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& Significant vs. Important

@ % T g # (Statistically Significant) vs. & %5 8 # (Practically Significant)

e.g. Hy:u=170 vs.H, : u#170

X —-170 \/—X 170

= o/in (3o =5)

Casel: n=4,X=174 = Z=1.6

Test Statistic:

Case2: n=100, X =171 = Z =2



€ PROC TTEST

PROC TTEST DATA=onesample HO=170;
VAR x;

PROC TTEST DATA=paired;
PAIRED pre*post;

PROC TTEST DATA=twosample;
CLASS smoke;

VAR bwt ;
T-Tests
Variable Me thod Variances DF t Value Pr > Itl
bwt Pooled Equal 187 2.63 0.0092
bwt Satterthwaite Unequal 170 2.71 0.0074
Equality of Variances
Variable Me thod Num DF Den DF F Value Pr > F
bwt Folded F 114 73 1.30 0.2290
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PROC REG

MLA'N j);%
Body Fat Data (p.261, Neter et al. (1996))
X, : triceps skinfold thickness;

X, : thigh circumference
X, : midarm circumference;
y : body fat

DATA bodvfat:
INPUT x1 x2 x3 vy;

CARDS:
19.5 43.1 29.1 11.9
2477 49.8 28.2 22.8
30.7 51.9 37.0 18.7
20.8 54.3 31.1 20.1
19.1 42.2 30.9 12.9
25.6 53.9 23.7 21.7
31.4 58.5 27.6 27.1
27.9 52.1 30.6 25.4
22.1 49.9 23.2 21.3
25.5 53.5 24.8 19.3
31.1 56.6 30.0 25.4
30.4 56.7 28.3 27.2
18.7 46.5 23.0 11.7
19.7 44.2 28.6 17.8
14.6 42.7 21.3 12.8
29.5 54.4 30.1 23.9
27.7 55.3 25.7 22.6
30.2 58.6 24.6 25.4
22.77 48.2 27.1 14.8

2 51.0 27.5 21.1



PROC PLOT DATA=bodvfat VPERCENT=50 HPERCENT=33;
PLOT v*(x1 x2 x3):
PLOT x1*(x2 x3) x2*x3;

PROC CORR DATA=bodyfat NOSIMPLE;

PROC REG DATA=bodyfat;
MODEL v=x1:
MODEL v=x2:
MODEL v=x3:
MODEL y=x1 x2 x3/STB;

RUN;



The SAS System

=2, etc.

A=1,

y*x3.

A=1, B=2, etc.

y*x2.

A=1, B=2, etc.

y*x1.
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=2, etc.

A=1,

X2*x3.

A=1, B=2, etc.

x1*x3.

A=1, B=2, etc.

x1*x2.
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x1

X2

x3

4 Variables:

Pearson Correlation Coefficients, N = 20

x1

The SAS System
The CORR Procedure

X2

x3

Prob > Irl under HO: Rho=0

x1
1.00000
0.92384
<.0001

0.45778
0.0424

0.84327
<.0001

X2

0.92384
<.0001

1.00000
0.08467
0.7227

0.87809
<.0001

x3

0.45778
0.0424

0.08467
0.7227

1.00000

0.14244
0.5491

y

y

0.84327
<.0001

0.87809
<.0001

0.14244
0.5491

1.00000



Source DF
Model 1
Error 18
Corrected Total 19
Root MSE
Dependent Mean
Coeff Var

Sum of
Squares

352.26980
143.11970
495.38950

2.81977
20.19500
13.96271

Parameter
Variable DF Estimate
Intercept 1 -1.49610
x1 1 0.85719

The SAS System
The REG Procedure
Model: MODEL1
Dependent Variable: vy

Analysis of Variance

Parameter Estimates

Mean
Square F Value Pr > F
352.26980 44 .30 <.0001
7.95109
R-Square 0.7111
Adj R-Sq 0.6950
Standard
Error t Value Pr > It
3.31923 -0.45 0.6576
0.12878 6.66 <.0001



Source DF
Model 1
Error 18
Corrected Total 19
Root MSE
Dependent Mean
Coeff Var

Sum of
Squares

381.96582
113.42368
495.38950

2.51024
20.19500
12.43002

Parameter
Variable DF Estimate
Intercept 1 -23.63449
X2 1 0.85655

The SAS System
The REG Procedure
Model: MODEL1
Dependent Variable: vy

Analysis of Variance

Parameter Estimates

Mean
Square F Value Pr > F
381.96582 60.62 <.0001
6.30132
R-Square 0.7710
Adj R-Sq 0.7583
Standard
Error t Value Pr > It
5.65741 -4.18 0.0006
0.11002 7.79 <.0001



