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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. 

Department of Statistics     Graduate School, Silpakorn University     Academic Year 2009 
Student's signature ........................................
Thesis Advisor's signature ........................................ 

 
 
 
 

 
 
 
 

 
 



. .

 
 
 
 

 
 
 
 

 
 



 ....................................................................................................................   

 ...............................................................................................................   

 .....................................................................................................................   

 ............................................................................................................................  

 ...............................................................................................................................   

1  .............................................................................................................................   1 

 ...............................................................   1

 .....................................................................................   4

 ............................................................................................   4

 ..................................................................................................   6

 ..................................................................................   6 

 2  .......................................................................................   7

 ..................................................................................................   7 

 ...............................................................................................  21 

 3  ...........................................................................................................  24

 ............................................................................................................  24

 ...........................................................................................  24

 .....................................................................  24 

…………………………………………………………. ....  25

 ......................................................................................  25

 ..........................................................................................  28

……………………………………….. .....  28 

 4  ....................................................................................................................  30

 4 

………………………………………………………….. ...  31 

 GLMs 3 

……… .........................................................................  41 

 
 
 
 

 
 
 
 

 
 



   5  ................................................................................  47

 ................................................................................  47

 .....................................................................................  48

 .......................................................................  48 

 ............................................................................................................................. 49

 .................................................................................................................................. 51

  ............................................................................................................................. 69

 
 
 
 

 
 
 
 

 
 



                                                                                                                               

1
2 0.75U

 4 …………………....      31 

2
2 1U

 4 ……………………    32 

3
2 3U

 4 ……………………      33 

4
2 0.75U

 4 ………………..….       34

5
2 1U

 4 ……………………       35 

6
2 3U

 4 ……...….…….…..       36 

7 -

2 0.75U  4 …....       37 

8 -

2 1U  4 …….….       38 

9 -

2 3U  4 ……......       40 

    10 
2 0.75U ……………….    41 

    11 
2 1U …………………...    42 

    12
2 3U …………………..    43 

 
 
 
 

 
 
 
 

 
 



                                                                                                                               

1  P(x) 

    0.5 ………………………………………...….……    12 

2  P(x) -  P(x)

    0  1  1 

    0  ………………………………………………...……….       13 

 3 ……………………………………………...    19  

 4 - ………………………….    20 

 5 ……………………………………………    20 

 6 ……………………………………………….    21  

7  …………………….……………………...….….…....….      29 

 8  3 

 W_c 

 GLMS ………………….…………..       44 

 9      3 

 W_g  2

 GLMS ………………….…………..        45 

 
 
 
 

 
 
 
 

 
 



1

 1 

1.

 Y  X 

 Y  X 

 ( )

 X 

 W  W  X  W = X + 

U  U  X 

 X  W  (Calibration) 

 (Ordinary regression)  Fuller 

(1987)  Carroll, Ruppert 

and Stefanski (1995) 

 
 
 
 

 
 
 
 

 
 



2
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 (Regression Calibration) 
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 Lyles and Lin (2009) 

 (Sensitivity) 

(Nelder and Wedderburn 1972)
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 1.

1.1  (Generalized Linear Models : GLMs) 

Nelder and Wedderburn (1972)  McCullagh and Nelder (1989) 

 3 

 (Random component) 

 (Systematic component) 

 Link function 

1.2

(Classical linear model) 

 (Exponential family) 

 Link function  Identical link 

 Monotonic differentiable function 

 3 

 1  GLMs 

 Y  Y  n 
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; , exp / ,yf y y b a c y  ………………....….(1)
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 2  GLMs 

1,..., N

; ; 1,..., ; 1,...,j i ij
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X X i p j N

X N X  Design 
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 (Linear Predictor) 

 3  GLMs  Link functions 

; 1,...,j jE Y j N
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 1  0  (Bernoulli 

distribution)  Binary 
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 x P(x)   (Logit 

transformation)
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= logit P(x)

0 1
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log
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X
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log
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1.4  (Probit model)
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( ) ( ) ( - ) /P x G x x  CDF 

