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Wilcoxon test Worked Example:

In order to investigate whether adults report verbally
presented material more accurately from their right than from
their left ear, a dichotic listening task was carried out. The

data were found to be positively skewed.

Number of words reported:

Participant | Left ear Right ear
1 25 32
2 29 30
3 10 8
4 31 32
5 27 20
6 24 32
7 26 27
8 29 30
9 30 32

10 32 32
11 20 30
12 5 32

What test should we use?

We have two conditions, with each participant taking part in
both conditions. Since we are told that the data are skewed,
and so do not fulfil the requirements for the use of a

parametric test, the appropriate analysis is a Wilcoxon test

Ak - A



(the non-parametric counterpart of the dependent measures t-

test).

How to carry out a Wilcoxon test:

a) Find the differences between each pair of scores

b) Rank these differences, ignoring any “0” differences

and ignoring the sign of the difference

[So, different from a Mann Whitney U test, where the data

themselves are ranked]

STEP ONE:
Participant | Left ear Right ear Difference

(d)

1 25 32 -7

2 29 30 -1

3 10 8 P

4 31 32 -1

5 27 20 7

6 24 32 -8

7 26 27 -1

8 29 30 -1

9 30 32 -2

10 32 32 0o |

11 20 30 -10

12 5 32 - 27

N34-B



STEP THREE:

Add together the ranks belonging to scores with a positive
sign:

55+75=13

STEP FOUR:

Add together the ranks belonging to scores with a negative
sign:

75+25+25+9+25+25+55+10+11=53

STEP FIVE:

Whichever of these sums is the smaller, is our value of W.
So, W = 13.

STEP SIX:

N is the number of differences (omitting “0” differences).
We have 12 - 1 = 11 differences.

fad-C



[Important to note that these are not the same as degrees of

freedom. We only use N-1 here because we have 1 difference

which equals zero]

STEP SEVEN:

Use the table of critical Wilcoxon values. With an N of 11,

what is the critical value for a two-tailed test at the 0.05

significance level?

Critical values For Wilcoxon’s signed-rank test

Two-Tailed Probability

N .05 .025 .01 .005
5 1

6 s 1

Z 4 2 0

8 6 4 2 0
9 8 6 3 2
10 11 8 L 3
11 14 11 7 5
12 1 ¥ 14 10 7
13 21 17 E 10
14 26 21 16 13
15 30 25 20 16
16 36 30 24 19
17 41 35 28 23
18 47 40 39 28
19 54 46 38 32
20 60 52 43 37

Nad-d



The critical value = 14.

With the Wilcoxon test, an obtained W is significant if it is
LESS than the critical value.

So, in this case

Obtained W =13
Critical value = 14

Our obtained value of 13 is Jless than 14, and so we can
conclude that there is a difference between the number of
words recalled from the right ear and the number of words
recalled from the left ear.

N34-E
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The Friedman test

The Friedman test is a test for comparing three or more related samples and which makes no
assumptions about the underlying distribution of the data. The data is set out in a table

comprising n rows by k columns. The data is then ranked across the rows and the mean rank
for each column is compared.

Example. A water company sought evidence the measures taken to clean up a river were
effective. Biological oxygen demand (BOD) at 12 sites on the river were compared before

cleanup and 1 month and 1 year after cleanup. The results are glven below.

9‘3;&); =2

@A ~ (g BOD © .
Sllte (b;ag(j? afterll3 glonth aftell‘31. 2year \ o b? <N W O N\yo&ﬂfx -
2 157 10.1 98 "
3 129 10.3 Fis | (= ?/ algnithms /appreachio
4 98 92 9.0
5 134 N 107
6 1877 204 196
e 139 104 102
8 T 114 115
9 54 49 52
10 104 89 92 . _—
11 164 112 1.0 , tim b uny Mm R AR
2 56 438 TR 1.9 Lo i A(Wm/mhwv,
=l N

The Friedman test involves ranking the data in the rows, then comparing the mean rank in

each column. Thus the values of BOD would be ranked across each row as shown below.

Where two samples have the same value a mean rank is assigned. (site 3)

Q) () _BOD
Site before after 1 month after 1 year
1 "3 2 1
2 3 2 1
3 3 15 1.5
4 3 2 1
5 3 2 1
6 | 3 2
7 3 ) 1
8 1 2 3
9 3 1 2
10 3 1 2
11 3 2 1
12 3 2 1

If the cleanup procedure had been ineffective, the ranking of values over time would be
randomly distributed at the various sites and the sum of the ranks for each column would be
Similar. However, if the cleanup procedure were effective, there would be significant
differences in the sum of the ranks of at least one column.

