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Abstract 

The number of whole or potentially reconstructable 
vessels from archeological context is disappointingly 
small.  This fact seriously hampers studies of variables 
such as vessel capacity.  If these variables were known, 
studies could potentially provide better understandings 
of social and cultural dynamics within and between pre- 
historic populations.  Using the stochastic methods of 
correlation and Model II linear regression, a series of 
relationships were isolated that allowed the mathematical 
prediction of culturally meaningful measures for partial 
or broken vessels such as volume, diameter and height 
using the known, or even the estimated, value of weight. 
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Introduction 

In a recent article on ceramic classification, 
Ericson and Stickel (1973) suggest the applicability of 
regression models for use in establishing the relation- 
ships between morphological variables in a body of ceramics 
(specifically weight and volume).  Using the produced 
regression formula against the modeled data, they were 
able to predict capacities from known weights whose sum 
was within error parameters of less than one percent of 
the known total volume. 

While demonstrating the essential viability of such 
an approach, the method was seriously hampered in a 
number of areas.  For example, the sample from which the 
model was constructed was very small (only 25 vessels) 
and, furthermore, was composed only of modern Mexican 
ceramics—these pots being probably wheel-made or even 
mould-formed.  Also noted were the choice of an inap- 
propriate statistic and the incomplete assessment of the 
results, all of which seem to indicate a general lack 
of understanding of the potential of the stochastic tools 
used. 

The possibility cannot be ignored that these factors 
may have produced results that are somewhat misleading 
when applied to most archeological data sets, particularly 
those within the continental United States.  For example, 
how may these results be related to any archeological 
data set where manufacturing techniques were such as to 
result in greater variability of the morphology? 
Sampling theory is quite emphatic that predictions based 
on a sample are most suitably applied only to the 
sampled (or target) population (Cochran 1963:6).  In 
the case of this example, only modem Mexican ceramics 
are sampled; therefore, the analytical results are most 
suitably extended only to modern Mexican ceramics, 
assuming that proper sampling procedures have been used. 
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Furthermore, low sample sizes are always a problem 
since they tend to introduce the factor of sampling error. 
Certainly 25 vessels seems a somewhat inadequate sample 
for our purposes.  For these reasons and others, it was 
felt that another test was clearly in order—one utilizing 
a large sample of vessels, all of which would be of pre- 
historic context.  Such a body of data was available, and 
will be discussed below. 

In addition t«. testing the relationship between 
weight and volume using a ceramic sample from archeological 
context, we were also interested in the following: 

1. Isolating those morphological variables showing 
particularly high correlations with each other. 

2. Establishing those relationships in a quantitative 
manner such that prediction of one variable based on the 
other is possible within acceptable limits. 

3. Establishing the general parameters of these 
highly correlated variables in order that the nature of 
the variables is well understood in a descriptive sense. 

Ericson and Stickel (1973:366) suggested two general 
methods for undertaking further studies along their 
proposed research lines.  One involved the study of a 
collection of whole vessels representing some general 
cultural area, and the second required the reconstruction 
of variation within a ceramic population represented by 
the sherds at one site.  We were fortunate in having 
the former readily available, and suggest that the second 
may introduce so much uncontrolled error as to make results 
difficult or impossible to Interpret. 

Data Body 

The ceramic material used in this study consist of 656 
whole vessels from several sources.  Two groups of vessels 
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of known context were recovered from prehistoric grave- 
yards at the Hazel (3P06, 462 vessels) and Togo (3CS24, 87 
vessels) sites in eastern Arkansas.  The pottery was 
excavated during the 1930's under the Works Projects 
Administration by S. C. Dellinger.  The final group of 
ceramics, consisting of 107 vessels, is drawn from a 
donated collection called the McPherson Collection.  Tlie 
consensus of opinion is that most of the ceramics in the 
collection came from the graves at the Togo site (e.g. 
Green 1974a:27, Green 1974b:1).  It is not felt that 
these 107 vessels will introduce unacceptable variation 
into the study.  It should be recognized that these data 
are constrained both spatially and temporally. 

All observations were made by Green during the 1964- 
1965 school year, financed by a National Science Foundation 
grant to Dr. Charles R. McGimsey III (McGimsey and Green 
1965, Green 1974a, Green 1974b, Green 1975).  The attri- 
butes and variables chosen were based in part on Shepard 
(1961).  The observations were encoded on 80-column 
punch cards.  A discussion of the original attribute 
selection and observation is contained in the previous 
papers mentioned and the interested reader is referred to 
them.  For our study, only those observations that utilized 
a measurement level of interval scaling were selected, some 
13 in number (Figure 1).  All measurements were in milli- 
meters, liters (in the case of volume), and kilograms (in 
the case of weight). 

Statistical Tests 

Our concern, as has been mentioned, was with checking 
the results of Ericson and Stickel, but on a body of data 
we felt to be more appropriate—that is, of archeological 
context and of larger size.  The statistical methods used 
are correlation and linear regression analysis. 

Some of the issures involved in the use of correlation 
and regression may be found in standard statistical texts 
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(Sokal and Rohlf 1969, Steel and Torrie 1960), and are 
discussed in relation to this particular body of data 
elsewhere (Smith 1976).  These concerns will be treated 
only cursorily here. 

Correlation analysis is a method of estimating the 
degree to which two variables vary together.  Regression 
analysis, on the other hand, provides an estimate of one 
variable's relationship with another, expressing the 
dependent variable (Y) in terms of a linear or more 
complex function of the independent variable (X) (Sokal 
and Rohlf 1969:404ff). 