The SAS System
The REG Procedure
Model: MODEL1
Dependent Variable: vy

Analysis of Variance

Sum of Mean

Source DF Squares Square F Value Pr > F
Model 1 10.05160 10.05160 0.37 0.5491
Error 18 485.33790 26.96322
Corrected Total 19 495.38950

Root MSE 5.19261 R-Square 0.0203

Dependent Mean 20.19500 Adj R-Sq -0.0341

Coeff Var 25.71236

Parameter Estimates

Parameter Standard
Variable DF Estimate Error t Value Pr > It
Intercept 1 14.68678 9.09593 1.61 0.1238
x3 1 0.19943 0.32663 0.61 0.5491



The SAS System
The REG Procedure
Model: MODEL1
Dependent Variable: vy

Analysis of Variance

Sum of Mean
Source DF Squares Square F Value
Model 3 396.98461 132.32820 21.52
Error 16 08.40489 6.15031
Corrected Total 19 495.38950
Root MSE 2.47998 R-Square 0.8014
Dependent Mean 20.19500 Adj R-Sq 0.7641
Coeff Var 12.28017
Parameter Estimates
Parameter Standard
Variable DF Estimate Error t Value Pr > Itl
Intercept 1 117.08469 99.78240 1.17 0.2578
x1 1 4.33409 3.01551 1.44 0.1699
x2 1 -2.85685 2.58202 -1.11 0.2849
x3 1 -2.18606 1.59550 -1.37 0.1896

10

Pr > F

<.0001

Standardized

Estimate

0
4.26370
-2.92870
-1.56142



A 4k R 3

A 7 B R? adj — R? JMSE
X 0.7111 0.6950 2.81977
X, 0.7710 0.7583 2.51024
X 0.0203 ~0.0341 5.19261
X1, Xy, X3 0.8014 0.7641 2.47998
WAz 8 H b, b, b,
y 0.85719
: (0.12878)
y 0.85655
? (0.11002)
X 0.19943
’ (0.32663)
NV 4.33409 —2.85685  —2.18606
27207 (3.01551)  (2.58202)  (1.59550)

1o [E] 4 ] R

() TRl "B e 2 B o - (B2 E A 2 B e 41 —

]

b

v

) H—EZ2YE " HEE ) MR WA AFECEF R BRI ET?

(3) adj— R* < 0 {7 & 22

11

B 7



A (a) o fTRERE B,
BA DY ~N(yy, o) » FF 4, =ty (X5e s X)) = By + BX 04 BUX)

B = by (Koo X s X 1% 5 ) Sy (Kpseves X I’Xk’xk+l9""xp)
=By + BX + -+ Lo X +ﬂk(xk + D+ S X + o+ BXy)

~(By + BX + o+ B X + BX  BeaXiea + oo+ BoXy)
(b) B ztg
Hy: B8, =0 vs. H:8,#0
B Hyipy =B+ BX e+ BoXr + BXea ++ BoX,

vs. Hytpy =G+ BX+-+ BoXe + B+ BX T+ BpXy

mEMTE = °
R ER (1-a/2;n—p-1) - BIZEHH,

BE ST EEEFXHMEME "EE, BY AR

& %‘m
Ay Ay ek
e

THZE GITEREFXRTCEE "EE, 2Y -

~

12



SSR(x1,x2)-SSR(x1|x2)-SSR(x2|x1) _

SSR(x2[x1)

SSR(x1,x2)-SSR(x1|x2)-SSR(x2|x1)
SSR(x2|x1)

13



() Hy:B=--=4,=0 vs. H: not H
(< Hyip =5, vs. Hl:/'lY:ﬂ0+ﬂlxl+ﬂ2x2+'”+ﬂpxp)
+EETR—ME "HAEE | #F(goodness-of-fit test)

(d) O mRER R - B p RAE

n—-1 SSE n-—1

n—p—lSSTO: n—-p-1

adj—R>=1- (1-R*)<0

SSE/(n-p-1)_,__ MSE

adj —R*«~>MSE, -radj—R>=1- o
© : ) SSTO/n—-1 SSTO/n—-1

(e) R* vs. MSE

O R == R SSE = XY V) = 0~ by X, b))

