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I. SUMMARY

A classification error matrix typi-
cally contains tabulation results of an
accuracy evaluation of a thematic classi-
fication, such as that of a land use and
land cover map. A sample matrix has been
made of a land use and land cover map for
an accuracy evaluation, where for each
sample (or count) the interpretation
(classification) is given as the rows
(populations), and the verification is
given as the columns (responses). The
diagonal elements of the matrix represent
the counts correct. The remaining ele-
ments of the rows represent the errors by
commission, and the remaining elements of
the columns represent the errors of omis-
sion. The proportions of diagonal ele-
ments divided by the row sums are consid-
ered as the category accuracy relative to
errors by commission. This has been the
usual designation of the classification
accuracy. The proportions of the diago-
nal elements divided by the column sums
represent the category accuracy relative
to the errors of omission. Since certain
categories are often misinterpreted as
certain other categories, the percentages
of the points misinterpreted are also
given in some cases. This has been
the usual extent of the interpretation of
the data contained within the classifica-
tion error matrix. Rosenfield states
that the next step in analyzing the clas-
sification error matrix would be to use
the entire matrix in such studies. A
beginning has already been made in this
regard.

The classification error matrix is
known in statistical terms as a contin-
gency table (and sometimes as a cross-
tabulated table) of categorical data.
There is a large field of literature
developed for the analysis of categorical
data and cross-tabulated tables (see
Selected References for Categorical
Methods). The analysis of categorical

data by linear models was started by
Grizzle and others, and was expanded by
Koch and others.":5 Koch explicitly
develops the theory for hypothesis test-
ing of the functional results of the
methodology. The analysis of categorical
data by building hierarchical models for
solution by iterative proportional fit-
ting is developed by Bishop and others.®
Both methods can be used in many applica-
tions, and the results will usually be
very similar. It is the emphasis on
hypothesis testing which differentiates
the method of Grizzle and others from
that of Bishop and others.%,6 These
contingency table methods allow analysis
of the matrix considering all of the data
contained, not just the diagonal
elements.

The purpose of this study has been to
determine how to analyze the entire clas-
sification error matrix resulting from
the accuracy evaluation of a thematic
map, not just the diagonal elements. The
expected probabilities of misinterpreta-
tion of a category are estimated from the
cell frequency divided by the population
(row) sum. The misinterpretations among
various particular pairs of categories
will be analyzed for a number of dif-
ferent land use and land cover maps, and
the results inspected for patterns of
behavior.

Another question that has arisen in
thematic classification deals with the
systematic pattern of any one category
being misinterpreted in the same manner
as another category. This misinterpreta-
tion reflects on the ability of the
remote sensing system to meet the re-
quirements of the category definition
within the classification system. The
patterns of misclassification could
result from either the remote sensing
system or the classification system. A
statistical hypothesis test is made on
the functional results of the statistical
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methodology to test for systematic pat-
terns of misinterpretation. This amounts
to testing the coefficients of the
response parameters, which in turn
represent the category response effects
in the statistical model. The null hy-
pothesis becomes: 1is any one category
being interpreted in the same manner as
any other category? The alternate hy-
pothesis is that they are not being
interpreted the same.

A third question deals with another
way of considering the overall accuracy
and category comparability problem. This
is to consider the problem as one of a
measure of agreement between classifica-
tion and verification, or between clas-
sified categories. One measure of agree-
ment that recently began to receive
attention in remote sensing applications
is that of Cohen's Kappa test for agree-
ment. This statistic has been given
attention by Bishop and others.

A number of land use and land cover
maps produced under the national land use
and land cover mapping program of the
U.S. Geological Survey have been analyzed
for accuracy.-:?» Clagsification
error matricies resulting from the accu-
racy tests described in these documents,
as well as others obtained from the lit-
erature, will be analyzed. The methods
of analysis of categorical data and
measures of agreement will be used to
investigate the information contained
within the entire classification error
matrices, and the applicability to
remotely sensed data will be examined.

Preliminary results indicate that
within the error matrix, explanations can
usually be made for individual errors.
However, the accuracy analysis has been
found to be dependent upon having an ade-
quate sample size for the validation of
each category. In addition, the sample
selection should be based upon some valid
methods of allocation: say, proportional
allocation supElemented by sampling with-
in two frames.ll When the error matrix
is sparse, systematic errors cannot be
explained or deduced from the limited
data. Correlations found are the result
of having similarly few misclassifica-
tions, not the result of having a large
number of similar misclassifications.

Statistical testing of the entire
matrix of classification errors for
comparison between land cover types might
reveal systematic errors introduced by
misregistration, Sun angle, or similar
spectral signatures. Once identified,
the causes of these errors could then be
examined more carefully.
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