The common regression analysis model is ideally 
suited to the laboratory or experimental situationt 
Following Rohlf and Sokal (1969) and Steel and Torrie 
(1960:161), we will refer to this form of regression 
in which the independent variable is fixed (i.e., held 
under the control of the investigator) as Model I.  An 
important point to keep in mind is that the use of corre- 
lation when the independent variable is fixed (a Model I 
regression context),"...is not in any way an estimate 
of parametric correlation" (Sokal and Rohlf 1969:497). 

We have argued elsewhere that most archeological 
analytical situations would probably not meet this 
constraint (Smith 1976) .  The method of regression 
suggested for such situations is a form called Model II 
regression analysis (Steel and Torrie 1960:165ff, Sokal 
and Rohlf 1969:481-6).  Generally speaking, it would 
appear that cases which fall under this form of analysis 
are probably better analyzed using correlation, which 
is completely appropriate in this context (Sokal and 
Rohlf 1969) .  But it is often also the case that a 
quantified expression of the relationship is desirable; 
thus a Model II regression approach would be utilized. 

The simplest statement of the main difference 
between a Model I and a Model II method is that observational 
error must be accounted for in both the dependent and in- 
dependent variables.  The details of this area may be 
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found in Sokal and Rohlf (1969:484-5) and are summarized 
in Smith (1976).  The mathematical method we have used 
for our Model II regression analysis in this paper is 
the Bartlett's Three-group Method (Sokal and Rohlf 
1969:481-6). 

In summary, while similarities exist between 
correlation, Model I and Model II regression analysis, 
the underlying assumptions place constraints on their 
appropriate application.  These must be taken into 
consideration by the researcher. 

Results        •' 

Since our first goal was to test Ericson and 
Stickel's assertion of a relationship between volume 
and weight of a high order, and since they had employed 
a Model I regression approach, we felt constrained to 
used a Model I for the sake of comparability.  Our results 
produced the following mathematical expression of the 
relationship of these two variables: 

Volume = 1.557 (Weight) + 23.453 

A comparison of the sum of the actual volumes of 
the vessels (86238 liters) to the sum of the estimated 
volumes obtained using the Model I regression formula 
(86664.85 liters) reveals an overestimation of approx- 
imately 425 liters.  This is negligible (0.49 percent) 
and of the same order of magnitude as that reported in 
Ericson and Stickel (1973:64-5).  Considering the dif- 
ferences in manufacturing techniques and control between 
the two bodies of data, this is remarkable. 

It is clear that, even using what we suggest are 
less than appropriate statistical techniques, their 
method works and works well, even for prehistoric ceramics. 
Given the basic validity of the approach, let us now 
expand the scope of the research and improve on the 
statistical tools used. 
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First of all, other variables may also show strong 
relationships to weight, and these could be of importance 
to the researcher.  The best method for quickly isolating 
the correlated variable pairs is through a correlation 
matrix.  Since our linear regression model will be of 
type II, correlation will be entirely appropriate. We 
can also select a level of positive or negative^correlation 
of r = .71 because of the relationship of the r as an 
estimator of the percent of variance accounted for by the 
regression formula.  An r of .71 means that 50 percent 
of the variance present would be accounted for and this 
serves as what we felt would be an acceptable lower limit 
for rejection or use of a given variable pair. 

Five pairs of variables were isolated when all 
vessel forms were examined as a group (see Smith 1976, 
Table, p. 8 for the complete correlation matrix for 
the data).  The results of the regression analysis are 
presented in Table 1 and the relational network is shown 

in Figure 2. 

Though the tabled results are self-explanatory, 
several general observations are in order.  The first of 
these involves a comparison of the Model I results with 
the Model II results for weight and volume.  While the 
differences are not marked, they are present.  It is 
interesting that in this case all estimates using the 
Model II approach contained much less error than Model i 

results. 

By separating the body of ceramics into three groups 
based on form (i.e., bowls, jars and necked vessels), 
it was possible to increase the r^ values (amount of 
variance accounted for by the regression formula).  As 
an example, regression formulae for the relationship of 
weight and volume raised the r^ values for jars to 81 
percent of the variance accounted for and for bowls, 78 
percent was accounted for (see Smith 1976, Tables 3-5). 
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A variable such as volume may be estimated not only 
from a V7eight value but also from vessel height or vessel 
diameter.  Comparison of the various results can help to 
reduce the error in estimation present. 

Summary and Conclusions 

Improving on an approach first suggested by Ericson 
and Stickel (1973), it has been possible to quantify the 
morphological relationships for a body of ceramics such 
that prediction of these variables givei only weicht, or 
an estimate of the weight, is easily possible within a 
relatively small range of error.  It is felt that the 
approach has the obvious potential of moving from a 
readily obtainable datum for partial or broken vessels 
such as the weight, to variables that have more potential 
meaning in a cultural sense such as capacity. 

The research, only partially reported here and 
discussed more fully in Smith (1976), has moved rapidly 
from linear models to multiple regression (which are both 
additive models).  Work now completed has included the 
construction of interactive (i.e., nonadditive) multi- 
variate models for this data body which has had the result 
of accounting for almost 90 percent of the variation present 
within the data (see Jensen 1973 for the general procedure). 
The importance of using a higher r^ as the major criterion 
for a model or approach should be noted. 

The information potential of potsherds has hardly 
been tapped.  Just counting and typing these numerous 
artifacts is only a beginning, and it is felt that 
approaches similar to the one outlined here are a further 
step toward reconstructing man's past behaviors in more 
meaningful ways. 
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