& MSE =67

14



(O BAAATRRFARY  ETRAREEX ~ X, ~ EHAHYHDZE -

Bz 8 MSE Yi s(9n)
X, 7.95 19.93 0.632

X(\ X, 6.47 19.36 0.624

X(5 Xy 5 Xs 6.15 19.19 0.621

}1:‘:]:)(1 =25,%X,=50, X, =29 > 7 B
¥, =b, +bx, +b,x, +b,x, =b, +25b, +50b, + 29D,

HE

A X, =2% > Aly=3+4x,+X,
=3+ 2X, +2X,
=3+  +3X,
=3-2X, +4X,

T eee O

BT BRRA Y WEAEAFT R Eex fmxWRETUHEERSET FA
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Body Fat Data

R R? adj — R? JMSE
X 0.7111 0.6950 2.81977
X, 0.7710 0.7583 2.51024
X 0.0203 —0.0341 5.19261
Xy5 Xy 0.7781 0.7519 2.54317
X5 X3 0.7862 0.7610 2.49628
X35 X3 0.7757 0.7493 2.55653
X1 X5, X3 0.8014 0.7641 2.47998
ARz B b, b, b,
X, 0.85719
X, 0.85655
X 0.19943
X1, X, 0.22235 0.65942
Xp5 X3 1.00058 —0.43144
Xy, X3 0.85088 0.09603
X5 X5, X3 4.33409 —2.85685 —2.18606
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PROC LOGISTIC
© HKHiBEREERBEHD
* 2% M 1 B A% A (Linear Regression Models)
Y =ty (X, X,) + €
B AR
1Y 378 % — & %5 A % B (continuous variable)
2.0, (X5 X)) = By + X+ 4 BX,
3.6~iidN(0,0%)
(i1.i.d.—identically and independently distributed)
(Fft&E)
Xp- o> Xp BT DL 2 A A 4 B4 VT DL B B R 4 Bi(discrete variable) -
— % 2 Y4 M (analysis of variance)—X,..., X & 3 # & B B R 2 8 -
— 3£ % B 34 #t (analysis of covariance)—X,,,.. LX) B AR > I ABREL

A o

17



% k3B : HH4% 1 > Hosmer and Lemeshow(1989) o
2L - ID(F )
LOWH A A WBERX THE 0 REBEARER 25002 1 K&H#
2\ 2500¢)
AGE(E #7 H 4 42)
IWT(ERREHHEE - B A5
RACE(AfE ; 1= A > 2=E A » 3=31th)
SMOKE(E #EREBREF T HE 5 0=F > 1=%)
PTL(R E4L4% : =% F > 1=1 K " 2=2 K » %)
HTGE SR e B Ui &  0=F - 1=#)
UT(REHRERFEMR 5 0=F > 1=8)
FIVUEZ B =18 A WA E ER K 0= F > 1=1 k> 2=2 Kk » %)
BWT(# £ R E - ELAHAT)
BRAE 189 EH A L EH

18



(1) B % 14 #% % 4 & (Simple Linear Probability Model) : P(Y =1]|X)= £, + B,
4Y =LOW > X =LWT
— P(LOW =1)=0.6467 — 0.0026LWT
—HRCEE AMLIWE ERBEEHNEESE M HARNEERE
B AR 0.26 E H 4B -
— WA R THER ?
Oz £ B R A LWT iy B8
@7 £ Ik F AT
= A8 [ 4 A U 3 s 7T AL AR T IE 5

19



Predicted low
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| ow = 0. 6467 -0. 0026 | W
1 o+ + HHHH A ++ A+ ++ = N

Rsq
Adj Rsq
0. 0236

0. 4591

low

<H,
+‘H+++
+'|'H+
0.27 + +
'H##
t+
+
+ + .
0. 01__t t +HHHHHHHHHH Y+t HE + + + + + + +
T T T T T T T T T T
80 100 120 140 160 180 200 220 240 260

v
Aot T 17T lowlw T+ REDIw
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low= 0.6467 -0. 0026 | w

Residual

1. O

++

[ 75 5 - B bbby da

+
4+
+

-0. 27 -H'H'+

~0. 47 ;1

-0.67

80 100 120 140 160 180 200 220 240 260
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WA E  ERET RIS B -
o ] {4 2
QM P(Y = 1] ) 48 H x iy
QHMBAP(Y =1|x) =4, +AXTiE * 0<P(Y =1|x) <1 » &, +BxXeR -

0 (7] Y 3 35 B R K
0<P(Y =1|x)<1

L Pr=1]%
1-P(Y =1|x)

