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The analyses of clinical and epidemiologic studies are often based on some kind
of regression analysis, mainly linear or logistic regression. These analyses are often affected
by the fact that one or more of the predictors are measures with error. Errors in the predictor
are known to bias the estimates and hypotheses. One of the methods frequently used for
adjusting for measurement error is the method of regression calibration. The idea here is to
predict the true value of error-prone predictor from the observed data and use this predicted value in
the regression analysis. This research proposes the four new calibration techniques for the
misclassification explanatory variable. The methods are developed from the idea of the regression
calibration leading to the calibration techniques namely probit, complementary log- log, logistic and
logit calibration to predict the true value of binary predictor and use this predicted value in the three
generalized linear models including logit, probit and complementary log- log models. The proposed
methods and the models methods are compared by using the mean square error (MSE)

The research results show that the best three calibration technique is probit,
logistic, logit, respectively, and complementary log- log is the worst for almost all cases. In
addition, the probit model is the appropriate model. Moreover, the calibration technique with
dichotomous explanatory variable yield the parameter estimates that improve the effect to the
response variable when using probit calibration to predict the true group of the
misclassification dichotomous explanatory variable before analyzing.
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1.7 Functional and Structural Models
MIMUUATNHAULVOIAMVUANUHANAIAVDIATIAMNAD ANV IS
85118 X 114'1d 2 1J521ANAB Classical functional models 11 X AomAInn linsuawas
Classical structural models 118 X fAodauls E“f 4 (Carroll, Ruppert and Stefanski 1995)
1.8 Differential and Non-differential Error
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ﬂ'JﬁJNﬂWﬁ']ﬂclu W 'VIGlGIfLWI‘L!ﬂ']'JﬂsUﬂQ X 798 Nondifferential error 910131
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1Funua1invo9 X Ao Differential error 41 leZXW # fy‘zx (Carroll, Ruppert and Stefanski 1995)
1.9 Error Models
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pg1918NINANANNRANAIAYeIA 1A luA Il TeTUNeHUUA DI DILAZANUAANAIADIN
Y
MIPUUNNGUVOIA MU TDTIOFINGN 2 NG TINTIANINHANAIADINNTTUANGUYDIA)
a a 1 1 d' v a 1 d' Y v a ‘3 v
wilseFuierIngu 2 nguinuanaulsesuenuuasiied laglsanlioascaiaz 1 @9
NUNMIUIRNGUAAANNIDUIDEININADINAT TARA
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d’ 1 d’ o w Ad' Y] a 9 2 o
M39N 1 MANUAAIANADUMAITIRAGYBIAMVUADIN M8ld o) =0.75 Fuunay
VUAAIDIIUALINANAM IO UNU 4 TR0 0T W HuvaoiipIazdmls w

HULLBINGY 2 NN

AuUaIN
dauls w
o, YIAAIBEN AN AR UIRYI—— - '
ABLUBDI (W _¢) 20U (W_g)

0.75 100 Probit 0.20472 0.22414
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Logistic 0.18961 -
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500 Probit 0.02908 0.02762
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0.75 100 Probit 0.07983 0.08762
Comp-log-log 0.08886 0.08029

Logistic 0.07389 -
Logit - 0.08613
500 Probit 0.01138 0.01081
Comp-log-log 0.01189 0.01160
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Logit - 0.01063
1,000 Probit 0.00646 0.00594
Comp-log-log 0.00611 0.00646
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Logit - 0.11495
500 Probit 0.01187 0.01096
Comp-log-log 0.01332 0.01234
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1,000 Probit 0.00640 0.00607
Comp-log-log 0.00611 0.00644
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1 < 2 1 A o w = ~ =\ a =}
- ﬂﬂu’NmUﬂNWEJENﬂWﬂﬂﬂJﬂaWﬂLﬂaﬂuﬂm\‘]ﬁ@\‘]mﬁmeﬂﬂﬁLﬂifJ“]JmEJ‘UWIﬂuﬂﬂﬁﬁ@‘UL“VIEJ‘U 4

ax Y v
7% Meldduuy GLMs

[ 9 = 1 d‘ o w d' Y d‘ o v 1 d‘
- m!,"ummwmmmnmmﬂmaaumammmaﬂuawqammmmazmau%

nnasai 12 umsnBeuifeumainansaeniouluuaazidonly wu n1eld
ol =3, yad1081 iy 100 Taaidenyn 1 madamsaeufisuuas 1 U RmINz
figa 19y madiansaeufisvaeiaAnmunzauiigaluvssar 4 madauasduuuTnsia
mmzﬁuﬁqﬂiumim 3 dauuy vazmeldvinadlegaviia 500 Lag 1,000 ABMATIANIT-

~ a Y o a
aouiey Insde nelaguuyInsie



44

nnradns luaed 10 -12 uaaaldiiudumaiamsdeufeufivins auiiqa fe
matlamsgeuieuasiaan dmsudeesvinadn lunn 9 vinaanuulslsiuvesany
Aawa1a uazmalamsgeuiouasia dmsualedvvualnauazvuiannuulsdsaula
1 wazmadiamsdeuiion Tnsdia dmsudedwumalvauazvnanmsdsuiinn
it dauﬁmmuﬁmmmuﬁqﬂ Ao aawny Insde SMSUND 9 YUIAAI01UAZYN 9 YUIA

anuualsilsiu

variance U technique_wc

a5 1.00 3.00 —— comp-log-log

os0004— |1 1 1 7 logistic
e probit

0.300004

b

0.20000+

o

010000+

0.00000+

0.40000+

0.30000+

0.200004 r

mse

010000+

[
[
/

Bo|-Bo|-dwoa=p ‘uqoid=g ‘ubo|=| :]2pow

0.00000+

0.400004
030000+
0.20000+

0100004 My N \.‘,\'-

D.DDDDD—I T T T T T T T T
0.00 40000 800.00 000 40000 80000 000 400.00 800.00
sample size

