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iagaqﬂﬁ 1 Lﬁuﬁagaﬁ1§a1nﬂ17ﬂmaaqaao Smith (1932) Zeneand LNefy
) ' 4 4‘! e - = . Y

nwsT%Lﬁ?n§a * Serum mmber 32 ' Wplasiulsaliaualle (pneumonia)  MiA

X = «f a = .

AL EBULUANL S PHEUmoCoCcUs NSTEREINT lasn19as culture of pneumococci
' ' a = ar )

Wa¥l 930 anti-pneumococcus uaardSuon 9wau 5 Usunn TﬁﬂUﬁEnﬂaaeaﬂuau
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ﬂ?uﬂmLﬁjuﬁﬂﬂﬂﬁﬁﬁﬁg(an.ﬁu.) 51uauw¥ﬁﬂwaaﬁﬂﬁowuﬂ 40 (n) &7
(dose) \ (¥
0.0028 - 35
0.0056 21
0.0112 9
0.0225 6
0.0450 1
B < ) ‘ﬁ @ Q
TauaneM 2 1ufpyaainnmasnsnng Hoblyn uav Palmer (1934) 73

- uu‘ 1 ) <
n@aaoﬂﬂﬁnﬂﬁaqﬁuuauwug Common Mussel TuE39LI813¥WINILABUGAAN 2477  UDE
] v & o < Y o
LABUNNATHUT 2478 Widar e 2 2R B 2UIR 12 WA 6 LTURALNRT U

D a J [l o &l & oW . : ©

ueae 480 I uWﬂiaﬁﬁqﬁaqumaxﬂuimiﬂﬂQnﬂun Am¥uBnaTentiona owne

» Y 4 ] L' w o
ﬂﬁﬂaﬂauauﬁqngu1iwa uaa3vin hihlan ﬂmaaqauﬁonﬂaugaWQu 2478 WU

& - H’ﬂ - 14 b3 4 LV
ﬂuwamug‘zm Bﬂa% vlﬂﬁ agam F1TN 5.2




57

-~ ' a w & -~
fA17I N 5.2 amiﬁﬂﬁiagiaﬂﬁaeﬁuwanaﬁﬂﬂﬁﬁﬂﬁ?ﬂwugTﬂﬂﬂﬂﬁﬂﬂiﬁﬂ

AN IYBITINNGA Ldaﬂﬁﬂ§ﬂ ﬁﬂuduﬁagsam (y)
(length = X ) (time = X ) IINTNRNA 240 () A
£y w
6 LTURLUAT , ﬁanun 107
danluge b lind 31
= w~
12 LTUALNAT ﬂanuﬂ 156
vanTuga lulied 84
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a & a6 e W <
5.2 ﬂ173Lﬂ?ﬂzﬂﬂ170ﬂﬂaﬂTﬂﬂﬁﬂﬂﬁ1ﬁ7ﬂﬂﬂgaqﬂﬂ 1

Tuieanld Aa  logit(p,) = b_+ b dose,
4‘] ~ [ i 'bu. < ] I'
2 P, ﬁuﬁaﬁeﬂaquunasLﬁuﬁwg%aiﬂsuﬂﬂsamLﬁjuquﬂ?uwmﬁ i
P ar 1 ¥ oy |
waadeenedse lsatwa s

dose wuwaﬁatﬁiuﬂ?uwmﬁ i
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5.2.1 lhunTu

1 option 1s=70 ps=60 nodate;
2 data serumi;

3 input dose y n ;

4 cards;

5 0.0628 35 40

6 0.0056 21 40

7 0.0112 9 40

8 0.0225 6 40

9 0.0450 1 40

10 proc probit;

11 model y/n=dose / d=logistic lackfit;
12 output cut=serum2;

13 proc prints;

