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Chapter 1. Introduction

1. Introduction

(parameter) (assumption)

(rank) ,

(median) . p-value

distribution free, assumption free, statistical inference based on ranks

1.1. Nonparametric?

John Arbuthnot (1710) 1942 Wolfowitz

1.1.1. advantage ( )

. (rank)

1.1.2. disadvantage ( )

1.2. statistical terms

1.2.1 descriptive and inferential ( )
(descriptive) (statistic)
(parameter) (inferential)
1.2.2. population and sample ( )
(population)
(sample)
,2000 1

Jll_ [2000 1 ]
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Chapter 1. Introduction

(sample) . ( ,

n£20)

1.2.3. parameter and statistic ( )
(parameter) . m
S, r . (unknown)
(statistic) (estimation)
X, s
(median) . rank
1.2.4. random variable and probability density function ( )
(simple random sample) ,
, (random sample)
« )
70 10
60 70
/
70

( )

1.2.5. measurement and categorical ( )
(measurable numerical)
(categorical)
, , 1Q,
. 9 10 A

(continuous) , IQ (discrete)

B [2001 1 ] s
n Nonparametric #* 2
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Chapter 1. Introduction

(interval) (ratio)
100(kg) 50 30 15
0
Likard 5 )
, (ordinal)
(nominal) , ,
A, B, C, D, F v
1.2.6. statistical hypothesis ( )
= (hypothesis)
" H, " :10011
. ( ) (
)
1 (type | error) 2
1
(significant level) a . (1-a)
(confidence level)
() ()
2 (b)
1 (a)
|
an [2001 1 ] "
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Chapter 1. Introduction

= p-value:
(observed significant level) . p-
‘; p-value
170 X
. : (1-b) (power) S,
X-u _120-u
{ X >120} Pr(——=<——+) (m
s/vn  s/vn
95% 5%
, 95% (100, 110) Hy:m=105
5% . 95%
95% 95%
(L) Homework #1 [due 3 8 1]
1) 170 100
172cm, 10cm
5%
= ?
= p-value ( 1 )
. 172cm . 171, 172,
173
Jll. [2000 1 ]
Nonparametric #* 4
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Chapter 1. Introduction

. 171.65cm . 171,
172, 173
= 9O5%
2) 20
0.6
= ?
= p-value

1.3. order statistic

Jll. [2000 1 ]
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Chapter 1. Introduction

1.3. order statistic ( )

1.3.1. review

(random variable) . X(c)=x:c= , X= (real number)
= () : X(c) =i wherei =1,2,3,4,5,6

(probability density function)

= (1) : f(X) =1/6wherex=12,3,4,5,6
1
] 2 f(x :—X(r/Z-l)e-x/Z)
] B N
N

1

: (cumulative distribution function) F (X) = Pr(X £ x) = g f (x)dx

Xy Xg ey Xy
(random sample)
1.3.2. definition
n X1 Xgpe X, X(l),
X(z) X(l) < X(Z) <..< X(n) . X(l)’ X(z),...,X(n)
(order statistic)
1.3.3.
(minimum) X, (maximum) X
@ (n)
(range) Xy- Xq, midrange: [Xq + X,]/2
(median) m=[X . +X = ]/2 (n ), m=X .. (n )
) G+ (=9
2 2 2
JI.. [2000 1 ]
Nonparametric #* 5
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Chapter 1. Introduction

1.3.4.
1) Xy X2y Xn) (joint distribution function)

(% Xy X,) = 1 E (%) F () F(X,)

2) Xy  marginal distribution function

f(x) =nl1- FOOI™ f(x)

3) X,y marginal distribution function

f (%)) = n[F(x)]"" f(x,)

4) n (median) m  marginal distribution function
I
f(m) = L)'zzc;:[F(zm- W]“L- FO)]1% f(2m- t)f (tdt, n=2k
[(k- D]
(A f(x)=2x, 0<x<1 4 X1, Xy, X3, Xg
Xays X(2)s X3)1 X4y Joint pdf, Xy s Xm ~ marginal pdf
1.4. ?( )

one population + location parameter

60
60 f(x)
A 20
20
10,9, 2, 18, 32, 3,5, 14, 10, 9
X35 Xg vy Xog
6,8,1,15,12,9,4,7,8,3
(elementary statistic)
f(x) :
( )
_ _ parameter
Location parameter: mean, median
histogram, stem-leaf, box-plot f(x)
Jl.. [2001 1 ]
Nonparametric #* 6
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Chapter 1. Introduction

f(%)

skewed, outlier

] stem-leaf

60
? Oy T(dx=1/2 t
population mean( )

m, M
median(M )

20
sample mean: X=§ x, /n

i=1
statistic :
( ) sample median: [Xgg) +Xup1/2

i

m=x, M =[Xqo) + Xan1/2

60 9 ?
(null hypothesis): Hy:m=9 Hy:M =9
(alternative hypothesis): H,:m>9 H,:M>9

\ / 1)

Jll_ [2000 1 ]

Nonparametric & 7
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Chapter 1. Introduction

= f(Xu,0) X u,
s /4/n ( )
= [Central Limit Theorem] n ( )
normal distribution
f ~ Normal(u,s /+/n)
( )
m
[nA
=Y hormal (0,2)
s /vn
(s) (s)
Normal (0,1)
( )
0 t

*)

» [Student t-distribution]
( ) X-u

t= ~t(n-1)
s/n
Jll_ [2000 1 ]
Nonparametric #* 8

m http://wolfpack.hannam.ac.kr




Chapter 1. Introduction

[ Homework #2 [due 3 15 1]

Simulation
[ 1
1) c?
2) 20
data one;
do i=1 to 20;

xc2=2*rangam(0, 0.5);
xc6=2*rangam(0, 5);
output;
end;
run;
proc means data=one mean std;
var Xc2 Xxco;
run;
3) xc2 ~c*(I =2), xc6 ~ ¢*(1 =10)
4) (xc2, xcb)
5) ( ) 2)-4) 1000
6) ( )

[2000 1 ]

2y
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Chapter 2.

2. One sample
(statistic) (parameter) (estimate)

(statistical hypothesis) (statistical inference)

(location parameter)

(mean) (median)

Population

(random sample): (X, X,,..., X;)

/

_ X(n/2) + X(n/2+l)

statistic: X = - m OF = X((ns1)/2)
s=a (% - X)?/(n- 1)
2.1. parameteric procedure ( )
(sample
mean)
E(X)=m V(X)=s?/n
f (X;ms ?/n)
2.1.1. (large sample)
1) (central limit theorem)
n X f ()
2) (hypothesis testing)
= (null hypothesis): m=m, ( )
= (alternative hypothesis): ml M, (two-sided) m>m, (one-sided)
= (test statistic):
i [2000 1 ] "
" " Nonparametric ¥ 10
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Chapter 2.

( , p-value )

~ Normal (0,1)

m X
" (conclusion): T (critical region)
P- ) @ . a)
( ) . two-sided ()
(a) one-sided ( )
3) (confidence interval)
" 100(1-a)%
X7, —
Jn
- o S . o S
(lower limit): M =X - Za/zﬁ' (upper limit): m, = X+ Za/zﬁ
= () 95% ( ) 95%
100
95
4) 100(1-a)%
- S
(m m =X+2z,, ﬁ
- S
________ _ 7 m =X- 2z, Tn
X ( )
Jl.. [2001 1 ]
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Chapter 2.

Il Example 1I A (
) 20 (kg)
51.0 381 444 464 376 464 383 51.0 38.1 451
229 408 349 50.7 68.0 580 60.2 385 50.7 52.1
A 50kg
?
Fdata one;
input weight HEE;
cards;
51.0 = g, 4 46,4 A 46,4 =] 51.0 i 45.1
Z22.9 40,5 4.9 S0, 7 g5.0 5g8.0 e0.2 3g8.5 50,7 Eal:
rumn;
Flproc univariate data=one plot:
wvar weight:
rumn;
B Output - (Untitled)
The UHIVARIATE Procedure
Pariable: weight
Homents
H 20 Sum Weights 20
Hean 5. 66 Sum Dbservations $13.2
S$td Deviation 10149379 lariance 102.009895
Skewness 0.0?086768 Kurtosis 0.68320875
Uncorrected 5% 43653.9 Corrected 5% 1957.1488
Coeff Variation 222181626 $td Error Mean 2. 26907010
Basic Statistical Measures
Location Pariability
Mean 45 a6000 $td Deviation 10.14938
Hedian 4575000 Uariance 103.00%8%
Hode 3810000 Range 4510000
Interquartile Range 12_80000
HOTE: The mode displayed is the smallest of & modes with a count of 2.
Tests for Location: Mull=0
Test -Statistic-  ————- p Value--———-
Student’s t t 20.11%23 Pr > [t} <.0001
Sign M 10 Pr *= (M} <.00m
Signed Rank s 105 Pr »= |8} <.0001
[2001 1 ] -
i—flﬁ..b: Nonparametric #* 12
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Chapter 2.

2.1.2. (small sample)
1) ; n f(x)
2t f(x) W. S. Gosset
Student
LS t(in-1); =0, =n/(n-2)
s/«/n
4/ f (X) ~ Normal(0,))

f(x) ~t(n)

3)
X-
T= ~t(n-1)
s/+/n
S
100(1-a)% : Xtt(n-La/2)—
Jn
2.2. Nonparametric procedure I: Sign Test
n
(sign)
2.2.1. (hypothesis testing)
1) (assumption): Xy X yeeey X, f(x:M)
(random sample) . ( )

n
e [2001 1 ]
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Chapter 2.

2) (statistical hypothesis):
. : Hy:M =M,
. s H, M1 M ( ) H,:M >M, H,:M <M, ()
3) (test statistic):
. (X, - My) . M,
X, =M,
[] +,
+ ( - )
4) (decision rule):
" (% - My) e ( ) p (
;A ) (Bernoulli)
N “) (K) (n,p) (Binomial Dist.; B(Nn, p))
. K ~ B(n,0.5)
. o Kk p-
i k 0.5n : p-value=Pr(K £ k | n,0.5)
i) k 05n . p-value= Pr(K 3 k| n,0.5)
. o “ k : sign
test p- :
p-value= Pr(K £ k | n,0.5)
" p-
» Sign test (population ratio)
(Ho: P=py) :

min( np,, (N-1)py) <9

Ld[Homework#3 Due 3 20 ] A 0.15

65 9

Il EXAMPLE 11 11 ()

3.5 - ( a=5%) (Applied

Nonparametric Statistics, W. Daniel)

n
i [2001 1 ]

HAMN
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Chapter 2.

1.8 33 565 225 25 35 275 325 31 27 30

-« :H,:M=35 H,:M135
" : ()(i - MO) =9, “+“ =1,0
=1 k 1 .
«p- =Pr(K £1|n=10, p =0.5) =0.0108..
* p<0.025 @/2) ( )
3.5 . ko« 3.5
» 3.5 ?
(H,:M <35) p- 005
» Large-sample approximation: 12 p-value
(normal
approximation to the binomial)
K+0.5)- 0.5n
zZ= ( ) ~ Normal (0,1
J0.5%n
p- , 2=-2.21
Pr(K £1|n=10, p =0.5) » 0.0136
n=20 n
Z_
» SAS : UNIVARIATE procedure
2.2.2. (confidence intervals)
( . point estimate)
« )
( : interval estimate)
Sign Test 100(1-a)%
. P(KEK") E%
" My =X, lowerlimit M, = (k" +1) upper limit
[2001 1 ] oty
i—flﬁ..b: Nonparametric #* 15
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Chapter 2.

