent of subterranean excavation,
there was a central basement heating system, Central

heating allowed the homebuilder to expand.
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The second source of variability is in the actual
floor pltan., The '"L" shaped floor plan and the split
level home are absent from the Class B homes and are
present in the Class A homes, These reflect several
building processes; one concerns addition. As the
early Clear Creek home owner of the late 1800's and
early 1900's perceived the need for additional space
he would build a new, larger house or add to the exist-
ing structure, If the builder decided to add, the new
rooms most generally would yield an "L'" shaped floor
plan.

Another change in the building process was the
use of shorter and thinner lumber for house framing.
This made more efficient use of the tree, but made it
more difficult to build large square or rectangular
structures,

The split level structure is suggested to reflect
changes in the homeowners perceptions of style. This
is shown in the architectural record. For example,
the California '"ranch'" style split-level home, which has
spread across the United States has encountered wide
stylistic acceptance (William Kuhr, personal communi-

cation).
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External Walling Variability.

The change from pitched log or painted narrow
weatherboard walling to a painted wide weatherboard
motif reflected the fact that suitable trees for
log houses became scarce and that wide weatherboarding
was cheaper to install than narrow boarding. In the
early 1900's narrow weatherboarding was readily avail-
able. It was desired for its thinness, small scale
and light delicate effect. But as milling techniques
refined and improved the lumber yield of trees, it
became less expensive to produce and install wide
weatherboarding. Painting was the most efficient way

to protect the tumber and decorate the house's exterior.

Roof Variability.

The roofs of the Clear Creek houses underwent
considerable change. First, the pitch of the roof dropped
from the first to the later proposed class. The average
pitch of Class A houses was 250, while the average pitch
of the Class B houses was 37°.

Reasons for this decrease in roof pitch were changes
in style and a lower cost in building. The informants
generally agreed that high pitched roofs became like

"last year's chrome.'" A low pitched roof uses relatively
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less lumber in trussing than a high pitched roof.
It also presents less area to be covered by roofing
material,

The second source of variation was in the roofing
material itself. Square wood shingles predominated
until the late 1800's., At that time sculpted shingles
were produced and marketed as possessing a decorative
superiority. The more expensive sculpted roof shin-
gles were soon followed by the introduction of asphalt
shingle materials. It was not long before the ''scal-
loped asphalt shingles and asphalt ridge roof roll
completely replaced wooden shingles and the metal ridge
roll,

The asphalt material possessed some major advan-
tages: They were more weathertight; they seem to have
been thought of as decorative as the wooden shingles
without the added production cost of sculpting;, and the
close distinctive diagonal pattern in which asphalt
materials better resisted the often heavy Bearspaw winds.

The final source of formal variation for the roof
is found in the roof molding. |t became wider in the
Class A houses. This may be stylistic decorative phe-
nomenon complementing the widening of the weatherboard

walling materials.
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Chimney Variability.

Three formal attributes were identified as con-
tributing to the variation in our artifact record of
the chimney. As can be expected, two of these are
related to the devleopment of basement heating systems,
In our Class A houses we note the appearance of multi-
ple chimneys, chimneys projecting from the gable instead
of from within the house, and the adoption of stone as
a building material.

The multiple chimneys occurred as the homebuilder
began to differentiate between heating and ornamenta-
tion in his home. The same could be said for the posi-
tion of the chimney. The smaller, earlier homes generally
had one source of heat that also was used for cooking.
It was placed as close to the center of the building as
possible for the most effective heat dissemination. The
advent of central basement heaters made it necessary to
vent the stove through a separate chimney or pipe. | f
the homeowner desired a fireplace, it was considered
stylish to build it and the chimney against an external
wall, The actual change in the position of the chimney
thus may be expressed as a symbol of status and as a

decorative feature,
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Quarried stone has recently come into vogue in
the Bearspaw as a decorative chimney material.
There is no natural stone in the local area that is
suitable for fireplaces, Imported granite stone has
only recently become competitive in price with other

building materials.

Window Variability.

The window area (both total and relative) was
enlarged in the later houses., A better heating system
made insulated walls a less crucial commodity. Class
A houses had a window/wall area index of .225; while
the Class B houses had an index of .120,.