£

A 1 A o w = a = adA (o Yy @
NINN 8 AANUAAIAAADUNIAITDIURAY NUNAUANITADUINYD 3 ’J‘ﬁVI‘]J’i’]JLLﬂﬂ’JEJG]'JLLﬂ‘i
a [ 4 9 a o [l o
IV W _c LL“U“IJG]E]Lﬁ’E]\‘I ﬂ'lﬂ‘lﬁlﬂ’ﬂllllﬂi‘]Ji'JuﬂJ@Qﬂ’J13JNﬂWﬁ1ﬂ VUHIAAIDYNLUASA )

1YY GLMS

~ Y I 1 a = a Y = @ a
INNINN 8 Llﬁﬂﬂi’ﬂlﬁuﬂ’lmﬂuﬂﬂ15€‘TE]1JLT]EJTJIW51JG]1WNﬁﬂ‘W@ ] NUINAUANIT

doufisuasidan uaonnuulslsiuvesnnuranaralivinalvaimailanisaeuiion



45

a 9 1 1 a a A < 9 4 o [} 1 -4 a
I‘Wﬁjﬁﬂh"fNaLlﬂﬂ'J'lL‘l/]ﬂuﬂﬂ'li’ﬁ'f)‘ﬂLﬁEJ'Ua'EJi]fW]ﬂmﬂu’f]Ulla$Lﬁﬁ]ﬂlu1ﬂﬂﬁﬂﬂ1\1€lﬂﬂg‘lﬁulﬂﬂuﬂ

k4
MIAoUNIUNG 3 matalinadne q Ny

9 = (%

Auuunisanuaaamniousidiaeundedosiiga as auunInsds 5090930

9 v
v @ o = = v

ﬁf] AUUADUNALNUNT gﬂﬂ-aﬂﬂ HaZAMUVADIN muumuuuwmmquﬂﬁ@ ALY

Twsie

variance U technique_wg

.75 1.00 3.00 = comp-log-log
0.30000 . I1r~_ e logit
0.25000 k = probit
0.20000
0.15000
0.10000
0.05000
0.00000

L :[#pow

0.30000-
0.25000
0.20000
0.15000-
0.10000-
0.05000-
0.00000-

mse
4

0.30000
0.25000-
0.20000-
0.15000-
0.10000-
0.05000
0.00000—

(g '
Bol|-Bo|-dwoa=¢ ‘qoid=z ‘nubo|

i

sample size

~ 1 A o w A a = amA (o yy g
MUN 9 MANUAAIANADUMAIdDURTY NALAMITo UMY 3 AENUTuAA8a S
95U W_guuu 2 ngu meldanuumlsdsiuvesanuianaia vuiaaI08191az A7

1YY GLMS

~ Y 1 a = a 9 = 1 a
INHNINN 9 Llﬁﬂ\‘]cl‘ﬂL’Viu'ﬂlfﬂﬂuﬂﬂ'liﬁ'f')UW]EJUIWTUG]GlWWﬁﬂﬂ'ﬁ'llmﬂuﬂﬂTiﬁ@U

~ a & 4 1 o A a = 14? VA
mfmaew«mmuamwmﬁ)umammuﬂsﬂﬁ’mmmﬂ’meﬂwmﬂmmﬂiwmw UALUDUUIA



46

4 k4
@ 1 1 a Y a Y [ 1 a
GI’JE]EINi’ViiLJ%‘Hmﬂu%‘]ﬂﬁ’df]”ULﬁEJ“lJ‘V]\? 3 mamiwwaﬁwa qNU ﬁ’)ulﬂﬂuﬂﬂ1ﬁﬁﬂﬂlﬁﬂﬂﬂﬂh

=3 S g <] Y = a = 1
NALUUNIT aDN-00N Gl“l"iNﬁﬂLﬂWWZﬂ’JﬁJLL‘]Ji‘]Ji’JuﬂJENﬂ’NiJWﬂWﬁWﬂN‘U‘Lﬂ@llmﬂﬂ

9 = (%

auuunisanuaaamnisusidiaeundedosiiga as auwnInsda 5090930

9 v
v @ o = = v

ﬁ@ AUUADNNALNUNT Sﬂﬂ-a’ﬂﬂ HAZAMUVADIN muumuuuwmmzﬁwqﬂﬁ@ ALY

Twsiia
4 H
FUUINNINA 8 1Az 9 wuMIdeuisudeanlsesuie Wg uuv 2 nguln
U d“ o w d‘ Y 1 =1 9 [ a 1 d'
AMANUAAIAAAOUMAITDUNABUDINIIMIAOUNSVAAWTOTUIG W ¢ LuUaADILDY
a = d' d‘ 1 9 a A a = a
wazmatamsapUmeunmINzaungalumssvunanuranainne malamsgoumey Insa

