Ch. 2 Two-way contingency table

Categorical Data Analysis
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Categorical Data Analysis

Ch. 2 Two-way contingency table
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Ch. 2 Two-way contingency table

Categorical Data Analysis
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Ch. 2 Two-way contingency table

Categorical Data Analysis
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Categorical Data Analysis Ch. 2 Two-way contingency table

Harvard CHEtOlA A& Ot SAHI0I OtATIEl(aspirin)0l &I A=K LOtE

Jl |5t 8 80l |42 O d80les otALEES 060l 540 Xt
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Categorical Data Analysis Ch. 2 Two-way contingency table

Example] & & OtHl S&f0 CHet otAdLlel g0t A, (A=)

o ARENH: T= (pl_pz) _ (0.0171-0.0094) _
p1(l-pq) N ps(L-py) 0.0171(1-0.0171) N 0.0094(1-0.0094)
nq Ny 11,034 11,037
o0 B8 RAL+ZFEZ 5%l (€DLEE 95%) o Jl2t gt2 (critical value) 1.96 O|Ch
28 SHHES g0l I 20 A2z ARIES JI26H0h A% OtHl 2dE=2
A0l= RUCH DHE= otAHEg S8R AZE 0OtH 280 @Y =SXEC

o &g 2k (pl—Pz)iZa/z\/ - .
1 2

0.0077+1.96(0.0015) = (0.005,0.011)

2.2.2. Relative risk 2} Odds Ratio

Relative risk

S HIE2 gte X0l= 12 32 o st
olp|E =0 =2 S 12 (0.0171, 0.0094)7t
(0.5, 0.5077) 2l AU =ZR4HS 2A=Ch 012 MEF & -0l relative risk (&HCH

218 5)01CY.

_ A 00171
#, 0.0094

=1.82

A =28 082 & Otdl 24=01 82%LE =Ct. (0.5, 0.5077) ZR0l= &
£Jh 1.015 2 Z2 0.0077 X+OI0IXI 2t &l AE L= 1.5% S0l =X &=Ch

Odds
Odds = 845 EE2 & &&=z U= gtez Usl &2 532U s & =0| ote=
AII0HM BHE (betting)= ot= B 01 IS 2040t &t » &3 &E0/ct] otH
Odds = Ct23t 201 2Dl 22 =2 (AllE HH)ESE0Ict] aHdE = Ut
Odds = —"—
—7T
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Categorical Data Analysis Ch. 2 Two-way contingency table

Bampid =3 Z2C0 ZIIAH 20| 012 HES 0.12+2 5+ =2 Odds=
é_o_';:éom
Odds o 2/0/= 8 81 01217] SISHA= 9 K= ZIIE BCis 200ICH = =
D=0l QKL ©ICHS H0ICH B9 Odds= 90122 012 JHSA0| 9 th
SICH= 200ICH 0l Odds = =L =79 201 S 0l 8= ZJ19 betting ©)

Odds ratio
. 1
Odds ratio @ = L A=)
To /(1—72'2)

Odds ration 2| gt2 82 &= = JIHNH F B2 H=0t N2 SE0IY (71 =7, ) Odds
ratio = 1 O|C}. Odds ratio It 1 2Ct 3H 18 B0 (BISB 1. 0 /1Y) 3801 2
Haol (BtSH4 2: 0l otAIel) 43801 20 =Ces 20l 1 BU &#oH BigHS
2 9o 88380 ¢ =32 20Istll. Odds ratio It 1 HA ZOUHERXE F BIS BHEs=
SESHA ZHELCH

Property2-1|2x2 =2 H0A & €= HIRHE Odds ratio= B1otAl H=Ct.

(2]

2 property 2 2|0l= BtES Bi(&)2 Y Ha(E)JF B O S Odds ratio Jt
S20IEZ HLE PEE Ze UL (relativerisk = b S0l A
SetEICh

Odds ratio =& X|
o= A (- Ny N .
Odds ratio =& Xl 0= Py /L= py) =122 \where ncidjE s
P2 /(1-p2) nNppnpp
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Categorical Data Analysis Ch. 2 Two-way contingency table

Example] & & Otdl S&0I et otAdlgl S A, (H=5)

1825:0.0174 > A DYl LMED)SL 00174 2

?1ef =SE X Odds ratio
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Sehyug Kwon, Dept. of Statistics, Hannam Univ. & 13

&

Il http://wolfpack.hnu.ac.kr i



Categorical Data Analysis Ch. 2 Two-way contingency table

Relative risk 2 Odds ratio

Odds ratio=Relative riskx(l_”m)
1—7[111
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Categorical Data Analysis Ch. 2 Two-way contingency table

IHOMEWORK#2-1] Theorem2-1, Theorem2-2, Property2-12 SHGIAIL. =

HOMEWORK#2-2] T2 ZAF 23t Uioll €6HAI2. [Clogg and Shockey 1988]

A M= iy
X
z)s=y =c e
&y 784 236
gHCH 311 66
1) BISEHA2 SYHAI LA H5IAIL.
2) & Bl AAMZS HIE X0l 2 2Adh 2HOIAL. [R2+=F=5%]
3) Relative risk =& XIE ot oHA&GHAIL
4) Odds ratio =HXIE Fot12 SHATHAIL
5) Oddsratio £ 0/26t0 & B4l M2 SEOIX HAEHGIAIL. [R24=F=5%]

[HOMEWORK#2-1] Theorem2-1, Theorem2-2, Property2-12 S HoIAI 2.

