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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 techniqgues 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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0 ADUI T WA 1N 1 0819535 IMT0aA1N 1 0819535 WA 1na 0 AoLY19H

[ J o
HazanyazUInI1NYe P(x) A3 1Hdu Tasueailandu () Ao

P(X) =1—exp[—exp(f, + BiX)] e, Q)
1-P(x) =exp[-exp(S, + BX)]
Fafigiuuy luauunasie Pkx) fisaaan 1 51959 Man1nd o Taeilandu (5) g
= a2 g < A o 4
ADUNAIUNIG aon-a0n 11 (6) AD (AT1UN 2544)
—log[1-P(x)] =exp(5, + BX)
log[—10g(L—P(X))] = By + LX ceoveeeiiiiiiveiiiiiiii(6)
1.6 ANNAANMIAVDIAIA (Measurement error)
FuuanuRanaInvenia nasanmelddnuudimsudulsaouauna
@ a & o a ~ 9 ] [~ a A @
Y TumenwesdulseTune deaunlsesunenldgnuisesnilu 2 silafe z unudils
a d' (=] a 1 v o a d' ] 1Y A v 1 9
a5u1eN MdanuAanatnveIaiatay X unudulsesuien hiansodunanioiaala

Tasase anvazvosilyminnuianainvesarinae dwisadunadauils w F9q
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'JG]Q‘]Jig’(?fﬁﬂaU@\‘lﬂ15ﬁ51\‘1¢]’JLLUUﬂ’J1NNﬂW'ﬁW]ﬂﬂflfﬂﬁ‘ﬂWﬂ11Ji$3J1m‘1/]VliJ3Jﬂ’NiJL@u!’EJENianl'J

() [ 9 1 1 o 9 a A A 48’
UUUINIU Y “lumemm (Z,W) fﬂii‘b’ W unu X LWIul‘iJiJﬂ'lﬁiJﬁ’ULLﬂﬂ')HJNﬂWﬁ"lﬂVlLﬂWUL!

mwaiﬁ’ﬁwﬂizumrﬁlléﬁﬁﬂﬂ:nm'om%'mmmﬁzqmi]ﬁqwa@énqumq Tumsisziiuany
ﬁﬂwammmm’?ﬂﬁuﬂuﬁmmm%ﬁﬂuaz’5ﬂymzmmﬂamﬁﬂwmmm%mwd@ﬁmmm%u‘la
Mg msuanuianaiausazlszinnde (Carroll, Ruppert and Stefanski 1995)

1.7 Functional and Structural Models

MIMUUATNHALVOIAMVUANUHANAIAVDIAIAMNAD ANV IS

85118 X 119'1d 2 1521ANAB Classical functional models 11 X Aomnann lins1uawas
Classical structural models 138 X AoAu1ls ij: 4 (Carroll, Ruppert and Stefanski 1995)
1.8 Differential and Non-differential Error
Aa Aq 9 -2 A . . vy
ﬂ’]ﬁJNﬂWﬁ”I@Glu w ‘1/]1%’“1/]1!?’]13@51]’0\1 X 71® Nondifferential error D1N13LLAN
A Ao A A A o
U Tteulvved Y wafmiua (Z,X,w) fsnisuanaauuuiiteulvues Y deosvua

™ 1 o X 1 ) [ 1
(Z.X) WuAD f,,, = f,, Miona1dntoniien w lilimsaumadimiumsnansaimves

Y|zxw

v Y ]
Y uenmiloninansaumaiogly Z uaz X 49y W fg Surrogate tazanuianaaly w i

IFunuA1InUed X Ao Differential error 81 ., %= f

Y|zxw Y|zx

(Carroll, Ruppert and Stefanski 1995)
1.9 Error Models
2
msfmuadmuudmsuanuaanatantaiy 2 Uszinndedl  (Buzas,