14 runs

o o ql -
5.2.2 HWBﬁﬂﬂﬂlﬂﬂ?ﬂﬁTﬂﬁuﬂiu

2 Q'nq (' u-ni ‘12‘",_4} = £ 7]
1. ﬂaganatﬂiwzﬁ%a seruml (UT5HeM 2) ﬂﬁmumagaﬂazQLﬂﬁﬁxwagﬂuuwu
. sl ' L ( . <l
Ttsunsn (program file) 51Lﬁun7mﬁia§aa§1uuﬁu§aga (data file) ®19w1INaN
@ J g < . !
wihmile smddeudn serumi  @unsolfmuTusunsy infile “serum1’s  udidy
- ud
TEWINYITHIN 2 uar 3
- ’ r £-% [ 'G\l LY a
2. §unlwifleun dose uﬂuﬂiumeﬁEmﬁaﬂﬂﬁﬂqu ¥ WU TUIURUNGRE

Y978 LAY n unuiwuauﬁgnmaaqﬂaqudasﬂéu



59

- x - & o
3. model y/n = dose ﬂanﬂﬁssyTuLﬂaﬁﬂﬁawu y/n viudwdseny  wasd
ﬁ [v < Qllv &%4‘ < d.lf o
dose \iluéasadsy n1ﬁﬂm3uﬂ7wjuﬂuﬂuﬂa ¥/n ﬂtwﬁszﬂuﬁagaﬂanMWQWﬂﬂﬂﬁ
Lanuasuiimduty - d = logistie idumisuaniinimibzaisus oe 'l i aa Tadamn

- - o <l
lackf it Lﬁuﬂﬁiaqﬂﬁnﬂﬂwﬁnﬂﬁaunw33&13ﬁﬂ

5.2.3 uanwin 1

Probit Procedure
Data Set =WORK.SERUM1
Dependent. Variable=Y
Dependent Variable=N
Number of Observations= 5

Mumber of Events = T2 Number of Trials = 200
Tog Likelihood for LOGISTIC -93.60787245

Goodness—of -Fit Tests

Statistic Value DF  Prob>Chi-Sq
Pearson Chi-Square 16. 34186 b} 0.0010
L.R. Chi-Square 15.8000 3 0.0012

Response Levels: 2 Number of Covariate Values: 5
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Probit Procedure
variable DF Estimate Std Err chiSquare Pr>Chi Label/Value
INTERCPT 1 1.21789844 0.683769 2.172517 0.0749 Intercept

DOSE 1 -146.69272 61.5291 5.684026 0.0171

Estimated Covariance Matrix

INTERCPT DOSE
INTERCPT 0.467539 ~33.499749
DOSE -33.499749 3785.829606

OBS DOSE Y N

1 0;0028 35 40

2 0.0056 21 40

3 0.0112 9 40

4 0.0225 6 40

5 0.0450 1 40

L - " L 1
5.2.4 NIIORNLARWEN 16

1. mAnnTNLeasnlsean e w8 Tuieai i

logit.(‘i)‘i) bo+ bidose1

1.22 ~ 146.68 dosei
5. Number of Events = 72 Uav Number of Tirals = 200 A0

o ¥ . A Vv e N - A o o &
Qﬂuﬁuﬁgﬂﬂﬁﬂﬂﬂﬁ 8 ﬂi’.:ill 'I’!QGIL'ﬁ‘ElILLEQ'JENGI']EJ@'D‘EJ‘Tiﬂu'QMEL\LEI'Q'TI.L'JH T2 ®7  IINNIRUG

200 617
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3. Log Likelihood for Logistic -93.60787245 ApA7dd maxi-
mized log-likelihood madluiea logit(p,) = b+ b dose, %3a In L_
4. Goodness-of-Fit Tests az l#A1 Pearson Chi~-Square = 16.34186
l Aai E 7 e [ L% .
paaninae  thiee 1 leaua 9@ N3t 16.8416 Lvhy 0.0010  uav L.R. (Like-
lihood Ratio) Chi-Square = 15.3000 Zafann deviance ﬂaﬁnﬁwazLﬁuﬁazT§