A change from multi-paned windows in class B to
single paned windows in class A was suggested. Glass
was produced in larger sizes and relatively cheaper
quantities. It also became easier to transport these
items as they became less brittle and as methods of
packing improved. Glass companies advertised the
larger panes as giving a more unobstructed view and as
being easier to clean and maintain, thus appealing to
maintenance and asthetic factors.

Horizontal slide windows replaced the vertical

hinge an d slide windows. These simply represented a
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better way of making a window. It was difficult to
make the early windows weathertight. The develop-
ment of aluminum/alloy window frames and strip molding

made the horizontal slide window practical.

Entrance Variability.

In most cases the farmstead was the closest build-
ing within the settlement to the road. Thus, despite
the fact that rural people seldom use the entranceway,
it remains an important part of the house, This is
because it is generally the first part of the settlement
visible to visitors.

Two variable attributes were noted regarding the
entranceway. First, there was an introduction of the
covered stoop to the Class A houses. This was necessi-
tated by the raised foundation that accompanied the
building of the basement. It is an easier way to get
into the door. The covered stoop is a stylistic phe-~
nomenon that occured in the 1930's and persists today.

Second, the introduction of glass around the. door
suggests a response to ornamentation, the availability

of relatively inexpensive glass, and security needs.
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Environmental Variability.

The environmental attributes were included so as
to examine the logistics of house location. No con-
sistent theory of site as a form determinant has ever
been proposed. However, there have been attempts to
explain houseform--in terms of terrain, lack of land,
and so on., There is the ecological determinism of
Evans-Pritchard and others regarding the Nuer of the
Sudan ( 1940 ) and the work of Brockman in
Switzerland which attach great importance to this
aspect. On some occasions siting had a direct effect
on the inhabitants and their houses. Carl Sauer (1963 :

5 ) reports the following on the Ohio Borderland home-
steaders: "The location of house and farm, cultural
preferences of different colonizing groups, micro-cli-
matic drainage and sanitation were unrecognized, the
toll paid in typhoid and summer complaint.,"

Plants and landforms have historically dominated
siting studies. The presence and abundance of plant
species express a set of environmental factors more or
less unique to each species. A plant community fairly
well summarizes all of the ecologically relevant fac-
tors and interactions., Pioneer settlers, in assessing

site quality, used the landforms and vegetation, in
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settlement in Rush County Indiana (Kiefer, 1972). The
southeastern portion of the county is underlain by a sheet
of older Wisconsin till that has been subjected to consi-
derable weathering and stream dessication, and has a well
drained rolling surface, whereas the newer till in the north-
west is still level and poorly drained., Differences in
the natural drainage of the two till sheets were reflected
by differences in vegetation which were well known and
clearly understood by the settlers. Sugar maple and oak
trees were indicators of the better drained area. Beech
trees indicated the more poorly drained swampy ground.
""We cannot be certain that every purchaser used the forest
cover as an index of land qQality, but there is good
reason to believe that they were justified in doing so
(Kiefer,1972: 491) ,n

The effect of climate on house form has been widely
accepted in architecture. 'We build houses to keep in a
consistent climate, and to keep our predators. We grow,
gather and eat food to keep our metabolism on an even
keel (Archer, 1964:2)." However, examination of the diff-
erences in house types within our single area, suggests
that they are to be more related to culture than to climate,
and does not support the extreme determinist position,

The fact that no single environmental attribute was
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associated with a particular class of houses or house

attributes suggests:

. that locational preferences did not change but
remained relatively constant through time and
technological advances; and

. there was not an association (i.e. causual re-
lationship) among a combination of formal attri-

, butes and environmental variables,

In one sense we may treat the effect of the site as a

cultural phenomena since the ideal site depends on the

goals, ideals and values of a people or a period, and

the choice of a '"good'" site depends on this cultural

definition., Our model is concerned with explaining

variability in the artifactual record--not homogeneities.

The homogeneous patterns and processes reflect another

very attractive and hardly investigated field of study,

as is, indeed, the whole question of quantitative arti-
factual analysis. However the homogeneniety-variability
question and the study of the homogenieties in particular

is beyond the scope of this thesis,



Chapter 6

SUMMARY

This study employed data recovery methods designed
to recover formal and contextual information from the
artifacts under study. The information is sought to
interpret variation in the archaeological record. ‘The
study was designed for three purposes relative to this
record:

. To maximize on information retrieval.

