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“Non-parametric?”

e No particular parametric probability distribution is specified, e.g.
X~N (u, 0%

e Might thus also be called distribution independent methods

e Usually based upon ranking the observations:

Transformation:

e Sitill requires independence! X; ranked )X(i)
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Non-parametric methods

» Confidence interval for median
» Sign test
e Wilcoxon'’s signed rank test (Nor: “rangtest med fortegn”)

e Wilcoxon’s rank sum test (equiv. to Mann-Whitney’s U-test) (Nor:
“rangsum test”)

e Exact methods using SPSS and StatExact

NTNI .. ST. OLAVS HOSPITAL

Norwegian University of Science and Technology

Confidence interval for median

Given X, < X, <...< X, ranked observations

from a continuous distribution with median m.

Thenx,, <m<x, ., isaconfidence interval for m,

k chosen so that the confidence level is approx. 0,95.

" k Confidence interval Level of confidence
g | X{”Smg.({_g] 0.938
| X(Sm<xe 0.969
7 1 x(”‘Sme(?, 0.984
8 2 Xy Sm<sxe, 0.930
9 2 X2y Sm<xg, 0.961

Rade & Westergren: Mathematics handbook (1995), Studentlitteratur, Lund
http://www.math.unb.ca/~knight/utility/MedInt95.htm
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Example
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Rosner Table 6.3, s. 173.

Birth weight (0z), from sample no. 1:
97, 117, 140, 78, 99, 148, 108, 135, 126, 121

Ranked:

78.97,99. 108, 117, 121, 126, 135, 140, 148
N=10 X=116,90 s=217m =L;121=119
95% CI for sz: X £ty ors — = (1014 il 132,4)

95% Cl for m: x,, til x4 = (97 til 140)

sses 51.OLAVS HOSPITAL
®  TROMDMEIM UNIVERSITY HOSPITAL

Sign test
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Given n paired observations, e.g. before (x) and after (y) some
treatment:

Xl yl T dl
X2 yZ * d2

Xn yn i d n
Within each pair, only the sign (+) of the difference d is noted.

The parameter A indicates the “true” difference between median (x) and
median (y).

We test Hj:A=0vs.H;:A=0
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Sign test, cont.

» C =no. of positive differences
— Under H,, C has a binomial distribution with p = 0,5 in n trials
— The number of positive and negative differences ought to be
approximately equal
— Cis compared with the entries in table 1 (Rosner) to evaluate the
probability under H,,.
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Example (handout)

trt ctr dif
6.9 6.4 0.5
7.6 6.7 0.9
7.3 5.4 1.9
7.6 8.2 -0.6
6.8 5.3 1.5
7.2 6.6 0.6
8.0 5.8 2.2
5.5 5.7 -0.2
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Sign test, cont.

Normal approximation if n > 20
* E(C)=np=n/2
e Var (C) = np(1-p) = n/4

n
Cc-_
S _X-EX)_~" 7

War(xX) \F
4

NTNIL
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Wilcoxon’s signed rank test

e Given n paired observations, e.g. before (x) and after (y) some treatment:

Xl yl * dl
X2 y2 T d2
Xn yn T dn

* Within each pair, the difference d is noted.

e The parameter A indicates the “true” difference between median (x) and

median (y).
e Wetest HyA=0vs.H:A#0
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Wilcoxon’s signed rank test, forts.

* Observed differences are ranked according to increasing
absolute value. Note those with (original) positive sign:

| -d |(1) | +d |(2) | +d |(3) . |-d |(n)

* R, =sum of “ranks” of the positive differences

* Under H, (A = 0, no treatment effect), the sum of positive and
negative ranks ought to be approximately equal

* R, is compared with the entries in table 11 (Rosner) to evaluate
the probability under H,.
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Example (handout)

Differences are ranked i increasing order of absolute
value ...
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Sum = 31.5
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Wilcoxon’s signed rank test, cont.

Normal approximation if n > 15
« E(R) =n(n+1)/4
* Var (R)) = n(n+1)(2n+1)/24

_n(n+j 1

5 _ X—E(X) _ Y4 2

JVar(X) \/n(n+1)(2n+1)
24
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Rosner Table 9.1
Number of
people with
Negative Positive same
— : — absolute Range of  Average
Il d, f d; f; value ranks rarllr.g
10 -10 0 10 0 0 — —
9 -9 0 9 0 0 — —
8 -8 1 8 0 1 40 40.0
7 -7 3 7 0 3 37-39 38.0
6 -6 2 6 0 2 35-36 35.5
5 -5 2 35 0 2 33-34 335
4 4 1 4 0 1 32 32.0
3 -3 5 3 2 7 25-31 28.0
2 -2 4 2 6 10 15-24 195
1 -1 _4 1 10 14 1-14 725
22 18
0 0 S
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Negative differences (ointment A better than ointment B)

e

-8 -7 -6 -5 -4 -3 -2 -1 0
Difference in redness between ointment A and B arms

Positive differences (ointment A
worse than ointment B)
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Difference in redness between ointment A and B arms

gian University of Science and Technology

10 4

Count

-8.00
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Rosner Fig. 9.4 (revised)

Abest ...0 ... Bbest

-5.00 -3.00 -1.00 1.00 3.00

Cases weighted by ANTALL




Wilcoxon’s rank sum test

Given n; < n, observations in two independent groups:

XX Y
X, Y2
Y3
an
Yn,
e The parameter A indicates the “true” difference between median (x) and
median (y).

e Wetest HyA=0vs. H:A#0
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Wilcoxon’s rank sum test (cont.)

All (n;+n,) observations are ranked. Note the observations
originating from group 1:

Yo Yo ! X Y(n+n,-1)

(ny+ny)

R, = sum of “ranks” from group 1:

— Under H,, the rank sum in both groups ought to be approximately
equal [at least if n; =~ n,].

— R1is compared with the entries in table 12 (Rosner) to evaluate the
probability under H,,.
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Example

All observations are
ranked:
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Wilcoxon’s rank sum test, cont.

* Normal approximation if n, > 9
* E(Ry =ny(1+ny+n,)/2
* Var (R)) = njny(n,+n,+1)/12

B n(n,+n,+1)
S, _ X—E(X) _ ' 2

- Nar(x) \/nlnz(nl+n2+1)
12

N
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Rosner Table 9.3

Comparison of visual acuity in people age 10-19 with dominant
and sex-linked retinitis pigmentosa
——————————————————————————eeeeeeemee o)
Visual Combined Range of Average
acuity Dominant Sex-linked sample ranks rank
20-20 5 1 6 1-6 35 |
20-25 9 S 14 7-20 13.5
20-30 6 4 10 21-30 25.5
20-40 3 B 7 31-37 34.0
20-50 2 8 10 38-47 425
20-60 0 5 5 48-52 50.0
20-70 0 2 2 53-54 53.5
20-80 0 = il 55 55.0
25 30 55
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