59Ia9NAMATIANTAOUINEUABIAANUALINALANTAOUNYUABIA LaALINALANTTOU

= 2 A g 3
NYUADUNALUUNIT aN-08N



agiwamsIdenazdorauenuz

1. agUuazensnemamside

manamsaaueudvumsdsuudanuianainveamsiaazssunia
Tugnnududuiend T imueisusundnnuianaiad idudou 4 33 fe msaeuiiion
Tn51@ (Probit calibration) MIABUREUADYNAWUNIT A8N-G00 (Complementary log-log
calibration) MISADUINYVADIAAN (Logistic  calibration)  tagmsaeviNevuasdIn (Logit

calibration) M3S1aewUYoyadImivAsaoudusaazimuamdlseFuIeIULIT

Ny 2 nguiltiaINMsuLInvesd s uisuuuaeleINianuAaNa 1NN IAA
1S UAI9E19vUIA 100, 500 taz 1,000 Weonimualianuulsilsivvesanuianainde
0.75.1 waz 3 Meldduuy GLMs 3 @uuufeduuvasda auuy Insiauazduuuaeuna

aa < £ g @ A Y 9 @ o oA 9 aw
LHUNIT aN-a89n G]S\?L‘]JHGI’JLLUUWNW]@MW'QﬂﬂﬁWﬂﬂu ﬂ'lﬂWﬁﬁW‘ﬁ‘VlW“Uﬂ'lEJGlGN'Iu’Ji]EJﬁﬁﬂiﬂ

[

2
agy1ddail
- a v o - 4 g d a4 a
malamsdeuieufeamlsoTuie W_c nnudeilosiminzauiiga Ao mata

= a d! Y = [ a = Aa Aa |d‘
msaeuneu Insda elinaano N NUMNAUANITITDULINIUADITAN utan Nl sisiu

o uAanaativing lvaimatiamsaeudiou Tnsba ¥ waudniunatinmsseuiiouasdaan

P4 9

1< Y A o 1 1R a =} o a Y = ]
Laﬂu@ﬂllﬁ%m@ﬂlu%ﬂiﬂ’JfJfJ'NGlWﬂJU"UNWIﬂUﬂﬂWiﬁ"t’J‘Um&JU‘VN 3 LﬂﬂuﬂﬁlﬁwaﬂW@ qnNu

A

malnmsgouioudledulseiuie W_g uuum¥ngu 2 nguilngauige Ao

L)

1 a

a =1 a £ Y = ~ a < 1 o A
Lﬂﬂuﬂﬂ’liﬁflﬂlﬂﬂﬂiv\ﬁﬂﬁ G]fﬂ‘ﬂwaﬂﬂmmﬂuﬂmiﬁaumEJ"Uam@lmuﬂmwmﬂumamm

Y
! a

Aa ] [ <]
wilssavesanuranaaiivina lvaiiu daumatdamsaouisunsunamuns aon-aon

Y
[}

Y a ] 4 o 1
Gl,“r‘fWﬁalﬂw1$ﬂ’JHJLL’1JT]Ji’Ju"ll'E'Nﬂ’JHJNﬂWﬁ'lﬂfl"llu'lﬂ]liJiJ'lﬂ uamﬁamummamﬂwmﬁﬁu

o

Y
mAatAMIFoUNeUNG 3 matalinadne o fu

47



48

d' = = 1 a =1 9 Y a 1 d'

Wenlseumeusevnanatamsaauouaealsosue W c Luuasiiosuas
malansaoufisudlsalsoTure W_g npuiFangu 2 ngu wumanamsdouiisuae
LY a a 1 1 Y d' o w d‘ Y 1
Fulses11e W_g UUIFINGN 2 Ngu 1HA1nuAaIAnNADUMaIaounasiosn NI aol
= 9y % a 1 A [ 09/’ a = A ~
Meuaredlseiune W e nuvuasiied asiumaiamsgeumeunmnzaungalums
USuudanuranain As malamsgoume Inida s99a901ABMALAMIToUNsUaDIaAN

maiamsdououasIauazmalamIgoUNeLABNNANUNTS Gon-aon

@

@ A A o @ A Y A A a
ALUUNUAINNUAAIAUAADUNIITOURAYUDYNG A AD Auuu InsUa 5098901

%

= A <3 @ a ) [ a ~ %
‘ﬁﬁ) AUVUADUNALNUNIT a9N-9N LASAILUUADIN ’L‘Tﬂ’ii‘UL‘ﬂﬂuﬂﬂ'ﬁﬁfl‘UL‘ﬂﬂﬂﬁ?ﬁl@]ﬂ]llﬂ‘i

9 v
v W v =

95U W_c tuuaeiouazalsoiuie W_g uuusingy 2 ngy Auiudnuuiiunz au

%

fgafo duuyInsie

Y Ay
2. VLA UBDUHZUDINHIVEY

NANANITITENUIUNATANT Ao VNeUd 1T UMTUTuLdaNuRaNaIAd 1862
a Y A o w A 9 ' o Yy o A
uilsefuie w g Iimanuaaiamasuiasdaunasiisenmsdsunnaiediulsesuie

a ~ ~ A YA a ~ a A d A
W ¢ Lm%mﬂuﬂﬂﬁﬁEJ‘IJWIEJ‘IJ“I/]ﬂ’JiLﬁf’]ﬂi%ﬂ@mﬂUﬂﬂﬁﬁ’ﬂUmEJ‘UTWT]JG]LW@WﬂWﬂimﬁiﬂ

E4

1 a a 4 o Y1 a J [ 4 9y
dszumunguaseneumsiniiziuazezildamlszuamalmes luduuuavuiie 19

dY o a [ [ A A IA o a
nensaAEAILYso5UY W g druauuinalsasnlsneauuy Insia

3. votauanuzluandunne 1l

9
Av A

losnnaaTeihinaueIsmsdsuudanuranaanmstan ludaulsesue

o Aa 9 @ o'.l =\ @ 1 3 = c!d' Y 9 A @ a
Fgauuuradindeni ldiies 1 danniu Tagdnu lunsan lududeu as daulseTuieuuy
a 1 1 o 9 a = 1 a [ a Y A 1
Fangu 2 nau s lvmatamsaeuieuaunsodsznanguaswesiulsesue laio s
1 a o qgj 1 Q' o [ a dld a [ 1 Y
2 gy Tuaideaseae lermmiuduiudnlsesureniinnudanainninnisiaal 1n