HOMEWORK#2-2] Ct&2 ZAF Z23H0 Uloll €6HAI2. [Clogg and Shockey 1988]

A HE o
e 784 236
B Cf 311 66

7) & B0 HaAHE HIS FZAGHAI 2. [= 2l == E=5%)]
8) Relative risk =& XIE ot oHACIAIL
9) Odds ratio =& Xl Sl & BHAI 2

X AEGAIL. [R2l4Z==5%)

HOIXI 14 2 OlH ™H7Z retrospective study(look into the past)2t (OIS case-control
APt S StCt) oSt=0l 0l B2 Bt W9 =¥ FX(marginal dist))t =AM UL
-'I'- Sehyug Kwon, Dept. of Statistics, Hannam Univ. &
HAN
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Ch. 2 Two-way contingency table

Categorical Data Analysis
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Ch. 2 Two-way contingency table

Categorical Data Analysis
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Categorical Data Analysis Ch. 2 Two-way contingency table

Pearson Chi-square Statistic (2-2& SH )

IS (II0Z) Z2-SHZ0l2t 5t3 E=o 3710 38 2AH02 42 (R E=(r-1)(c-
1) 2Z= O2CH

2
T:zﬁﬁéiLmZ%m:@—m

i=nzi, n=E SN 2, 5=AR0ME SN | BRI 29 ity &5,
02192 E & It BlEolck,

f(x)0.15

10 20 30 40

Ol Kl 1: Mendel &) & Y=
POl CHSE =D MlHl= Mendel 2 S& =0 28 H0ICH 2 AT &2

=H o

=)
0T

L gt 75%,

=5 25%ct= 0|22 Aa HEE 20tEJ| S0t n=8023 2 X AISIHCELI 6022 I}
L gtA 2001 0] =S A0|ULCH.
I =
2= 8lE 6022 2001
o =& 0.75 0.25
Sehyug Kwon, Dept. of Statistics, Hannam Univ. &

&
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Categorical Data Analysis

Ch. 2 Two-way contingency table

6017.3 2005.8
2 2 2
smeye 7oy OQ-EDT _ (6022-60173)° (2001-20058)°
i E; 6017.3 2005.8
JI2tX x?(df =12 =0.05)=3.84 B[} OS2 HRItA THEA.
Gl 2: E K&t oo 2XE GE=D1?
» =]
population: f(x)?
T2t C. C C Ci Cs Cs C; GCg
2= O 0O 04 O Os O O7 Og
SEHS B2EIL f(x)? (U EREE) LGENN?
Sehyug Kwon, Dept. of Statistics, HannarT Univ. & 10
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Categorical Data Analysis

Ch. 2 Two-way contingency table

-2t Ci C C Ci GC GCs C; GCg
JIth &= E. E, E; E, Es Es E; Eg
2 2EIt 436 LS 2EL SLGICHH...
2= T2 (observed frequency) JIl === (expected frequency) Hl=8st gt Z10|LCt.
k 2
2(0; —-E;)
AHENH S (test statistics) ? T ==L = ~ 7%(df =k—c-1) c=2= =X M=
i
012 y2- Hetd 24F 2dolet st
CllKI 3: =AL OIlAI
FAMRZ AHLE otdD) FAMRE StLE MG 0 FAR 2 HOl U2 80| sL&HK
(fair) ZO0t2D| 2ot A& S otJIZ2 OIALE FAIRIE 1,000 81 G H OS 200t LI2CH
=32 1 2 3 4 5 6
Bl& 150 160 165 155 170 200
e AR A4 =30 U= EE2 B5F 16 =2 2L
X=FA2 == 2> f(x)=1/6 forx=12,...6

e UEIHd: 2 =301 U= &80l 25 162 OtLICH

FAMR 23 X= ARIMNE 28 2E f(x)E =X 2=04
- HESAHE

=3 1 2 3 4 5 6

2= BT () 150 160 165 155 170 200
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Categorical Data Analysis Ch. 2 Two-way contingency table

JIL BI=(Ep) 166.7 | 166.7 | 166.7 | 166.7 | 166.7 | 166.7

IIth B ASIL0l RTHS IHE BHIA HAHEHCH

sy

2 2 2
. sxeye 7. (150-1667)7 (160-1667)%  (200-166.7)
166.7 166.7 166.7

=9.49~ y2(df =6-1)

« ZE&: p-a20l 0091 0122 ARIHES JIZ6HX
R &Lt FARI= fair GHCH CHE SHUAM £
& A

& SHHE9.49)01 S2A+E 5%2
(critical value) 11.07 ECI ez LRI}

JI2tok Kl R &tCh.

nx

Ol Xl 4: Binomial Distribution

HIZH0l NS ntl SEXOR ABUS HS XS 82

o
tol
ol

w2t e

f(x):[:Jpx(l— p)"* forx=0,1,..,n => Binomial (n, p)
B E(X)=np, 4 V(X)=npl-p)

g4 =4 HIE01 0.5 1K 20t2I| <?Iot0d OL0IS0l 3 HOl 1,000 Jt7E Haez it

Ot0l12] =5 XAl ThS HEE Z UL

r
-
=
=
1
o
=
N
w

gE 100 350 400 150

« ARIt4: &KX Ot0l ==

rr

018t 2% (n=3, p=0.52 =L

3
X=£t X 00] & D f(x)=[ )(O.S)X(l-O.S)B‘X for x=01,2,3
X

Sehyug Kwon, Dept. of Statistics, Hannam Univ. &

&
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Ch. 2 Two-way contingency table

Categorical Data Analysis

Ju

21

02

i
IH

%0
I

el

HE Dt

a

n0

o
RO
A0

o
o [Te]
© 18 |2 |5
o
s |2 |
~ g |2 |
o
Lo
o [Te]
8|2 |5
o
[Te]
o Te]
° s |2 |9
o
~— ~—~~
N o) ui
N—r N—r
o | |
S ol o | o)
R g |O
J0 A NN

Cth.

i0J

FOILAL Hl&F

JITH

J(o.5)1(1-0.5)3 =0.375

3
1

(

=1)=

f(x

0.125 ,

J(O.5)0(1—0.5)3

:

=0)=

f(x

133~ y2(df =4-1)

(150-125)2
125

+...+

(100-125)2

0 OICt.

IUALBZ ¢c=

[e)
LS

25 FHoX

o

(G
ld

A

SAE gt 13.3 0

H X
==

0L
0

—_

ioJ
Al

© p-2t0l 0.004 0|22 ALIEES I

7.82 20 A22) Od22 A 010l

Z2E

IH

0

JU
3

Ol Xl 5. Poisson Distribution

=1

7 E(X)=4 24 V(X)

-1 21X
€ A forx=012..
x!

f(x| A)