0 1( ) ( )P x F X 0, - /F 1 1/

 (Pobit model)  (4) 

(Agresti 2002  2544) 

1

0 1[ ( )]P x X ......................................................(4)

1.5 -  (Complementary log-log model)

-  (Complementary log-log model) 
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 2  P(x) -  P(x) 
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 X  Y  (Z,X) 

 Y  (Z,X) 

 Y  (Z,W)  W  X 

 (Carroll, Ruppert and Stefanski 1995) 

1.7   Functional and Structural Models 

 X  2  Classical functional models  X 

Classical structural models  X  (Carroll, Ruppert and Stefanski 1995) 

1.8   Differential and Non-differential Error 

 W  X  Nondifferential error 

 Y  (Z,X,W)  Y 

(Z,X)
| |Y zxw Y zxf f  W 

Y  Z  X   W  Surrogate  W 

 X  Differential error 
| |Y zxw Y zxf f  (Carroll, Ruppert and Stefanski 1995) 

1.9   Error Models 

 2  (Buzas, 

Tosteson and Stefanski 2003) 

1. Classical error models  W 

 X  W = X + U  U  0 

 X  X 
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2. Berkson error models  X 

 W  X = W + U  U 

 0  W

 Error Models 

 Classical error models  Berkson error 

models

 W  W 

 X  W 

 100%

1.10

 2  (Carroll, Ruppert and Stefanski 1995) 

 (Internal data) 

 3 

 1.  (Validation data)  X 

2.  (Replication data)  W 

3.  (Instrumental data) 

 W 

 (External data or Independent studies) 

 3 

1.  (Validation data)  X 

2.  (Replication data)  W 
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3.  (Instrumental data) 

 W 

1.11  (Regression Calibration) 

Proportional hazards regression  X  Prentice (1982)  

 X 

 X  X
*

 X
*

 X 

 X  (Z,W)  X  (Z,W) 

 Y  (Z,X
*
)

 2 

 X  (Z,W)  X
*

 Y  (Z,X
*
)

 (Buzas, Tosteson and Stefanski 2003) 

1.12  (Probit Calibration) 
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( _ )w c  2 ( _ )w g

1. ( _ 1| _ )P x g w c ( _ 1| _ )P x g w g

1

0 1
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0 1

[ ( _ 1| _ )] _

[ ( _ 1| _ )] _

P x g w c w c

P x g w g w g
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_x g  2 

 (Validation data)  (Replication data) 

(Instrumental data) 

2.  c  0.5 

Cutpoint

3.
* _X wc * _ 1X wc ( _ 1| _ )P x g w c c

* _ 0X wc * _X wg * _ 1X wg

( _ 1| _ )P x g w g c
* _ 0X wg

 1-3  3

1.13 -  (Complementary log-log 

Calibration)

-

 2 ( _ )x g

( _ )w c  2 ( _ )w g

-

1. ( _ 1| _ )P x g w c ( _ 1| _ )P x g w g

-

0 1

0 1

log[ log(1 ( _ 1| _ )] _

log[ log(1 ( _ 1| _ )] _

P x g w c w c

P x g w g w g

_x g  2 

 (Validation data)  (Replication data) 

(Instrumental data) 

2.  c  0.5 

Cutpoint

3.
* _X wc * _ 1X wc ( _ 1| _ )P x g w c c
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* _ 0X wc * _X wg * _ 1X wg

( _ 1| _ )P x g w g c
* _ 0X wg

-  1-3 

 4 

1.14  (Logistic Calibration) 

 2 ( _ )x g

( _ )w c  2 ( _ )w g

1. ( _ 1| _ )P x g w c ( _ 1| _ )P x g w g

0 1

( _ 1| _ )
log _

1 ( _ 1| _ )

P x g w c
w c

P x g w c

_x g  2 

 (Validation data)  (Replication data) 

(Instrumental data) 