The Friedman test.doc
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Null hypothesis

ms ) (XH 4 f](l el -
Ho The cleanup procedure has had no effect on the BOD Somi ¥ m&q Wm o~ W 7
: The cleanup procedure has affected the BOD IBI‘}wTWrm u aA{ /vwf

Decision Rule

Reject Hy if M = critical value at o = 5%

Calculation method

The differences between the sum of the ranks is evaluated by calculating the Friedman test
statistic, M from the formula
12

M RZ— k
kk+12 3n +l)

Where:
k = number of columns (often called “treatments”)
n = number of rows (often called “blocks”)
R; = sum of the ranks in column j.

If there is no significant difference between the sum of the ranks of each of the columns, then
M will be small, but if at least one column shows significant difference then M will be larger.

For the BOD example these calculations work out as follows

BOD
Site before after 1 month after 1 year

Sum of ranks 32 225 17.5
(Sum of ranks)> 1024 506.25 306.25
No of Columns, k 3
No of Rows, n 12
>R’ 18365 |(= 1024 + 506.25 + 306.25)
12/nk(k+1) 0.083 |[(=12/12x3x4)
3nk + 1) 144 (=3x12x4)
Test Statistic M 9.042 |(=0.083 x 1836.5—144)

The significance of M may then be looked up in tables.
The critical value of M for 3 columns and 12 rows at o = 5% i

51gmflcant effect on the BOD for that stretch of river. B

If the values of k and/or n exceed those given in tables, the significance of M may be looked
up in chi-squared (%) distribution tables with k-/ degrees of freedom.

The Friedman test.doc -2 - GFW. 30/09/02
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Critical values for the Friedman Test

12 2
M =m21¢j ~3n(k +1)
k=3 k=4 k=5 k=6
n a=5% a=1% o=5% a=1% a=5% a=1% a=5% a=1%
2 — — 6.000 — 7.600 8.000 9.143 9.714
a 6.000 — 7.400 9.000 8.533 10.130 9.857 11.760
4 6.500 8.000 7.800 9.600 8.800 11.200 10.290 12.710
5 6.400 8.400 7.800 9.960 8.960 11.680 10.490 13.230
6 7.000 9.000 7.600 10.200 9.067 11.870 10.570 13.620
7 7.143 8.857 7.800 10.540 9.143 12.110 10.670 13.860
8 6.250 9.000 7.650 10.500 9.200 13.200 10.710 14.000
9 6.222 9.556 7.667 10.730 9.244 12.440 10.780 14.140
10 6.200 9.600 7.680 10.680 9.280 12.480 10.800 14.230
11 6.545 9.455 7.691 10.750 9.309 12.580 10.840 14.320
12 6.500 9.500 7.700 10.800 9.333 12.600 10.860 14.380
13 6.615 9.385 7.800 10.850 9.354 12.680 10.890 14.450
14 6.143 9.143 7.714 10.890 9.371 12.740 10.900 14.490
15 6.400 8.933 7.720 10.920 9.387 12.800 10.920 14.540
16 6.500 9.375 7.800 10.950 9.400 12.800 10.960 14.570
17 6.118 9.294 7.800 10.050 9412 12.850 10.950 14.610
18 6.333 9.000 7.733 10.930 9.422 12.890 10.950 14.630
19 6.421 9.579 7.863 11.020 9.432 12.880 11.000 14.670
20 6.300 9.300 7.800 11.100 9.400 12.920 11.000 14.660
0 5.991 9.210 7.815 11.340 9.488 13.280 11.070 15.090

For values of n greater than 20 and/or values of k greater than 6, use % tables with k-1 degrees

of freedom
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Critical Values of the Wilcoxon Signed Ranks Test

Two-Tailed Test One-Tailed Test

" a=.05 a=.01 a=.05 a=.01
5 -- -- 0 -
6 0 -- 2 --
7 2 - 3 0
8 3 0 5 1
9 5 1 8 3
10 8 3 10 5
11 10 5 13 7
12 13 7 17 9
13 17 9 21 ¥
42 12 25 15
15 25 15 30 19
16 290 19 35 23
17 34 23 4] L &
18 40 27 47 32
19 46 32 53 AT
20 52 37 60 43
21 58 4 67 49
22 65 48 - 2 55
23 73 54 83 62
24 8l 61 3 W 69
25 89 68 100 76
26 98 75 110 84
27 107 83 119 92
28 116 91 130 101
29 126 100 140 110

30 137 109 151 120