AIZHO B2 6 B2

3

S
wetd

[

o
it
Ju
%
o}
1f3]
0

n/..
0l
]
o
ol

o’
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Categorical Data Analysis

Ch. 2 Two-way contingency table

-1 0
. 1
A=np=6x1/6=1 => P(X=0|X~P0|sson(/1=1))=e é') =0.36788
Ct22 stdiign 322 Shote X2 =Jt Poisson =XZE ==Xl 02|
ot 1 S0t Xt S 3+=E 300 3| ZAGHSCH Ofel Xt=E 0l|E35t0 Poisson
EEE [t2=X BEHOIAI2L. (72 +Z==0.05)
=l NE= 0 1 2 3 4 5 6 7
2= viE 20 54 74 67 45 25 11 4
e ARIIA: 219 A== Poisson =2 2L,
e HEHIIA: Poisson 22X E 2K L=CH
28 Aol J| YIS E Rol)| /A= Poisson X2 245 (W) Z0t0F &tC.
e—l X
p(x) = , x=012K
I2 N222H 22 po =EHIES (1) 26tH 1=(0x20+1x54+K +7x4)/300=2.67
282 J|I &80 J| 8el&= CIS Poisson & X0 2o H&GHH ST
-2.67 X
e 2.67
p(x) =
x!
S XHefF 0 1 2 3 4 5 6 7
2= BlE 20 54 74 67 45 25 11 4
o =& 0.069 | 0.185| 0.247 0.22 | 0.147 | 0.078 | 0.035| 0.013
JIH BlE 20.7 55.5 74.1 66 44.1 23.4 10.5 3.9
_ 2 _ 2 _ 2
. oix syan 7o (20-207) (84-555)° L (4-39)° ..,
20.7 55.5 39
Sehyug Kwon, Dept. of Statistics, Hannam Univ. & 3
HAN
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Ch. 2 Two-way contingency table

Categorical Data Analysis

0.05)=12.59 0|22 AHRIt&E0| M D

HX = 2 (HRE=8-1-1=6, a =

ol
=]

P H22H

Z2E

Ju
OF

J

ot Il MZ0ICH

Al Rot22 A=E 0|80t =

[e]3
=

i

3+
o

ol
H
[

0
H

BAEX

Oll Xl 6.

RO

o

0
<
(@)

ol

un

wor

o)

AS
o]

U

ol

A= 0l 2foH

SIAETHY >

HELZRH

HRIHE 0l A

H
IH

o)
%0
R

=2
=

!

=
=

JItH

wl
)l
i
a
o
RO
Gt
%0
il
Rr
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Categorical Data Analysis Ch. 2 Two-way contingency table

Ct2 3l (inch) A2Jt BASRE

i

[Z22 20IAI2. (n=19)

65 69 56 62 63 57 59 62 62 59

- ¥9=7251=21 P22 E 21/6~4

e HEZRH BIEH (BIAEDY) CHSD|

(72 51-54 55-58 59-62 63-66 67-70 71-74
2= 8 1 4 5 6 2 1
oL 72t 50.5- 54.5- 58.5- 62.5- 66.5- 70.5-

54.5 58.5 62.5 66.5 70.5 745

Oz 247 OlAF P22 12 O Pr(x=54)=0 2Lt x=540} =
« JIHEE P51D] D SAS HF 22X &4 0|25l Tz

data prok;

input 1 u @@
lz=(1-621/5.19; lu=(u-62)/5.19; | H=s > HE FREZ 012

p=probnori(lu)l —probnormw\lz) :

f=p*19; T MABEDO X ol SEA
cards:
E0.5 54.5
54.5 55.5
58.5 B2.5
6Z2.5 66.5
6e.5 0.5 Iz lu
70.5 74.5 Obs P f
run; 1 0. 06036 1. 15642
2 0. 17582 3. 34058
proc print d/ i Ot oaam
var p £ 5 0. 14222 2. 70221
run: G 0. 04273 0.81179
Sehyug Kwon, Dept. of Statistics, Hannam Univ. & 25

3
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Categorical Data Analysis Ch. 2 Two-way contingency table

A(+2h 51-54 55-58 59-62 63-66 67-70 71-74
2= gE 1 4 5 6 2 1
It &E 0.06 0.18 0.29 0.27 0.14 0.04
JIt gl 1.16 3.34 5.48 5.1 2.7 0.8

2 2 2
_(-116)° (4-334°  (1-08)
1.16 3.34 0.8

1N
0

SHE: T

=0.58

o AHX: y?(df =6-1-2,0=0.05)=7.81 (y*-2LH)

« & SAHE0 YAXNED HB=Z AHRIEz2 MDD =

rr
0%
4]
Eli
H
i
a
I
]

HOMEWORK #4-1
=201 Jtal Sdel 8l B0l L &0 S2eA 20t2= &8s otd 1
wal

SHO0| fair 8HX]

HOMEWORK #4-2
S22 120 M XS0 =3 22 ZAet XA ZO0[Ch Poisson 2%
SO0IAI2.

i
a
I
K
0
00
o

Sehyug Kwon, Dept. of Statistics, Hannam Univ. &

&
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Categorical Data Analysis Ch. 2 Two-way contingency table

HOMEWORK #4-3
22 83 =% UZ0IC XA=2ELE HES 20IA2.

23 1326 290 47 32 446 11 486 773 18

338 348 766 862 262 904 112 184 243 403

/'

f(x|ﬂ)=%e”ﬂ (BR, 24)=(8 B2) SAS B4 PROBGAM (x/ 31  x

2.4.2. Independence Test
AR & Bxs M2 S"OIG. ( #j=ri7,; from P(AB)=P(A)P(B)) -1dZ2=
=}

HLIHA BHOIA 2 Ao JUEIEE By =nm,r,; (NS SN %) 010 O 2FoR

— oo -y o o

1900 Karl Pearson & y2-213& 0|®8tCt. Z=° 3J(Jt ICHHE TS0l A&t
2 2
T:z(oij_Eij) _s (nij —Ejj)

2
~ x“(df =(r-1(c-1)
ij Eij ij E

Likelihood Ratio Chi-Square

hi
I(nin, ) v
ij Njj

A= from I17;" ~Multinomial
n ij ij !
n"IIn
ij i
2 Ojj 2
G* =-2log(A) = 2% (Oj |09(E—)) ~x (df =(1-)(J -1)
i ij

 Karl Pearson Chi-square S} &1t LR Chi-square Sl &2 asymptotically equivalent &t Ct.