[

Tasuaasiamnnit 15.9000 iafy 0.0012 3 d.f.= 3 %aﬁ§ﬂ1§ﬁ1 WAN3

'
oSN W w8 ar

neaun v ed Ry feeduisdy 0.10 TawislrelenlEsedfiuisd ¥y 0.10)
. ' [ ' ' o & © a ' v ar '
wswaatee ila nisenisesvlisddn  wanedn Tueantsyanu 16 luumured
w £ - . 1 = (-ﬂl 2
5. poawl Estimate uat Std Err  ugaoA1zaewTidiieaindszanala
ooy f ﬁu P ' o & v v
Toe3smzineniugegn uavadBma IRl ARBWI AT UEBSA ST SNAEY  Faliy
[ CRE 7] E 2 4 ﬂl
PN LARE WA R ld  INTERCPT = b, = 1.2179  GEAIINARIALANDUNIATIIL
0.6838 ua¥ DOSE = b, = -146.6927  #IHAIUAATNLARBUNINIZ L 61,5291
v & . i ido g 2 w4
Apaly ChiSquare wEAIAN leFuAIsNA RN (Estinate/Std Err) LRZRDANL
- ] ] d" £ « ('u
Pr>chi uamsanadainey L tunee 6 lesuadinawinnanas leauasindauald an
v £ . ' -a’
HARWEN (Udaadt AlTmedey H, 2 8, =0, H 1 B8 #0 Iwerladuass 3.1725
97 ’ [ N . | TN
fazaamnitaeiiy 0.0749  warnMARBY H,:8,=0, H 8, #0 1"

' [ , ¥ Gaas o y - @ & 8w
1ﬂﬁLLﬂ17 5.6840 ﬂ?ﬁﬁ?']m'?'ﬁzklju 0.0171 %Gmﬁdﬂﬁuﬂﬁqﬂfy ﬂ?gﬂﬂuﬂﬁqﬂfy 0.10

P aa ' (l'a ) ; v ) al s
lunsamamedauane laguadnn e lanaman o 29eelHaminee riulian

r'4 3 ' 1 e
ﬁaﬂauLﬁwﬂﬂﬁﬁua TusunTu SAS wuanadInIanitee L lSiA Y 0.0001

mnﬁEﬂQWﬂﬂﬁﬁﬁﬂawuwniw Trem logit(P) = b_+ b dose, fala
& - s i v ﬁ
LRz LuannWﬁuﬂaqﬂﬁﬂsuwmLﬁguﬂam (dose) @2y log, ~ (lu logdose =
2 [ '. o~ = =
log(dose) uasliluiaaiiy logit(P) = b + b logdose, — &WITOLUNLEN

i o rs <
TlsunTuLuaI LAt IERnTRnDY lavannt
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logdose=log(dose);  UNINITLRIWUITION 3 Uar 4
Lay model y/n=logdose / d=logistic lackfit;

output out=serum3  UNSNIENIVITHON 12 uar 13 Fevr RuaRus LI

Probit Procedure
ﬁata Set =WORK . SERUM2
Dependent, Variable=Y
Dependent Variable=N

Number of Observations= 5
72 Number of Trials = 200

Nunber of Events
Log Likelihood for LOGISTIC ~87.06231266

Goodness-of-Fit Tests

Statistic Value DF  Prob>Chi-Sq
Pearson Chi-Square 2.9174 3 0.4045
L.R. Chi-Square 2.8089 3 G.4220

Response Levels: ~ 2 Number of Covariate Values: 5
Probit Procedure
Variable DF Estimate Std Err ChiSquare Pr>Chi Label/Value
INTERCPT 1 -9.1893917 1.25511 53.6056 0©0.0001 Intercept
LOGDOSE 1 -1.8296213 0.254547 51.66384 0.0001
Estimated Covariance Matrix
INTERCPT LOGDOSE
INTERCPT 1.575300 0.315848