= 100(1-a)% a
I EXAMPLE 11 16 ()
95% . (Applied Nonparametric Statistics, W. Daniel)

1.90 3.08 9.1 3.53 1.99 3.110.16 0.69
174 241 401 3.71 811 823 0.07 3.07

" Pr(K£3|n=16,p=0.5) =0.0105, Pr(K £4|n=16, p=0.5) =0.0383
" (4+1) a=0.0383*2=0.0766 92.34%

- 92.34% ( X(5) 21.99, X(12) = 401)

» Large-sample approximation : 12

(normal approximation to the binomial)

(K" +D» (n/2)+2,,,n/4
(K" +1) »(16/2)+1.9616 /4 » 4
95% (X(a =19, X4 =8.11)
95%
. a=0.0105*2=0.021 95% 97.9%

Ld[Homework#3 Due 3 20 ] (Applied Nonparametric Statistics, W. Daniel).

2.1 Lenzer et al. (E2) reported the endurance scores of animals during a 48-hour session of
discrimination responding. The median score for animals with electrodes implanted i the
hypothalamus was 97.5. Suppose that the experiment was duplicated in another labora-
tory, except thal electredes were implanted in the forebrain of 12 animals. Assume that m-
vestigators observed the endurance scores shown in Table 2.2,

Use the one-sample sign test to see whether the investigators may conclude at the (.03
level of significance that the median endurance score of animals with elecirodes implanted
in the forebrain 1s less than 97.5. What is the £ valuoe for this test?

TABLE 2.2
Endurance scores of animals with electrodes implanted in forebrain

93.6 831 877 844 97 .8 945 88.3 87.5 §3.7 24.6 85.5 82.6

n
e [2001 1 ]
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Chapter 2.

2.2 Iwamoto (E3) found that the mean weight of 4 sample of a particular species of adult
[emale monkey from a certain locality was ¥.41 kg, Suppose that a sample of adult females
of the same species from another locality yielded the weights shown in Table 2.3,
Can we conclude that the median weight of the population from which this second
sample was drawn is greater than .41 kg? Use the onc-sample sign test and a 0.05 level of
significance. What 1s the P value for this test?

Weights of female monkeya, kilograms TABLE 2.3

830 950 960 875 840 910 8§25 9B 1005 15 1000 360 980 920 930

2.6 Armstrong tF9) studicd the daily exposure, in minutes. of 10 North Hawaiian families to
the risk of & motor vehicle accident. Suppose that 4 similar survey in another area yvielded
the exposure Limes shown in Table 2.10. Find the peint estimate and construct an approx-
imate 95", confidence nterval for the population median, —

TABLE 2.10

Exposure limes per day, in minutes, ol individuals to motor-vehicle accidents

15,2 45.2 181 570 638 105 12.1 5.5 6.6 746
10.5 278 44 9 405 63.7 40.8 A J1.5 40.1 8.1

2.7  Abu-Ayvash (E10) found that the median education of heads of households living in
mobile homes in a certain area was 11.6 years, Suppose that a similar survey conducted in
another area revealed the cducational levels of heads of households shown in Table 2.11.
Find the point estimate, and construct the approximate 95%, confidence interval for the
population median,

TABLE 2.11

Educational levels (years of school completed) of heads of households residing In
mobile homas

13 B = 12 12 10 2] 11 14 8 7 16 16 8 7

[2001 1 ] "
Nonparametric ¥ 17
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Chapter 2.

2.3. Nonparametric procedure Il: Wilcoxon Signed-ranks test

sign test (X, - M)
2.3.1. (hypothesis testing)
1) (assumption): X, X yeeay X, f(x:M)
(random sample) . ( ) . sign test
2) (statistical hypothesis):
. c Hy M =M,( ), Hy:MEM, Ho:M3 M, )
. cH,:M* M, ) H,:M>M, H, M <M,( )
3) (test statistic):
* D =(% - M) : D, =0
. My .
- b | D | iy
3
| D, | . 1, 2, 3
| D | (1=2+3)/3=2, 3
2 .
. D,
. - T, + T,
T, =[n(n+)/2]- T :
. T T, . T
T, .
. H, M1 M, T=min(T,,T.)
" H,:M>M, T=T
. H, M <M, T=T,
4) (decision rule):
= Wilcoxon . n
(critical region) a
» Sign test (population ratio)
(Ho: P=po)
J..' oot 1 Nonparametric @ 18
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min( np,, (N-1)py) <9

I EXAMPLE 1i IQ 107 . IQ
15
- ( a=5%) (Applied Nonparametric Statistics, W. Daniel)
99 100 90 94 135 108 107 111 119 104 127 109 117 105 125
" t Hy:M =107, H_ :M 1107
" T, =645, T. =405 T =min(64.540.5) =40.5.
1 D,=X — M, Rank of |D|| Signed rank of |D;}
98 —8 7 -7
100 -7 6 —6
90 —17 11 -1
94 —13 10 —-10
135 +28 14 +14
108 +1 1 +1
107 0 . Eliminate from analysis
111 +4 5 +5
119 +12 9 +9
104 -3 4 —4
127 +20 13 +13
169 +2 2.5 +2.5
17 +10 8 +8
105 -2 25 —25
125 +18 12 +12
T. =645
T_ =405
= Wilcoxon signed-ranks Table {T£21} . T =40.5
IQ
. a=0.0247*2=0.494
* Hy:M 3107 vs. H_ :M <107 {TE£EXS}
T=T =405
IQ
» Large-sample approximation: 20 Wilcoxon
T-n(n+)/4
* = (n+3 ~ Normal(0,1)
Jn(n+1(2n+1)/ 24
T T, T T,
Z_
i [2000 1 ] .
" " Nonparametric #* 19
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»sampling distribution of T,: n=4 T,
Wilcoxon
+ T, + T, + T, + T,
0 4 4 2,3 5 1,2,4 7
1 1 1,2 3 2,4 6 134 8
2 2 1,3 4 3,4 7 2,34 9
3 3 1,4 5 1,2,3 6 1,2,3,4 |10
Wilcoxon (n=4)
2.3.2. (confidence intervals)
Wilcoxon
X +X; o
1) u;= > 1Ei£j£n ? 10C, +10=55
2) U
3) Wilcoxon n P T . K(=T+1)
uj; (lower limit) K di (upper
limit)
Il EXAMPLE NI 10 . 95%

. (Applied Nonparametric Statistics, W. Daniel)
28.5 25.2 28.7 41 29.1 21.3 37.7 39.9 26.8 28.8

X +X; o
1) u;= , LEIi£j£En
2) uij uij(28) =3145
3) n=10 P=0.0244 T=8 . ( uij(9) =27.75 , uij(47) =35.05 )
95.12%
» Large-sample approximation : 20
Wilcoxon
K » n(n4+1) 2z, n(n+1;£12n+1)
[2001 1 ] "
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Ld[Homework#4 Due 3 27 ] (Applied Nonparametic Statistics, W. Daniel).

2.3 Maulina {E5} reporled the results of a study of weights of football players at the University
of Texas at Austin between 1899 und 1970. Suppose that the weights of a random sample
of 15 football players during the past 10 years at another large state university ure those
shown in Table 2.6

Can we conclude that the median weight of the population from which this sample was
drawn is greater than 163.5 pounds? Let « = 0.05. What is the P value for this test?

Weights of football players TABLE 2.6
Player Waighl Playar Weight
1 188.00 g 2144

2 211.2 10 2210

3 170.8 11 162.0

4 212.4 12 2228

5 156.9 13 1741

5 2231 14 2103

T 2359 15 1952

8 183.9

2.4 Moore and Ogletree (EA} investigated the readiness of pupils at the beginning of the first
grade. They compared scores on a readiness test of pupils who had atiended 2 Head Start
program lor a full year with the scores of those who had not, Suppose that a random
sample of 20 pupils who had not attended a Head Start program achieved the scores on
the readiness test shown in Table 2.7.

Can we conclude that the median score of the population represented by this sample 18
lzss than 45.327 What is the P value for this test?

TABLE 2.7
Aeadiness test scores of pupils who did not attend a Head Start program

Readinass Readiness
Pupll BCOre Pupil scare
1 33 1 41
2 19 12 H
3 40 13 45
4 35 14 51
3 Ly 15 KT
6 41 16 37
7 27 17 36
é 23 18 &5
a 39 18 52
10 21 20 32
[homework #4 ]Sign Test 2.7 Wilcoxon
approximation 95% confidence interval . approximation
95% , large-sample
J’l. [2000 1 ]
L
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Chapter 2.

2.4. One-sample runs test for randomness

(random sample)

randomness Run
2.4.0. Example
p control chart:
control limit

randomness pattern control
2)
24.1.
0)

randomness  runs ( ) run

MFMFMFMFMF = runs 10 . pattern

MMMMMFFFFF = runs 2 5
1)

n, Ny,
n=n;+n,
2)
(null hypothesis): randomness
(alternative hypothesis): randomness
3) : runs )
4) (decision rule):
= r (ng, ny) 2 (critical values of r in the runs test)
* ) ( )

Jl.. [2000 1 ]
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I EXAMPLE 1l A
+, - random

TABLE 2.18 Deopartures from normal of daily temperatures recorded at Atienta, Georgla, during
November, 1974
Day 12 3 4 &5 & 7 & 9 10 11 12 B 14 15
Depariure
from normal 12 13 12 1 5 2 -1 z -1 3 &2 -6 % -7 -12
Day 16 17 18 19 20 21 22 23 24 25 26 27 28 2 W
Daparture

fromnormal -2 6 T 10 & i 1 3 i -2 —-6 -6 -—-5% -2 -1

Source: Local Climatatagice! Data, U.S. Departrment of Commerce, National Oceanic and Atmaspharic Adminis-
tration, Environmental Oata Service, National Climatic Center, Fadaral Building, Ashavilla, N.G., Novamber

1874
= : random
= : random
= TN =17 (+ ), n, =13(- ) n=30 r=8
- 2 {r £10} {r3 22 =8

5%

»Large-sample approximation: n;,n, 20

_r- {[(2nn,) /(n, +n,)]+1
2nn,(2n;n, - n; - n,)
(M +np)2(ny +1, - 1)

T*

~ Normal(0,2)

n
A 2001 1 ]
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Chapter 2.

Ld[Homework#5 Due 3 29 ] (Applied Nonparametric Statistics, W. Daniel).

2.19 Table 2.19 shows the actual daily cccurrence of sunshine in Atlanta during November
1974, as a percentage of the possible time the sun could have shone if it had not been for
cloudy skies. The data are [rom the U.S. Department of Commerce (E28). Dichotomize the
observations according to whether the amount of sunshine was more than 509 of possible
or 502 or less, and test the null hypothesis that the pattern of occurrence of the two types

of day is random.

TADLE 2.19 Parcentage of day during which sunshine occurred In Atlanta, November, 1974
Day Fercenisge Day Parcentage Day Parcentage
1 a5 11 kY| 21 87
2 a5 12 86 22 100
3 29 13 100 23 100
4 70 14 Q 24 B8
L] 17 15 100 25 50
6 74 16 100 26 100
T 100 17 46 7 100
& 28 18 7 28 100
9 100 19 12 29 48
10 1C0 20 54 30 V]

Sowrce: Local Climatological Dats, LS. Department of Gommerce, Naticnal Oceanic and Atmospheric Adminis-
tration, Environmental Data Service, Natianal Climatic Center, Federal Bullding, Asheville, N.G., Novamber

1874,

2.22 Littler et al. (E31) studied the blood flow in lung capillaries in 16 patients with scoiiosis ot
neuromuscular weakness. They reported the sex of the patients in the following order:

FFFMFFMMMFFFFFFM

Test the null hypothesis that this sequence is random.

||
J .I
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Chapter 2.

