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Lecture 8

Example: Sign
Test

1. The number of
warning cries
delivered against
intruders by male and
female pairs of

trogons.
Pair M F direction Sign
Method:

For N = 10, count the 1 8 3 > +
smalle_slé }:t;r:b:e;)t.)f +or ) 4 3 > 4
a. Don't count ties or 0. 3 6 4 > +

4 6 3 > +
5 3 3 = 0
6 2 6 < -
7 5 2 > +
8 3 3 = 0
9 1 2 < -
10 6 0 > +
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inferemce.  New York: Helt, p. 458, with the kind permission of the sutbors and
lisher.

11.0 or approzimtely 10,

Wilcoxon Signed-Ranks Test

1. A more powerful test because it provides a
test of:

a. Order (like sign test)
b. magnitude.
2. Useful in behavioral tests when information
is known about magnitude:
a. It is then possible to rank pairs based on
magnitude of differences.

Wilcoxon Signed-Ranks Test:
Method

1. Use the same table as before, except add
the following:

a. Calculate unsigned difference between M
and F.

b. Rank them.
c. Add the sign of the difference to the rank.
2. Note, 0 is omitted from ranks.




Wilcoxon Signed-Ranks Test:
Method
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Wilcoxon Signed-Ranks Test:
Method
2. Determine N (# of non-zero d's = 8)
3. Calculate:
a. T, sum of (+) ranks (= 28.5).
b. T-, sum of (-) ranks (= -7.5).
4. The smaller absolute value is T, look up
on Table 30.

a. Here, T, = 7.5, > 6 for which P = 0.0547,
ns.
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For Large Samples,

1. As before, the values of T* begin to
approximate a normal distribution.

T - ppy

Oty

Where: pp, = N(N+1)/4
and oy, = N(N+1)(2N+1)/24

Two Sample Tests

1. U-test, Wilcoxon’s test

a. Tests used to determine if two
independent samples have same median.

b. Analogous to #-test

c. Use ordinal data, which ¢-test will not
accommodate (very well).

t-test or U-test?

a. If data meet assumptions of #-test, use it,
smaller N needed than U- or W-tests.

b. However, if sample size can be increased,
can be as/more powerful than t-test




U-test, Wilcoxon’s test

1. Both tests devised at about the same time.

a. Method is slightly different, but same
results are obtained.

2. Wilcoxon also produces the same statistic
as a paired t-test.

a. Should be used in the same situations.

U-test: Example
Thermosphaeroma isopods, inhabit
hot spring in New Mexico.
1. Small environment, isopods
keep pool free of predators.
2. Sexual dimorphism is great,
males guard females.
a. Female sexual receptivity
associated with molt.
b. Females are spatially dispersed,
apparent time constraints on male

guarding time.

Male Mate Discrimination

1. Males observed assessing females.
a. Females held > 5 sec, < 15 min
-were rejects.
b. Females held over 15 min — were paired.




MANN-WHITHEY UTEST OF THERMOSFHAEROMA DATA

PAIRED  BLENG  RAMK  UNPAIRED DLENG MM U-Test: MethOd

1 30 &7 2 24,3 2
1 b3 n 2 18 14.5
18 14.5 2 28 » =
; 38,25 57.5 2 18 14.3 1 Rank bOdy S1Z€es
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. &,
o g b of paired (n,), and
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1 18 14.5 2 16.5 7 .
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28 an 2 4.3 8.3
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1 - 2 2 3 1ghest.
1 30 &7 2 12.2% 1.3
Voo 3 o=k =i coCaleulate R, R,
1 EL) n 2 12.7% 1.3
as Xry.
29 27.81896 1091 29 2149107 620
6.422917 S.467175

U-Test: Method
2. If N <20, Calculate U as:

nmn, +ny(n, +1)/2-R,

3. if N > 20, calculate z as approximation of
normal dist:

U-ny
Sy
where: [, =n;n,/2

oy = V[nny(n,+n,+1)/12]

Tied Ranks:

1. Changes the variability in the set of ranks
a. Therefore, need to adjust the value of

oy = V[nn,/N(N-1)]J[(N3 - N)/12 - £T]

where

t

ST=XF-1)/12

b. # = number of tied scores for a given rank

c. 2T amounts to a term in the denominator that
accounts for the length of the run of tied scores.




Note That,

c. This correction makes the value of z larger
d. Thus, the uncorrected test is more
conservative.

U-py

Oy

oy = V[nny/N(N-D][(N3 - N)/12 - =T]

k-Sample Cases

1. Friedman's 2-way ANOVA
a. A test to determine whether k (= a) matched
samples are from the same population.

b. Example: testing four groups of a
individuals with four different feeding
regimes.

c. See S&C for details on this one.

d. This test must have a balanced design (all
samples equal) and be fully factorial (all cells
filled) to work.

k-Sample Cases

2. Kruskal-Wallis
test

. f
a. A non-parametric

Group

2 3 s k

ANOVA M2 X3
1. Tests the *21. %2 %
hypothesis that the

medians ofa  x,,
groups are equal.
2. Datacastina 2
way table.

*la

*2

*na




Kruskal-Wallis Test

3. The N observations = "hite Tellow: Pyrple

are replaced by ranks 9% 82 115
. K R 128 124 149
in a single series. 83 132 166
o 61 135 147
a. Ranking is in order, 10! 109
low to high.
. White Yellow Purple
b. Tied ranks as before ) :
(1+2+3)/3=2 : A i
1 11 12
5 (]
RJ- 22 37 46
Kruskal-Wallis H
1. Ranks are then summed for each of the a groups,

where,
R; = (Zr;) = the sum of i ranks for each j-th column.
n; = number of cases in the j-th column
N = total number of cases.

12 a Rj2
H= T J3(N+1)

N(N+1) n;

with df = a-1

Kruskal-Wallis: Example

1. The numbers of beetles on three colors of

flowers
White Yellow Purple
96 82 115
128 124 149
83 132 166
61 135 147

101 109




Kruskal-Wallis: Example

2. Rank the scores as a single series from

lowest to highest.

Purple

Yellow

White

13
14
12

46

37

22

Purple

Yellow

White

Kruskal-Wallis
Example

aoman |

3. Then use K-W

37

formula to
calculate H:

S3N+1)

b
a-1

Rjz
with df =

12
N(N+1)

[(22)2/5 + (31225 + (46)2/4] - 3(14+1)

12

14(14+1)

=2

6.4, df

Critical vaburs for the Krmkah Wl sae-wny smalysi of saskincs by
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Kruskal-Wallis: Significance

1. Note that the smallest n; is <5:
a. Fora >3 and n; > 5, H is distributed as X2
with df = g-1.
b. For smaller values of n;, must use exact
probability table.

2. See Table O:

a. Match up sample sizes.

b. Find value of H and read off exact
probability (H,,, = 6.4).
Hi gs.55.4) = 5.64, P<0.05.

Kruskal-Wallis: Tied Ranks

1. To correct for large numbers of tied scores,
a. Calculate D (S&R):

=z T

N3 - N
t
Where: 2T = X(£ - 1)/12, and ¢ = number
of tied scores for a given rank.