v Y

1A 1 ¢ nee1 l9aauseFurenuinnii 2 nguNUY Ordinal scale 11a2 Nominal scale
Q‘ =< d' [ % a 9 [} q‘/ d‘Q 9 d? g/} ) Y
Haze N NMIANY NN UALDLIFUF TN lAnsan ldunvu saunsetanviuali

o o " o o ~ Ao 9 £
ANuduTUssznIawals w_c uazdnls X_c ugtunundugousnnuu



49

UIFTMNYNIN

Muing

= v v A a 7Y a 1 a 4 a v a
ATTUUN NIFIHNA. N15IUATIEUUDYALTIN Y. umﬂgn : I'i\iWiJWiJWTJT]EﬂﬁEJﬁﬁﬂ'Iﬂi, 2544,

\l
mumalszing

Agresti, A. Categorical data analysis. 2nd ed. New York : John Wiley & Sons, 2002.

Armstrong, B. “Measurement error in generalized linear models.” Communications in statistics

part B — Simulation and Commutation, no. 14(1985) : 529-544.

Buzas, J. S., T. D Tosteson, and L. A. Stefanski. “Measurement error.” Institute of Statistics

Mimeo Series, no. 2544(2003) : 1-31.

Carroll, R.J., D. Ruppert, and L. A. Stefanski. Measurement error in nonlinear models. New York

: Chapman and Hall, 1995.
Weller, A. et al. “Regression calibration for logistic regression with multiple surrogates for one
exposure.” Journal of Statistical Planning and Inference, no. 137(2007) : 449-461.

Fuller, W.A. Measurement Error Models. New York : John Wiley & Sons, 1987.

Gustafson, P., and D. Le. Nhu. “Comparing the effects of continuous and discrete covariate
mismeasurement, with emphasis on the dichotomization of mismeasured predictors.”
Biometrics 58, 4(December 2002) : 878-887.

McCullagh, P., and J. A. Nelder. Generalized Linear Models. 2nd ed. London : Chapman and

Hall, 1989.

Nelder, J., and R. W. M. Wedderburn. “Generalized linear models.” J. Roy. Statist. Soc, no.

135(1972) : 370-384.
Prentice, R. L. “Covariate measurement errors and parameter estimation in a failure time

regression model.” Biometrika, no. 69(1982) : 331-342.



50

Robert, H. Lyles., and Ji Lin. “Sensitivity analysis for misclassification in logistic regression via

likelihood methods and predictive value weighting.” Technical Report 9, 2(July 2009)
2 1-31.

Schafer, D. W. “Likelihood analysis for probit regression with measurement errors.” Biometrika
80, 4(December 1993) : 899-904.

Reade-Christopher, Susan J., and Lawrence L. Kupper. “Effects of exposure misclassification on
regression analyses of epidemiologic follow-up study data.” Biometric 47, 2(June
1991) : 535-548.

Thoresen, M., and P. Laake. “A simulation study of measurement error correction methods in

logistic regression.” Biometrics 56, 3(September 2000) : 868-872.



NANUIN



52

Tisunsunoniianesnlsluanuide

maiamsaeuisudmsumsUsuudanuianainveansiauaznss Ui
Tuduwaduieni liiauedsUsuudanuianainn lidudeu 4 I3Aemsasuiiion Tns
= . . . =) = a2 g I
U@ (Probit calibration) MITHDUNIUABNNANUNIT a90N-a9N (Complementary  log-log
calibration) MISADUINYUADIAAN (Logistic  calibration)  tagmsaeviNevasdIn (Logit
calibration) 9InMsS1avUToyadvivAsaeUauowazdmlseTUIBUUUITINGY 2

]
1 =

nauiiiaINMILLImvesdnlseFursuuaeiesnlnnuranaInINMTIamd i
LY 1 d' o Y a A

f108719U119 100, 500 tag 1,000 Wenimualnanuuilslsiuvesnnuianainne 0.75,1
ez 3 MelAduy GLMs 3 Auuuasduuuasia auuy Tnsdauazauuunounamum

E4
< v A

< [ [ o o w
% a9nN-aon TﬂEluﬁﬂﬂﬂil,minmm‘umimamsfljau“al,!,azﬂﬁﬂﬁw’saNaﬂ’f’oyja AU ANY

1. supsudwsumsdrasasuudoya
mssaewuudeyadmsuimlsaeuauewumFingy 2 ngu awalsesuie X
A aol A a d' a 421 (% IS
numsuanuatlnanunas 0 ANuullslsiu 1 anuEHanaINinATLIINMSIA U INSHIN
waadnasunde 0 anuualsisiu o) =0.75,1,3 d1M3UEILEIUNINY 100, 500 1AL 1,000
9 o 3‘ 3 £ v v J 1 @ =
Maldni131iig1 1,000 A59 Feaanunmevesdyanyaiai o TudaTdsunsy naznisweuy

Y
=1

Tlsunsy Hs1eazipeandil

Y

nrep WU $uunweImstaesdoya
N LGN YUIAAIOY1

=< ' A a A a d%l (%
mu WD ANURAYVDINNVAANAIANAAVUIINMSIIA U

[ 4
sigma RGN Anusdsivvesanuianaiaitiaiuainmsia U



53

data sim;
mu=0;
sigma=0.75;
N=100;
nrep=1000;
seed=12345;
do obs = 1 to N;
X ¢ = rannor (seed);
if X ¢ > 0 then X g = 1;
else X g = 0;
mutsigma*rannor (seed) ;
Wec=X<c+ U;
if Wec >0 then W g
else W g = 0;
do rep = 1 to nrep;