2.5. Cox-Stuart Test for Trend
trend Sign test

Cox, D. R. and A. Stuart, “Some Quick Tests for trend in Location and dispersion”, Biometrika,

42 (1955), 80-95

2.5.0. Example ( )
He | fEREE dE 502
1899 207 1919 227
1900 223 1820 213
1901 235 1521 213
1902 254 1922 261
1903 237 18923 222
1904 217 1924 237
300 r 1905 188 1925 233
1906 204 1926 216
1907 182 1927 260
250 r 1905 230 1923 249
1909 223 1829 256
1910 227 1930 24z
200 } 1911 242 1331 266
1912 238 18932 242
1913 207 1933 249
150 . . . 1914 201 1954 228
1899 1909 1919 1929 : g} g gig } ggg ggg
1917 215 1937 209
1918 259 18938 247
2.5.1.
1)
2)
(null hypothesis): trend
(alternative hypothesis)1: upward trend
(alternative hypothesis)2: downward trend
(alternative hypothesis)3: trend
3) . (Xi 1Xc+i (Xc+i - X1) (+a _) trend
. n c=n/2 n c=(n+1/2
4) (decision rule):
0 + —
sign test
Jl.. [2000 1 ] .
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Chapter 2.

I EXAMPLE 11 A

= : trend

. : trend ( )

= 1 (207, 227), (223,213), ... (n'=40) = + =6 — =14,

6 . (sign test )
" p-value P(K£6|n=20,p=0.5) =0.0577 0.025
trend
» Large-sample approximation: sign test

LA [Homework#5 Due 3 29 ] (Applied Nonparametric Statistics, W. Daniel).

2.24 The 1972 edition of the FAA Statistical Handbook of Aviation (E34) gives the information
on annual United States exports of aircraft, aircraft parts, and accessories shown in
Table 2.24. Do these data reflect an upward trend in exports? Let = 0.05. What is
the P value?

YABLE 2.24 Number of U.8. aircraft exports, 1947-1971

Aircrait Alrcraft

Yasr sxports* Yaar axporis*
1947 3125 1960 2336
1948 22549 1981 2459
1945 881 1062 2131
1950 756 1963 225
1951 894 1964 2577
1952 1180 1965 3129
1953 1377 1985 3611
1954 1053 1967 3881
1955 1714 1968 3682
1956 1711 1968 3322
1957 2025 1970 3383
1958 1689 1971 2904
1959 1628

Source: FAA Statistical Hardbook of Aviation, Deparimant ol Transportation, Federal Aviation Adminlstration,
for =ale by the Suparintandent ¢l Decuments, U.8. Governmant Printing COffice, Washington, D.C_, 1872

* 15949 - 1954, civil only

n
e [2001 1 ]
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Chapter 2. (SAS v8

2.5.SAS 8.0
SAS
DATA step

(Excel, ASC format, DB) SAS data

(1) DATA one; input varl var2; cards; ---- run;

( 2) DATA oneg; infile “Text file

" input varl var2; run;

SAS version 8 spreadsheet
2.5.1. (spreadsheet )
1) SAS Solution

mEiE HEE) =22 E-4T

-]
Ewplorer
a3 EE2 IHE

ZE ctol=E8E

P
Ei =]

Gfantl _proj_

s
=] =2

Sashelp Maps

=

Sasuser

SAS

2) (Analyst)  (project)

(3) SAS data

30 Yisual =4
HI0E 4]
L5 HZH (R

Enterprise Miner

SAS data Work Library
(1) spreadsheet 2)
- ( #3, 2.7 ) Explorer

Work Library

L]
o "
m http://wolfpack.hannam.ac.kr

[2001 1 ] "
Nonparametric W 27




Chapter 2. (SAS v8 )

_f'() MEE) =22 £ Mol zIZER) IHZEG) =SHEHS) W =EE(H

H“I N0 6 i Fnmwe X0~ k@

He & Analyst (new project)
W k LHE
ork’2] Ly re—— off Unfitled (NEW)
| | A B |
El.'UntitIedAnal\,fsis | 13
Gseq Sasqopt 7 | £
_| 3 i
4 12
3 5 12
= < B 10
7 9
g 11
g H 2—"
10 i
11 7
12 16
13 15
14 G
15 i
2.5.2.
1) Report

P:"(F) HEE) =2 &2 JHE(G) EAEHS) Ew) S =2HH)

L] Wl X E e e @
Wnrk 2= ;
e ﬂﬂNEW Project (= | Untitled fNEW; | - |
u D E}[.UntltledAnaI\,fsis 1 13
Gseg Sasgopt — =
3 B
sEES 4 12
& 12
_trmp_ = 10
7 9
A [2001 1 ] .
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Chapter 2. (SAS v8

)

2) ( )

Tables: Untitled

Select the type of table you want to create,

- Statistics

Analysis Variables

Statistics
Analysis Rovwy
Yarighles Clazzes
Stﬁtlstlcs. Column Classes
Analysis Varighles
Ry Rony
Classes Clazzes

Column Classes
Analysiz Variables
Statistics

Ry

Claszes Cancel |

3) Stotistics  Analysis Yariables

Jdet Untitled

] &nalysis Variables | Summary |

I Murmnber of nonm;i -
FCTH  Frequency per
NMISS Murnber of mis
SUM - Total

PCTSUM Summary pe
ME&N Average value ™
MEDIAMN Median

MM Minimum value [
BAAY R mssbrrien el
4] T 3

oK |

MEAN _Average value
STD  Standard deviation

| | >

Analysis
Variahles

Statistics

First Repor

/e Untitled

statistics #nalvsis Yariables ] Sunmary |

dnalysis Varisbles |

Cancel |
Reset |
Save Optinns'
Help |

Options
Titles

o

+=23 0l

Hl

Aralysizs
“ariables

Statistics

ol = A T

Cance| |
Reset |
Save Opt innsl
Help |

Options
Titles
Yariables

an
kAN

[2001 1 ] "
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Chapter 2. (SAS v8 )

4) Opt ions Labels

First Report Style! Options

General | s Labels | Formats |
Label: ok |
4 [EoA | e
MEAN B —IT_IEBSI?
STD [E=Ex [
5) ( 0K SK) _ K
(Analyst) . Default  Report

Temporary SAS data

T 5A5
oF(E MENE) E==EH)
| 1 HiesEelikeo b Bz o
Explarer Analyst tnew project}
“iork'2| LHE :
<21\ Project | Untitled fNEW'l | . |
D D E1 (m Untitled Analysis ] E
Gseg Sasgopt : —
i 325 Untitled E £
3 f
D [@#First Repart Style q 12
B i = B 12
i-|E3 Report on Untitled 3 0
_trp_ _trp_
s 7 q
LHEH..,
o " I
mp.0 L MZOL LioF 715 S alg oo Mareh
- - B2 - EENH -
= - 10,27- 3.31-
6) B code 2 . SAS
?
Tabulate procedure ?
[2001 1 ] "
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Chapter 2. (SAS v8 )

EI (@ First Report Style 4 12
P 5 12

- B8 Report on Untitled 5 T
Flcode 7 g

a 11

Generated: Thursday, March 29, 2001 7:32:40 =
Data: E:MTEMPHSAS Temporary FilesH_TDZE44_THP_

title:

footnote;

+++ Produce table e+

proc tabulate data=WORK, _TMP_

var
tahle
A
MEAW ="TH "
=R b
/ IJ:!TS=28
|abe| '
-‘?-='-§'-—':.'-}II'
run; '
2.5.3.
?
1) ?

22 XD dlolED) zIEER JHEGE)

HosEa i ks 2% 83
. : —— EE] ZE(D)..
Work'2l LS et JhE HEH) b ARIERIIC)
= 8o Project Aot a2 aa b HIEAEL.
_ za3= =
ﬂ Q S — 517 24 b
Gseg Sasgopt EHE._TI = ek — CHAZH(M) >
= Untitled : E ;
= E1 (m¥First Repart Style __ EE 37| v
u — [ Revort on Untitied — AT
. 2000 1 ] .
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Chapter 2. (SAS v8 )

2)

3) Statistics

pop-up

Summary

Save Opt innsi
Class |
Help I

Statistics Plots Dutput
save [ata Titles Yariables

Summar

_Print statistics for analysis variables Ok |
Ehean EMumber of observations
B standard deviation O Murmber of missing values Canceal |
OStandard errar O5kewness
O %ariance OKurosis Reset |
B Minirmumm O Student’s t
EMaxirmurn OProbability of t Help |
ERange OCoefficient of variation
Osum OCorrected surn of squares
EMedian OUncorrected sum of squares

4) Flots
Summary Statis
Types of plots K
EHistogram ———l
B Box-8—whisker plat Cancel I
Feset i
Mote: Weights are not used in the Hel
construction of plots, Li
5) save Data . SAS
data
Surnmmary
Statistics data.set
[OSave statistics
K. |
U Cancel I
2 FMurmber of (2
s | uber 4| RS
i [2000 1 ] .
" " Nonparametric #* 32

m http://wolfpack.hannam.ac.kr



Chapter 2.

(SASV8 )

Explorar
‘Work'2] LHE

Analyst (new project)

D D S Mew Project
= = -
- g £} (& Untitled Analysis == /= SHZ Ufs 1
seg asgopt ST The MEANS Procedure
- R =
D D £} [ First Report Style ke
n =MW N Ez Ey Z|[Har =
i i B Report on Untitied : I i b
-appg- _tmp- ) Cod 3.3061187 15 . 0000000 16, 0000000 10.00(
I code
[ :—] T [ Summany Ctatistics Vi
t - o | Surmmary Statistics of LI
_tmip_ _tmp_ e
- 53 Boxplot of &
0| €4 2l PlotsO] 2SS
e A CHE 81 AE D2
- [E Code 2
7) box plot ( ) ?
EI
-S| Boxplot of A
% CEL]
% Sl
i
8) ? ?
oxplot of &
| E
EX % mEgEpe
™a-
ud
i = r
% HENE) ZIED.
1 22 » T2 T S AHC)
2001 1 ]

an
kAN
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Chapter 2. (SAS v8 )

9) Code _ ”
B Code

rated: Thursdav. March 23, 2001 73715 ==
 EHTEMPHSAS Temporary Filest_TO2G844_TMP_

int descriptive statistics for analysis variéhles *hd ]
title:
fnntnuteJ
SH Nz EHEF
eans data WORK.. _TMP_ mean =std n min max median range:

rib _all_ label=""

gate araphics for analvsis variables ++;

10) . . SAS

(program editor)

w W &S 0| % BB

< | B el

2 4|7

Bl B Gonerated: Tursdey, tarch 29, 201, 1371E, | ;I

o Data: E:WTEMPHSAS Temporary FilesH_TDZS44_TMP_
Rt moeal

11)
(&) F8
titlel ot DI H=: Ars S2H Jz SAT
proc meﬁns data=W0RK, _THP_ mean std median;
var
attrib _all_ labal="":
run; |
12) OUTPUT( )

Heuuhs HAE s M S

07:23 Truredsy, Herch 29, L”‘['E

&
2 -E Eh:-u:-lm E':'HI 3‘ | = Tre FEAHS Procedure
= A g
AT Eﬂ'“lf Tl

IR SEENET 0000000

[2001 1 ] "
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Chapter 2. (SAS v8

)

2.5.4. ( )

1) ? ? t—

DR ®EE =300 70 doEin 22sE 2oz EEEER 2 =2

< | T = R R e e b
s s [ err— Bl0l& S40TY.,
¥ fnalyst (news peojec
a2 LS :
by e "I_'—..E.NEH'F‘I'-?IE'«‘:I
2) (variable) 10
One-Sample t-test for a Mean: Untitled
0K |
I ’ Cancel |
Hypotheses LEFI
Hul | : Mear <=[10 Save Dptlnnsl
CMean "= 10 Help
Alternate: | ®Mean = 10 —!
CiMean < 10
Tests | Plots Titles | o
3) [lests . (interval )

(significant level)

Confidence Intervals | Power Analvsis |

Conf idence intervals 0K
2 Mare Cancel
& |nterval

xLower bound Reset
ZxUpper bound

Conf idence level:[35.08 [

Help

dild

Jl.. [2000 1 ]
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Chapter 2. (SAS v8 )