2.  c  0.5 

 Cutpoint 

3.
* _X wc * _ 1X wc ( _ 1| _ )P x g w c c

* _ 0X wc

 1-3  5 

1.15  (Logit Calibration) 

2 ( _ )x g ( _ )w c

 2 ( _ )w g
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1. ( _ 1| _ )P x g w c ( _ 1| _ )P x g w g

0 1

( _ 1| _ )
log _

1 ( _ 1| _ )

P x g w c
w g

P x g w c

_x g 2

 (Validation data)  (Replication data)  (Instrumental 

data)

2.  c  0.5 

Cutpoint

3.
* _X wg * _ 1X wg ( _ 1| _ )P x g w g c

* _ 0X wg

 1-3  6 

 3 

( _ 1| _ )P x g w c

( _ 1| _ )P x g w g

~ (0,1)c U

*

*

1 ( _ ) 0
_

0

1 ( _ ) 0
_

0

if P x c
X wc

elsewhere

if P x g
X wg

elsewhere
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 4 -

 5 

( _ 1| _ )P x g w c ( _ 1| _ )P x g w g

-

~ (0,1)c U

*

*

1 ( _ ) 0
_

0

1 ( _ ) 0
_

0

if P x c
X wc

elsewhere

if P x g
X wg

elsewhere

( _ 1| _ )P x g w c

~ (0,1)c U

*
1 ( _ ) 0

_
0

if P x c
X wc

elsewhere
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 6 

2.

Reade-Christopher and Kupper (1991) 

 2 

 Weighted least squares  Iteratively 

reweighted maximum likelihood

Schafer (1993)  (Likelihood analysis) 

 EM 

Algorithm  n 
i i i

( r , u ,z )
i

r

,
i

u

( _ 1| _ )P x g w g

~ (0,1)c U

*
1 ( _ ) 0

_
0

if P x g
X wg

elsewhere

 
 
 
 

 
 
 
 

 
 



22

i
z  n 

i
x (i)

( 1| , , ) ( )i i i i i iP r u x z u x .

Thoresen and Laake (2000)  4 

 Regression Calibration, 

 (Approximation), 

 (Exact)  (Naïve estimator) 

 (MSE),  (Empirical 

bias)  Coverage 

 2  (X) 

 (Z)  1500  150  5  1. 

0 1 22.25, 0.371, 0.371

2.  (
2

U ) 3.  Y = 1 

4.  (X)  5. 

 (X)  (
2

1~X )

Gustafson and Le (2002) 
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 2  1 

Buzas, Tosteson and Stefanski (2003) 

 Y  X  Z 
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 Y, Z, W 

Weller et al. (2007) 

 (Surrogates) 

Lyles and Lin (2009)  Sensitivity 

 Sensitivity 

 Sensitivity 

 Specificity 
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 3 

1.
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 GLMs 3 

-
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4.

W_g  2  W_c 

-

 (MSE)  M 

 MSE 

M

)ˆ(

MSE

M

1m

2

m

 M=1,000 

5.

 3 

 1 

1.  X_c  0

 1 

2.  U  0 

2

U

3.  X_g  2  X_c 

_ 1X g _ 0X c _ 0X g

4.  W_c  W_c = X_c + U 

 5.  W_g  2  W_c 

_ 1W g _ 0W c _ 0W g

6. ( _ 1| _ )P x g w c ( _ 1| _ )P x g w g
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-1

0 1[ ( _ 1| _ )] _P x g w c w c

1

0 1[ ( _ 1| _ )] _P x g w g w g

-

0 1log[ log(1 ( _ 1| _ ))] _P x g w c w c

0 1log[ log(1 ( _ 1| _ ))] _P x g w g w g

0 1
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log _

1 ( _ 1| _ )

P x g w c
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0 1
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log _
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_wc  X
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log _
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1

0 1[ ( _ )] _P x g X g

-

0 1log[ log(1 ( _ ))] _P x g X g

2.  c  0.5 

Cutpoint

3.  Y  P(x_g)  1  Y = 1 

P(x_g)  > c  Y = 0 

4.  2-3  1,000 

 3 

1.  Y 

-  X
*
_wc  X

*
_wg

*
*

0 1*

*
*

0 1*

( 1| _ )
log _

1 ( 1| _ )