« To develop interpretive models to account

for the variation,

. To define parameters for future analysis.

Qur design was satisfied by the statistical and descrip-
tive methods chosen. From this design we were able to
generate two clusters, sets, classes or types of objects.

Information collection and data analysis followed
methods developed by prehistorians for the study of
archaeological remains., The present study introduced
quantitative data that could be used toward the defini-
tion of ecological adaptation. We believed these varia-
bles would help provide a basic understanding of the
structural relationships between elements of the eco-

systems and the elements in the cultural systems that

92
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generated artifactual variability. We were unable

to demonstrate the coexistence of certain environmental
conditions with certain artifacts and artifact attri-
butes.

The full potential of this study can be realized
only if similar studies are made for other areas. Com-
parisons and contrasts could be made. Census statistics
indicate that the types of social changes which have
occured in the study area are representative of the types
of change which occurred elsewhere.

But, what have we done to solve the fundamental
problem of describing our assemblage variability? So
far as the attributes considered are concerned, we have
madg substantial progress., In the case of our data set,
we showed that there is indeed association of attributes
and artifacts and that this association is a matter
of the interaction of technological innovation, stylistic
variability and the preferences of the home builder,

So. far as our evidence goes, the Clear Creek house
builders were anything but rigorous typologists, although
they did exhibit some mild preferences for certain
attribute combinations. Our method is useful when essen-
tially directed to the question of what kinds of attribute

association are exhibited by the artifact collection
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under study.

Finally, this study was designed to illustrate
some of the aspects of several conditions of multivariate
analysis likely to provide archaeologists with analogies
to their own data. One concept is made explicit; namely,
only if we have evidence about a wide range of associa-
tion and relevant behavior is there a possibility of
working from the archaeological analysis to the cul-
tural preferences and mores held by people within that

culture.



95

BIBLIOGRAPHY

Ammerman, A.J.(1971) A computer analysis of Epipalaeolithic
assemblages in Italy. Mathematics in the Aracheolo-
gical and Historical Sciences (eds F.R. Hodson,

D.G. Kendall & P. Tautu), 133-7. Edinburgh: Edinburgh
University Press.

Binford, L.R. & Binford, S.F.(1966) A Preliminary analy-
sis of functional variability in the Mousterian of
Levallois facies. American Anthropologist, 68,

238-95.

Bordes, F.{1953) Essai de classification des industries
'"Mousteriennes." Bulletin de la Societe Prehistorique
Francaise, 50, 457-66.

Bowen, C.F.(1914) The Big Sandy coal field, Choteau
County, Montana. U.S. Geological Survey Bulletin
No. S5h41-H.

Brew, J.0.(1946) The Archeology of Alkali Ridge, Southern
Utah, Papers, Peabody Museum, 21:L44-66.

Bryant, Bruce, Schmidt and Pecora(1960) Geology of the
Maddux Quadrangle, Bearpaw mountains, Blaine County,
Montana. U.S. Geological Survey Bulletin No.

1081-C.

Cahen, D. & Martin, P.(1972) Classification formelle auto-
matique et industries lithiques. Interpretation des
hachereaux de la Kamoa. Annales Sciences Humaines,
No. 76. Musee Royal de L'Afrique Central, Tervuren,
Belgique.

Chang, K.C.(1967) Rethinking Archaeology. New York: Random
House.

Childe, V.G.(1956) Piecing Together the Past. The lInter-
pretation of Archaeological Data. London: Routledge
and Kegen Paul.




96

Clarke, D.L.(1962) Matrix analysis and archaeology with
particular reference to British Beaker pottery.
Proceedings of the Prehistoric Society, 28, 371-82.

Cresswell, R.(1960) Les concepts de la maison: les peuples
non-industriels. Zodiac, VII, 182-97.

Demangeon, A.(1920) L'habitation rurale en France--essai
de classification. Annales de Geographie, 29, 161,

35-73.

Dias, J.(1951) Contribution to the study of primitive ha-
bitation. Comptes Rendus du Congres International
de Geographie, Lisbonne, 1949, 1, 107-11.

Doran, J.E. (1971) Computer analysis of data from the La
Tene cementary at Munsingen-Rain. Mathematics in
the Archaeological and Historical Sciences (eds
F.R. Hodson, D.G. Kendall, & P, Tautu), 422-31.
Edinburgh: Edinburgh University Press.