4) . p-value=0.3796 0.05 (5%)

gnalyst (new project)

S Mew Project B Analysis

LT (3 Untitled Analysis
=" Untitled Sample Statistics for &
EG‘OHE-SEWME N Mean atd, Dew, std. Error
15 10,27 3.31 0.85
L B code Hvpothesis Test
Wull hypothesis:  Mean of & <= 10
dlternative: Mean of & = 10
t Statistic Of Prob = t
0.3z 14 0,3796
95 ¥ Conf idence Interval for the Mean
Lower Limit: 8,44
Upper Limit: 12.10
2.5.5. ?
?
F code
. (2.5.4. )
1) 10 10 data step
univariate procedure
B =03 HED| - (Hl= ]
Fx HIE o= HIE 4/
data femp.
set WORK., _TMP_.
al=a-10;
run.
proc univariate data=temp;
var al.
run.
[2001 1 ] "
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Chapter 2. (SAS v8 )

2) Sign Test( ) Wilcoxon Ranks-sum Test ( ) . p-value
. M=K-n/2, S=T,-nn+})/4

FIAE HE: Mul=0

Z2E —EHZ— pel
ASHER] t 0.312484  Pr= |t 0.7593
2% M 0 Pre== H‘ 1.0000
25 =9 3 4  Pro== |5 0.6250
3) Wilcoxon ranks-sum pairwise( )
n+ C, pairwise
?
Py MED - HI=STE -
Fldata one:
input =x1-x15;
array xs{15} =x1-x15;
do i=1 to 15;
(ol o PG Ko B olf il Bl o e
x=(xs{it+x={]})F2; output; 19 75
end; 20 7.5
end; E] ED
cards; %% EH
. S e L = S s = (A s [ = 54 a0 i 57
: ca G.0 91 12.0
run; 26 8.0 92 12.0
¢l 8.0 93 12.0
Eproc sort data=one; %E EE 94 12.0
o ‘I
run; ]| 8.5 '
97 12.5
32 8.5 98 12.5
Elproc print data=one: 43 8.5 99 12.5
- > ol 00 125
run; % 9.0 i Aam
» Point Estimator ( ): sign test Wilcoxon ranks-sum
test
i [2000 1 ] "
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Chapter 2. (SAS v8 )

LA [Extra Homework]| CLASS SAS version 8 tool

..

HEL) ERLRALL. | ]

?
Mo D el 2 Q&€
3
] * EIS /OLaP 2|2 E 222l
Y HEI(A) v 2| EE CIRF2ID)
ASSIST Graph-M-Go ]

n
e [2001 1 ]
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Chapter 3.

3.
(independent
samples) (paired samples)
4
3.0.
(location parameter)
( ) ( )
t-
3.0.1.
my my
1) : . si=s;
2) : . sits? F(ng;n,)
max( s2,s2)
3) P T=—— 0 ~F(-Ln,- ) 12)
min(sy, sy)
n{= , No=
4) : T (critical region)
. (cf) Hartley Test ( 3 )
i [2000 1 ] "
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Chapter 3.

3.0.2.
1) : . me=m,
2) : -ometmy ( )
3)
(X-y)- (m - my) (Ny- Dsy +(ny - Dsy
T= ~N(0, h =
Sp,\']./ ny +1/ ny ( :D nere SP \/ (nx + ny - 2)
Why?
4) : T (critical region)

A; Normal (0:1)

<4 100(1-a)%
al2
<4+ —»
" %2 Za )2
5) 100(1-a)% D (X-9)= zd,zsp.lllnx +1/n,
3.0.2.
1) :
2) : . me=m
3) : -metmy ( )
4)
(X-y)- (m-my)
T= ~t(n,+n, - 2)
sle/ ny+1/n, <Y
5) : T (critical region)
. t@/Zn,+ny-2)
6) 100(1-a)% D (X-y)xt@/2n, +n, - 2)sp4/1/ n, +1/ny
i [2000 1 ] "
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Chapter 3.

3.0.3. SAS
19 (pound)

. (SAS JMP class )

P =S HED| - HI=EE -

Edata one;

input gender § weight [@03:

cards;
F 98 M 112.5 F g4 F 102.5 i | 102 .5
i | 83 F g4.5 F 1125 ol g4 M ==
F S50.5 F Q90 F 7T F 112 H 150
i | 126 M 133 M G5 M 112
ruan;
Elproc ttest data=one;
class gender:;
war weight;
rum;
T-Tests
Yariable Methiod Yariances OF t Yalue Pro= |t]
weight Pooled Faual 17 -1.93 0. 070
we i aht satterthwaite Unequa | 17 -1.95 0.0830
Equality of Yariances
Yariahle Method Hum OF Oen OF F Yalue Pr=F
weiaht Folded F g 8 1.37 0.6645
*) t-
(Satterthwaite )
L HOMEWORK #6 [due 4 10 ]
3.1 homework #6(3.2)
( =0.05)
i [2000 1 ] .
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Chapter 3.

3.1
3.1. Median Test ( )
1) (assumption)
" (X Xp,e Xyg) M, (random sample)
" (Y1, Yo Y2) My (random sample)
. (grand median)
2) (hypothesis)
. c M=M, =M,
= : My* My (median )
3) (test statistic)
(M)
(M)
(ng+ny)
1(X) 2 (Y) total
A B A+B
C D C+D
Total A+C=n; A+C=n, N=n;+n,
A=C=n/2, B=D=n,/2
n, +n,
( )
Hyper-geometric distribution
N M
(N-M) . K (without replacement: )
X X
MM
HOINM LK) = KX c012 Kk, B =My = KM (N M)(N- K),
(N) N N N(N - 1)
K
i [2000 1 ] "
" " Nonparametric W 42

m http://wolfpack.hannam.ac.kr



Chapter 3.

Median Test : N , » g
VA X, (A+B) K
n;. n
(0
H(A|N,M ,K) = ,A=012,..., (A+B)
(A+B)

Binomial approximation to Hyper-geometric distribution
" (N ) min(np, npq) >5
" H(x|N,M,K) ~Binomial(x|n=K, p=M/ N) ~ Nomal (np, npq)

(Alm)- (B/ny)

R ~Normal (0,1) :
A B@- P)A/ny +1/1ny)
Il EXAMPLEN X, Y)
A =0.05)
X 25 2517 26 18 30 24 21 13 30 20 23 26 12 20 37
917 37 20 11 32 16 31 46 20 25 17 36 54 8 26
Y 3121 38 19 38 41 68 28 43 42 30 20 29 13 32 30
1) : . My=My
2) : . Myt My ( )
3)
X Y total
12 12 24
20 4 24
Total 32 16 48
o 12/ W2/ _ ;4 p=(12+12)/48=05
J05(1- 0.5)(1/32 +1/16)
4) ; (<-1.9) . X
Y
X .(why?)
i [2001 1 ] o
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Chapter 3.

M - n(=n, +n,) Median test (homogeneity) c*-

( ) . How?

) HOMEWORK #6 [due 4 10 ]
The quality control manager with a drug manufacturer wishes to know whether two methods

of producing a particular tablets result in a difference between the median thick-nesses. A
random sample of tablets is drawn from batches produced by the two methods. The following
table shows the results, which have been coded for computational convenience. Do these

data provide sufficient evidence to indicate that the two population medians are different? Let

a =0.05

Method Thickness
A 51 42 45 48 52 44 58 41 52 44 45 52 61 60 41
B 40 47 36 39 37 46 43 55 53 56
[20010 1 ]
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Chapter 3.

3.2. Mann-Whitney Test

1) (assumption)
" (Xl’XZ""’an) Ile (y1!y2!"'!yn2)
My
2) (hypothesis)
. : M =M, =M,
= Myt My ( ) My <M, M, >M, ( )
3) (test statistic)
(Xqs Xg5-000 Xg) (Y11 Y245 Yn2) (rank)
X Y (Xqs Xg-000 Xg) (Y11 Y245 Yn2)
T=s. M) ooy
2
4)
T C
(Mann-Whitney  : w, ) Wy /o Wi a2
- Wia 2 SN - Wy o
M, <M, T wy
M, >M, T W,
MW Large sample Approximation: n; n, 20 C
S = T-nmn,/2
Jn, (g +n, +1) /12
Jll. [2000 1 ]
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Chapter 3.

Il EXAMPLE I X, Y) - (
=0.05)

X 119 117 95 94 87 82 77 74 714
71 69 68 63 5 42 41 22
Y 66 58 54 51 5 43 39 33 24 17

1) : . My=M,
2) : Myt My ( )
3)
T =296.5- 17(17+1)/2=1435
4) . C n, =17,n, =10 Wy o =Wogos =46 & Wy, 0 =Wygs =17%10- 46=124
X . (Why?)
W p-value ?: Yes, but approximation. n, =17,n, =10. T =1435
(A7)(10)- 26=144 (17)(10)- 35=135 2°0.005> p>2" 0.001
SAS

P4 Editor - Untitled =

Fdata example:
do i=1 to 17;
input ¥ [@fE; group=1;output;
end;
do i=1 to 17:
input ¥ [{f; group=2;output;

end;

cards:

11.9 11.7 9.5 9.4 5.7 g.2 7.7 7.4 7.4

g | 6.9 6.5 6.3 = 4.2 4.1 2.2

BB 5.8 Eieedl 15 5 4.3 EHLE) 353 i et

rumn;

Elproc nparlway median wilcoxon data=exsmple:
class group;
var y:

rum;

Jll_ [2000 1 ]
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Chapter 3.

Wilcoxon Scores éHank Sumsg for Mariable v

Kruska -Wallis Test-~"
8.832?
0.0033

Chi-Square
[OF

Pr = Chi-Square

Clagsified by Yariable aroup

Clagsitied by Yariahle aroup

aum - of Expected Std Dev Mean
qroup H aCOres IUnder HO Under HO Score
1 17 296,50 233.0 19.910412 17441176
¢ 10 a1.50 140.0 19.510412 . 160000

twerage scores were used for ties.
Wi lcomon Two-Sanple Test
Statistic 81,5000
N | ,ﬁ'pprnximat ion 'CI"E|;||' Al‘%?_" gg %ﬁl%‘: a.ﬂ:l'Er El'gl—“'?
-2.9130
One-Sided Pr < 7 0.0018
Two-Sided Pr = |Z] 0.0036
t Appruxlmatlun
One-5ided Pr < 0.0036
Two-Sided Pr = IZI 0.0073
Z includes a continuity correction of 0.5,
E=0| 34 0|&2 22 AtEsh= dEEY

Median Scores (Mumber of Points dbove Median) for Yariable v

dyverage scores were used for ties,

Median Two-Sample Test

Statistic 1.0000
z -2.9858
One-3ided Pr < 0.oo14
Two-3ided Pr = IEI 0,002a

Median One-Way dnalvsis
8.915}
0,002

Chi-Square
OF
Pr = Chi-Square

aum of Expected atd Oey Mean
qroup H sCores lInder HO Under HO Score
1 17 12.0 3.185185 1.277644 [.705582
2 10 1.0 4.814815 1.277644 (. 100000

Jll_ [2001 1
HAN .
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Chapter 3.

