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Abstract
An algorithmwritten in SAS/IML is presented that can perform an exact
permutation test for a two-sample comparison. All possible permutations

Markus Neuhäuser1

Andreas Schulz1are considered. The Baumgartner-Weiß-Schindler statistic is exemplarily
used as the test statistic for the permutation test. Daniel Czech1

Zusammenfassung
Ein in SAS/IML geschriebener Algorithmus wird präsentiert, mit dem
ein exakter Permutationstest für das Zweistichproben-Problem durch-
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geführt werden kann. Dabei werden alle möglichen Permutationen be- Sciences, Remagen,
Germanyrücksichtigt. Exemplarischwird die Baumgartner-Weiß-Schindler-Statistik

als Teststatistik für den Permutationstest genutzt.

Introduction
For many nonparametric test statistics there are two al-
ternative ways to carry out the test. One possibility is to
use the asymptotic distribution of the statistic. For in-
stance, the Wilcoxon rank-sum statistic asymptotically
follows a normal distribution (under the null hypothesis).
Alternatively, the exact permutation null distribution can
be used. In order to perform an exact permutation test,
all possible permutations have to be generated, so that
the test statistic can be calculated for each permutation.
The p-value is the probability of the permutations giving
a value of the test statistic as or more supportive of the
alternative than the observed value.
In the population model ([1], p. 56) the inference is re-
ferred to a defined population that has been randomly
sampled. Using this classical model-based inference, the
asymptotic distribution can be used if the sample sizes
were not too small. The randomizationmodel of inference
does not require that populations have been randomly
sampled. However, the experimental units should be
randomized to the groups or treatments ([1], p. 5; see
also [2]). In this design-based framework, the p-value
should be that from the permutation distribution (see
also [3]).
Ludbrook and Dudley [4] surveyed prospective, compara-
tive studies reported in several biomedical journals. They
found that randomization rather than random sampling
is the norm in biomedical research. Very few studies used
random sampling of defined populations to construct
experimental groups. Furthermore, sample sizes were
often small. This suggests that exact permutation tests
are useful for many biomedical studies. This is also true
for some other areas, e.g. psychology [5].

Asmentioned above, all possible permutations under the
null hypothesis have to be generated in order to perform
an exact permutation test. For some commonly used tests
such as Wilcoxon’s rank-sum test the exact permutation
test is implemented in software packages. In SAS, for
example, the Wilcoxon permutation test can be applied
using the procedure NPAR1WAY. However, permutation
tests with several other, especially newer statistics are
not implemented in procedures. To apply these tests, one
has to generate the permutations.
Some programs were recommended in the past, the
shuffle algorithm of Chen and Dunlap ([6], p. 409) is one
example. This algorithm considers a random sample of
permutations only. Note that it is useful to use a simple
random sample of all possible permutations if the sample
sizes were large because, in that case, the number of
permutations can be enormous ([7], p. 185). However,
when sample sizes are small, an exact permutation test
can be performed based on all possible permutations.
Here, we propose a SAS/IML program that considers all
possible permutations for a two-sample comparison. This
program performs an exact permutation test, the
Baumgartner-Weiß-Schindler statistics [8] is exemplarily
used as the test statistic for the permutation test. The
exact permutation test based on the Baumgartner-Weiß-
Schindler statistic was proposed by Neuhäuser [9]. The
proposed algorithm is very fast for sample sizes up to 10
per group. For larger samples one may use the shuffle
algorithm mentioned above.
Our algorithm combines depth-first search and backtrack-
ing [10]. Depth-first search is an algorithm for searching
a tree. At each node, it is checked whether or not progress
to a valid solution is possible. If not, or if a goal node is
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found, the search backtracks, i.e. it returns to the most
recent node that was not finished.
Note that a few parts of the original Baumgartner-Weiß-
Schindler statistic are identical for every permutation.
These parts are redundant for a permutation test and
were omitted in the code given below.
The Baumgartner-Weiß-Schindler test was proposed as
an omnibus test [8]. However, permutation tests are also
useful in a location-shift model, and also in case of poten-
tial differences in variability [11]. In these cases, it is
useful to compute a confidence interval for the location
shift in addition to the p-value. A possible way to obtain
a confidence interval was proposed by Bauer ([12], see
also [13]).

