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Nonparametric and distribution-free tests of categorical data
provide an evaluation of statistical significance between groups
of subjects differing in their assignment to a set of categories.
This paper describes an implementation in the SAS programming
language of three tests to evaluate categorical data. One of these
tests, the Contingency Table Test for Ordered Categories evalu-
ates data assessed on at least an ordinal scale where the cate-
gories are in ascending or descending rank order. The remaining
two tests, Fisher’s Fourfold-Table Test for Variables with Two
Categories and Fishers Contingency Table Test for Variables
with More than Two Categories, evaluate data assessed on either
a nominal or an ordinal scale. The program described completes
analysis of a 2 X C categorical contingency table as would be
obtained from the application of a multiple-level rating scale to
the behavior of a treatment and a control group.

Many areas of research evaluate change in behavior as
a dependent variable and use observational rating scales
to measure these behavioral changes. In psychopharma-
cological research, rating scales are often used to assess
the acute or chronic effects of drugs in laboratory ani-
mals (Jacobs & Falgoust, 1984; Kabes, 1972; Kurlan,
Kim, & Gash, 1991; Rubin, 1978), where degree of motor
dysfunction or impairment, seizure severity, or other be-
havioral changes can be rated by an experimental ob-
server. Similarly, clinical research applications use rating
scales in the evaluation of disease severity, drug side-
effect profiles, and treatment success (Banger, Philipp,
Herth, Hebenstreit, & Aldenhoff, 1992; Bech, 1988;
Fankhauser & German, 1987; Moses, Emerson, & Hos-
seini, 1988).

Statistical evaluation of the measurement data obtained
from use of these instruments requires consideration as
to the actual type of information obtained and proper sta-
tistical analysis required. Since many of these rating in-
struments are based upon nominal or ordinal scales
(rather than interval or ratio scales) and the underlying
distribution of data obtained using such instruments is
not always known, nonparametric or distribution-free
statistical procedures often provide the most appropriate
tests of group differences (Siegel, 1956). Krauth (1988)
described a variety of distribution-free statistical proce-
dures that are appropriate for the analysis of this type of
data. These tests have had limited use, however, because
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they are mathematically tedious and are not readily
available in most common statistical analysis computer
software systems.

In this paper, we describe a program written in the
SAS language (SAS Institute, 1987) to perform three
tests of categorical data as described by Krauth (1988).
The program evaluates data from two or more nominal
or ordinal categories and provides significance tests for
Fisher’s Fourfold-Table Test for Variables With Two Cate-
gories, or for the Contingency Table Test for Ordered
Categories and Fisher’s Contingency Table Test for Vari-
ables With More Than Two Categories. Examples are
presented of the application of these tests to data illus-
trated in Krauth (1988) and also to data from the authors’
laboratory examining changes in the seizure sensitivity
of animals withdrawn from chronic ethanol exposure.

Method

The statistical procedures described here analyze cat-
egorical data obtained when a rating scale is used to eval-
uate the responses of two groups of subjects—usually,
one treatment group and one control group. Data consist
of the number of subjects within each group receiving a
particular rating or assigned to a particular response cat-
egory. It is assumed that data are measured at least on a
nominal scale. Data may also be measured on an ordinal
scale—in which case, category assignment is also as-
sumed to indicate response strength or severity.

In general, these contingency table tests are based
upon a determination of the probability of obtaining a
contingency table with marginal sums identical to those
of the test table merely by chance. The program evalu-
ates data following procedures outlined by Krauth
(1988) for the three specific tests. Figure 1 provides an
overview of the program flow. First, the initial value
from the input file is read to establish the number of
columns in the table, the table is then read, and the mul-
tiple hypergeometric probability statistic and marginal
sums are calculated for the input contingency table.

Alternate contingency tables are then determined fol-
lowing the procedures of Krauth (1988) for evaluating
small samples by determining the minimum and maxi-
mum treatment cell values and the resultant control cell
values. Once an alternate table has been determined, the
calculated table is compared with the original input table
using either cumulative marginal sums or specific cell
values as specified by each test.

In the final module of the program, summary statis-
tics are generated. The specific statistics presented by
the program are determined by the number of columns,
or rating categories, in the input table.

Examples
Two examples of problem contingency tables and the
resultant computer program output are included as Fig-
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Figure 1. Overview of the SAS Program for Contingency Table Testing of Cate-

gorical Data.

ures 2 and 3. These are examples used by Krauth (1988)
in discussion of the test procedures.

Flgure 2 shows a 2 X 2 contingency table evaluated
using Fisher’s Fourfold-Table Test for Variables With
Two Categories. As discussed by Krauth (1988, p. 80),
this test is appropriate for the analysis of 2 X 2 con-
tingency tables composed of nominal or ordinal scale
data. The significance of group differences is deter-
mined by comparing the calculated test probabilities
with an experimenter-selected alpha level for a one-
sided test or with one half the alpha level for a two-sided
test. With @ = 0.05, the groups shown here do not differ
significantly from one another.