) HOMEWORK #6 [due 4 17 ]
EXERCISES

3.3 West (E4) conducted an experiment with adult aphasic subjects, in which each was re-
quired 1o respond 1o one of 62 commands. Five subjects received an experimental treat-
ment program, and five contrals received conventional speech therapy. Table 3.8 shaws
the percentage of correct responses of each subject in the 1wo groups following trearment.
Do these data provide sufficient evidence to indicate that the experimental treatment im-
proves the proportion of correct responses? Let & = 0.05 What is the P value?

rABLE 2.8 Percentage of correct responses o 62 commands by aphasic subjects in two
treaiment groups
Experimental {X) 73 42 80 58 62
Control {¥) 50 23 68 A 45

Source: Jfoyce A Waest, " Auditory Comprehension in Aphasic Aduig: | ining,"”
. lmpravement through Training.'” Arch.
Phys. Med. Rehabil., 54 {1873), 78-86 ° e *

3.4 Table 3.9 shows the tidal volume of 37 adults suffering fromatrial septal defect. In 26 of
these, pulmonary hypertension was absent, and in 11 it was present. The data were re-
ported by Ressl et al. (ES). Do these data, provide sufficient evidence to indicate a lawer
tidal volume in subjects without pulmonary hypertension? Let a = 0.05. What is the

P value?
TABLE 3.9 Tidal volume, in rilllliters, in two groups of subjects
Pulmanary Pulmanary
hypertension absent hypertension absent
Case {X) Casg (Y}
1 852 1 B76
2 556 2 206
3 618 3 493
4 500 4 3
5 500 5 530
6 528 & 780
7 5N 7 569
8 538 8 546
9 440 9 786

10 ba? 10 139

" 6805 11 710

12 500

13 437 '

14 481 i

13 572

16 589

17 605

18 436

1% 724

20 515

Fal 552

22 722

23 ¥78

24 677

25 680

26 428

Source: J. Ressl, M. Kuhis, P. Lukl, J. Vykydal, and J. Welnberg, " Resting Hyparventilation in Adulls with Atrial
Septal Datfact,” Br. Heart. J.. 31 (1969), 118-121; used by permission ol the authors and he editor.

Jll_ [2000 1 ]
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3.3.
( M, =My)
a
100(1-a )%
Median Test
Median Approximation

__(AIn)- (B/ny)
JP@E- P)(/n, +1/n,)

~ Normal (0,2

(M,- M) 100(1-a )%

— . A+B
(AIn)- (BIn,)£z,,,,/pd- P)L/n +1/n,), p=
rll +n2
I EXAMPLEN Median Test (X, Y)

95% . (43 page)

(12/32) - (12/16) +1.96.[(24/48)(1- 24/ 48)(1/32+1/16)

Mann-Whitney Test

M-W
1) (X Y )
2) (X - Y) ( =nNn,)
3) Mann-Whitney (ng,n,) W,/
4) (100-a)% (lower bound) W, ,, , (upper bound)
W, /2
J..' oot 1 Nonparametric @ 49
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Il EXAMPLE 95%

77 & 85 8 8 86 89 91 92 93 100

65 65 73 75 77 78 83 85 90 97

1) (X Y )
TABLE 3,11 Array of diferences between X and ¥ values In Example 3.4
X
Y 77 82 85 86 BS 86 89 91 52 < 1]
65 12 17 20 21 21 21 24 2% 27 28 35
85 12 17 20 21 21 b2 24 25 a7 28 35
73 4 9 12 13 13 13 [ 18 18 20 27
75 2 7 10 1 ik 1 14 16 17 18 25
7 0 5 g g 9 ] 12 14 15 16 23
78 -1 4 7 a 8 8 11 13 14 15 22
83 -6 -1 2 a 3 3 6 8 ] 10 17
a5 -8 -3 0 1 1 1 4 8 7 8 15
W0 13 -a -5 -4 -4 - 1 2 3 10
7 - -1 -1z 11 -1 -1 -8B -8 -5 —4 3
2) (X - Yi) ( =nn,)
3) Mann-Whitney (12,10) W, ,, 27
4) 95% (lower bound) 27 1 (upper bound)
27 17
Jl.. [2000 1 ] .
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Chapter 3.

3.4.
3.4.1.
(dispersion)
. =
1) si=s’
2) sitsy ( )
3) =WS—§'S§)~F(n1,nz)
min(sy, sy)
4)
] HOMEWORK #7 [due5 8 ]
( $) ( =0.05)
n, =50/X=50/s, =3.12 ny, =30/X=10/s, =2.87
3.4.2. . Ansari —Bradley
1) si=s’
2) sylsy )
3) :
. X . Ansari —Bradley
(n,=X , N,=Y )
Il EXAMPLE II X, Y) ( =0.05)
X 384 26 119 2
Y 397 25 27 336 23
1)
2) ( )
3)
119 2 23 25 26 27 336 384 397
(group) X X Y Y X Y Y X Y
1 2 3 4 5 4 3 2 1
T=1+2+5+2=10 (n,=4, n,=b) 0.05 0.025 0.975
T T=16(0.0159)  8(0.9603)
8 16
Jl.. [2000 1 ]
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4) : 10 (T316 TES)
5%
W Large sample Approximation: Ansari-Bradley n+n, £20
x T-[ny(np+n,+2)/ 4

= ~N(0)) if n +n,
Jnn, (N +n, +2)(n, +n, - 2)/[48(n, +n, - 1)]

* _ T-[n(ng +ny +1)2/4(n1+n2)]

T =
YNy (ny + 0, +1)(3+ (0 +1,)) /48(ny +11y)2

~N(@©)J) if n,+n,

L HOMEWORK #7 [ ]
Dopamine
( =0.1)

433 347 328 607 478

428 372 434 425 336

SAS

By Editor - Untitled] =

Fdata nonpail:
input group response [AE;
cards:;
i 3.8 4 Za B A9 § 2
& 2.8 2 2.5 2 2.7 2 3.368 2 2.3
run;
Eproec nparlway[EEi
=lass group:

WAar response;

rumn:

#nsari-Gradley Scores for Yariable response
Clagsified by Yariable group

aum - of Expected Std Dew Mean
group N SCOres lJnder HO Under HO score
1 i 10.0 11111111 2. 078699 |
2 5 15.0 1.3, 888589 2. 078639 3.00

dnsari-Bradley Two-Sample Test

Statistic

Z
One-3ided Pr < 2
Two-Sided Pr > |Z]

2000 1 ] .
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Chapter 4.

4, (paired)
“before and after’, “pre and post” (treatment effect)
(paired)
. 3
© )
U]
U =uy??? X-y 0 X-Y=0??? d; =x - v,
- (4 Y1) (X2, Y2)s s (X Vi)
4.0. (paired t-test)
d, =(x-Y)
1) (hypothesis)
n : n‘]d :O( , )
. cmyt 0 ( ) my>0 m, <0 ( )
2) (test statistic)
di =(% - Vi)
d; (d)
_ D
T= ~ Normal (0,1) ( ) ~t(h-1) (
Sq /'\/ﬁ
)
3) (decision rule): t- p-value
) HOMEWORK #8 [due 5 10 ] 10
( =0.05) SAS
1 2 3 4 5 6 7 8 9 10

50 25 30 50 60 80 45 30 65 70

53 27 38 55 61 85 45 31 72 18

[2000 1 ] "
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Chapter 4.

4.1. Sign Test
.+
( )
1) (assumption)
. (%, Y1), (X2, Y2) o (X V) d =y - X
n di
2) (hypothesis)
. My =0 ( 0 )
. DMyt 0o ( ) M >0 My <0 ( )
3) (test statistic)
d =y -x . d =0 .+ -
K
p-value : Pr(K £Kk|n,0.5), 2" (K £k]|n0.5)
4)
p- a
Il EXAMPLEN 10
( =0.05) W. Daniel ‘Applied Nonparametric Statistics’

1 2 3 4 5 6 7 8 9 10

463 | 462 | 462 | 456 | 450 | 426 | 418 | 415 | 409 | 402

523 | 494 | 461 | 535 | 476 | 454 | 448 | 408 | 470 | 437

- - + - - - - + - -
1) : . My =0
2) : . Mg <0 ( )
3) : K=2
4) : p- =Pr(KE2|n=10, p=0.5) =0.0547
[2001 1 ]
ﬂ.:.h: Nonparametric #* 54

NAM  Dttpi//wolfpack.hannam.ac.kr



Chapter 4.

) HOMEWORK #8 [due 5 10 ] Solve the following problems.
EXERCISES
4.1 Van Duijn {E2) studied the effect of clonazepam on cobalt-induced focal seizures in alert

4.2

cats. Before and after admipistering clonazepam, he recorded focal paroxysmal activity as

mean seconds with spikes/ 10 seconds recording. Table 4.3 shows the results of this part of
the experiment. Can we conclude on the basis of these data that clonazepam decreases
focal spiking? Let x = 0.05. What is the P value?

Etect of clonazepam on focal spikes produced by cobalt TARLE 4.3

Cat 1 2 a 4 5 ] 7 8 b 10
!-.Mrc X} 27 42 23 53 4.2 35 8.5 48 17 EA
After (Y) 4.5 28 14 25 25 213 3.0 28 1.9 04

Sovrca: H. Van Duije, “Supsdarity of ClonADepam ovir DUazepam (1 ExXpasimentll Epliapy,” Epilapais, 14
[18T3), 195-202.

Shani et al. {E3) studied the effect of phenobarbital on liver functions in patients with
Dubin-Johnson syndrome. Table 4.4 shows the total bilirubin in the sera of these patients
before and after treatment with phenobarbital, Can we conclude on the basis of these data
that phenobarbital reduces total bilirubin level” Let ® = 0.05. What js the P value?

TARLE 4.4
Total &dlirubin, milligrams per 100 mi, in sern of patlents with Dubin - Johnson syn-
drome, belore and after roatmaent with phanobarbital

Patient 1 2 3 4 5 & 7 B 9 10 11 12 13
Before(X) 40 32 38 118 30 53 57 30 27 28 248 18 28
Aftar (Y} 31 30 35 10 18 3% 22 21 14 29 24 14 2.5
Source: Mordechal Shand, Uri Setigsohn, and Judith Ben-Ezzer, "Effect of Pheanchartal on Livar Functions in

Patienis with Dubdn—Johneon Syndrome,” Gastroenieroiogy, 57 {1974}, 30G-308; copyright 1874, Williarme &
Wilking, Battimors.

||
,
RAM

[2001 1 ]
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Chapter 4.

4.2. Wilcoxon Matched pairs Singed Ranks Test

test ( ) WSR
2 WRS
1) (assumption)
. (% Y1) (X2, Y2)s o0 (%40 ¥i) d =Y - X
= d
2) (hypothesis)
. : My =0 ( 0 )
. My to ( ) My>0 M, <0 ( )
3) (test statistic)
d =y -x . d =0
[d; =1y, - % |
d =Y -X +
()
T=min(T,,T.)
My >0 T=T
My <O T=T,
4)
= Wilcoxon (WRS )
(critical region) a
" al2
Il EXAMPLEI 9

=0.05) W. Daniel ‘Applied Nonparametric Statistics’

(T,

1 2 3 4 5 6 7 8 9
33 17 30 25 36 25 31 20 18
21 17 22 13 33 20 19 13 9
1) : . My=0
[2001 1 ] "
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Chapter 4.

2)
3)

4)

My <O ( )

Calculation of tesi statistic for Example 4.2

Bafore
tharapy [X) aAfior 24 hours (Y) o=y -X Signed rank of |D,|
33 21 —12 -7
17 17 . i S omit
30 2 | —d4
25 13 -12 - ) -7
36 a3 -3 -1
25 1 -5 -2
al 18 —-12 -7
0 13 -7 -3
18 B -8 -5
T+ - -
. n=8 T, = WRS p- 0.0039 - )

0.05

L) HOMEWORK #9 [due 5 15 ]

4.5 Bhatia et al. (E7) reported the data shown in Table 4.9. Can we conclude on the basis of
these data that treatment lowers the stroke index in patients of this type? Let & = 0.05.
Stroke index (ml/beat/m?) in pre- and post-treatment studies of coronary circulation in
chronic severe anaemia TABLE 4.9
Case 1 2 3 4 5 6 7 8
Before treatment (X) 109 57 53 57 68 72 51 65
After treatment (Y) 56 44 55 40 62 46 49 41
Source: M. L. Bhatia, 8. C. Manchanda, and Sujoy B. Roy, “Coronary Haemodynamic Studies in Chronic
Severe Anaemia,” Br. Heart. J., 31 {1969), 365—374. Reprinted by permission of the authors and the editor.