PO =110 _ g
1-P(Y =1|x)

= log

22



(Ft3E)

Lodds(ik Bt ~ BB ~ 18 #) K logit

PY =1]x) _ P(Y =1]x)
1-P(Y =1|x) P(Y =0|X)

logit(Y | X) = log(odds(Y =1]x))
P(Y =1|x)
1-P(Y =1]x)
o PO =1
P(Y =0|x)

odds(Y =1|x)=

Bl 2 {40 & > 60 F A}

P(EYE) _P(HIE) _06_ 3.
—P(F}%) P(E%) 04 2

= P($1%)=0.6 > odds(p}2)=
U BAFTERLAIR 60% ; BBl REIL2 FARLAN
1.5 /% » 3% B 4 Wyodds (R B Hb) £ 1.5

POY=1) P(Y=1

2.(a) odds(Y =1)= 1-P(Y =1) P(Y =0)

odds(Y =1) e

b) P(Y =1)= - .
(®) PO =1) 1+odds(Y =1) " 1+e"#™

)

23



(2) # & 3 %5 #7 38 57 42 A (Simple Logistic Regression Model) :

PY=1]x)
l—P(Y:1|x)_'B°+ﬂ‘X

logit(Y | x) =log

eﬂo"’ﬁlx

SPY=1X)=—F+—+
(& P(Y =1[0)= 550

PN
Y =LOW » X =LWT = logit(LOW)=0.998—0.014LWT

24



¥ 7 %5 17 5 5 A A (Logistic Regression Models)

ﬂ0+ﬁlxl+"'+ﬁpxp

. €
togit(¥Y |X1’“.’Xp) =B+ BX, +'°'+ﬂpo (=P =1|x,..., Xp) - 14 PPt FoX )
HHY 01} > XX, TURE AR S > 7T LLE BB Y -

(Ff 33)

LR B 88 x & —% H 2 H(nominal variable)(th v - ] ~ ARE ~ SR I F
%) Al B SR B0 R 7 X — A% o WOTHEEE B PR 0 B2 #(dummy
variables) °
Bl (D) x,(ADe{F ~ &}

WRBFE > NTESX, =0 ETRSX, =1

(2) X (A)e{a A~ BEA -~ H A}

A;@ X1 X
gBA 0 0
A1 0
/A 0 1

25



3) X (ER)eNE -~ WF ~&F >~ REU L)

R

i X317 X3 X33
I 1 0 0
] 0 1 0
B 0 0 1
KEPE 0 0 0

DA - R —{E A C TR 4 H TS - RIAFE R A LA
T8

26



© FHEHYVRBFREOKBOATE

()&% M3 57
SSR SSE . _
—R=—=1-— > SSE=>'(Y, -Y,)*> » SSTO=) (Y, -Y)* o
SSR/p

T SSE/N—(p+1)
(Ff¥3E)
1.R? : #| & 14 B (coefficient of determination)
— 5 B BT DU AR R v L
— R E D H LA
2F B ETURREATH B =4 ==5,=0H,:R* =0t FHELLTH#
FIRY B4R 32T LR Y RIH -

_ R*/p . Rl pF
(1-R>)/(N-p-1) PF+N-p-1

ABBMBERREF MR BBRA - ERFEBRKA - TR R - HFF /A TR
WAWIHR > TR B L -

27


JT Chiang
刪除線


(2) 85 Hf E f
D
85 L A8 0L % 2 (likelihood function) » B —2logL—> 2, °
—2logL M A - BERXEERBWHELME -
F&H
D, =-2logL |10git(Y)=ﬁ0
(Intercept Only) (PROC LOGISTIC)
Dy =—2logL |logit(Y):ﬂ0+ﬂlxl+~-~+ﬂpxp
(Intercept and Covariate) (PROC LOGISTIC)
Gy =D, -D,
(Chi-Square for Covariates) (PROC LOGISTIC)
(Ht3b)
1.D, <> SSTO
D,, < SSE

G,, <> SSR

2.D,>D,, =G, >0

28



3.6y R— T LA AR H, B =y == B, —O W H 3T & -
4.D,, %] DAE 2 — B B A Bt 38 47 3% Wy 46 4% o Bk 4t > Hosmer and Lemeshow
Goodness-of-Fit Test t, % AH [&] i H #y °