* Karl Pearson Chi-square SH &1t LR Chi-square SH &2 ZEHE2 HFS2 =AMl
invariant 5tCk. E=2] =N E HBIRUHE HeE ZE SHY e Btk E=U

Sehyug Kwon, Dept. of Statistics, Hannam Univ. &
Il http://wolfpack.hnu.ac.kr i
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Categorical Data Analysis Ch. 2 Two-way contingency table

Gil Xl
H AS0H OE &Y B=EZQ XU0l= A=IE LotEI| A8t A [H=]
Ay R
Very Little Moderately  Very Satisfied
Dissatisfied Dissatisfied Satisfied
<6,000 20 24 80 82
6,000~15,000 22 38 104 125
15,000~25,000 13 28 81 113
>25,000 7 18 54 92
data one;
do income=1l to 4;
do job=1 to 4
input nij BE;output:
end;
end;
cards:
20 24 &0 82
22 38 104 125
13 25 81 113
7 18 54 92
rumn;
proc freq dats=one;
weight nij:
table income*job/chisg expect;
rumn; -
AR 2H0AME OS2 20l Z2I#S ste 20l EC0h nocol SHS 2 HUEES
£20tAl Zetl= A0lL) nopercent = MEES EH0otAl Zet= AOICH
Sehyug Kwon, Dept. of Statistics, Hannam Univ. & 5
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Categorical Data Analysis Ch. 2 Two-way contingency table

lproc fregq data=one;
weight niij:
tahle income¥jobh/chisg nocol nopercent:

rumn,
incaome job
H Oij
5l = 2 2 2
IS ) _(20-141752 (24-246997  (92-781997 .
 HEZ =] Ej 14.175 24.693 78.193
o WMSE =
e e = 11 21 3 4] EE
1 o0 | 24 | a0 | &2 | o6
14,175 | 24.693 | 72.935 | 94,198
5,22 | 2ER |  &.BB | 9.0 | 22.66
9.7 | 1165 | 3883 | 2961
226 | ge.e? | 2508 | 19.90
2 | 29 | || 104 | 195 | 289
19,887 | 94.642 | 102.32 | 132.15
244 | " 422 | 1184 | 1387 | =2.08
76 | 1315 | 3599 | 4325
35,45 | 519 | 3260 | 9034
3| 19 | 28 | a1 | 13| 235
16,171 | 28.169 | 83.202 | 107.4F
144 A §.93 | 12.50 | 26.08
553 | 11.91 | 34.47 | 48.09
20,97 | 25.03 | 25899 | 27.43
1| 7 18 | £ | 2| 17
11,767 | 20.497 | B0.543 | 78,193
0.78 | e.o0| 593 10.21 | 18.98
4,09 | 1053 | 3158 | 5380
.29 | 1667 | 16.93 | 22.93
=3t ' 2 108 39 M2 ol
6.88 11,99 3541  45.73 10000
incomne + job HIOI=Hl CHEF EXE
EH = MET ol ErEaf
2
201 H| = g 119886 0.2140 |7
EEENE 9 {2033 05112
Mante|-Haenszel FI0[AIS i g RAEE  0.0020 G2
i TES 0.1154
SE N 0.1146
Same v 0. 0566
E2 37 =901
.'I'. Sehyug Kwon, Dept. of Statistics, Hannam Univ. & 9
HAN
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Categorical Data Analysis Ch. 2 Two-way contingency table

tIZI
19
U
0

2 (HEE: large sample)
UBIMOR 2t MO JIHXIDL 5 OlA0|® HEEORE 2510 42-2XE 120D
Ch. R. A. Fisher Off 2/5t8! 50/2+0] 4o Jj=JF H & 4o 20%S HX
UOH DA EHOR H2-2HE AT SCHD O DKM SAS =

£0[ LIEHCEH

iy
[
2
]

él' 5D|E|'O| A‘HO| H

= = —i

ldata one;
do incomwme=1 to 4;
do Job=1 to 4;
input nij BAE;output:

end;
end;
cards:
20 24 3 2
22 38 1
13 23 1 3
7 13 4 az
run;

lproc fregq data=one;
weight nij:

table income*job/chisq nocol nopercent;

2) ZO0ILt o olF "= 2~-3 £ ™ ZO0ILt &9 "3 5 =0ct. WE =0
HIOIXl 17 GIMIE 2™ (Moderate Satisfied + Very Satisfied)=Satisfied & & XIHLt
(15,000~25,000)+25,000 0|4t=15,000 Ol&te =z X &2 =5 =L = UL BIEA|
Ol HFE EXH EXes "HFI M2 JHEs8 UEYE £ A0t St X0l
HF0 R (SREY, d2E, 2F, ANEY, SIMF) R F e HFE &H
StLE2 orEd|ole O & &0l AT

3) Fisher 2| Exact & &€& ZHEH= AMEEHLL (FF =9])

Sehyug Kwon, Dept. of Statistics, Hannam Univ. & 0

&
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Categorical Data Analysis Ch. 2 Two-way contingency table

HOMEWORK #4-4
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io o n o 9 s = B s < T oF > © ™ 9
r T ST 2 = 3 g @ <F
T = [ o i00 ol A==
S 5 S o ~ m = 2o
Al 1o = 9 A . o =0 m mw 5z 0
zE_Ewﬁ >3 03 5 5 &% &ATI
x ™3 M = O = o 3 S -
R .mlm Ny > wxa ﬁ__a
o " om g ol X W owm o ko X o_ = OMOAT 5
U m £ . _ BaedW 7 BT o
5 " 5 A 5 g oy © B KM = i 4
a1 A 10 8 g @ om 5 o7 S wn o - M
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> mﬂ al S @ @ 0 0 o = S M X J)J
3 ol RSV —, ol o £ S om o> > 0 ~
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Categorical Data Analysis Ch. 2 Two-way contingency table