LOGDOSE 0.315849 0.064794
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OBS DOSE Y N LOGDOSE
1 0.0028 35 40 -5.87814
2 0.0056 21 40 -5.18499
3 0.0112 9 40 -4.49184
4 0.0225 6 40 -3.79424
5 0.0450 1 40  -3.10109

uamﬁﬂﬂwiﬂ@ﬁaunﬂdsﬁwzﬂﬁ %81 Pearson Chi-Square = 2.9174 @73%

‘ . o ' ] I 1
auunRzity 0.4045 . uavat L.R.Chi-Square = 2.8089 ﬂdaﬂ11uu1aztﬁu.
. Py P ) '
0.4220 uazandmUsennld #p INTERCPT = b = ~9.19  ¥A7 laauaas

o

EW ' ' r's
£3.6056 ﬂdaﬂuﬁuuwazLﬂu 0.0001 uay LOGDOSE = b1 = -1.83 ﬁﬂﬂTﬂﬂuﬂaﬁ

51.6638 SoEAd NuIRELTy 0.0001

a7t Tuiem logit(p,) = b+ b logdose, = -1.19 - 1.83 logdose,
tsranld omnvmiuaFeinaudy  wasLafiants tuanaan B Fo L tualTean

17 < [ : - £
a0 P, igsuTisunsuiiniiu  output out=serum3 prob=phat ; o leuaius

(i

OBS DOSE Yy N LOGDOSE PHAT
1 0.0028 35 40 -5.87814 0.82712
2 0.0056 21 40 _5.18499  0.57375
3 0.0112 9 40 -4.49184 0.27468
4 0.0225 6 40 ~3.79424 0.09558
5 0.0450 1 40 -3.10109 0.02887

\Ja PHAT = B, = [1+ expf -( - 1.19 - 1.83 logdose )11
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5.3.1 llsunsy

1 option 1s=70 ps=60 nodate;
2 data plumsi;
3 input length time y n 1%;
4 cards;
5 11 167 240 1
6 1Z 312400
7 2 1 156 240 6
8 22 842400
9 proc probit;
10 : class length time 1t;
11 model y/n= /d=logistics
12 model y/n=length/d=logistic lackfit;
13 model y/n=time/d=logistic lackfit;
14 model y/n= length time / d=logistic lackfit;
15 model y/n=length time 1t/ d=logistic lackfit;
16 output out= plums2;
17 proc print;

18 run;
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5.3.2 @npsunsLnnany LS

w PET . v

1. swanletoun length UTUAIINTIIIIN time unuauaﬁﬁﬂﬁn
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class susRBHLINE %qquﬁﬁiﬁuﬁﬁauﬂﬁ length time 1t
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length time 1t
(AN TN (Laawﬁﬁ§g) (EMBuAT )
6 M. =1 ﬂgnﬁuﬂ = 1 1
6 dw =1 dgnlungluliud = 0 0
12 dw. =0 daniun = 1 0
6 7u. =0  tanlugglyliea = 0 0
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5.3.3 oA IA
FwFulea (D Probit Procedure

Data Set =WORK. PLUMS1

Dependent Variable=Y

Dependent Variable=N

Number of Observations= 4

Number of Events = 378 Number of Trials = 960

Log Likelihood for LOGISTIC -643.5801466

Probit Procedure
Variable DF Estimate Std Err ChiSquare Pr>Chi Label/Value

INTERCPT 1 -0.4315763 0.066058 42.68336 0.0001 Intercept

Estimated Covariance Matrix

INTERCPT
‘INTERCPT 0.004364
amTubnes (2) Probit Procedure

Class Level Information
Class Levels values

LENGTH 2 12

Number of observations used = 4
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Probit Prbcedure
Data Set . =WORK.PLUMS1
Dependent Variable=Y
Dependent Variable=N