S-EE#EQ,‘JIT%?R%GM fE(j( ’ ﬁﬁDM 'fﬁﬁ(/]\ ° Z:lﬁﬁ#GM %ﬁg%i °

29



© BEHFOBHEVOREIRS

(DHERB (B 2B AEHE 25
Y ~ Bernoulli(m(X))

i P(Y =1 e
L 2(x)=P(Y =1|X)=————
(0=P(Y =1]%)= >

7 (X)

= logit(Y | X)=1o
git(Y [X) & 20

:/Bo +ﬂ1X

+ BuEE

B, =logit(Y | x+1) —logit(Y | X)
g z(x+1) o 7(X)
-7 (X+1) 1 —7(X)
R 7(X+1)/(1-z(x+1))
7(X)/(1— 7 (X))
odds(Y =1|x+1)
odds(Y =1]x)

30



()
LB ok x i — (BB f » logit by 8 (L -
B>0=eh >1 = RBB|Y =1 HIM & 6 B2 Xy 3 o 77 8 -

2.n = 00 =UXAD) i ratio (A8 AR ~ BALEL - B % 1)
odds(Y =1]x)

TR x ¥ m—EEA - Y =1 RELZR AR -
3xHBILHZ()WRE

eﬁo‘*’ﬂlx

7Z'(X) :W :%ﬂ'(X) Zﬂﬂ'(X)[l—ﬂ'(X)]

P =) BB E L Lr(0)[1-7(X)] -

31



4+ H,:B=08%

(JFBF H, :logit(Y [ X)=4, vs. H,:logit(Y |xX)= 5, + SX)

EH R MERT - 2= P SNODERXSRER)

s.e.(5,

:—ﬁl 22 &8 =z
(s-e-(ﬁl)) -1 (BRWE)

Gy =D, -Dy _D)Xf (BREMT)
(i)

1L.W % & Wald #3:t & -

2W AG, EWERET R ERARRARNELT - ¥ AR &2 A R o
e THETREAL G, B¥FHATE -

32



QOMEREA (B2 AL EHZE)
BHEX(AE) e{B A~ BA > Hf)

WAL BENT -
AE X, Xi2
B A 0 0
2 A 1 0
B 0 1

%)%’r%iﬁlogit(\( | X) = /Bo +ﬂ11X11 +ﬂ12X12
TREP logit(Y |1 ) =logit(Y | X, =0,%, =0)= 5,
logit(Y [ * ) =logit(Y | X, =LX,=0)=4+8,

logit(Y | £ {3) =logit(Y | X, =0,x,=D=4,+ 8,

33



+ BBy MR
A 1

logit(Y [ Bl ™) —logit(Y [F1 *) = (5 + B,) = B, = B

odds(il ) _ 4,
odds(F1 *)

TEEAEGENREREEAWRKLEAAEFN £ -
/ii}tz
logit(Y | £ 9) —logit(Y |EI “)=(By+ Bu) - By =By

odds(H f7) _ o
odds(F1 *)

TEHHMABNERELBEREL RN R ML RO AE T -

34



B3
logit(Y | E ) —logit(Y | & * )= (B, + BL) — (B, + b)) = B, — B,

M — eﬁlz—ﬁll
odds(El *)

5 Bt AR B B 7 B M LR A e
-
(ffH28)

odds(¥! f7) _ odds(H {47)/odds(f 1 *) _ e/ _ oot
odds(E! ~) odds(E! *)/odds(F1 ~) e

+ Ho:ﬂll =ﬂ12=0ﬁ'ﬂ7]iﬁ>%
(T BF H,, - logit(Y | X,,,X,) =85, Vs.

H, :logit(Y | X, X,,) = B, + B, X, + B X,)

D D
WEHTE  (EHRILWHRT) G, =D,-Dy—1, & Woy,

2
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() E &R (R R IAF FIH)
BHRX=EFBEEAMEE > X, = AL X, %, A HEHEZE)
FREEWT
logit(Y | X, X,,, X0, ) = By + BX + B Xy, + B Xy,
= logit(Y | X,F I * ) =logit(Y | X,,X,, =0,%,, =0)= B, + SX,
logit(Y | x,, &L~ ) =logit(Y | X, %, =1, Xy, =0)= (B, + o) + BX
logit(Y | X, £ 1) =logit(Y | X, X,, = 0,X,, =1) = (5, + b,,) + B,
* BBy, P W
EXBEETREHENTONN EFREZENEEMFNELT)
logit(Y [ X, £l * ) —logit(Y [ X, 1 %)= f,
logit(Y | x,, £l 1) —logit(Y | X,F I * )= B,
logit(Y | X, ) ~logit(Y | X, & * )= A, ~ B,
TEAEE T REER TR A AN EET)
logit(Y | X, + L, X,,,X,,) —logit(Y | X,, X, X,,) = B