Tosteson and Stefanski 2003)
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=
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o F) A LY v Aa K [ V& A A A 9
mmamnw"l,mummﬂmmwuuﬂimq 9 Mnavulumsianigeernuininaieslonlslums
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Jansedadeou 9
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2. Berkson error models Lﬂumgm‘ummwﬂwmﬂ‘wgﬂhmaX UNIT
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o o 4 a 1 ° a
fmuaw  gadviualasglnsainiugueungildasd uiingdmuaguygiii wud
a A { 4 4 a 1
gaurgivsalumey X siimsnaouwlasldaw wiilesaingdnsainruquaungi lu'lag
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UY
Y ] 9 1 "
Lmawmgammmum”lmﬂu 2 NQU (Carroll, Ruppert and Stefanski 1995)
1y = Y ANy ' = P A
urastoyanielu (Internal data) WHNeDITOYAN IAvINTIUKTINVDITOYAT
= T g 1 1 9 Aa A
Anmansouduilunquaes’la 3 viiado
1. Yoya34 (Validation data) Muededoyaiamisadunanioian X 14
Taegnsa
¥ J
2. ToyamsIad (Rephcanondata)ﬁmammauammmimﬂm'lﬂmmW
9 A1 [} =K 9 % A ~
3. YoyanNdIuYIY (Instrumental  data) MUEAIVOYAINAWTDU ) N
[ 9 A
ansaduna lduenmiienn w
T 9 . =2 9 A k4
UYaIUeYan18Uon (External data or Independent studies) WﬂJ”IEJﬂQsll’t’JiJum/lllﬂ
= A T g 1 1 9 a A
MINMsAnE1DY 9 ansoudaiungudesld 3 viiano
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Taensa

v o J L = g A v Jduw
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9 A ] =K 9 @ A A
3. ﬂl@i,l“’ﬁ‘l/]llﬁﬂu%’\]ﬂ (Instrumental data) wmaawayjamﬂmuﬂiauq N
[ k) =
ﬁ']‘ll"liﬂﬁ\‘llﬂﬂllﬂuﬂﬂmu’EWTﬂ W
1.11 msaeuaumsanass (Regression Calibration)
= 1< a A [ @ 2 A a 4?}
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Ligadu Tunsaindudsesuredlunuuaeiiies gnanyuiuaiwsnluauiteneiny
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Proportional hazards regression e X Wuausuuyaetiieaued Prentice (1982) mMsaoU
= = 4 ] o U l d' a A
Weunsonnesilsz lexiognunlumsmuiuaves X LUUA0LL0d LUIAAADNIS

1 { o [] * 1 4 % * 1 o {
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] A a9 o 1 A oy 2 S ¥ A
Yoy ANNIAY ToaAINa1I19UINNMeUBNUI o] uToyaInMelurTe il uvayany

[ oy a o’td' Y * -
M3 A8 WNAmesndeInszgnilszina lagn1snanvesued Y YU (Z,X) Msaouineuns
qu an ~ Y :j A
a@1aaﬂmmmaa;1Jeuum'amjm’mmiaaumaummmaa% 2 Aupeune Midsemums
AANBEVDY X LU (Z,W) WONIA1U8Y X 1agn1s0a0osusd Y Ul (Z.X) Memadszuna
a 4
NI91UL§DT (Buzas, Tosteson and Stefanski 2003)
1.12 maiiamsaeunaulnsia (Probit Calibration)
a =} a I a (Y a Aa
madamsaevey Insta umatamsdseunamanlsesuieuuus
1 U d‘ [} o A v J 9 9 v a v d’

nau 2 nau (x_Q) Aliausedunaniedani1d lasase AreddseTursuyuseliles

A a 1 1 d‘ [ A o 1 9 Y o a
(w_c) nypuuusingy 2 ngu (w_Q) Aannsadanariedanld aelddwunInsia

Y 09/1 o dy
Usenoualelunou Agil
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Twsia Ao

q)il[P(X_ g :1| W_C)] = ﬂo +ﬂ1W_C

O P(x_g=1|w_g)l=+BwW_{g
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Cutpoint
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a ~ = A g <} 1< a 1w
MANANT TR UINIUABUNAIUNIT Aon-asn tumatiamsdszuanial
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a 1 Ai A a 1 1 d‘ [ A @ 1 Y
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1 A Y o =
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IUNIT A9N-090N A

log[-log(1-P(x_g=1|w_c)]=4,+pw_cC

log[-log(1-P(x_g=1|w_g)l=4+BwW_g
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Cutpoint
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waz X _we=0 nsdiou q uazaiieduwds X _wg Tash X°_wg=1 i
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data sim;

mu=0;

sigma=0.75;

N=100;

nrep=1000;

seed=12345;

do obs = 1 to N;