G
Il

Il
=

output;

end;

end;
run;
proc sort data=sim;by rep;
run;

o o a 4 5 a ¢
2. msadlisunsudiaesdansaovanes Y uumBangs 2 ngu iileivuamimiimes
B, =—-2.25, ,=0.371 (Thoresen and Laake (2000)) MelAA VY GLMs tag Cut Point

d
mamsuanuaanuugiwesu (0,1)

data p logit;set sim;

betal0=-2.25;

betal=0.371;

p_logit = exp(betal+ (betal*X g))/l+exp (betal+ (betal*X g));
run;

proc print data=p logit;

run;

title 'cutpointl';
data cutpointl;
nrep=1000;
N=100;
seed=12345;
do rep = 1 to nrep;
do obs = 1 to N;
cutpointl =1*ranuni (seed)+ 0;
output;
end;
end;
run;
proc print data=cutpointl;
run;



data Y sim logit;set sim;set cutpointl;set p logit;
if p logit > cutpointl then Y = 1;

else Y = 0;

run;

proc print data=Y sim logit;

run;

data p probit;set sim;

betal0=-2.25;

betal=0.371;

mul=betal/betal;

sigmal=1/betal;

p probit = CDF('NORMAL',X g,mul,sigmal);
run;

proc print data=p probit;

run;

title 'cutpoint2';
data cutpoint2;
nrep=1000;
N=100;
seed=12345;
do rep = 1 to nrep;
do obs = 1 to N;
cutpoint2 =1*ranuni (seed)+ 0;

output;

end;

end;
run;
proc print data=cutpoint2;
run;

data Y sim probit;set sim;set cutpoint2;set p probit;

if p probit > cutpoint2 then Y = 1;
else Y = 0;

run;

proc print data=Y sim probit;

run;

data p clog;set sim;

betal0=-2.25;

betal=0.371;

p_clog = l-exp(-exp(betal+ (betal*X g)));
run;

proc print data=p clog;

run;

title 'cutpoint3';
data cutpoint3;
nrep=1000;N=100;

seed=12345;
do rep = 1 to nrep;
do obs = 1 to N;
cutpoint3 =l*ranuni (seed)+ 0;
output;
end;

end;
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run;
proc print data=cutpoint3;run;

data Y sim clog;set sim;set cutpoint3;set p clog;
if p clog > cutpoint3 then Y = 1;

else Y = 0;

run;

proc print data=Y sim clog;

run;

}% ° [y Y a = a A ¢ A 1
3. ﬂ1‘iﬁ§]x‘iiﬂ§!!ﬂ53~lﬂ1ﬂ‘i‘lJﬂTiﬁ‘ﬂQ!‘nﬂuﬂﬂ1§ﬁ0ﬂ!1’l£mi1/‘|§1]ﬂ !WﬂWU]ﬂimﬂﬁﬂﬂ§$N1mﬂq3~l

a Y * * a d
239v09mnsetune X _we lag X _wg llag Cut Point ﬁ'mnmmmmamuqm\lasu 0,1)

title 'Probit Calibration';
proc logistic data=Y sim probit;
model X g(event='1l"')=W c/link=normit;
ods output parameterestimates=b normit calib;
output out=pred normit calib p=p normit calib;
run;

data cutpoint4;
N=100; seed=12345;
do obs =1 to N;
cutpoint4 = l*ranuni (seed)+ 0;
output;
end;
run;

data X wc;set pred normit calib;set cutpoint4;
if p normit calib > cutpoint4 then X wc = 1;
else X wc = 0;
output;
run;

data X wc_probit;set X wc;
nrep=1000;
do rep 1 to nrep;
if X wc = 1 then X wc probit = 1;
else X wc probit = 0;
output;
end;

run;
proc sort data= X wc_probit;by rep;run;

proc logistic data=Y sim probit;
model X g(event='1l')=W g/link=normit;
ods output parameterestimates=b normit calib;
output out=pred normit calib p=p normit calib;
run;

data cutpoint5;
N=100; seed=12345;
do obs =1 to N;
cutpointb = l*ranuni (seed)+ 0;
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output;
end;
run;
data X wg;set pred normit calib;set cutpoint5;
if p normit calib > cutpoint5 then X wg = 1;
else X wg = 0;
output;
run;

data X wg probit;set X wg;
nrep=1000;
do rep = 1 to nrep;
if X wg = 1 then X wg probit = 1;
else X wg probit = 0;

output;

end;
run;
proc sort data= X wg probit;by rep;
run;

Y o (% Y a = = A < d'
4. m'if:r'iNiﬂsuﬂ‘ium‘ﬁ‘i‘um‘m‘snmﬂuﬂmiaaummuaauwamumi aon-aon INDd
d a o a * *
nwennsaimselszananguesvesnanises e X _we 1az X _wg taz Cut Point @38n13190

uaanuugHivlesa (0,1)

title 'Cloglog Calibration';
proc logistic data=Y sim clog;
model X g(event='1l"')=W c/link=cloglog;
ods output parameterestimates=b clog calib;
output out=pred clog calib p=p clog calib;
run;

data cutpointé6;
N=100;
seed=12345;
do obs = 1 to N;
cutpoint6 = l*ranuni (seed)+ O0;
output;
end;
run;

data X wc;set pred clog calib;set cutpointé6;
if p clog calib > cutpoint6 then X wc = 1;
else X wc = 0;
output;
run;

data X wc clog;set X wc;
nrep=1000;
do rep = 1 to nrep;
if X wec = 1 then X wc _clog = 1;
else X wc _clog = 0;
output;
end;
run;
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proc sort data= X wc _clog;by rep;
run;