Doran, J.E. & Hodson, F.R.(1966) A digital computer
analysis of Palaeolithic flint assemblages. Nature,

210, 688-9.

Doran, J.E. & Hodson, F.R.(1975) Mathematics and Compu-
ters in Archaeology. Cambridge: Harvard University
Press.

Evan-Pritchard, E.E.(1940) The Nuer, Oxford, Clarendon
Press.

Fienberg, S$S.(1970) The analysis of multidimensional con-
tingency tables. Ecology, 51, 419-33.

Foor, T.A.(1971) Applications of the Holdridge Life Zone
system in the Bitterroot valley, Montana. Mimeo-
graphed.

Ford, J.A.(1954) On the concept of types. The type concept
revisited. American Anthropologist, 56, 42-54,




97

Goodman, L.A.(1971) Partitioning of chi-square, analysis
of marginal contingency tables, and estimation of
expected frequencies in multidimensional contingency
tables. Journal of the American Statistical Asso-

ciation, 66, pp. 339-L4LL.

Gritzner, C.(1974) Construction materials in a folk hous-
ing tradition: considerations governing their selec-
tion in New Mexico. Pioneer America,6, 1, 25-39,.

Hammond, E.H.(1969) Analysis of properties in land-form
geography: an application to broad scale land-form
mapping. Annals of the Association of American
Geographers, 54, 11-18.

Heidel, C.S.(1926) Harlem Irrigation District. M.S,
thesis Montana State College, Bozeman, Montana.

Hill County Soil and Water Conservation District, Havre
Irrigation Company and Hill County Commissioners
(1967) Watershed work plan, Beaver creek, Hill county,

Montana.

Hill, J.N.(1968) Broken K Pueblo: Patterns of form and
function. New Perspective in Archaeology (eds S.F.
Binford & L.R., Binford) 103-42, Chicago: Aldine.

Hodson, F.R.(1970) Cluster analysis and archaeology: some
new developments and applications. World Archaeology,

1, 3, 299-320.

Hodson, F.R.(1971) Numerical typology and prehistoric ar-

chaeology. Mathematics in the Archaeological and
Historical Sciences{eds F.R, Hodson, D.G. Kendall &
P. Tautu), 30-45. Edinburgh: Edinburgh University
Press.

Hodson, R.R., Sneath, P.H.A., & Doran, J.E.(1966) Some
experiments in the numerical analysis of archaeologi-
cal data. Biometrika, 53, 311-24,

Holdridge, L.R.(1964) Life Zone Ecology. Tropical Science
Center, San Jose, Costa Rica.




98

Horton, R.E.(1945) Erosional developments of streams and
their drainage basins: hydrophysical approach to
quantitative morphology. Geological Society of
America Bulletin, 56, 275-370.

Jaccard, P.(1908) Nouvelles recherches sur la distribution
floral. Bulletin de la Societe de Sciences Natur-
elles, 44,6 223-270.

Johnson, L.(1972) Introduction to imaginary models for
archaeological scaling and clustering. Models in
Archaeology (ed D.L. Clarke), 309-80. London: Methuen.

Johnson, S5.C.(1967) Hierarchical Clustering Schemes,
Psychometrika, 32, 241-54,

Kendall, M.G.(1968) Model building and its problems,
Mathematical Model Building in Economics and Indus-
try, 1-1h. London: Griffin.

Kerr, Pecora, Stewart and Dixon(1957) Preliminary Geologi-
cal Map of the Shambo Quadrangle, Bearpaw Mountains,
Montana. U.S. Government Printing Office, Washington.

Kiefer, W.E.(1972) An Agricultural Settlement Complex in
Indiana. Annals of the Association of American
Geographers, 62, 3: L87-506.

Kniffen, F.B.(1936) Lousiana house types. Annals of the
Association of American Geographers, 26, 179-93.

Krieger, A.(1944) The typological concept. American
Antiguitx, 9, 3, 271-88.

Kruskal, J.B.(1964) Nonmetric multidimensional scaling:
a numerical method. Psychometrika, 29, 115-29.