Program
The following SAS macro includes the exact permutation
test:

%MACRO Permtest(indata);
proc iml;

/* Reading the data */
USE &indata;
READ ALL INTO currdata;

/* Computation of ranks */
ranks=RANKTIE(currdata[ ,2]);

/* Calculation of the sample sizes per group */
N_total=Nrow(currdata[ ,2]);
n2=currdata[+,1];
n1=N_total-n2;
print N_total n1 n2;

/* Creation of all possible permutations */
start perm(n,n_1);

matrix = shape(0,(gamma(n+1)/(gamma(n_1+1)*
gamma(n-n_1+1))),n);
index = 1;
vektor=shape(-1,1,n);
pos = 1;
ok = 1;
do while(ok=1);

if pos > n then do;

if vektor[,+] = n_1 then do;
matrix[index,]= vektor;
index = index + 1;

end;

pos = pos-1;
end;
else do;

if vektor[,pos] < 1 then do;
vektor[,pos] = vektor[,pos]+1;

pos = pos+1;
end;

else do;
vektor[,pos]=-1;
pos = pos-1;

end;
end;

if pos < 1 then ok = 0;
end;

return (matrix);
finish;

permutations = perm(N_total,n1);
P=Nrow(permutations);

/* Calculation of test statistic */
start test_sta(R1, R2, N_total, n1, n2);

b=R1;
R1[,rank(R1)]=b;
b=R2;
R2[,rank(R2)]=b;

i=1:n1;
j=1:n2;
Bx=sum( (R1-(N_total/n1)#i)##2/( (i/(n1+1))#(1-
(i/(n1+1)))#n2 ) );
By=sum( (R2-(N_total/n2)#j)##2/( (j/(n2+1))#(1-
(j/(n2+1)))#n1 ) );
B=Bx+By;

return (B);
finish;

/* Carrying out the test */

Tab=REPEAT(T(ranks),P,1);

R1=choose(permutations=0,.,Tab);
R2=choose(permutations=1,.,Tab);

R1g=R1[loc(R1^=.)];
R2g=R2[loc(R2^=.)];

R1z=shape(R1g,P, n1);
R2z=shape(R2g,P, n2);

test_st0=
test_sta(T(ranks[1:n1]),T(ranks[(n1+1):N_total]),
N_total, n1, n2);

Pval=0;

do i=1 to P by 1;
B = test_sta(R1z[ i , ], R2z[ i , ], N_total, n1, n2);
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if B >= test_st0 then Pval=Pval+1;
end;

Pval=Pval/P;

/* Definition of output */
x=(Pval || test_st0 || P);
cols={P_value test_statistic total_Perms};
print x[colname=cols];

/* optional: Creation of an output dataset called results
*/
CREATE results FROM x[colname=cols];
APPEND FROM x;
CLOSE results;
/**********************************************************/

quit;
%MEND Permtest;

In order to use this macro the SAS dataset needs the
variables GROUP and VALUE (in this order). The variable
GROUP should have the values 0 and 1 as codes for the
two groups. Thus, the data step is as follows:

DATA example1;
INPUT group value @@;

CARDS;
0 154 0 155 0 158 0 159 0 161 0 163 0 177 0 183 0
192 0 219
1 171 1 172 1 178 1 179 1 184 1 185 1 186 1 194 1
196 1 223
;
RUN;

Here we use a placebo-controlled trial as an example.
The raw data in the data step given above are reaction
times (in msec) and were presented by Sedlmeier and
Renkewitz ([14], p. 583). The placebo group is coded as
0, the active group as 1. In this example there are no ties.
However, our program also works in the presence of ties.
The macro can be invoked with the following statement:

%Permtest(example1);

Output
The first part of the output lists (Figure 1) the total sample
size N_TOTAL as well as the groups’ sample sizes N1 and
N2. In the second part the p-value, the value of the test
statistic for the observed data and the number of permuta-
tions (TOTAL_PERMS) are given.

Figure 1: Output lists

Notes
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