4.6 Hall et al. (E8) reported the Lintner Soluble Starch (LSS) to Amylase Azure {AA) ratios
shown in Table 4.10. Do these data provide sufficient evidence to indicate that saliva and
duodenal fluid LSS/AA ratios are, on the average, different? Let « = 0.05. Find the P
vaiue for this test.

TABLE 4.10 .
LSS/AA ratios for saliva and duodenal fluid in 11 patients
Subject A B C D E F G H H J K
Saliva (X) 078 086 082 110 071 100 065 085 064 086 0.70
Duodenal fluld (Y) 046 037 041 046 045 067 047 037 025 0.33 0.42
i 2001 1
A [ ]
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Chapter 4.

4.3.
d =(%-V)
. Sign test 22.2 ,WRS 2.3.2
) HOMEWORK #9 [due 5 15 ]
11
95% Sign WRS

Mean arterial blood pressure in 17 anasthalized subjecis belore and after
recalving oxylocin

Serbject 1 2 3 4 5 L] ¥ 3 9 10
Before 85 173 94 a7 a1 100 a7 104 72 10
Alwr &5 eo E 59 46 45 # 2 23 55

Source: F._Rpbert Weis, Jr_ and Jeromea Peak Effects of Oxytocin on Blood Pressure during Anssthesla,'”

Anssiteaiotgy, %0 (1074), 180190,

—h
—

4.4, (McNemar )
?
A (
(panel) ),
( )  McNemar
4.4.1.
McNemar
After
Yes No Total
Before Yes A B A+B
No C D C+D
Total A+C B+D N
Jl.- [2001 1 ]
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Chapter 4.

N= B= YES, NO
A= YES D= No, YES
D= NO

4.4.2. McNemar

McNemar 2 (Yes, No) Bennett & Underwood
3
2
1) (hypothesis)
. DP =P, ( yes yes )
. S U P ) P1>P; P <P, ( )
2) (test statistic)
p,=AtB 5 _AC . p-p,=B-C
N N N
(B-C)/IN=0 McNemar
(B+C) 10
z= JIBBTC(; ~ Normal (0,))
Il EXAMPLEI 85
( =0.05)
Yes No Total
Yes 7 37 41
No 26 15 44
Total 33 52 85
1) (hypothesis)
. D P =Py ( )
. D PL< Py ( )
2) (test statistic): z:M =138 p-value= pr(z?3 1.38) =0.084
J37+26
ﬂ:‘ﬁ 2001 1 ! 59 Nonparametr&=
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Chapter 4.

4.2.3. SAS (McNemar )

P4 Editor - Untitled] »

Eldata monemar:
input pre § post § £ [@@;
cards;
¥y ¥ 7 ¥yn3i?"nyénnls
run;

Elproec freq data=mchnemar [prder=data;

welght £;

takble pre *pnst.aincupercent &DIDI\I:

EXact monem;
rumn;

¢ order=data
¢ nopercent

* norow . McNemar

Table of pre by post

pre post

Frequency-

Col Pct -y -n - Total

¥ = T - a7 - 44
- 21.21 - M.E -

n - &b - 15 - 41

.79 - 28.86 -
Total 33 52 a5

statistics for Table of pre by post
McMemar s Test
%’Eatistic (5] 1.920113_]

dsymptotic Pro» 3 [.1653
Exact Pr =5 0.2074

- 2
.« SAS z=B-C c2-(B-C)°
JB+C B+C
Chi-square : ? . ?

[J HOMEWORK #9 [due 5 15 ] McNemar

2001 1 ]
it
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5. ,
(associate)
(independence)
( ) (likeness) (homogeneity)
(
) Hy:ipp=p, z- t-
c?-  (Chi-Square)
2
(cross-tabulation) (contingency table)
5.1. Chi-Square
( =nmn, =s ) X Z
( =0, =1)
z=2""M_ Normal (01)
S
z 1 c?
z2 =(ZM2 - c2(df =3
s
Ml
. k  Chi-Square
F(x) = 1 — K21 xI2  Of x<¥
gk/2)2
. k  Chi-Square k 2k .
. c2(df =1) Wy, W, . W
k  Chi-square . Y=aW, ~c(df =k)
« W ~c?(df =ml) V ~c2(df =m2)
F- CH=Y Y Emm2)
mL m2
. k =2 Chi-Square (exponential dist.: b =2)
[2001 1 ] .
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Chapter 5. ,

. Chi-Square
(df)=2
df=4
df=6
5.2. Contingency Table
1 , ( )
1 1 r , 2
c
2
1
1 2 c total
1 011 012 olc Ny,
2 021 02 O N,
r Orl Or2 Orc Ny
Total n, no, N n.
Chi-Square ??7?
( ) Pr(AB) = pr(A)Pr(B)
n . N;j
E; =()(=)n,
n.’ n.
.. - ' 2
T=84 ©i-E)” 272
i [2000 1 ] "
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Chapter 5. ,

5.3. Chi-Square
(associate) . A 1 230
(3 )
A B C Total
75 46 23 144
30 32 24 86
Total 105 78 47 230
n () 2
. €D
. n n;
Pr( n ] )= Ej =(=)(=Dn,
n.” n.
Pr( CA ) = Pr( ) Pr(A )
n, N, ,
e 1 1 E, =(—2)(=2)n =105"144/230 =65.7
n.  n.
. .2 3 E,; =867 47/230=17.6
i [2000 1 ] "
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( ) (Oj-Ej) ©

©; - Ejp? 2 -
T:ééE— (r-D(c-1 c-- (approximate)
ij
) 2 ) 2
7= | @O g6 cag-ponE-n=2)
65.7 17.6
c?-
(critical region)
%
/[
5.99
7.68
7.68 {>5.99
?
.. SAS
A , B
A
N 2000 1 ] .o
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Chapter 5. ,

SAS
Hdata one;
input gender § major  w @E;
cards;
ma 75 £ a30wh 46 £ b 32 me 23 £ ¢ 24
run;
Elproec freg data=one;
weight w;
table gender*major/nocol nopercent chizg expected;
run;
e NOCOL.:
¢ NOPERCENT:
* CHISQ:
e EXPECTED:
gendar fiidj oF
Frequency-
Fow Pt -a | -b -C - Total
f = an - a2 - o - a6
- 39,260 - 29,165 - 17,64 -
- 3488 - 3.2 - 2791 -
= 5 - d5 - 23 - 144
- 65,739 - 43,835 - 79,426 -
- B2.03 - 3.9 - 15,97 -
Total 105 i 47 a0
Statistics for Table of gender by major
Statistic OF Yalue Prob
Chi-Square p 7.6323 0.0215
Likelihood Ratio Chi-Square p 76569 0.0214
Mantel-Haenszel Chi-Square 1 7.6186 0.0053
Phi Cosfficient 0,1528
Contingency Coefficient 0.1793
Cramer's ¥ 0.1823
e Chi-Square = c?
¢ Likelihood Ratio = 23 & Oij In(Oi,- /Eij )~c 2(df =(r-1(c-21)
* M-H Qyy =(n-Dr¥~c?@df =1 r Person . M-H
(ordinal)
* Phi, Contingency, Cramer’s coefficient
[2001 1 ] .
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I EXAMPLE N
2764
5%
Within previous Within 7 months Morw ihan
ncome & months 0O ol yoir ORE PROr Tolal
Less than 33000 106 38 35 250
S3000— 54009 =27 54 45 o v
5500035050 218 78 7a ars
§7000-- 39850 355 112 140 a7
$10.000 plus 653 285 255 1197
Tolal 1840 587 557 784
1) - (
)
2) : .
3) : E;; =256 1640/2764 =153.68 ...
Within previcus Wihin 7 months More than
o § monthe o ond yaar one Poar Total
Leas than $3000 188 (153.88) 38 (53.13) 35 {52.19) 250
$3000 - $4509 227 (193.43) 54 (BG.AT) 45 (8570 1
S3000— 36500 219 (222 50) TA(T8.9%) T8 {75.57) 375
57000 S2508 355 [360.18) 112 {124.52) 140 {122.32) a7
$10,000 plus 853 {(710.2%) 206 (245.55) 25 (241.2) 1187
Tois! 1640 58T 557 2704
2 2 2
2) : T:(186-153.68) +(227-198.43) +...+(259_ 241.22) —479,
153.68 193.43 241.22
8 c2- {>15.50%
Il HOMEWORK #1011 (due May 17)
1) SAS ( =0.1)
2)
SAS
15 15-19 20
2 38 22 62
8 93 15 116
10 131 37 178
i [2000 1 ] "
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5.4, Chi-Square
( : )
?
2
1

1 2 c H ]
1 O 012 O1c Ng. /V
2 0,1 O, Ox¢ Ny,
r On Or2 Orc N, \ (]

ni ) Nec n.

2x2 ( fourfold )
Total
A B A+B A
C D C+D
—~
Total A+C B+D N
( )=( ), (
)=( )
. 2X2
N(AD - BC)?
( <) ~c ?(df =1)

~(A+C)(B+D)(C + D)(A+B)

n
e [2001 1 ]
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Chapter 5. ,

(p) (P2)
TP P2 %380 20,)
J - P)(L/ g +1/ny)
B, = B b, = D b= B+D
T A+B’ "2 C+D’ N
I EXAMPLE
AIDS A B (
=0.05)
AIDS
yes no
A 20 6 26
B 16 14 30
36 20 56
"14- 16" 6)?
= 6(20 6 6) =338~c?(df =1) c?(df =1
(20+6)(16 +14)(20+14)(6 +16)
{>384 . AIDS
Il HOMEWORK #11 1l (due May 22)
. Fourfold Chi-square
(hand calculation) ( =0.05)
3.0 3.0
31 19 50
17 33 50
48 52 100
[2001 1 ]
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Chapter 5. ,

RXC
( )
n; .,
Eij =(—)" n; =( IX( )
n..
I HOMEWORK #1111 ( due May 22)
SAS
( =0.05)
A 50 20 70
B 12 25 37
C 6 8 14
D 1 21 22
69 74 143
5.5. (Fisher exact test)
Chi-square
5 ( 10 ) . Cochran
2 5 20%
Chi-square
Cochran
SAS 5
6 33%
[hi-Square 2 49267  0.0851
Likelihood Rat o Chi-Sauare ? 51193 0.0773
Mantel-Haensza| Chi-3quare 1 3120 0.0773
Phi Coafficient 0,2993
Cont ingency Coefficient 10,2867
Cramer s 0.2993

IMFHH-B 3% of the cells have E@Ett&d counts less
“than 5. Chi-square may not be a valid test,

S

http://wolfpack.hannam.ac.kr
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Chi-Square
X
( , 1] y . t
X 0
1
® ¥
Frequency-
Fow Pot - 0- 1- Total
Tes 17 - 13 - a0
56,67 - 43,33 -
e a1 - 4 - Zh
g4.00 - 16.00 -
Total aa 17 55
Statistics for Table of = by v
Statistic OF Yalue Frob
Chi-Square 1 4,706 0.0289
Likelihood Ratio Chi-Square 1 4,9334  0.0256
Continuity &dj. Chi-3quare 1 3.5766 [0.0536
Mantel-Haenszel Chi-Square 1 4.6839 . 0304
Phi Coefficient -0,2945
Cont ingency Coefficient 0,2325
Cramer’s ¥ -0.2945
Exact test
Fisher RxC . Fisher’s
Exact test (2x2 )
5 2 7
6
8 5 13
i 2001 1
- 0 [ !
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p_
6 7
4
8 5 13
7 0 7
1 5 6
8 5 13
3 p-

N1 N1z N1,

N21 N2z N2,

N1 N2

? p= n 'n,!In;!n)!
Nyt Nyp! Nyt ngytn !
165! | 16!
_ 7'685! —03063, p= 7685 —00816, p= 7'6'89 _
523313 6112413 7015131
p- 0.4126 (
)
p- p-
p_
SAS
i [2001 1 ] "
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Chapter 5. ,

Edata one;

input gender § major $ w [{@;
cards:
my Smwnifys3iftni

rum;

Elproc freq data=one;
weight w;
exact fisher:

tahle gender*major/hnocol hopercent chisdg:

rumn;

gender maior
F requency-
Row Pct -n -y - Total
f - q- q -

- BO.00 - GO.00 -
in - 2 - 5

28,57 - T.43 -

Total 5 a 13

Statistics for Table of gender by major
AH 2

ﬁiéﬁlNE: 100% of the cells have expected counts less
than 5. Chi-3quare may not be a walid test.