Gl &l
H AS0 OE A BEES X0l JU=SIHE LOtEIl RS =AM 2 OsSS
A ACHLD SBHAL [General Social Survey, Norusis, 1988]
A Br=EE
Very Little Moderately Very Satisfied
Dissatisfied Dissatisfied Satisfied
<6,000 20 24 80 82
6,000~15,000 22 38 104 125
15,000~25,000 13 28 81 113
>25,000 7 18 54 92
250 =8 Ha2 E2FREHN UL MY GEZE Likert EE2 AR ULEZE =
Ch =A8 =& NI0IL Bt ASE 2]otA ¥ sUE ZAtel =8 0180tH
T B2 HHE =45t ™ Logistic - OICH [LISH CHRIIZ &L

(<6,vD) &2| I 2 (6-15,LD)S JHXl 22 concordant StCH = (<6,VD)0IA 20 JH JHAI,
(6-15,LD)UIA 38 JH JHHMS & 760 JiE 25 concordant olCH 1222 (<6,vD) &9
MHeE IHey & 222 HMEd B2 012H 1 &2 25 concordant 0| Ct.

o =2

22 YHOZ Concordant 22| =5 HAGHH

C =20(38+104+125+28+81+113+18+54+92) + 24(104+125+81+113+54+92)
+80(125+113+92) + 22(28+81+113+18+54+92) + 38(81+113+54 +92)
+104(113+92) +13(18+54 + 92) + 28(54 + 92) + 81*92 =109,520

22 YUHOZ Discordant 22| £=E HAtGHH

D =24(22+13+7)+80(22+38+13+28+7+18) +...+113(7 +18+54) = 84,915

k0l 2o s AL (A5 =& a S oF =
OEXH HEE Aeot? USS DAHHE R
I, -T1d .
y=— where T1.=2& & concordant, 14 =2& &t discordant
I, +11d
o| 2t ot o‘x-l—uACD
-1<y<18 s HJ Gamma 8l FEX= 7= OICt.
C+D
Brob » =10/ 2F& A& 2H 012 X It BJtotH Y & SItetCh
QroF »=-10| 2tM&H A& ZHAHO0ILD XIF SItotH Y& 2 A8
o

Sehyug Kwon, Dept. of Statistics, Hannam Univ. & 3
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Categorical Data Analysis Ch. 2 Two-way contingency table

2x2 2EH2 &2 y= Usd 200 Yule's Q 2(0l= &J10l SHEX Quetelet = JI2lJ|

Q- 11722 ~ 712721
172 T 127 1

HOMEWORK#3 S0 [HE HEY LM HHFE XZAGH| Ploi HE A2t DX #2
Bt £ BT E X AFS X20ICH [Doll & Hill 1988]
Hl 2!
ol0l B0l H& Bt BHXt
None 7 61
<5 55 429
5-14 489 570
15-24 475 431
25-49 293 154
50+ 38 12

T =t M2 SEX ZEoHAIL. [F2+===5%]

3) Ordinal Association Measure 2!

T=% ~ 7% (df = (r-1)(c-1)
i Eij i Eij
2x2 SEH
Example(Z=5) &1 & OtHl S A0 otATI2Iel &1 (HOIXl 10) & 2429 SEA(AAO}
Hl SA0 OrAIIE 2ol It JA=IR)S Lot2= LYy 3DHK0ICH.
== Sehyug Kwon, Dept. of Statistics, Hannam Univ. & 33
NAM
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Categorical Data Analysis

Ch. 2 Two-way contingency table

1)

2)

3)

XEHE AEOH
L ra g
gt
Placebo (2 <) 189 10,845
orA Il el 104 10,933
o B8 X0l HdE(F &Y 2HIE X0l 2E: 2EEHY T=5.13, HOIX 11)
2HIE Xol0l CHst 95% &lg?2+2 (0.005, 0.011) 20I=?

Odds ratio §=1.83(A% OiH] A 250| 83% =C. HOIXl 13) Odds ratio 0l CH*
95% A2 P2t (1.44,2.33)0C}. 20l=?

22 AT ADRIMA: o Bt AT OH] B4E A2 SOICH

DRUG ATTACK
Hl T
M == || | T AL | =T
OrAm2 | 104 | 10933 | 11097
0.94 1] 93.06 |
2| o | 189 | 10845 | 11004
.71 193,29 |
=3t R k- ==
DRUG « ATTACK HIOISH CHEr SHI=
EHZ MEE ol =)
St H & | 55 0139 <0001
S EH| FHOIAIS 1 25,3720 =,

p-gt0l 0.001 2Lt O HLE=Z HRIIEES JlZot) & Ba= 2 A (association)

UCHD ZEtCH ASRIOHE0l I8 & HUES &6t AU I =ANE
™ oisotd =0 2x2 22HS 2= ofLtel & HEAER HluwotH =
otAIlel =&Xt2l Otdl BI=0] 0.94, ?IF S2X= 1.7101E2 otA Il &

-/ -/ o
SELeE ?C

of SENELE 54.9% (71 =E s 81.9% =0 S0l =X &=Ch

40

(relative risk 2t =2 6tCH Recall: 43 &0

ocoE

W Y= W= relative risk 2t odds

ratio = Hel Z2Ch

3

Sehyug Kwon, Dept. of Statistics, Hannam Univ. &
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Categorical Data Analysis Ch. 2 Two-way contingency table

DATA ONE;
Do DRUGE™S] ¢F n, wOFAT] 2w,
DO ETTACE=FUFR[ ™, 722w,
INPUT NIJ @@:OUTPUT:
END ;
END;
CARDS;
189 10845
104 10933

RUNH:;
PROC FEE(Q DATA=CNE:
WEIGHT MNIJ:
TAELE DRUG*ATTACE/CHIZQ NOCOL NOPERCENT:

RUH;
Residual
% HYME 2x2 SEHENME 2 2E ZBE relative risk HEHAN diAsts gHs
HHEUAU 0l o2 I SE2HUNAM= SItsotth. 22H2 HE SHE2 2l
tE ggs ®0l 0IXls 20l oL At LOotE= SHE2Z &X HES AMEEH
S22 &9 =& &It (adjusted residual) ot HRIE(F B=II S8) otiAMd=
HEHA2EE ECD 0. OHdB2 =& &Xe ZUE0l 2~3 S HOHLIE O &0l
HRIHEE Jl2dot=0 ¥2 Jes 0O &g = Ul

~ Normal(0,1) under Ho

JEii @ pis )AL= Py )

28t HES MXi(standardized residual)= S4t0] 1 20 &2 S2HIF U =& &X

i

>

= StCt. eij :(Oij —E”)/JE” -~ Normal(0,<1)

Example) OS2 d20 E & XX &2 X0t A=A LOot2I] AA5t0 = 980

= AL ol=g A
=4 191 47 165 403
(R 225 73 279 577
=] 416 120 444 980
4 & HilA A4 BEJE S8y dE82 st ;(2-7\:.4@% alAlo 2 Xt
Sehyug Kwon, Dept. of Statistics, Hannam Univ. & 3

&
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Categorical Data Analysis

Ch. 2 Two-way contingency table

GENDER PARTY
IR 1=-0 B .
WSS 2T (Pis |UFY | BT
Lt | 71 /18| 403
4739 | 11.66 | A0.5 |
Of & éz% | 73| 21 5
| 12,65 | [48.35 |
gt ME 120 444 980
GENDER + PARTY HIOISHl HEH SHI
EHE RE ol ZE4f
2H0] HI S 2 7.0095  |0.0301
S=Hl FOIHS B 2 7.0026  |0.0302
p-8t0l 0.03 22 0.05 2Lt HeE2z ARIE(HE Ha2k 3Y Has= Az 5€€)0!
JI2tElD AEoll et XK HY0l YRtACHD ZE WY 4 UCH D28 OfLH CHED}?
0l @S 50 o HMEZ 20 SCf 249 A2 25Y XNXS0l I =D 0142
AL 0xg XXS0l =0HD U518 =0,
oiot 9jo] AYES 8 HAME JHEO0| OfLI2 & XX HEOA SHASIH 2 X,
(18,12)° &8 & gt 191-171 =2.62
J171(1-416/980)(1—403/980)
18,22)0 48 D 2 47-49.3 046
J49.3(1-120/ 980)(1— 403/ 980)
2o yyoz N5
231e fA= olzxg
191 47 165
Lt A
(2.62) (-0.46) (-2.29)
225 73 279
04/\‘1
(-2.62) (-0.46) (2.29)
-'I'- Sehyug Kwon, Dept. of Statistics, Hannam Univ. & 36
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Categorical Data Analysis

Ch. 2 Two-way contingency table

A

of 2 XXl 04 X0l [HOIX 32]

RENDER PAATY
Bz
#WEE|2as (UFY | S
Lt | 471 15| 212
2217 | 7783 |
= = A8 e 24  vs
[ & 7 2@ | 352 )
20,74 | 79.26 | ol=gt XXl X0l= QiCt.
=3t 120 444 &G4
GENDER + PARTY HIDIS0 CHE SHZ
EH AMEE of EEgf
St HI & | 0.1618  0.6875
S| IS 1 0.1612 0.6881
GENDER + PARTY MFHE \
Ay OoE =23
GENDER PARTY Ul W= =mear v
H23E2 X0l= &MatD
T
M MHES|ESEE |RESY EY S0 SSY XX HIE0l =0
8T |
Lt 19| 212 | 403
47.59 | 52.61 | =7.0026 (I 0] Xl 33)
[ 4 205, w2 | BT
38.93 | 61.01 |
£5t 16 =
GENDER + PARTY HIDISHl CHEH SHI
SN MEEZ of g
FH0IHI & | 5.8528 / 0.0089
2oH| HORE 1 5.8414/ 0.0089
33 28T
HOMEWORK #5-2
Homework #5-1 O 3x3 2 HE 9|9 20| 285t 2t sub 2T ol ,° AXS
A AIGHLD SHABHAI L. [Gallagher et al. 1987]
w  Sehyug Kwon, Dept. of Statistics, Hannam Univ. & 33
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Categorical Data Analysis Ch. 2 Two-way contingency table

2.4.3. More on Linear Association
B X, Y 25 =48 H01H 1 HaS2E A8 2HE (linear association) 0| E0tN
£9| =& 4 (independence €=>2}|) =4
(Se8=+, X)2 85 )| =22 FE
= (BtSB=, Y) 88 2

2t OfAL & &S JHE X0IJt 3

£ 0/&8dl0 & g=x=2t2 JIs a2H=+=E FotH UsSHh

~

In

il
al

o (%
e A -|
rE N

b B

=
=
£ "3t &tk 0

07 oA
ol

Ct. OIZ Pearson cross

2 UjVjnjj — (ZU n|+)(ZV ngj)/n

(Zuini;)? (Zvinj)?
[ZU.Znn—i][ZV nj-——1]

i ! n

n=2 #2292 & 3AJIE 208t

Pearson &f2t Al
EMot=0l ol= £
Cramers V, & H=Jt 1 OIOIC. &= AH=2
Square (M-H) 2& SEH20l2t 22l= M20l 26 AAISHCY

M 2 :(n—l)r2 ~;(2(df =1) when nis large.

Examplel & AS0 & &Y HFE2 X0l= A= [CIM HIS]
M DHET
Very Little Moderately Very Satisfied
Dissatisfied Dissatisfied Satisfied

<6,000 20 24 80 82
6,000~15,000 22 38 104 125
15,000~25,000 13 28 81 113
>25,000 7 18 54 92
DATA ONE;

DO INCOME=1 TO 4;

DO JOB=1 TO 4;

INPUT NIJQ@;OUTPUT;

END;

END;

Sehyug Kwon, Dept. of Statistics, Hannam Univ. & 30
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Categorical Data Analysis

CARDS;

82

80
104
81
54

24

20

125
113
92

38

22
13

28

18

’

RUN;

’

PROC FREQ DATA=ONE;

WEIGHT NIJ;

TABLE INCOME*JOB /CHISQ MEASURES CL NOPERCENT NOCOL;

JOB

| HEOME

L

o fup] Lo —
Bogoomoog ok
0 1

Cde [ LOWD | 0900 | G
00D | G | —O | R
m o o] o
& = = 9]
oM | =m | = | =
o [ o | oo | LD
ool W =t —_
] ] o ]
L0 [ oW | 00— | 0000
CJD | e | G | — O
—_ o —_ =
Tl O— |t | EA0D | -
Sl | BdiD | — O ]
far] - Lo =t

(HOm | — o o =t

TJIH
Ir
E0

a01

Nz

319

108

=¥

.