36



+
OH,: =0 vs. H:8=0
(TF B H, logit(Y | X, Xy, X0,) = By + BoXoy + BroXsy VS,

H, :logit(Y | X, %y, X0, ) = By + BX + By Xy, + BroXay)

W Z=—P  SNO)(EH, R ERT)

s.e.(f,

_ ﬁl 2 ° 2
W=l

AG=G,, —GMZ—D>;(12

R+ Gy, =Dy —Dpy, > Gy, =Dy —Dy,
M, &z AR logit(Y | X,,X,,,X,,) = By + BX + Lo X, + S Xy
M, RFAR R Logit(Y [ X, X1, %) = By + Bo %oy + BroXay

(= AG =D,,, -D,,)

37



@QH,:f,,=5,=0

(TR BF logit(Y | X, X, 1, Xy, ) = B, + BX V.

logit(Y | X, %51, X5, ) = By + BX + B Xy, + Sy Xsy)
BAMHE  (EHRIWWHT) AG=G,, -G, >12 % Wz
R M RRABRE ogit(Y | X, %,,%,) = By + BX + BoXo, + BrnXay
M, RZ AR R logit(Y | X, Xy, %,,) = B, + BiX%
OH,:B=p,=4,=0
(T B logit(Y | X, Xy, X0, ) = f3, V.
logit(Y | X, X5, X5, ) = By + BX + By Xy, + Sy Xsy)
R A E  GEHRLWHRBT) G, =D,-Dy>7 & Wz

A M 5 0 R B Logit(Y [ X, X, X50) = By + X+ ByyXoy + B Xy

38



HEEFERFERLERE)
BERX="EFEZEHEE > X,=AR(4X,,X, & ENEZE)
ZRER T ¢

logit(Y | X, X1, X00) = By + BiX + BorXor + P Xoy + Lo XXy + S X Xy,
= logit(Y | X,F I * ) =logit(Y | X,,X,, =0,%,, =0)= B, + X
logit(Y | x,, F1 ~ ) =logit(Y | X, X,; =1,X,, =0) = B, + BX + Sy, + Lo X
=By + b)) + (B + B,
logit(Y | X, E 1) =logit(Y | X, X,, =0,X,, =1) =B, + BX + S,y + Lo X,
=By + Pn)+ (B + Pu)X

+ B2 BwE L Hlogit(Y) WP E
EX EETZHFRT -
logit(Y | X, 5 * ) —logit(Y | X,F 1 * )= B, + By
logit(Y | X, El ) —logit(Y | X,F I * )= B, + BoX,
logit(Y | X, £ 9) —logit(Y [ X, £ * ) =(By = Bo) + (B, — B

(BTt =18 logit By % (L. & & [ 2 x, 17 7 [l i 25 %)

39



EAEEET 20 HFILT
logit(Y | x, +LF 1 ~)—logit(Y | x,F! )=/
logit(Y | X, +LE * ) —logit(Y | X, & ~) =4 + B,
logit(Y | x, + 1L, E 1) —logit(Y | x,, £ 1) = S, + S,
(E=fHlogitth L EtHhEMEARNTRTTRE)
+ H,:5,=5,=0
CIFBF H, 2 logit(Y | X, X, 15 X0y ) = B, + BX + By X, + BuX,,  VS.
H, :logit(Y | X, X,;,X50) = B, + BX + B Xy, + B Xoy + By X %o, + B X Xs,)
WA E D (EH RILW AR T)
AG =G, -G, =D, -D, —D>;(22 =,

2

D
W -y,
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DATA lowbwt;

INFILE 'c:\logistic\hosmer\data\anondixl.dat':
INPUT id 1-3 low 4 ace 5-6 lwt 7-9 race 10 smoke 11 ptl 12
ht 13 ui 14 ftv 15 bwt 16-19;

PROC LOGISTIC DATA=]owbwt : /* Model 1 */
MODEL low(EVENT='1")=1wt/LACKFIT;
PROC LOGISTIC DATA=]owbwt : /* Model 2 */

CLASS race(REF="1")/PARAM=REF:
MODEL low(EVENT='1")=race/LACKFIT;

PROC LOGISTIC DATA=lowbwt : /* Model 3 */
CLASS race(REF="1")/PARAM=REF:
MODEL low(EVENT='1")=1wt race/LACKFIT;