A 2 X 3 contingency table is shown in Figure 3 and is
evaluated using both Fisher’s Contingency Table Test for
Variables With More Than Two Categories and the Con-
tingency Table Test for Ordered Categories. Krauth
(1988, p. 86) used this table in discussion of the Contin-
gency Table Test for Ordered Categories. Since correct

interpretation of the results depends upon whether the
input data are nominal or ordinal, the computer program
output indicates the type of values for which each statis-
tic is meaningful. This example illustrates the greater
statistical power in testing ordinal data relative to nom-
inal data. The groups would be considered significantly
different (a = 0.05) if the data are ordinal, but not if the
data are measured on a nominal scale.

A final example of the use of this contingency table
test is presented in Figure 4. The data were obtained
from studies conducted in the authors’ laboratory, ex-
amining the effects of chronic ethanol exposure and
withdrawal on picrotoxin-induced seizure thresholds in
laboratory rats. The procedures for ethanol exposure,
withdrawal, and seizure testing are presented in detail
elsewhere (Gonzalez, 1993; Gonzalez, Czachura, &
Brewer, 1989). In general, male Sprague-Dawley rats
received chronic ethanol exposure in ethanol-vapor in-
halation chambers for a period of 21 days, with blood
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CONTINGENCY TABLE
Trestment (T) ; ;
Control (C) 4|2

TEST RESULTS

MULTIPLE HYPERGEOMETRIC PROBABILITY : 0.082

NOMINAL OR ORDINAL DATA seevecssommesemmmems
FISHER'S FOURFOLD-TABLE TEST FOR VARIABLES WITH 2 CATEGORIES:

TWO-SIDED TEST
T AND C DIFFER: p<=0.086
ONE-SIDED TEST

T IS GREATER THAN C: p<= 0.086
T IS SMALLER THAN C: p<= 0.995

-

Figure 2. Example of the problem contingency table and computer
program output evaluating a 2 X 2 contingency table. Results of the
one-sided test are evaluated in comparison with an experimenter-
selected alpha level; resuits of the two-sided test are compared with
alpha/2.

ethanol levels approaching 400 mg/dl at the time of re-
moval from the ethanol chambers. Control animals re-
ceived similar handling, but no ethanol exposure.

After 21 days, animals were removed from the vapor
chambers and tested 10 h later for their response to the
convulsant picrotoxin. For seizure testing, animals re-
ceived a single, acute injection of picrotoxin (3.0 mg/kg,
i.p.). Picrotoxin, at various doses, is observed to induce
a series of responses in some animals, which progress
from (1) myoclonic jerks, (2) partial seizures, (3) gener-
alized tonic/clonic seizures, (4) tonic extension of the
limbs, and, finally, to (5) severe tonic seizures. Progres-
sion to each stage of these responses is dose dependent,
and, thus, the stage of behavioral response exhibited can
serve as an ordinal measurement of seizure severity. Re-
sponses to picrotoxin were rated on a scale of 0 (no re-
sponse) to 5 (severe tonic seizures), indicating the stage
of behavioral response exhibited. Data obtained from
two groups of animals are summarized in Figure 4. The
groups include an ethanol-naive control and a group of
ethanol-treated animals withdrawn from ethanol for
10 h. As shown in the figure, the contingency table test
for ordered categories indicates that the responses of
ethanol-withdrawn animals to picrotoxin were signifi-
cantly more severe (p < .016) than were those of
ethanol-naive controls.

Conclusions
Nonparametric tests of categorical data provide the
researcher with powerful tools for statistical evaluation

of frequency data. The contingency table tests discussed
above are particularly appropriate for the evaluation of
observational rating scales as are often used in psycho-
pharmacological research. The SAS program described
here analyzes a 2 X C contingency table using (1)
Fisher’s Fourfold-Table Test for Variables with Two Cat-
egories, (2) Fisher’s Contingency Table Test for Vari-
ables with More than Two Categories, and (3) the Con-
tingency Table Test for Ordered Categories. These tests
provide for the statistical analysis of categorical data
without the requirement for a priori knowledge about the
distribution of the data. Where data do meet the more
strict requirements of parametric tests, these nonpara-
metric tests have the disadvantage of being lower in sta-
tistical power in relation to analogous parametric tests,
thus requiring a larger number of observations in the
data pool to obtain the same relative statistical power. In
contrast to analogous parametric tests, however, non-
parametric contingency tests are more sensitive to data
medians than to means and are thus less affected by out-
lying data points (Zimmerman & Zumbo, 1990). See
Krauth (1988) for a more thorough discussion of the sta-
tistical advantages and limitations of contingency table
tests.

Program Availability

A listing of the SAS source code described in this
paper is available on request from the authors. The list-
ing also includes documentation of procedures and vari-
ables used. An ASCII disk file of the SAS program
source code can be obtained by sending a formatted,
MS-DOS diskette (5.25 or 3.5 in.) to the authors.
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Figure 3. Example of the problem contingency table and computer
program output evaluating a 2 X 3 contingency table.
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Figure 4. Results of analyzing the effects of chronic ethanol expo-
sure and withdrawal on responses to picrotoxin. The results indicate
that, on a nominal scale, the distribution of scores for the chronic-
ethanol treatment group does not differ from that of the ethanol-
naive control group. On an ordinal scale, the results indicate that the
ethanol group demonstrates statistically higher seizure severity than
does the control group.
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