Kruskal, J.B.(1968) KYST: a flexible program for multi-
dimentional scaling. Bell Labs,

Kruskal, J.B.(1971) Multidimensional scaling in archaeology:
time is not the only dimension. Mathematics in the
Archaeological and Historical Sciences (eds F.R.
Hodson, D.G. Kendall & P. Tautu), 119-32. Edinburgh:
Edinburgh University Press,




99

Lindval, R.M.(1956) Geology of the Big Sandy Quadrangle,
Montana. U.S. Government Printing Office.

Montana State Engineer(1967) Water Resources Survey,
Blaine County. Helena, Montana.

Nie, N.H., Bent, D.H. & Hull, C,H.(1975) SPSS: Statisti-
cal Package for Social Sciences. New York: McGraw-
Hitl. Revised.

Pecora, W.T.(1957) Preliminary Geological Map of the
Warrick Quadrangle. Bearpaw Mountains, Montana.
U.S. Government Printing Office.

Pecora, Witking and Stewart(1957) Preliminary General
Map of the Centenial Mountain Quadrangle, Bearpaw
Mountains, Montana. U.S. Government Printing Office.

Raglan, L.(1964) The Temple and the House. Montreal:
McGill University Press.

Rapoport, A.(1969) House Form and Culture. New Jersey:
Prentice-Hall. »

Read, D.W.(1974) Some comments on typologies in archaeology
and an outline of a methodology. American Antiquity,

39, 2, 216-42.

Rouse, 1.(1960) The classification of artifacts in archaeo-
logy. American Antiquity, 25, 313-23.

Rowlett, R.M.& Pollnac, R.B.(1971) Multivariate analysis
of Marnian La Tene cultural groups. Mathematics in
the Archaeological and Historical Sciences (eds
F.R. Hodson, D.G. Kendall & P, Tautu), h6-58.
Edinburgh: Edinburgh University Press.

Sackett, J.R.(1966) Quantitative analysis of Upper Paleo-
lithic stone tools. American Anthropologist, 68(2),

356-94.

Sackett. J.R.(1969) Factor analysis and artifact typology.
American Anthropologist, 71, 6.




100

Sauer, €.0.(1963) Homestead and Community on the Middle
B Order. Land use Policy and Problems in the United

States, Howard W. Ottostein (ed). University of
Nebraska Press, Lincoln, Nebraska.

Schmidt, R.G., Pecora, W.T. and Hearn, B.D., Geology of
the Cleveland Quadrangle, Bearpaw Mountains, Blaine
Government Printing Office.

County, Montana. U.S.
The evolution and development of Tenn-
of Tennessee Academy of Science,

Scofield, E.(1936)
essee houses.
229-40.

R.N.(1962) The analysis of proximities:

Journal

multi-=-

1,

Shepard,
dimensional scaling with an unknown distance function,
| and Il. Psychometrika, 27, 125-39, 219-46.
Sokal, R. & Sneath,P H.A. (1973) Numerical Taxonomy.
W.H. Freeman.

San.Francisco:
Spaulding, A.C.(1953) Statistical techniques for the dis-
covery of artifact types. American Antiquity, 18,

305-13.

Spaulding, A.C.(1960) Statistical

ison of artifact assemblages.
in Archaeology

Quantitative Methods
and S.F. Cook) Viking Fund Publications

pology, No. 28.

A.C.{(1971) Some element of quantitative archae-
in the Archaeological and Histori-
D.G. Kendall & P.

description and compar-
The Application of

(eds R.F.Heizer

in Anthro-

Spaulding,
ology.
cal Sciences,

Tautu), h6-58.
Spaulding, A.C.(n.d.) Artifact Classes, Association and
Xerox.

Mathematics
(eds F.R. Hodson,
Edinburgh University Press.

Seriation.

J.E.(1945) House types of southern Utah,
376-96.

Geogra-

Spencer,
phical Review. 33,

Geographi-

J.E.(1947) The houses of the Chinese.
254-73.

Spencer,
cal Review, 37,




101

Thompson, P.T.(1966) A test of the Holdridge Model in
mid-latitude mountains, Professional Geographer,

‘E’ 358_6"}.

Tosi, J.A.(1964) Some environmental factors in the eco-
nomic development of the tropics, Economic Geogra-

phy, 40, 189-97.