X_c = rannor(seed);

if X_c >0 then X_g = 1;
else X g = 0;
U = mu+sigma*rannor(seed);
Wec=Xc+ U;
if Wc >0 then W g = 1;

else W g = 0;
do rep = 1 to nrep;

output;

end;

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

o % a 4 5 a d
2. msadlisunsudiaesdansaouanes Y uumBangs 2 ngu iileivuaminiimes
By =-2.25, 5, =0.371 (Thoresen and Laake (2000)) MelAfuy GLMs tlag Cut Point

d
Mmamstansaauugiwesu (0,1)

data p_logit;set sim;

betal0=-2_25;

betal=0.371;

p_logit = exp(betaO+(betal*X _g))/l+exp(betaO+(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;

beta0=-2.25;

betal=0.371;

mul=betaO/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(betaO+(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 =1*ranuni(seed)+ O;
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;
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title "Probit Calibration®;
proc logistic data=Y_sim_probit;
model X_g(event="1")=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 = 1*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="1")=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;
cutpoint5 = 1*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 = 0O;
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;

k4 o (% Y a = =2 L < 4'
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title TCloglog Calibrationt;
proc logistic data=Y_sim_clog;
model X_g(event="1")=W_c/link=cloglog;
ods output parameterestimates=b__clog_calib;
output out=pred_clog calib p=p_clog_calib;
run;

data cutpoint6;
N=100;
seed=12345;
do obs = 1 to N;
cutpoint6é = l1*ranuni(seed)+ 0;
output;
end;
run;

data X wc;set pred_clog calib;set cutpoint6;
if p_clog_calib > cutpoint6é 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 wc =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="1")=W_g/link=cloglog;
ods output parameterestimates=b__clog_calib;
output out=pred_clog_calib p=p_clog_calib;
run;

data cutpoint?7;
N=100;
seed=12345;
do obs = 1 to N;
cutpoint7 = 1*ranuni(seed)+ 0O;
output;
end;
run;

data X wg;set pred_clog calib;set cutpoint7;
if p_clog calib > cutpoint7 then X wg = 1;
else X wg = 0O;
output;

run;

data X wg clog;set X _wg;
nrep=1000;
do rep = 1 to nrep;
it X_wg =1 then X _wg.clog = 1;
else X_wg_clog = O;

output;

end;
run;
proc sort data= X _wg_clog;by rep;
run;
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title "Logistic Calibration®;
proc logistic data=Y_sim_logit;
model X_g(event="1")=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 = 1*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 wc =1 then X _wc_logistic = 1;
else X _wc_logistic = 0;

output;

end;
run;
proc sort data= X wc_logistic;by rep;
run;
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title TlLogit Calibration”;
proc logistic data=Y_sim_Rlogit;
model X g(event="1")=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 = l1*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 = 0O;
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 = 0O;
output;
end;
run;
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proc sort data= X_wg_logit;by rep;
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="1")= 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;
it 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="1")= 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 X~ wc)";
proc logistic data=Y_sim_probit;by rep;
model Y (event="1")= 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;
proc sort data=b_probit _calib;by var_probit calib;
run;

data b_ probit calib;set b _probit_calib;
bl = 0.371;
iT 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="1")= 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;
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;

60



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="1")= 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;
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="1")= 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;
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;
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title "Logit Model (Y_sim logit with X" wc)";
proc logistic data=Y_sim_logit;by rep;
model Y (event="1")= 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;
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="1")= 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 X~ wc)";
proc logistic data=Y_sim_probit;by rep;

model Y (event="1")= 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;
proc sort data=b_probit _calib;by var_probit calib;
run;

data b_ probit calib;set b _probit _calib;
bl = 0.371;
iT var_ probit  calib /= " /X wc clog 7 then doj;
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="1")= 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;
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="1")= 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;
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="1")= 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;
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="1")= 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;
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="1")= 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;
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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 X~ wc)";
proc logistic data=Y_sim_clog;by rep;
model Y (event="1")= 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;
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;
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="1")= X wg_logit /Zlink=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 logit * 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 X~ wg)";
proc logistic data=Y_sim_probit;by rep;
model Y (event="1")= X_wg_logit /Zlink=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;
it 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 X~ wg)";
proc logistic data=Y_sim_ clog;by rep;
model Y (event="1")= 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;
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 v} [y, d
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filename logfile "d:\out.log”;
filename lisfile "d:\out.lis";

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