Number of Observations= 4

Mumber of Events = 378 Number of Trials = 960

Log Likelihood for LOGISTIC -620.6616959

Goodness-of ~-Fit Tests

Statistic vValue DF  Prob>Chi-Sq
Pearson Chi-Square 101. 9440 2 0.0000
L.R. Chi-Square 105. 1824 2 0.0000
Response Levels: 2 Number of Covariate Values: 4

Probit Procedure
variable DF Estimate Std Err ChiSquare Pr>Chi Label/Value
INTERCPT 1 8.237E—i7 0.651741‘ 1.6E-32 1.0000 Intercept
1ENGTH 1 0.873289 0.3500
1 -0.907557 0.971169 0.87328% 0.3500
0o a 0 . .
Estimated Covariance Matrix
INTERCPT LENGTH. 1
INTERCPT  0.424766 -0.424766

LENGTH. 1 ~0.424766 0.943170
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Data Set

69

Probit Procedure

Class Level Information

Class Levels Values

TIME 2 i2

Number of observations used = 4

Probit Procedure

=WORK.PLUMS1

Dependent. Variable=Y

Dependent. Variable=N

Number of Observations= 4

Number of Events =

Log Likelihood for LOGISTIC -524.7906947

Statistic

Pearson Chi-Square

378 Number of Trials = 960
Goodness—of-Fit Tests

_ Value 'DF Prob>Chi-Sq

52.3158 2 0.0000

53.4404 2 0.0000

L.R. Chi-Square

Response Levels:

2

Number of Covariate Values: 4
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Probit Proéedure
Variable DF Estimate Std Err Chingare Pr>Chi LabelsvValue
INTERCPT 1 -1.15498652 0.546923 4.459484 0.0347 Intercept
TIME -1 3.496259 0.0615
1 1.3472219 0.720506 3.456258% 0.0615
0 0 -0 . .

Estimated Covariance Matrix

INTERCPT TIME. 1
INTERCPT 0.299125 -0.299125
TIME. 1 ~0.299125 0.519128
amiuluea (1) ' Probit Procedure

Class Level Information

Class Levels values
LENGTH 2 12
TIME 2 12

Number of observations used = 4
Probit Procedure
bata Set =WORK. PLUMS1
~ Dependent. Variable=Y
Dependent Variable=N
Number ‘of Observations= 4
Number of Events = 378 Number of Trials = 960

log Likelihood for LOGISTIC -569.2174083
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Goodness-of -Fit Tests

Statistic value DF  Prob>Chi-Sq
Pearson Chi-Square 2.2705 1 0.1319
L.R. Chi-Square - 2.2938 1 0.1299
Response Levels: 2 Number of Covariate Values: 4

Probit Procedure

Variable DF Estimate 8Std Err ChiSquare Pr>Chi Label/Value

INTERCPT 1 -0.7137712 0.121669 234.41576 0.0001 Intercept

LENGTH 1 48.93569 0.0001
1 -1.0176915 0.14548 48.93569 0.0001 1
o 0 0 . . 2
TIME 1 95.00046 0.0001
1 1.42754237 0.146462 95.00048l 0.0001 | 1
0 0 0 . . 2

Estimated Covariance Matrix

INTERCPT LENGTH. 1 TIME.1
INTERCPT 0.014803 -0.007761 -0.010726
LENGTH. 1 -0.007761 0.021164 -0.003359

TIME.1 -0.010726 -0.003359 0.021451
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FwSuluiea (5) Probit Procedure