proc logistic data=Y sim clog;
model X g(event='1l")=W g/link=cloglog;
ods output parameterestimates=b_ clog calib;
output out=pred clog calib p=p clog calib;
run;

data cutpoint7;
N=100;
seed=12345;
do obs =1 to N;
cutpoint7 = l*ranuni (seed)+ 0;
output;
end;
run;

data X wg;set pred clog calib;set cutpoint7;
if p clog calib > cutpoint7 then X wg = 1;
else X wg = 0;
output;

run;

data X wg clog;set X wg;
nrep=1000;
do rep = 1 to nrep;
if X wg = 1 then X wg clog = 1;
else X wg clog = 0;

output;

end;
run;
proc sort data= X wg clog;by rep;
run;

v 0w v A ~ a_a_ A ¢ A
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o,n

title 'Logistic Calibration';
proc logistic data=Y sim logit;
model X g(event='1l"')=W c/link=logit;
ods output parameterestimates=b logistic calib;
output out=pred logistic calib p=p logistic calib;
run;

data cutpoint8;
N=100;
seed=12345;
do obs = 1 to N;
cutpoint8 = l*ranuni (seed)+ 0;
output;
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end;
run;

data X wc;set pred logistic calib;set cutpoint8;
if p logistic calib > cutpoint8 then X wc = 1;
else X wc = 0;
output;
run;

data X wc_logistic;set X wc;
nrep=1000;
do rep = 1 to nrep;
if X we = 1 then X wc logistic = 1;

else X wc logistic = 0;
output;
end;
run;
proc sort data= X wc_logistic;by rep;
run;

Y o [y Y a = a A ¢ A v
6. n1stﬁ1ﬂﬂmnsummummsnmauamsaaumsmamm mawmmmmaﬂsxmmnqn

a Y] a * * a J
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title 'Logit Calibration';
proc logistic data=Y sim logit;
model X g(event='1l"')=W g/link=logit;
ods output parameterestimates=b logit calib;
output out=pred logit calib p=p logit calib;
run;

data cutpoint9;
N=100;
seed=12345;
do obs =1 to N;
cutpoint9 = l*ranuni (seed)+ 0;
output;
end;
run;

data X wg;set pred logit calib;set cutpoint9;
if p logit calib > cutpoint9 then X wg = 1;
else X wg = 0;
output;
run;

data X wg logit;set X wg;
nrep=1000;
do rep = 1 to nrep;
if X wg = 1 then X wg logit = 1;
else X wg logit = 0;
output;
end;
run;
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proc sort data= X wg logit;by rep;
run;

Y o [y o I ¢ A \ a v a *
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title 'Logit Model (Y sim logit with X' wc)';
proc logistic data=Y sim logit;by rep;
model Y (event='l')= X wc probit /link=logit;
ods output parameterestimates=b logit calib;
run;

data b _logit calib;set b _logit calib;by rep;

var logit calib=Variable;

est logit calib=Estimate;

keep rep var logit calib est logit calib;
run;
proc sort data=b logit calib;by var logit calib;
run;

data b _logit calib;set b _logit calib;

bl = 0.371;
if var logit calib = ' X wc probit ' then do;
mse logit calib=(est logit calib - bl)**2;
output;
end;

keep var logit calib mse logit calib;
run;
proc univariate data=b logit calib;by var logit calib;
var mse logit calib;
output out=mse logit calib mean=mse logit calib;
run;

title 'Logit Model (Y sim logit with X' wg)';
proc logistic data=Y sim logit;by rep;
model Y (event='l')= X wg probit /link=logit;
ods output parameterestimates=b logit calib;
run;

data b logit calib;set b logit calib;by rep;

var logit calib=Variable;

est logit calib=Estimate;

keep rep var logit calib est logit calib;
run;
proc sort data=b logit calib;by var logit calib;
run;

data b _logit calib;set b _logit calib;
bl = 0.371;
if var logit calib = ' X wg probit ' then do;



mse logit calib=(est logit calib - bl)**2;
output;
end;
keep var logit calib mse logit calib;
run;

proc univariate data=b logit calib;by var logit calib;
var mse logit calib;

output out=mse logit calib mean=mse logit calib;

run;

title 'Probit Model (Y sim probit with Xfﬁwc)‘;
proc logistic data=Y sim probit;by rep;
model Y (event='l')= X wc probit /link=normit;
ods output parameterestimates=b probit calib;
run;

data b probit calib;set b probit calib;by rep;
var probit calib=Variable;
est probit calib=Estimate;
keep rep var probit calib est probit calib;
run; B B B B
proc sort data=b probit calib;by var probit calib;
run;

data b probit calib;set b probit calib;

bl = 0.371;
if var probit calib = ' X wc probit ' then do;
mse probit calib=(est probit calib - bl)**2;
output;
end;

keep var probit calib mse probit calib;
run;
proc univariate data=b probit calib;by var probit calib;
var mse probit calib;
output out=mse probit calib mean=mse probit calib;
run;

title 'Probit Model (Y sim probit with X wg)';
proc logistic data=Y sim probit;by rep;
model Y (event='l')= X wg probit /link=normit;
ods output parameterestimates=b probit calib;
run;

data b_ probit calib;set b_ probit calib;by rep;
var probit calib=Variable;
est probit calib=Estimate;
keep rep var probit calib est probit calib;
run; B B B B
proc sort data=b probit calib;by var probit calib;
run;

data b probit calib;set b probit calib;
bl = 0.371;
if var probit calib = ' X wg probit ' then do;
mse probit calib=(est probit calib - bl)**2;
output;
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end;
keep var probit calib mse probit calib;
run;
proc univariate data=b probit calib;by var probit calib;
var mse_ probit calib;
output out=mse probit calib mean=mse probit calib;
run;
title 'Cloglog Model (Y sim clog with X' wc)';
proc logistic data=Y sim clog;by rep;
model Y (event='l')= X wc _probit /link=cloglog;
ods output parameterestimates=b clog calib;
run;

