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Example
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The Wilcoxon Signed-Rank Test

e for single sample or paired samples

e uscful when the population distribution
15 not normal and the sample size 1s not
large

— of the within-pair differences in paired
sample case or of individual values in
single sample case

e makes use of the magnitudes of the dif-
ferences as well as their signs
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The following are the pre- and post-test traim-
g scores for 12 of their families:

Kashima, Baker, and Landen (1988) stud-

1ed whether media-based instruction could Pre Post
help the parents of mentally handicapped 7T 1
children become more effective at teaching 6 14
their children self-help skalls. 10 16
16 17
As part of the study, 17 families partic- 8 9
pated in a training program. Before and af- 13 15
ter the training program, the primary parent 8 9
took the Behavioral Vignettes test, which 14 17
assesses knowledge of behavioral modifica- 16 20
tion principles. A higher score indicates greater 11 12
knowledge. 12 14
13 15

May we conclude from these data that the
training program increases knowledge of be-
havior modification principles? (We will test
at the a = .01 level.)
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Hypotheses of the Wilcoxon Signed
Rank Test

The nall hypothesis 15 that, in the under-

lying population of differences among pairs,
the median difference 1s equal to 0.

Hy: Mj=0

The alternative hypothesis may be one- or
two-sided.

Hy: M;>0
.l'r..!rﬂ_ X f‘n’fd <
H,: M0

If we define our differences as post - pre, then
our alternative would be:

Hy: My 0

T
h. Find T4, the sum of the ranks with pos-
itive signs, and T, the sum of the ranks
with negative signs.
6. Let the test statistic T equal the smaller
of T4 and T—.
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Steps In the Wilcoxon signed-rank
procedure

1. Select a random sample of n pairs of ob-
servatlons.

2. Compute the difference d; in ecach pair
of observations. Delete all pairs in which
d; = 0, and reduce n accordingly.

3. lenoring the signs of the d;s, rank ther
absolute values from smallest to largest.
When there are ties in absolute values,
assign cach tied value the mean of the
rank positions the tied values occupy.

4. Assign to each rank the sign of the d; that
yields that rank.
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Pre- and Post-Test example

Pre Post d_1i Rank
T 11 4 9.5

6 14 B 12
10 16 6 11
i7 16 -1 -2.5
8 g 1 2.5
13 15 2 6
8 9 1 2.5
14 17 3 8
16 20 4 9.5
11 12 1 2.5
12 14 2 6
13 15 2 6

The sum of the negative ranks 1s T = 2.5.
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SAS for the Wilcoxon Signed Rank
Test

e carried out automatically by proc univariate

e SAS computes a slightly different form of
the test statistic

. re(re + 1

S = x(positive ranks) — { y )

recalling that n 18 the number of differ-
ences whose value 13 not equal to 0.

e computes p-value n two different ways
depending on sample size

—if n < 20, pvalue 15 computed from
cach distribution of 5, which can be

enmerated under mall hypothesis that
distribution is symmetric around ()

—when i > 20 approximate S 18 com-
parcd to approximate t distribution
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proc univariate ;

var diff ;
rum ;
The UNIVARIATE Procedure
Variable: diff

Tests for Location: Muol=0
Test -Statistic-  -———- p Value—————-
Student’s t t 4_5210908 Pr » |t]| 0 .00049
Sign H G Pr »>= |M| 0 . 005
Signed Rank 3 39 Pr »>= |5| 0. 0005

Note: For a 1-sided p-value, we would divide
the 2-sided pvalue by 2.

1]

data whatewer ;
input pre post ;
diff = poat - pre ;
datalines ;

T 11

6 14

10 16

16 17

2 9

13 156

a2 9

14 17

16 20

11 12

12 14

13 15

run ;
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Interpreting the results

e Recall that we wanted to determime whether

the andiovisual instruction improved par-
ent's test scores.

e The null and alternative hypotheses re-
garding the median difference (that 1s,
the median of post - pre), are

Hy:M;=0
Ho: My >0

e Can we reject Hy at the 01 sigmificance
level?

e What does this mean with respect to the
rescarch question?