PROC LOGISTIC DATA=lowbwt : /* Model 4 */
CLASS race(REF="1")/PARAM=REF:
MODEL low(EVENT='1")=1wt|race/LACKFIT;

DATA lowbwt2:
SET lowbwt :
IF race=2 THEN rl=1;
ELSE r1=0:
IF race=3 THEN r2=1;
ELSE 1r2=0:
lwtrl=lwt*rl:
lwtr2=1wt*r2:
KEEP low 1wt race rl r2 lwtrl lwtr2;

PROC LOGISTIC DATA=1owbhwt2: /* Model 2 */
MODEL Tow(EVENT="1")=r1 r2/TACKFIT:
PROC LOGISTIC DATA=1owbhwt2: /* Model 3 */
MODEL Tow(EVENT='1")=1lwt r1 r2/LACKFIT:
PROC LOGISTIC DATA=1owbhwt2: /* Model 4 */
MODEL low(EVENT='1")=lwt rl r2 Iwtrl Iwtr2/LACKFIT;

RUN;
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Model 3
The LOGISTIC Procedure

Model Information

Data Set WORK . LOWBWT
Response Variable low
Number of Response Levels 2
Model binary logit
Optimization Technique Fisher's scoring
Number of Observations Read 189
Number of Observations Used 189
Response Profile
Ordered Total
Value low Frequency
1 0 130
2 | 59

Probability modeled is low=l.

Class Level Information

Design

Class Value Variables
race 1 0 0
2 | 0

3 0 1

Model Convergence Status
Convergence criterion (GCONV=1E-8) satisfied.

Model Fit Statistics

Intercept

Intercept and

Criterion Only Covariates
AIC 236.672 231.259
SC 239.914 244 .226
-2 Log L 234.672 223.259
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Model 3
The LOGISTIC Procedure

Testing Global Null Hypothesis: BETA=0

Test Chi-Square DF Pr > ChiSq
Likelihood Ratio 11.4129 3 0.0097
Score 10.7572 3 0.0131
Wald 10.1316 3 0.0175

Type 3 Analysis of Effects

Wald
Effect DF Chi-Square Pr > ChiSq
lwt 1 5.5886 0.0181
race 2 5.4024 0.0671

Analysis of Maximum Likelihood Estimates

Standard Wald
Parameter DF Estimate Error Chi-Square Pr > ChiSq
Intercept 1 0.8057 0.8452 0.9088 0.3404
lwt 1 -0.0152 0.00644 5.5886 0.0181
race 2 1 1.0811 0.4881 4.9065 0.0268
race 3 1 0.4806 0.3567 1.8156 0.1778

Odds Ratio Estimates

Point 95% Wald
Effect Estimate Confidence Limits
lwt 0.985 0.973 0.997
race 2 vs 1 2.948 1.133 7.672
race 3 vs 1 1.617 0.804 3.253

Association of Predicted Probabilities and Observed Responses
Percent Concordant 64.1 Somers' D 0.293

Percent Discordant 34.8 Gamma 0.296
Percent Tied 1.1 Tau-a 0.127
Pairs 7670 C 0.647
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Group

—_

[@>iNoNo N Ee) RV, IV (SN

The LOGISTIC Procedure

Model 3

Partition for the Hosmer and Lemeshow Test

Total

19
21
20
19
19
19
20
20
20
12

Hosmer and Lemeshow Goodness-of-Fit Test

Chi-

low = 1

Observed

Square

3.1459

—
(@)} \SXe Yo Yoo N RV, SN \o

DF
8

Expected

44
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.37
.25

low = 0
Observed Expected
17 16.63
17 16.75
15 15.20
13 13.93
13 13.50
13 12.78
14 12.79
14 12.05
8 10.79
6 5.57

Pr > ChiSq

0.9249



Model 4
The LOGISTIC Procedure

Model Information

Data Set WORK . LOWBWT
Response Variable low
Number of Response Levels 2
Model binary logit
Optimization Technique Fisher's scoring
Number of Observations Read 189
Number of Observations Used 189
Response Profile
Ordered Total
Value low Frequency
1 0 130
2 | 59

Probability modeled is low=l.

Class Level Information

Design

Class Value Variables
race 1 0 0
2 | 0

3 0 1

Model Convergence Status
Convergence criterion (GCONV=1E-8) satisfied.