Class level Information

Class Levels Values
LENGTH 2 12
TIME ‘ 2 12
LT 2 01

Number of observations used = 4

Probit Procedure

Data Set _=WORK.PLUM81
Dependent. Variable=Y
Dependent Variable=N

Number of Observations= 4

Number of Events = 378 Number of Trials = 960

Log Likelihood for LOGISTIC -568.0704886



Variable
INTERCPT

LENGTH

TIME

LT

INTERCPT
LENGTH. 1
TIME.1

LT.1

DF

[

[y

0BS

73

Probit Procedure

Estimate Std Err

-0.1662809 0.381422

-1.2893078 0.235282

D

0

1.23807842 0.19139

0

0

-0.4527483 0.3008%4

0

0

ChiSquare
0.190076
30.02857
30.02857
41.84648
41.84648
2.264049

2.264049

Pr>Chi Label/Value

0.6622 Intercept

0.0001

0.0001

0.0001

0.0001

0.1324

0.1324

Estimated Covariance Matrix

INTERCPT

0.145482

-0.073673

-0.054945

-0.108852

LENGTH

LENGTH. 1 TIME. 1
-0.073673 —-0.054945
0.055358 0.018315
0.018315 0.056630
0.055358 0.036630
TIME Y N LT
1 107 240 1
2 31 240 0
i 156 240 0
2 84 240 0

LT.1
-0.108852
0.055358
0.036630

0.090587
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Tuiem

Tuiea

Tuiem

(1)

(2)

(3)

(4)

(5)
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e

-

logit(ﬁjk)

logit.(p,, )

logit(ﬁdk)

logit (5, )

logit(ﬁJk)

il

it

I

bo
- 0.43
b°+. b-lx s
-17
(8.24x10 ) - 0.91}(.j
bo+ bzxk
- 1.15 + 1.35Xk
bo+ 1?1XJ+ b2)r:k
- 0.71 -1.02X +1.43X,
bo+ b1x.,+ baxk+ baxdxk

- 0.17 - 1.29XJ + 1.24Xk - 0.45XJXk
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RPCTRbyID Tﬂi@‘:ﬁﬂl’l Pearson Chi-Square %3861 L.R.Chi-Square %841si6a e

\1adw°v <4 < £ - u"g
unuaﬁwwq WIBWATTUTIIMNATILATIEN deviance AL

Tuiea

Pearson Chi-Square (Prob>Chi-Sq) L.R.Chi-Square(Prob>Chi-Sq)

(1)

(2

(3

{(4)

(5)

L X T3 ¥ M
101.9440""* (0.0000) 105.1834" " (0.0000)
52.3158" % (0.0000) . 53.4404""% (0.0000)
2.2705°  (0.1319) 2.2938" -~  (0.1299)
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L.R.Chi-Square 283 Wiea (1) I 21RtnezadeFedr  Na27M31L Yunsa linavsiag
W w ak 3 £ . '
s e Taees - unstildansanimsaiasied deviance ee'ldan Log

Likelihood ﬁaduﬁasTuLﬂa BILFAIFINIT

Tuien | Log Likelihood

(1) -643.58
2) . -620.66
(3) -594.79
4) -569.22
(5) -568.07

© & {0 . ey &
NINTIILATIERRT deviance ‘lﬂmu

-efL_ - L_,3

deviance ﬁB\?TML@& (2) ﬁﬂﬂd'ﬂ’!ﬂ'ﬂﬂdi)ﬂﬂ@ (D .

= -2[-643.568 - (-620.66)1

= 45.84
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-2[~643.58 - (-584.791]
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97.58

A1 deviance hasay 45.84 LAY 97.58 Aamtannnde lasuad 2,706
iR d.f. 1 [ d.f.zasluiem (1) — d.f.padlaiea (2) =3 -2=113
vRulled Ay 0.10 Famunznd1 $auls length uae time A2vasiag uluied
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AN wae L iaigauys time (B luTneatE iuTien (30 uizaasdnEauys
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iy -2 [ ~-594.79 - (-569.22) 1 = 51.14 JAWINIAININAIT 2. 706
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OBS  LENGTH TIME Y N PHAT
1 1 1 107 240 0.42460 -
2 1 2 31 240 0.15040
3 2 1 156 240  0.67123

4 2 2 84 240 0, 32877
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\¥p PHAT = P, = [1+ expl -( - 0.71 - 1.02X, + 1.43% )31

J, k=1, 2