data b clog calib;set b clog calib;by rep;

var clog calib=Variable;

est clog calib=Estimate;

keep rep var clog calib est clog calib;
run;
proc sort data=b clog calib;by var clog calib;
run;

data b clog calib;set b clog calib;

bl = 0.371;
if var clog calib = ' X wc probit ' then do;
mse clog calib=(est clog calib - bl)**2;
output;
end;

keep var clog calib mse clog calib;
run; B B B B
proc univariate data=b clog calib;by var clog calib;
var mse_clog calib;
output out=mse clog calib mean=mse clog calib;
run;

title 'Cloglog Model (Y sim clog with X wg)';
proc logistic data=Y sim clog;by rep;
model Y (event='l')= X wg probit /link=cloglog;
ods output parameterestimates=b clog calib;
run;

data b clog calib;set b clog calib;by rep;

var clog calib=Variable;

est clog calib=Estimate;

keep rep var clog calib est clog calib;
run; B B B B
proc sort data=b clog calib;by var clog calib;
run;

data b clog calib;set b clog calib;

bl = 0.371;
if var clog calib = ' X wg probit ' then do;
mse clog calib=(est clog calib - bl)**2;
output;
end;
keep var clog calib mse clog calib;
run;

proc univariate data=b clog calib;by var clog calib;
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var mse clog calib;
output out=mse clog calib mean=mse clog calib;
run;

Y o [y o I Jd A 1 a Y a *
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title 'Logit Model (Y sim logit with X' wc)';
proc logistic data=Y sim logit;by rep;
model Y (event='l')= X wc _clog /link=logit;
ods output parameterestimates=b logit calib;
run;

data b logit calib;set b logit calib;by rep;

var logit calib=Variable;

est logit calib=Estimate;

keep rep var logit calib est logit calib;
run;
proc sort data=b logit calib;by var logit calib;
run;

data b logit calib;set b logit calib;

bl = 0.371;
if var logit calib = ' X wc clog ' then do;
mse logit calib=(est logit calib - bl)**2;
output;
end;

keep var logit calib mse logit calib;
run; B B B B
proc univariate data=b logit calib;by var logit calib;
var mse logit calib;
output out=mse logit calib mean=mse logit calib;
run;

title 'Logit Model (Y sim logit with X' wg)';
proc logistic data=Y sim logit;by rep;
model Y (event='l')= X wg clog /link=logit;
ods output parameterestimates=b logit calib;
run;

data b logit calib;set b logit calib;by rep;

var logit calib=Variable;

est logit calib=Estimate;

keep rep var logit calib est logit calib;
run;
proc sort data=b logit calib;by var logit calib;
run;

data b logit calib;set b logit calib;
bl = 0.371;
if var logit calib = ' X wg clog ' then do;



mse logit calib=(est logit calib - bl)**2;
output;
end;
keep var logit calib mse logit calib;
run;

proc univariate data=b logit calib;by var logit calib;
var mse logit calib;

output out=mse logit calib mean=mse logit calib;

run;

title 'Probit Model (Y sim probit with Xfﬁwc)‘;
proc logistic data=Y sim probit;by rep;

model Y (event='l')= X wc_clog /link=normit;

ods output parameterestimates=b probit calib;
run;

data b probit calib;set b probit calib;by rep;
var probit calib=Variable;
est probit calib=Estimate;
keep rep var probit calib est probit calib;
run; B B B B
proc sort data=b probit calib;by var probit calib;
run;

data b probit calib;set b _probit calib;

bl = 0.371;
if var probit calib = ' X wc clog ' then do;
mse probit calib=(est probit calib - bl)**2;
output;
end;

keep var probit calib mse probit calib;
run;
proc univariate data=b probit calib;by var probit calib;
var mse probit calib;
output out=mse probit calib mean=mse probit calib;
run;

title 'Probit Model (Y sim probit with X wg)';
proc logistic data=Y sim probit;by rep;
model Y (event='l')= X wg clog /link=normit;
ods output parameterestimates=b probit calib;
run;

data b probit calib;set b probit calib;by rep;
var probit calib=Variable;
est probit calib=Estimate;
keep rep var probit calib est probit calib;
run; B B B B
proc sort data=b probit calib;by var probit calib;
run;

data b probit calib;set b probit calib;
bl = 0.371;
if var probit calib = ' X wg clog ' then do;
mse probit calib=(est probit calib - bl)**2;
output;
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end;
keep var probit calib mse probit calib;
run;
proc univariate data=b probit calib;by var probit calib;
var mse probit calib;
output out=mse probit calib mean=mse probit calib;
run;
title 'Cloglog Model (Y sim clog with X' wc)';
proc logistic data=Y sim clog;by rep;
model Y (event='l')= X wc_clog /link=cloglog;
ods output parameterestimates=b clog calib;
run;

data b clog calib;set b clog calib;by rep;

var clog calib=Variable;

est clog calib=Estimate;

keep rep var clog calib est clog calib;
run;
proc sort data=b clog calib;by var clog calib;
run;

data b clog calib;set b clog calib;

bl = 0.371;
if var clog calib = ' X wc clog ' then do;
mse clog calib=(est clog calib - bl)**2;
output;
end;

keep var clog calib mse clog calib;
run; B B B B
proc univariate data=b clog calib;by var clog calib;
var mse_clog calib;
output out=mse clog calib mean=mse clog calib;
run;