Model Fit Statistics

Intercept

Intercept and

Criterion Only Covariates
AIC 236.672 233.882
SC 239.914 253.332
-2 Log L 234.672 221.882
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Para

Inte
lwt

race
race
lwt*
lwt*

Model 4
The LOGISTIC Procedure

Testing Global Null Hypothesis: BETA=0

Test Chi-Square DF Pr > Ch
Likelihood Ratio 12.7905 5 0.0
Score 11.7189 5 0.0
Wald 11.0939 5 0.0

Type 3 Analysis of Effects

Wald
Effect DF Chi-Square Pr > ChiSq
lwt 1 2.3845 0.1225
race 2 1.0123 0.6028
lwt*race 2 1.3324 0.5137

Analysis of Maximum Likelihood Estimates

Standard Wald
meter DF Estimate Error Chi-Square
rcept 1 0.7923 1.2548 0.3986

1 -0.0151 0.00979 2.3845

2 | -0.0981 2.0259 0.0023

3 1 1.9209 2.0981 0.8382

race 2 1 0.00823 0.0145 0.3240
race 3 1 -0.0124 0.0174 0.5063

Association of Predicted Probabilities and Observed Res
Percent Concordant 64 .4 Somers' D 0.297

Percent Discordant 34.7 Gamma 0.300
Percent Tied 1.0 Tau-a 0.128
Pairs 7670 C 0.649
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1Sq

254
388
495

Pr > ChiSq

0.5278
0.1225
0.9614
0.3599
0.5692
0.4767

ponses
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Group

—_

[@>iNoNo N Ee) RV, IV (SN

The LOGISTIC Procedure

Model 4

Partition for the Hosmer and Lemeshow Test

Total

19
20

Hosmer and Lemeshow Goodness-of-Fit Test

Chi-Square

low = 1

Observed

5.2301

—
OO JWLWULn DO

DF
8

Expected

47

2.

29

3.83

[©)WNSENE NN )RV, RV, I

.35
27
18
14
.54
.89
41
Sl

low = 0
Observed Expected
17 16.71
14 16.17
14 14.65
17 14.73
13 14.22
13 12.86
15 13.46
13 11.11
9 10.59
5 5.49

Pr > ChiSq

0.7327
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Model 3
The LOGISTIC Procedure

Model Information

Data Set WORK . LOWBWT?2
Response Variable low
Number of Response Levels 2
Model binary logit
Optimization Technique Fisher's scoring
Number of Observations Read 189
Number of Observations Used 189
Response Profile
Ordered Total
Value low Frequency
1 0 130
2 | 59

Probability modeled is low=l.

Model Convergence Status
Convergence criterion (GCONV=1E-8) satisfied.

Model Fit Statistics

Intercept

Intercept and

Criterion Only Covariates

AIC 236.672 231.259

SC 239.914 244 .226

-2 Log L 234.672 223.259

Testing Global Null Hypothesis: BETA=0
Test Chi-Square DF Pr > ChiSq
Likelihood Ratio 11.4129 3 0.0097
Score 10.7572 3 0.0131
Wald 10.1316 3 0.0175

48
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Parameter
Intercept

lwt
rl
r2

Model 3
The LOGISTIC Procedure

Analysis of Maximum Likelihood Estimates

Standard Wald

DF Estimate Error Chi-Square
1 0.8057 0.8452 0.9088
1 -0.0152 0.00644 5.5886
1 1.0811 0.4881 4.9065
1 0.4806 0.3567 1.8156

Odds Ratio Estimates
Point 95% Wald
Effect Estimate Confidence Limits

lwt 0.985 0.973 0.997
rl 2.948 1.133 7.672
r2 1.617 0.804 3.253

Pr > ChiSq
0.3404
0.0181
0.0268
0.1778

Association of Predicted Probabilities and Observed Responses
Percent Concordant 64.1 Somers' D 0.293

Group

—_

[@>iNoNo N Ee) RV, IV (SN

Percent Discordant 34.8 Gamma 0.296
Percent Tied 1.1 Tau-a 0.127
Pairs 7670 c 0.647
Partition for the Hosmer and Lemeshow Test
low = 1 low = 0

Total Observed Expected Observed Expected

19 2 2.37 17 16.63

21 4 4.25 17 16.75

20 5 4.80 15 15.20

19 6 5.07 13 13.93

19 6 5.50 13 13.50

19 6 6.22 13 12.78

20 6 7.21 14 12.79

20 6 7.95 14 12.05

20 12 9.21 8 10.79

12 6 6.43 6 5.57

Hosmer and Lemeshow Goodness-of-Fit Test
Chi-Square DF Pr > ChiSq
3.1459 8 0.9249
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