Bl
o

Ml CHet EHFE

=
AR

IMCOME + JOB H(O|

=)o =
= |— vl
—— ]
[N -
[ | —
0 @ L0 =1 O o
00 L0 LC) L0 = 00
00 =g — — 0
mau]——>0
— oo co S
01—
M1
=
3
M
BN
= I
7= o
— g
ﬂum ==
T H<k
Eam%%ﬂ
F= D a .rm
m0F=1=IHT

Ot Z1 = Pearson

| s2e

s

o

Measures & & 0f

HAN S
(===

i

& Chi-square &3&

FOFO O
AN — —

O
s

X

e
ol

Ok

JJ
=
fall

RO
Al

o)
oF

o
%0
A0
R

4

ol
<
Bl

Uk

Ju

]

02

=

ol
i00

0l

ur
<

JJ

A

o)
oF

i
)]

.

)
<0

9]

o

Uk
0

RO
n0

=4
ol
]

ol

J

GtLY.

g i &8 Jis

+ RE =AY

=

o
e

ol
x
[

el
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Categorical Data Analysis

Ch. 2 Two-way contingency table

95%
== o HSEFEZI ]
=rat 0.5313 0. 0935 0.3480 0.7146
Kendal 12] EFF - 0.3373 0. 0642 0.2114 0. 4631
Stuart EtF-c 0.4 0, ovas 0, 2e47 0.5E75
Somers D C|R 0. 26569 0.0499 0.1532 0. 3547
Somers D RIC Q. 4427 o, oey 0, 27ee 0. 6068
Pearson &F2hd| 4 0,376 0.0714 0.2378 0.5175
Spearman &F2by| 0. 37 0,078 0. 2363 0.5178
W2k gtA oo FAHESE HOIX 17 2 y (Gamma)ll |AEE A2z F =ANH
Bix2t0 HE Z2HE HEol= SHZOICH (Concordant, Discordant) HOIXl 17 2
Gamma g{(0.127)t 12 Z0iot LXIoHK &= A2 =38 UE Hat SAS AZoHRDI
H20ICH =&Y s Qs QOL|I SAS &8 ZIE 0|=26t0 oHAotH =,
In SAS, C= ZZ”.J(Z XN +X XNg), Z IJ(Z XN+ X Xng)
ij k>il> j k<il<j j k<il> ] k>il<j
48 HtRdH
=ME B0 H+E RO0ols A2 O FAHOILE S22t (equal-distance) &0l
(OIZ monotonic score ¢t &) #E SHES gt2 Hothl %282 & =HMe 8t =228
2t HFo| 45 S2UHCZ okl ¥20 HEHKIL,
IHCOME JOB
gz
#H MEE| 101 201 30| ol =g
0| 20| ea| _eo| & | 26
Il a7 | M"MeRl "ae3l =38 |
INCOME + JOB OISl (HEF EAE
== ARE ol EHE gl
FH0IHI S 9 11,9886 0.2140
FTH| FHOIHIS 9 12,0365 0.211e
Wante|-Haenszel 2t0IHIS i 9.5455 | 0.0020
ool Hl = 0.1154
TE Y= 0.1146
SHHE v 0, 0EEE
Cochran Armitage Trend
BtS BiD0F 0l (binary : Ol 83/EE) H40110 89 I =M ZER £9 B
HEo 0|0 et BtE¥ =2 HIE0l HEH Bot=Xl LotE= A0 2E SHHE2
Ct2t 2Lt
w  Sehyug Kwon, Dept. of Statistics, Hannam Univ. & 1
HAN
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Categorical Data Analysis

Ch. 2 Two-way contingency table

Row scores :
R . Rl':E.ﬂk-+(ﬂ§-+l)/z i=12,...,R
,_El'”'il (Ri _R) Z zColumn 2COTES : F
= = S = . - ) s
\/W where £ i Cl _lgjn.;+(n.3+l)/2 i=L12,...,C
DATA PAIN;
INPUT DOSE ADVERSE $ COUNT @@;
CARDS;
0 NO 26 0 YES 6
1 NO 26 1 YES 7
2 NO 23 2 YES 9
3 NO 18 3 YES 14
4 NO 9 4 YES 23
PROC FREQ DATA=PAIN;
WEIGHT COUNT;
TABLES DOSE*ADVERSE /TREND CHISQ NOPERCENT NOCOL;
RUN;
=
H MEE=|Ho [Yes | £
0| o6 | B | 32
81.25 | 18.75
= : oto| ==aK0, 1,2, 3, 4)0 O
1 o6 7 73 ( )
Ta. 1 21,21 SXZ(No:gS/Yes: US)2
2 | 23 | g | | xol= AEE 2Ho/C
71.88 | 28.13
3| 18 | 14 | 32
56,25 | 43.75
1| g | 73 | 32
28.13 | 71.88
=3t e 5 161
Doze + Adverse HIOI=MH HEF EHE
EHZ MEEZ of EEaf
210l M= 4 PE.EDPS  <.00010
ScH| FHOIRIE 1 PE.EEES  <.0001
Mante|-Haenszel FHOIHIS 1 22 8188 <, 000
S 0. 4065
SE A 0. 3766
ERhEN 0. 4065

Cochran-&rmitage

FHUE A3

ENIEt (Z)
“t= Pr < 7
L= pro= |Z]