title 'Cloglog Model (Y sim clog with X wg)';
proc logistic data=Y sim clog;by rep;
model Y (event='l')= X wg clog /link=cloglog;
ods output parameterestimates=b clog calib;
run;

data b clog calib;set b clog calib;by rep;

var clog calib=Variable;

est clog calib=Estimate;

keep rep var clog calib est clog calib;
run; B B B B
proc sort data=b clog calib;by var clog calib;
run;

data b clog calib;set b clog calib;

bl = 0.371;
if var clog calib = ' X wg clog ' then do;
mse clog calib=(est clog calib - bl)**2;
output;
end;
keep var clog calib mse clog calib;
run;

proc univariate data=b clog calib;by var clog calib;
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var mse clog calib;
output out=mse clog calib mean=mse_ clog calib;
run;
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title 'Logit Model (Y sim logit with X' wc)';
proc logistic data=Y sim logit;by rep;
model Y (event='l')= X wc logistic /link=logit;
ods output parameterestimates=b logit calib;
run;

data b logit calib;set b logit calib;by rep;

var logit calib=Variable;

est logit calib=Estimate;

keep rep var logit calib est logit calib;
run;
proc sort data=b logit calib;by var logit calib;
run;

data b logit calib;set b logit calib;

bl = 0.371;
if var logit calib = ' X wc logistic ' then do;
mse logit calib=(est logit calib - bl)**2;
output;
end;

keep var logit calib mse logit calib;
run; B B B B
proc univariate data=b logit calib;by var logit calib;
var mse logit calib;
output out=mse logit calib mean=mse logit calib;
run;

title 'Probit Model (Y sim probit with X wc)';
proc logistic data=Y sim probit;by rep;
model Y (event='l')= X wc logistic /link=normit;
ods output parameterestimates=b probit calib;
run;

data b probit calib;set b probit calib;by rep;
var probit calib=Variable;
est probit calib=Estimate;
keep rep var probit calib est probit calib;
run;
proc sort data=b probit calib;by var probit calib;
run;

data b probit calib;set b probit calib;
bl = 0.371;
if var_ probit calib = ' X wc logistic ' then do;



mse probit calib=(est probit calib - bl)**2;
output;
end;
keep var probit calib mse probit calib;
run;

proc univariate data=b probit calib;by var probit calib;
var mse probit calib;

output out=mse probit calib mean=mse probit calib;

run;

title 'Cloglog Model (Y sim clog with Xfﬁwc)‘;
proc logistic data=Y sim clog;by rep;
model Y (event='l')= X wc_logistic /link=cloglog;
ods output parameterestimates=b clog calib;
run;

data b clog calib;set b clog calib;by rep;

var clog calib=Variable;

est clog calib=Estimate;

keep rep var clog calib est clog calib;
run; B B B B
proc sort data=b clog calib;by var clog calib;run;

data b clog calib;set b clog calib;bl = 0.371;

if var clog calib = ' X wc logistic ' then do;
mse clog calib=(est clog calib - bl)**2;
output;end;

keep var clog calib mse clog calib;
run; B B B B
proc univariate data=b clog calib;by var clog calib;
var mse _clog calib;
output out=mse clog calib mean=mse clog calib;
run;
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title 'Logit Model (Y sim logit with X' wg)';
proc logistic data=Y sim logit;by rep;
model Y (event='l')= X wg logit /link=logit;
ods output parameterestimates=b logit calib;
run;

data b logit calib;set b _logit calib;by rep;

var logit calib=Variable;

est logit calib=Estimate;

keep rep var logit calib est logit calib;
run; B B B B
proc sort data=b logit calib;by var logit calib;
run;



data b logit calib;set b logit calib;

bl = 0.371;
if var logit calib = ' X wg logit ' then do;
mse logit calib=(est logit calib - bl)**2;
output;
end;

keep var logit calib mse logit calib;
run; B B B B
proc univariate data=b logit calib;by var logit calib;
var mse logit calib;
output out=mse logit calib mean=mse logit calib;
run;

title 'Probit Model (Y sim probit with Xfﬁwg)‘;
proc logistic data=Y sim probit;by rep;
model Y (event='l')= X wg logit /link=normit;
ods output parameterestimates=b probit calib;
run;

data b probit calib;set b probit calib;by rep;
var probit calib=Variable;
est probit calib=Estimate;
keep rep var probit calib est probit calib;
run; B B B B
proc sort data=b probit calib;by var probit calib;
run;

data b probit calib;set b probit calib;

bl = 0.371;
if var probit calib = ' X wg logit ' then do;
mse probit calib=(est probit calib - bl)**2;
output;
end;
keep var probit calib mse probit calib;
run;

proc univariate data=b probit calib;by var probit calib;
var mse probit calib;

output out=mse probit calib mean=mse probit calib;

run;

title 'Cloglog Model (Y sim clog with Xfﬁwg)‘;
proc logistic data=Y sim clog;by rep;
model Y (event='l')= X wg logit /link=cloglog;
ods output parameterestimates=b clog calib;
run;

data b clog calib;set b clog calib;by rep;

var clog calib=Variable;

est clog calib=Estimate;

keep rep var clog calib est clog calib;
run; B B B B
proc sort data=b clog calib;by var clog calib;
run;

data b clog calib;set b clog calib;
bl = 0.371;
if var clog calib = ' X wg logit ' then do;
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mse clog calib=(est clog calib - bl)**2;
output;
end;
keep var clog calib mse clog calib;
run;
proc univariate data=b clog calib;by var clog calib;
var mse clog calib;
output out=mse clog calib mean=mse clog calib;
run;

d o ] [y, d
11. msadlvladmsununadws

filename logfile 'd:\out.log';
filename lisfile 'd:\out.lis';

proc printto log=logfile print= lisfile new;
run;
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