Fisher's Exact Test
Cell (1,17 Frequency (F) 3
Left-sided Pr == F .
Right-sided Pr == F

0.9
0.4

Table Probability (P 0.3263
P 0,59

Two-sided Pr <=

e leftsided 1 1 5 4,3,2,1,0

I HOMEWORK #11 Il (due May 22)

. Fisher Exact

test ( =0.05) , SAS
1 5 6
6 0 6
7 5 12
2001 1 ] .o
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Chapter 6. One-way layout ( )

6. One-way layout
3 (one-

way layout) . k k

1 2
1 Y11 Yo Y1 ng Y1 Yo -
2 Yo1 Yoo  Yona ng Yo1 Yoo -
k Yia Yoo Yiew Ny Yia Yk -
(grand mean)
(SST) (SStr: ) (SSE=
SST-SStr)
2 ( 39 )
( ) (ratio) F-
(normality assumption) .
Median , Kruskal-Wallis
( )
i [2000 1 ] "
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Chapter 6. One-way layout ( )

6.1. ( : Analysis of Variance: ANOVA)
t n,
1-n
(unit)
(CRD:
Completely Randomized Design)
(A, B, C)
4 12
12 CRD
12
1,5,2,7,12, 10
3
A A C
B A B
A C C
B C B
CRD . ( :block)

(randomized)

Randomized Block Design

2001 1 ] ”
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Chapter 6. One-way layout (

3
im (ppm)
10
Lake Observation
1 0 2 1 3 1 2 3 4 1 5
2 1 3 46 8 7 5 3 45
3 14 26 25 18 19 22 21 16 20 30
Y( )
yij=U+ti+eij=m +QJ |:1,2,k J=1,2,,n| />§
: i -N=i- ¥+ -y
......... @)
éé(yij'y)zzéé(yij' i)2+éé(7i'7)2 /
SST = SSE + SSir V 8
@)
| | |
1 ) [ 3
e; ~ Normal(0;s %)
" Hartley’s test
Hosf=s}=..=s?
2
poooms) o 1 1
min(s?)
" (Homoscadicity)dl (Heteroscadicity)
s 2 =ku > y* =.Jy
2 _ 2 —
s < =ku > y* =log(y)
i 2001 1
- 0 [ !
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Chapter 6. One-way layout (

( )
Source DF SS MS
Treatment t-1 Str=33 (V- 9 MStr = SStr /(t- 1) M
Error n-t SSE = SST - SSr MSE = SSE/(n- t) MSE
Total n-1 SST=8 & (yi- 9 ~ F(t-1,n-1)

(Post-hoc test)

F- Hy:u,=u, =..=1,
(pairwise: @ Hj:u; =ug)
(contrast: Ho:uy = . 42-u3
( ) F-
)
(controlled experimental
error rate) 1- (1- a)° c . pairwise
c=t(t-1/2

= Fisher’s Least Significant Difference

0 pairwise ( )

o LSD
= Tukey W procedure

o studentized range distribution: W =max( y;)- min(y;) q=w/s

)
= Student-Newman-Keuls procedure

o0 Tukey (critical value)

Tukey

= Duncan Multiple range test

o0 Tukey

1- (1-a)'
T
)

(multiple comparison)

L]
o "
m http://wolfpack.hannam.ac.kr
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Chapter 6. One-way layout ( )

= Scheffe’'s S method

o} (contrast) 4
=  Dunnett’s procedure
o} control ( ) ( : placebo ,
, ) pairwise
(contrast)
o] 1 2, 3
?
D Q=up- (Uytug)/2 D> ? Q=V1- (V2. +V3)/ 2
2
F:quz(ln-t) where c=§ c; C;
MSE@ -
i
0 4
?

Q=(u;+u,)-(u, +uz) = c,=1c,=1¢c;=-1¢c,=-1

L]
o "
m http://wolfpack.hannam.ac.kr
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Chapter 6. One-way layout ( )

SAS
data lake;
do i=1 to 10;
input oxygen [@; lake=1; output;
end;
do i=1 to 10;
input oxvgen [@@; lake=2; output;
end;
do i=1 to 10;
input oxygen @E; lake=3; output:
end;
cards;
o 2z 1 3 1 2 3 4 1 5
1 3 4 6 5 7 5 3 4 5
14 26 =25 18 12 22 21 16 20 30
keep oxygen lake;
rumn;

avnbol i=hoxi:

proc gplot data=lake;
plot oxygen®lake;

rumn;

proc glm datca=lake;
class lake:;
model oxygen=lake:
means lake / tukey lines:

contrast 'by region ' lake 2 -1 -1:
run;
.-"’f
| i
| : :
J.l. [2001 1 ] s
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Chapter 6. One-way layout ( )

[ependent Variahle: meeaen

aum of

Source OF Souares Mean Souare F Yalue Pr=F
Mode| 2 2117.400000 1058, 700000 105,52 <.00M
Errar 27 270, 900000 10.033333
Corrected Total 29 2385, 300000

R-Square Coeff Yar Root MSE oxygen Mean

0. 8aERT72 3405961 3.167544 g.300000
Source OF Type | 53 Mean Square F Yalue Pr=F
lake 2 2117.400000 1058, 700000 105,52 <.00M
Source OF Twpe |11 53 Mean Square F Yalue Pr=F
lake 2 2117, 400000 1058, 700000 105.52 <, 0001

Means with the same letter are not significant |y different.

Tukey Grouping Mean M lake
& 21.100 m 3
E 4,600 m 2
B 2,200 10 1
Cont rast OF Contrast 53 Mean Square F Yalue Pr=F
by region 1 ThE, 1500000 ThE, 1500000 YR.36 <000
Il HOMEWORK#12 1l (due May 24)
(Research and Development) (High, Moderate, Low)
(20 ) . . (SAS )
Low 76 82 6.8 58 69 66 7.7 6
Moderate | 6.7 81 94 86 78 7.7 89 79 83 87 7.1 84
High 85 9.7 101 78 9.6 95
. Box-Plot
n Bar
= pairwise (Tukey )
- High, (Low + Moderate)
[2001 1 ]
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Chapter 6. One-way layout ( )

6.2. Median
Median ?
1 + ( - ) 2
+
3
. K My, M,,...M,
Ho:M =M, =...=M,
1.
2.
1 2 k
> 01_1 012 Olk
£ O21 O2 O
Ny 1)) Nk
3. > } {£ }
O. - E.
4. T:aéMwZ(df =k-1) () E, =72
ij
i [2001 ] "
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Chapter 6. One-way layout ( )

c?(df =k- 1) (critical
value: )
I EXAMPLEN
2 1
( a =0.05)
1 185 187 209 194 175 197 188 185
2 189 193 176 195 169 183 185 179
219 204 219 234 233 194 209 195
1) Hy:M, =M, =M,
2)
3) 193.5
1 2
> 1 8 12
£ 5 7 0 12
8 8 8 24
2 2 2
789,697, (09,
4 4 4
4) (13) c?(df =2,a =0.05)=5.99
I HOMEWORK#13 1l (due June 5)
4
Median - ( : hand calculation) =0.05
A 27 16 19 4 2 16 30 9 16
B 44 34 43 47 22 35 51 22 37 29
C 17 45 28 13 36 3 42 41 15
D 51 29 30 50 47 40 43 44 54

an
kAN

[2001 1 ]
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Chapter 6. One-way layout (

6.3. Kruskal-Wallis

3 ( )
2 Mann-Whitney
= Kk My M,,.. .M
Hy:M; =M, =...=M,
1.
2.
3.
12 .2
4. = 8 —- 3(N+
N(N+D) 2 n SN+
] N =
. R = i
. n = i
Kruskal-Wallis . KW 5
3
5 , K-W
c?(df =k - 1)
i [2000 1 ] "
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Chapter 6. One-way layout (

I EXAMPLE
3
Kruskal-Wallis . (
=0.05)
1 262 307 211 323 454 339 304 154 287 356
2 465 501 455 355 468 362
3 343 772 207 1048 838 687
1) Ho:M; =M, =M,
2)
3)
1 4 7 3 8 14 9 6 1 5 12 69
2 16 18 15 11 17 13 90
3 10 20 2 22 21 19 94
12 2 12 69° 20?2 o2
:—éi- IN+)=z=——[—+—+—]- IR +])=9.232
N(N+1) ~ n 2(2+1)" 10 6 6
4) (13) c?(df =2,a =0.05) =5.99
I HOMEWORK#13 11 ( due June 5)
3 ( )
Kruskal-Wallis - ( . hand calculation)
=0.05
Control 340 340 356 386 386 402 402 417 433 495 557
LSD 294 325 325 340 356 371 385 402
UML 263 309 340 356 371 371 402 417
i 2001 1
Ny [ ]

m http://wolfpack.hannam.ac.kr

Nonparametric #* 83



Chapter 6. One-way layout ( )

6.4. JONCKHEERE-TERPSTRA test
Median Kruskal-Wallis “

H, :M; <M, <...<M, . (ordered)
JONCKHEERE-TERPSTRA

= Kk M M,,... M
Hy:M; =M, =...=M,
H, M, EM,£...£M,.
<
‘]:é'Uij
i<j
Uj o [ ]
JONCKHEERE -TERPSTRA . JT 3
n <n,<ng - JT

J-[(N?- ékniz)/4]
T= ki ~N(,)
\/[N2(2N +3)- an?(2n +3]/72

n
e [2001 1 ]
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Chapter 6. One-way layout ( )

I EXAMPLEN
?( =0.05)

54 67 47 71 62 44 67 80

79 8 8 79 8 81 88

98 99 95 93 98 91 94
1) : . Hy:M; =M, =M,
2) : . Hg:M, £EM, £EM,
3)

Up,=5%U;;=5%,U,;=49 => J:iéjuij =159
4) D J-T (n, =7,n,=7,n; =8), a=005 108
109 . 159
134 0.00443
p- 0.0443

5)

S 2 _a2.,92 ., 52 S 2
J=150,N =8+7+7=22, &4 n? =82 +72 +7% =162, 4 n?(2n, +3) = 2882
i=1 i

159 - [(222 - 162) / 4]

T= =473
J[22(2 2+3)- 28]/ 72
p- 0.001 . J-T
I HOMEWORK#14 11 (due June 7)
2£ 1£ 3 ( =0.05). b-
. JT
1 71 57 85 67 66 79
2 76 94 61 36 42 49
3 80 104 81 90 93 85 101 83
i [2000 1 ] .
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Chapter 6. One-way layout (

6.5. Multiple Comparison ( )
Median Kruskal-Wallis
(pairwise), (
contrast) post-hoc test  ( multiple comparison)
pairwise
3 . pairwise 3
3 1- 1-a)®
( ) 1-(@-a)° . (c
)
1) (R) - (
Kruskal-Wallis )
2) k (IR-R;D
( )
N(N+D) 1 1
Zn. ) —_— (==
(1-[a /k(k 1)])\/ o (ni nj)
R=( )(i )/ N=
n =i
k(k-1)/2 k(k-1
| [2000 1 ] .
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Chapter 6. One-way layout ( )