True, D.L. & Matson, R.G.(1970) Cluster analysis and
multidimensional scaling of archaeological sites
in Northern Chile. Science, 196, 1201-3,

Tugby, D.J.(1958) A typological analysis of axes and
choppers from southeast Australia. American Anti-
quity, 24(1), 24-33,

Weiss, R.(1959) Hauser und Landschaften der Schweiz.
Erlenback (Switzerland): Eugen Rentsch Verlag.

White, J.P. & Thomas, D.H.(1972) What mean these stones?
Ethnotaxonomic models and archaeological interpre-
tations in the New Guinea Highlands. Models in
Archaeology (ed D.L. Clarke), 275-308. London:
Methuen.

Zimmerman, E.A.(1960) Geology and ground water resources
of northeastern Blaine county, Montana. Bulletin
No. 19, Bureau of Mines and Geology. Butte, Montana.




APPENDIXES

102



APPENDIX 1

CLEAR CREEK FLORAL COMMUNITIES
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ii)

CLEAR CREEK FLORAL

Acer negundo

Avena sativa
Corangana arborescens
Franxinus pennsylvanica
Linium

Medicago sativa
Populus deltoides
Prunus americana
Prunus virginiana
Rosa woodsi i

Rubus idaeus

Salix amygdaloides
Syringa

Ulmus americana

Ulmus pumila

Agropyron smithii

A. spicatum
Andropogon scoporius
Artimisia fridgida
Avena sativa
Boutelouma gracilis
Carex filifolia
Chysopus villosa
Coragana arborescens
Gutierrezia sarothrae
Hordeum distichum
Kaeleria cristata
Liatris punctata
Linium

Medicago sativa
Mulenbergea cuspidata
Poa secunda

Prunus americana
Rubus ideasis
Sporobalus cryplondrus
Stipa comatata

S. viridula

Syringa

Triticum Aestivum
Ulmus pumila
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iii)

Achillea millefolium
Agropyron smithii
A. spicatum
Artimisia frigida
Avena sativa
Boutelouma gracilis
Carex fitlifolia
Erigonum flavum
Festuca idahoensis
F. scabrella
Kaeleria cristata
Medicago sativa
Pentstemon procerus
Poa secunda

Stipa comatata

Zea mays

Larix occidentalis
Picea glauca

Pinus contorta

P. ponderosa

Populus Tremuloides
Pseudotsuga menziesii
Rosa woodsii

Rubus idaeus
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L1ST OF FORMAL ATTRIBUTES
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FORMAL ATTRIBUTES

Timber walling with narrow weatherboard cladding.
Timber walling with wide weatherboard cladding.

Log walling.

Timber walling with cinderblock nogging.

Timber walling with tongue and groove.

Metal over wood frame.

Paint wall covering.
Asphalt paper covering.
Pitch wall covering.

High roof pitch.
Medium roof pitch.
Low roof pitch.

Gabled roof shape.
Pyramid roof shape.
Single pitched roof.
Hipped roof.

Exposed eave rafters.

Metal roof ridge roll.
Asphalt paper roof ridge roll.

Asphalt/tar roofing material.
Metal roofing material
Wood roofing material.

Scallop shingle roofing material
"Sheet' roofing material shape.

Rectangular shingle roofing material

Dormiers
One chimney.

Two chimneys.
Three chimneys.
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Chimney within the house through the ridge.
Chimney within the house avoiding the ridge.
Chimney projecting from the gable.

Chimney brick material.

Chimney metal pipe.

Chimney natural stone.

Wide roof molding width.
Narrow roof molding width.
Medium roof molding width.

Stone foundation
Brick foundation.
Concrete foundation.
Wood foundation.

Crawl space celler.
Half celler.
Basement.

Full celler.

One storied house

Two storied house.

Split level house.

Door facing view of road.
Glass around the door.
Stoop entrance.

Stoop with roof entrance.
Enclosed porch entrance.

Porch with rail entrance.
Windows - 1/3.

Windows - 1/2; horizontal slide.
Windows - 1/2; vertical slide.

Multiple pane windows.

Large window area.
Small window area.

Square floor plan.
"L'" floor plan.
Rectangular floor plan.

Large floor area.
Small floor area.
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Associated recreational structures.