-4.7915
<. 0001
<. 0001

HIE2l ZAl(trend) =& dI
=olotl S SHE =
INEe=z

SOt =

&2 HIZ(NolYes)2
18k0| UL

= X
=l
|
S

£

N

Il http://wolfpack.hnu.ac.kr i

L] Sehyug Kwon, Dept. of Statistics, Hannam Univ.
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Categorical Data Analysis

HOMEWORK #5-3

)
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Categorical Data Analysis

Fisher’s exact test

g <+ 2 ol ol
S © ml o
g w5 ur <
ET g &
LN
H o g &3
o 2 B
W = ol —
W_EEE_E:TME =
Kb o o - S Ll
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ol
H
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il
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K-
0

ol

<+
il
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w
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il
4

0

ol

Ha X 29 BHE 2 A (n+1—n11):n21

[=1=]
=)

ol

=

N11

o3
<+
ol
<

i

1

9]

oI

o
oF

o
R0
n0
X0
D
r

et 28)2 2

2= AX0

HRIEQ

ol
o
<0

H

U
o

00

o)

i

Examplel A &= £E0| 0.60|ct

ol
<N

0l
RO

=
e

10422 EASHIAGE LI AJF 481 OIZCH A2

s HRIE:A

4

ar

n0

o
RO
A0

oll

ol

oll
%0
A0

HOIl A

¢}

HRItE

Pr(X <4| X ~ Binomial(10,0.6)) :

p-at2 FolEX. p-value

o CH&!

RO
KIr

0.16624 In SAS, p=PROBBNML(0.6,10,4)

Pr(X <4| X ~ B(10,0.6))

e p-value

Sehyug Kwon, Dept. of Statistics, Hannam Univ.
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Categorical Data Analysis

0l 0.6 Ol

A=
S =

A2

=2
=

Fisher's Tea Drinker Ol Xl

2 SO0tJHAt.

=)

3

2
S

=

RO

A
[=]

o)

o

J
33
il
=

-

[w]

L]
=

J

4

5
.mv. < < | ©
T
= “ oM<
Ok
O_l (90] — <t

Hr

K OF [

_lor R| 2
= —
<

SERLE

N2 Sgo0ICh aM e
HOb QUL (0

| AEHSL

=1)

H
BA

-
2

Ol

2 aXul X

KIr
KF

Ct. (6>1)

&t

=
—

i
ioll
4

ol

B
B
<

a

n0

W .
R O
0 33

0.243

0.229+0.014 =

Pr(nll > 3| Nyp ~ HG(8,4,4, nll)) =

p —value

s p-8l:

ol
&0

ioll

ol
KO
KF

JJ
o
3

NI

JJ

SN O

DATA ONE;

0l
i

2
=

INPUT TEA $ GUESS $ NIJ @Q@Q;

CARDS;

MM3MT1TMI1TTS3

’

RUN;

PROC FREQ DATA=ONE;

WEIGHT NIJ;

TABLE TEA*GUESS/EXACT NOCOL NOPERCENT;

RUN;

Sehyug Kwon, Dept. of Statistics, Hannam Univ.
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Categorical Data Analysis Ch. 2 Two-way contingency table

Fisher2| H= 2H

0

(1,17 & Bk (F) d
atet=E pgt Pro== 0.9857
HEEE pgt Pro==F 0.2429
BOIE B (P 0B T Ly
Z=E paf Pr==F 0, 4557 ——
Comments
1)Randomization Test: |2/ 0.05 A J/ZE2 HEH HZFEONOF ot=J1? 0 22
(1,1) A9 BIE=IF L0F OlA0l LW HRIEE J|2aloF otedtet 20 (1,1) &0l
4 JF L2 EE2 0.014 0ICH 022 4 JF LQ® J|28tCtD 6t OtR K9 ==

ol
2

0.05 JF CtEICH BHeF (1,1) &0l 3 0[&(3 1 4)01 LY AHRIES I8t
0243 2% 0.05 € =0 OHYH HEet ol 228 JHE0l Randomization O Ct.
(1,1)201 4 It ULYH AHARIEES X224 J|Zotl 3 0l L2E 0157 2 &E=2
HRIOEE J126tH 0 0.157 S8 JHAG? H==HE 0|80t 3 X2l ¥ =5
&=CF 0l 8t0l 0.157 ECF #2H AHRD 2| = .
Pr(rejectHO)—E(Pr(reJectHo)Inll) 0.014+0.157x0.229=0.05

(1,1) 22 3210t (2,12 &2 IJI20 MW p-gS A M (1,1) &2 g%
0l5tel 22 SES [ HotH ECh = UE JtE2 0<10ICH #18 SAS ES0AM dteH=
p-at0l oHE. p-value=Pr(ny; <3|nyy ~ HG(8,4,4,ny1)) =0.9857

3) Exact Test € IxJ TEHUHE =UHZJUCH [AAS i8S M) S

= AS Ol Al Exact &=
MH |x] SEHE0 CHSt Exact Test 28 ZUE SHSICH &8 2= Z 10

&= JE Zue

Z 2 5tCt. [SAS = Mehta and Patel (1983) 2| network algorithm At£] Mehta, C.R. and Patel,

o

N.R. (1983), "A Network Algorithm for Performing Fisher's Exact Test in rxc Contingency

Tables," Journal of the American Statistical Association, 78, 427-434.

Sehyug Kwon, Dept. of Statistics, Hannam Univ. & 46
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Categorical Data Analysis Ch. 2 Two-way contingency table

HOMEWORK #6-1

82 g EFEY g, gAd U2)2 =L X229 2HE LOHEDX EZALS
Xt = 0| Ct. [Mandenhall et.al (1984)]
2 Xz
PN=A= 1= ves NO
2 Bt 21 2
gk AbA 15 3
o =2 JHIAGHA p-3t2 FGHAIRL.
s RO+F 0.05 U A JI2HEES oA,
* SAS E 0|25t Fisher Exacttest £ & Alot ZWE HAGHAI2.

HOMEWORK #6-2
Homework #-3-1 XS 0lAM SAS E 0l26t0d Exact TestE & Aot ZE HAGHAIL.

Sehyug Kwon, Dept. of Statistics, Hannam Univ. & 47
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