( 1| _ )
log _

1 ( 1| _ )

P Y x wc
x wc

P Y x wc

P Y x wg
x wg

P Y x wg

1 * *

0 1

1 * *

0 1

[ ( 1| _ )] _
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* *

0 1

log[ log(1 ( 1| _ ))] _

log[ log(1 ( 1| _ ))] _

P Y x wc x wc

P Y x wg x wg

2. 1  (

)

3.  1-2  1,000 

 4. 1

 1,000 

 
 
 
 

 
 
 
 

 
 



28

 3  7 

6.

 4  GLMs 3 

7.

1.  Structural model

2.  W  Nondifferential error

3.  Classical error models  W_c = X_c + U     

 U  0  X _c 
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_ _W c X c U

1 _ 0
_

0

if W c
W g

elsewhere

 7 

GLMs 1
ˆ

M < 1,000

 MSE 

c_X U 1,0N

1 _ 0
_

0

if x c
x g

elsewhere

( _ )P x g

 GLMs 

~ (0,1)c U

1 ( _ )

0

if P x g c
Y

elsewhere

 P(x_c)  P(x_g) 

 4 
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*
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_

0
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if P x c c
X wc

elsewhere
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X wg

elsewhere
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 4 

 4 

 (Probit calibration) -  (Complementary log-

log calibration)  (Logistic calibration) 

 (Logit calibration) 

 2 

 Y  W_g 

 2  W_c 

 X_g  W_c  W_g  

 4  X
*
_wc  X

*
_wg

 GLMs 3 -

2

U
 ( 0.75,1  3)  (100, 500 
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 1 
2 0.75U

 4  W  W 

 2 

2

U

 W 

 (W_c)        2  (W_g)

0.75 100 Probit 0.20472 0.22414 

Comp-log-log 0.22776 0.20601

Logistic 0.18961 -

Logit - 0.22069 

500 Probit 0.02908 0.02762 

Comp-log-log 0.03038 0.02963 

Logistic 0.02769 -

Logit - 0.02717

1,000 Probit 0.01648 0.01515 

Comp-log-log 0.01560 0.01648 

Logistic 0.01548 -

Logit - 0.01511

 1 
2 0.75U  W 

 100, 500 

 1,000  W  2 

-  100 

 500  1,000
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 2 
2 1U

 4  W  W 

 2 

2

U

 W 

 (W_c)       2  (W_g)

1 100 Probit 0.20370 0.23705 

Comp-log-log 0.23694 0.19478

Logistic 0.20344

Logit 0.29436

500 Probit 0.03033 0.02799 

Comp-log-log 0.03403 0.03151 

Logistic 0.03037 - 

Logit - 0.02999 

1,000 Probit 0.01632 0.01550

Comp-log-log 0.01559 0.01644

Logistic 0.01630 - 

Logit - 0.01559 

 2 
2 1U  W 

 100 

 500 

-  1,000  W  2 

-

 100  500  1,000
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 3 
2 3U

 4  W  W 

 2 

2

U

 W 

 (W_c)            2  (W_g)

3 100 Probit 0.30170 0.24185

Comp-log-log 0.24450 0.29392 

Logistic 0.23261 -

Logit - 0.26417 

500 Probit 0.03011 0.02905

Comp-log-log 0.03467 0.03135 

Logistic 0.02936 -

Logit - 0.02938 

1,000 Probit 0.01607 0.01579

Comp-log-log 0.01607 0.01675 

Logistic 0.01591 -

Logit - 0.01620 

 3 
2 3U

 W 

 100, 500 

 1,000  W  2 

 100, 500  1,000 

 1-3 

 W 
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W  2 

 4 
2 0.75U

 4  W  W 

 2 

2

U

 W 

 (W_c)          2  (W_g)