Associated external appendeges.
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APPENDIX 3
SYMMETRIC MATRIX--JACCARD'S COEFFICIENT--
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APPENDIX 4
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APPENDIX 5
HIERARCHICAL CLUSTERING USING
UNWE IGHTED AVERAGE LINKAGE AND
THE COEFFICIENT OF JACCARD.
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APPENDIX 6
HIERARCHICAL CLUSTERING USING THE
UNWE IGHTED AVERAGE LINKAGE AND
THE SIMPLE MATCHING COEFFICIENT.
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APPENDIX 8
HIERARCHICAL CLUSTERING SCHEME USING
THE SIMPLE MATCHING COEFFICIENT AND
THE UNWEIGHTED GROUP AVERAGE METHOD.

R-MODE

136



IR pesiretnpryig Sy NS Syl Sl petulpimplinty Sfatpup it jisi==T=S | =T - 77T TUENT

0,510 0.5%5 0,680 0.765 0.859 0.935 1.020

LEVEL ™™
B e L LR TR ROWOUCQAL 4 0.8180

e S e e e sZomTeREs RCW00008 ¥ 7 ~0. 8820

0. 1580

1 R L1 L LI

emmm————— R R e " ROW00087 € 0.5832

T T T - S S SIS ST T OISILUSTI ST TURONQOOLIO Y T T 0.8180°

e e e e e Lmmmmm e —————————— ROWOUO L2 + 0.550C4

- —— e oo -
T 4T e e e e e C e — e — e ROA0OQ0GY 0.63¢C

[y piany oo i g g i af gty g

-------- R = ROW000 72 0.4757

B ROW00005 | 0.630C

e L= e e e e e e  ROKO0040 0.4811

T1 - To= SRUTTLTER LSS OROWUG029 T T0.7273

e~ ROWO00074 .« 0.7580

e mmmmmmm e e e ROWO0083= ¢ C.8750

= e b
—

--------- TEE T ESEmsss T === ROW0008 8 s v 0V 6267

o e e - - ROWO00042 « 0.8180

I
I
1
1] I e ————— R bkttt it ROWQUO 45 . * 0. 66065
I . s
U

B L= mm e e e e ROW00033 0.4297

== ROWO0D0Z4a 1.0000

; - ' [(=="TROW00006% 1.0000

: . L-- ROW000094  1.0000

e 1

L-- ROW0C0213 % 1.C000

i

TR T T T T I T T T e s e e e T T T PR e Al e s =S ST 22 T ROWOO O 1()* T Qe B480 T

vt Lmmm == mmm s ROR00052 0.7728

= JE— e e m

e RCWO0004 0. 7642

i e B S PO e eaion e M i L BTSSP
i

- i TTETREEEIE I UROWO00CT T T 049356
. :4_“_” ,.‘°,,.-._..--i' ----- s «R«[?M)007t5M_»ﬂ~~ 0.89‘10“‘
xl . } P T ROWUOO 1B 0.9090
T T T e “{“‘——"“{“““"'*"1["1I T mmESRELLEITIRGWO0026 T T 0063567 7T
. i i - i‘; E;..é::;::::::::A._“?":‘QEP_Z9;___,_9:.‘%?50'




_ROWOOC26 0.6CSO

ROWU0064 C.67¢81

——

ROWD0059  ~  0.9G90

ROW00061  0.E7E7

ROWO0027 0.9090

ROWO00T70 0.8388

/

RCWO0037 _ C.5Cs0

ROWO0043 0.8231

ROW00060 0.9090

ROW00080 0. 8635

at

ROW00065 0. 8084

ROW00090 ~ C.8180

137

ROWOUO67 C. 6480

_—__-_-...—'LL e Sttt bttt bt

= ROWEO004S_ 0.9090

-~ _ROWOUOTY o 0.8750

-="TRUWOO0 6% o 0.7880

SST ROWO0GZ3 - ¥ C.B8LEG

ROWI0076 T0.7804

ROWC0053 C. €635

-~ ROWDU054 = 0.9390

RCW00QT5 0.6688

ROW00086  0.7120

ROW0QQS1 0.6833

ROW00066 _  « 0.1375

RUW00Q77 0. 6585

—

1 g e G et e e e
I ¢ I - . .-y
SPNUUNSURUNIL Stocovsiebund ootttV uir it ot e s

1 e e S
! !