I EXAMPLE
Kruskal-Wallis ( : page 83) 2 ( =0.15)
k=3 a/k(k-1)=0.15/3(2) = 0.025
1 2 pairwise
106 [22*) 1. 1) 45
12 10 6
IR - R, [F|69/10- 90/6|=8.1 6.57 ( 1 2
) . (SAS )
I HOMEWORK#14 11 ( due June 7)
Kruskal-Wallis (page 83) pairwise - (
=0.1)
1} Il
6 22 () 1 ~
2
, Open Book Exam.
70 A
A
[2000 1 ] .
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Chapter 7. Goodness of Fit test

7. Goodness-of-fit test

( : )
?
?
( )
(fit)
(Goodness-of-fit test) . 2
1) ?
2) ?( )
7.1. ¢? Goodness-of-fits test
, c? (chi-square)
(expected) (observed)
. (X, X5,.00 X)) - ( : random sample)
. (non-overlapping)
1 2 3 r
n
n

n
e [2001 1 ]
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Chapter 7. Goodness of Fit test

XX
XX
1 (0- E)? 2
T=4 ~co(df =r-1J
i=1 E,
5 c?- 5
20% -
(Cochran)
c?( =r-1)
(
)
(parameter)
? (P Pore--Py)
(m, (s)
c?- (r-1 (r-g-1
g
I EXAMPLEL 1l
36
( =0.05)
13 6 0 3 1 3
i [2000 1 ] "
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Chapter 7. Goodness of Fit test

. (Equally distributed)

13 0 11 3
6 6 6 6
o
2 2 2
7=U3-97,06-07, ;B9 _yz
6 6
o : c?( =6-1=5, a =0.05)=11.1
I EXAMPLE2 11
280
(binomial) - (
=0.05)
0 1 2 3 4 5
157 69 35 17 1 1
5 X 5-x
IO(X):(QIO @-p>7, x=012..5
p (P)
P=(0" 157 +1° 69+2" 35+...+5 1)/(280" 5)=0.14
i [2000 1 ] "
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Chapter 7. Goodness of Fit test

5
p(X) =()20.14X(1- 0.14)>*, x=012,...5

0 1 2 3 4 5
157 69 35 17 1 1
0.4047 | 0.3829 | 0.1247 | 0.0203 | 0.0017 | 0.0001
131.7 107.2 34.9 5.7 0.5 0.03

o}
2 2 2
T= @57 - 131.7) + (69 - 107.2) +...+(1' 0.03) 19
131.7 107.2 0.03
o : c?( =5-1-1=3, a =0.05) =7.81
3
Il EXAMPLE3 I
Poisson
30 300 . Poisson
( =0.05)
0 1 2 3 4 5 6 7
20 54 74 67 45 25 1 4
Poisson
: Poisson
Poisson (D]
-l x
e |
X) = , Xx=012,...
p(x) 3
p ()
|"=(0" 2041 54+...+7 4)/300 = 2.67
i [2000 1 ] "
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Chapter 7. Goodness of Fit test

Poisson

-2.67 X
e 2.67
p(X) =———

20 54 74 67 45 25 1 4
0.069 | 0.185 | 0.247 | 0.22 | 0.147 | 0.078 | 0.035 | 0.013
20.7 | 555 | 741 66 441 | 23.4 | 105 3.9

o}
1o (0-207)?% (M4-855)° | (4-39° _ [,
2.7 55.5 39
o : c?( =8-1-1=6, a =0.05) =15.5
Poisson
I HOMEWORK#15 Il (due JUNE 12)
1962-1967 -
(uniformly distributed) ( =0.05)
1962 1963 1964 1965 1966 1967
7 12 6 10 12 6
I HOMEWORK#1511 ( : due JUNE 12)
Poisson
38
(8+9+10+11+12) . 0-7 1

=0.05)
0 1 2 3 4 5 6 7 8 9 10 | 11 12
24 16 16 18 15 9 6 5 3 4 3 0 1
[2001 1 ] "
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Chapter 7. Goodness of Fit test

7.2. KOLMOGOROV-SMIRNOQOV one-sample test

¢ ? (chi-square) ( )
8-10 ()
C 2(chi-square) . (page 88 )
K-S K-S
(cumulative distribution) .F(X)=P(X £X)
(Theorem)
(X1 Xgseir Xp) - ( : random sample)
F() =Fy(x). Fo
F() ! Fo(x) - Fo
n S(x) =(x )/(n)
sup
D=""109- Fo(x)|
K-M
K-M Massey 1
| [2001 1 ] "
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Chapter 7. Goodness of Fit test

I EXAMPLEII
( =85 =15) - =0.05)
58 78 B4 a0 ay T0 a0 B6 B2
88 90 70 74 83 S0 76 B8 B4
B 83 70 94 70 110 67 68 75
80 68 82 104 g2 112 B4 a8 80
Normal (m=85,s =15)
Normal (m=85,s =15)
S(X) = (#of £X)/n
36 X
x z=(x— 8815 Six} F/(x) .
58 —1.80 1f36= 0278  0.0358
59 &= i L 236= 0556 0.0418
67 —1.20 0.1151
&8 1.13 0.1292
70 —1.00 0.1587
74 —-0.73 0.2327
75 —0.67 0.2514
76 —0.60 0.2743
78 —0.47 0.3192 \\
B0 —0.33 0.3707
a2 —0.20 0.4207
83 _0.13 0.4483 -1.13
84 —0.07 0.4721
86 0.07 0.5279
88 0.20 0.5793
a0 0.33 0.6293
g2 047 0.6808
a3 0.53 0.7019
94 0.60 0.7257
a7 0.80 0.7881
] 0.87 0.8078
104 1.27 0.8980
110 1.67 0.9525
112 1.80 0.9641
[2000 1 ]
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Chapter 7. Goodness of Fit test

65E0'0 LFO6'0 oo’ L Zil
L6100 GESE D Z2LED oLl
PaPO'0 08680 FPIE FDI
BBOL'O 4080 JOLED B
BODLD LBRLD BEEE0 LB
¥SELD L5240 L19g0 6
PLELD BLOLD EEER'0 Ef
AN BOBSD 95080 26
Sarbl0 = d £529°0 8440 08
PLEO'O EBLED 28890 =1
OLLLD BL25°0 GEEQD = =}
06EL 0 LELPD LLLE'D e
GeL0'0 £BPED 8250 £
EBLOD LDEPD 000G 0 e
LEL0D L0480 vrrR 0 o
£830°0 ZBLED BREE'D Bl
89800 EFLED LLge 8.
BLE00 FIGE0 EEEED 5L
G200 LEEE D 950ET v
IBLL'D 1BSLD 81120 04
CIEDO ZBELD 19010 89
BLED'D LSLLD E£80°0 29
gELOD BLFO0 95500 65
LBOO'D BSE00 BI20°0 S
[{x}"4 — (x}5] {x)ty ix)s ¥

Six) and Fylx) for Example 8.5

FIGURE B.7

B2 B6 950 94 98 102 106 N0 M4

78

70 74

68 62 66

=i
O @ m
=0 0

I T =
o it 2,
coooo

ADuenbg) SB[ SAILE|MLLNTG

Su

0.1485

Pls(0- Fo(0 |2

D=

X

0.221

n=36

. K-M

85,5 =15)

(m=

: due JUNE 12)

I HOMEWORK#1511 (

0.05)

1932

2513 3201

750

1435 1789 1489 1805 1738
2085

1112
1205

2450

988

935

* 95
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Chapter 8.

8.
(association) 5 . c?2-
(nominal)
8.1.
Pearson
X o+
- 7 Y= DG= P
; i AIDNCELDICETI Y i
(o .
& _ 2
K1 'Sx — Sxx — z (‘xi _‘x)
(Xi 1 y|)
(xy) . 0 r=0
. rto
r
t=———~t(df =n-2), r= , N=
1/(1- r?)/(n- 2
Hy:r=ryto
" . T- 05n i” 0
T=05In=—" ~ Normal (05— 1/(n- 3) 3 Z=——~""% _ Normal(0)
1-r 1-r 1/(n- 3
t( =n-2) ,
i [2000 1 ] "
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Chapter 8.

Il EXAMPLE
19 s 3 =R
1 B5 g8 (1, y1)
2 B3 113 (%2, y2)
_ 3 57 84
0.878 ( =0.05) 4 3 103
o r=0 5 B4 103
B 57 83
o) : . rto 7 BD 85
_ ] 63 113
o : g 63 84
r 0.878 10 | 100
t= = =412 11 51 51
Ja-r2im-2  a- 08782)/09- 2) 2 B4 | @
_ _ a _ 13 56 77
o) . t(df =17,a/2=0.025) =211 14 o 12
15 72 150
16 B5 128
17 B7 133
18 58 85
19 B7 1z (x19, y19)
8.2. Spearman rank correlation coefficient ( )
(%)
(%)
. €D
_ 6a di2 e 42 _ & 2
=1- — where 3 d, —_a[R(xi)- R(y;)]
n(n<-1) i=
R(x) X i . R(y;) y i
i [2000 1 ] -
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Chapter 8.

x, y) d; 0 rg =1
¢} (x,y) d; rg=-1
[RO)=LR(y)=n], [R(¥)=2,R(y)=n-1, ..., [R(¥)=n,R(y) =1
Spearman . (
SAS

)

Large Sample approximation

Z=rg+/n- 1~ Normal (0,1
8.3. Kendall's Tau

(Xi 1 y|)

(x,y)

. €D

> sgn (2 — =) sgn (y: — )
_ i<y

To=n(n-—1)/2
Ty =3tk —1)/2

+/(To — T1) (T — Ta)

,where Tz =" u; (u; —1) /2
n=
t = (tied) X
u; = (tied) Y
1 ifz>0
sgn(z) = { 0 ifz=0
-1 ifz<0
Kendall - (
SAS )
| |
o

[2000 1 ]
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Chapter 8.

Large Sample approximation

B Fy/n(n- 1)

z=2Y """ 2 _ Normal (0.))

J2(2n+5)

8.4. Kendall's Tau  Spearman
@) Spearman
on Kendall's Tau Spearman
o) p-
o) Kendall’'s Tau
8.5.
5 1Q
( =0.05)
EHEAT |0 Fi Editor - Untitled1 =
0.6 a6 Fdata one:
i e s
0.5 104 cards;
0.9 104 .6 86 .2 107 1.6 102 .5 104 .9 104 .5 8§92 .8 109
Hg ]Eg .5 109 .8 101 .4 96 1.8 113 .1 S5 .9 100 .2 94
08 109 1.6 104 1.6 104 0 98 1.6 115 .2 109 .3 94
0.8 101 run;:
0.4 95
|1:|]B 1%% Elproc corr data=one kendall spearman:
S e
1.6 104 L
EI-E 153 O KENDALL, SPEARMAN SAS
1.5 115 PEARSON
0.2 109
0.3 94
[2000 1 ] "
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Chapter 8.

Spearman Correlation Coefficients, W =20 O Spearman 0.4975
Prob = |r| under HO: Rho=0
— 7 p- 0.0256 0.05
H Y
7 IQ
" 1.00000 0.459752 /
0,0256¢
Y 0. 49752 1.00000 -
i O Kendall 0.3596 p
0.0348 0.05
Kendall Tau b Correlation Coefficients, W = 20
Prob > |r| under HO: Bho=0 1Q
% Y
" 1.00000 0.355957
0,0348
Y 0, 35957 1.00000
0.0348
b
120
o
4
1101
+
+ + +
5
T
100 +
.
5
+ +
a0 |
+
5
5
a0
L L L B BN I I B I B I L LB ELELIL L L LA I BULIE
00 01 02 03 04 05 06 07 08 09 1.0 10 1.2 1.3 1.4 15 16 17T 1.8
#
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