RGn00051 7 C.127¢
ROWO0081 0,€64EE

ROWOULO4E ~ 0.727C

1 1 I

1 e 1 i R
] hmTmTT T - g - l x l

1 [ I [ B
| - 1 L1 :

I ; i 171 PP
I 1 11 I

1 I I T e e
I ! I . I I

I . 1 . Il emmm—— e
I ' 1 - 11 1

i . ‘ I B R R R
I ' 1 ! I :

1 Co 1 I omm—m——mmmem——
1 I I 1

! I e Lmmmmm—— Lmmmmmmmmm e
1 1 1

1 i T P
1 ! ! 1 I

] i 1 I Rt st
1 i I [

I ; i aml=mmmfm et R
1 ‘ 1 1 o
I I I P L S
1 1 1 1

I i [oomomm o mmm oo e m e
{ . ' I It

1 : I i1 emmm e m e
] 1 S

1 R B e e B
1 11

1 : I

I - 11T

I i I 1.

I ey

1 11 P e
1 11 1 ‘1

1 11 === == L -o—mmmm— -—-
1 11

1 L-t

I

I

1

1

1

1

1

I

I

1

I

I

1

1

1

1

{

1

1

e Lm o e

ROW00073  0.6376




o —— e ———— RUHWULO 34 _G.6218 T
i i I . '

1 > 1 b e e e e e e ROWO0017 0.6610
1 [ [ ) |

i T B B TR St = ROWD00%I™  0.58%2
1 “ e .

) 1 ' o e e et e e e ROW0O0G21 0.7677
I I i . .

I 1 I e mmm e ROWO0048 0. 8750
1 1 I 1 N o

i i 1 I b e ROWO00S55  0.8480
I H 1 ¢ l I

1 1 emmmm e Lmmmm e m e e e ROWO00S51 C. 7157 )

1 1 T : T et
1 o L= e e e e L e e e e ROWO0U24 0.575¢
1 1 . ’

i i B T L DRSS R DR ROW00003 07270
I I 1 !

1 i - Lommmm e e ROWOOOLE 0. 6615 :

-1 : - Bt i e L Ne0BLS
1 1 I : ~= ROW00062 » 1.0000
1 1 I 1

_x 1 ._;:.‘:;L—_":‘_—‘..’:._':'_"'_';’::;;’:2..:_'__-;_‘.'....'_.‘__"."_;'_"__L”.'_“‘RO”QQOb8”'.’ """;‘0.6290
I 1 1 :
I i B et R e ROWUO0O3 8 0.6130

_I 1 I . N TooTTT T T T T
I 1 I P e ROWOO0O L1 e 0. 8750
I 1 1 ' 1
I T e e e ROWOOO LG T 7w 0.7727°
1 1 1 i 1 W L e i
I 1 1 i ettt ROW00025 = & 0.9CS0

I I r I -1 TITT_TERNVRea = e S
I ! 1 I omm——— Lmmmmmmmmmm e Lomvmmsimm e RCWO0031l=e o Co7147 '
1 1 ! 1 ‘

I 17771 1 SRR eSS T RS T ROMU0044T T T e 0. 8790
I 1 1 1 . T

1 ! 1 1 @ mm————— Lmmmmmmm—mm e o ROWO0047 e 0.7875
I :_"_—I . 1 l . T T T T T T T T s e e e e

1 i I am———- L=mmm - L e ROWQCO71 0.6666
1 1 1 1 ’

1 ) i I 1 ISR IS “ROW00022="", 70,5790
1 [ 1 I I .
I 1 1 1 emm e L=mms e oo ROWOO0E2= » 0.75EC
- e e et S, ST LA L
1 T 1 1 e e e RCWO0084me * C.86760 Y
1 I I 1 1 : 1
1 1""""‘—’ _“l“‘” —_‘."_L';;.'_"."_':":_-_‘_::;‘L’;;-‘":_A_‘:‘;'."'_';__'..::;’"—'RDwooOag,-_.“ o"' 7422 rr
I 1 I 1 1 » ‘

I S I 1 gmm e mmem— e mmesZee— ROW00032= e 0.B81£0

T T Tl I 1 T oo o T
Lmmm s m e R e L==mmm e L= Lmm o e e RCWOC058 —



APPENDIX 9
HIERARCHICAL CLUSTERING SCHEME USING
THE SIMPLE MATCHING COEFFICIENT AND
THE SINGLE LINKAGE METHOD.
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APPENDIX 10
SYMMETRIC CORRELAT}ON MATRIX
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