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 

Logistic 0.01084 -

Logit - 0.01063

1,000 Probit 0.00646 0.00594 

Comp-log-log 0.00611 0.00646 

Logistic 0.00607 -

Logit - 0.00592
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 4 
2 0.75U

 W 

 100, 

500  1,000  W  2 

-  100 

 500  1,000 

 5 
2 1U

 4  W  W 

 2 

2

U

 W 

 (W_c)          2  (W_g)

1 100 Probit 0.07958 0.09222 

Comp-log-log 0.09232 0.07604

Logistic 0.07944 -

Logit - 0.11495 

500 Probit 0.01187 0.01096 

Comp-log-log 0.01332 0.01234 

Logistic 0.01189 - 

Logit - 0.01174 

1,000 Probit 0.00640 0.00607

Comp-log-log 0.00611 0.00644

Logistic 0.00639 - 

Logit - 0.00611 
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 5 
2 1U

 W 

 100 

 500 -

 1,000  W  2 

-  100 

 500  1,000 

 6 
2 3U

 4  W  W 

 2 

2

U

 W 

 (W_c)          2  (W_g) 

3 100 Probit 0.11790 0.09440

Comp-log-log 0.09533 0.11482 

Logistic 0.09056 -

Logit - 0.10317 

500 Probit 0.01178 0.01137

Comp-log-log 0.01356 0.01227 

Logistic 0.01149 -

Logit - 0.01149 

1,000 Probit 0.00630 0.00619

Comp-log-log 0.00630 0.00656 

Logistic 0.00624 -

Logit - 0.00635 
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 6 
2 3U

 W 

 100, 500 

 1,000  W  2 

 100, 500  1,000 

 4-6 

 W 

W  2 

 7 -

2 0.75U  4  W 

 W  2 

-

2

U

 W 

 (W_c)        2  (W_g)

0.75 100 Probit 0.10804 0.11816 

Comp-log-log 0.11995 0.11015

Logistic 0.10140 -

Logit - 0.11618 

500 Probit 0.01438 0.01359 

Comp-log-log 0.01500 0.01460 

Logistic 0.01363 -

Logit - 0.01338
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 7 ( )

-

2

U

 W 

 (W_c)         2  (W_g) 

  0.75            1,000 Probit 0.00822 0.00753 

Comp-log-log 0.00777 0.0082 

Logistic 0.00772 -

Logit - 0.00752

 7 
2 0.75U  W 

-

 100, 500  1,000  W  2 

- -

 100  500  1,000 

 8 -
2 1U

 4  W  2 

-

2

U

 W 

 (W_c)   2  (W_g) 

     1           100 Probit 0.10769 0.12416 

Comp-log-log 0.12216 0.10386

Logistic 0.10687 -

Logit - 0.15469 
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 8 ( )

-

2

U

 W 

 (W_c) 2  (W_g) 

1 500 Probit 0.01498 0.01383

Comp-log-log 0.0168 0.01553 

Logistic 0.01493 -

Logit - 0.0148 

1,000 Probit 0.00811 0.00771

Comp-log-log 0.00776 0.00818

Logistic 0.00811 - 

Logit - 0.00778 

 8 
2 1U  W 

-

 100, 500 -

1,000  W  2 -

- -  100 

 500  1,000 
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 9 -

2 3U
 4  W 

 W  2 

-

2

U

 W 

 (W_c)      2  (W_g)

3 100 Probit 0.15900 0.12944

Comp-log-log 0.13113 0.15436

Logistic 0.12437 - 

Logit - 0.14014 

500 Probit 0.01481 0.01431

Comp-log-log 0.01699 0.01544 

Logistic 0.01448 -

Logit - 0.01440 

1,000 Probit 0.00799 0.00787

Comp-log-log 0.00801 0.00834 

Logistic 0.00792 -

Logit - 0.00807 

 9 
2 3U

 W 

-

-  100  500 

 1,000  W  2 

-  100, 500  1,000 
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 7-9 -

 W 

 W  2 

 1–9 -

-

 10 

W  W  2 
2 0.75U

 GLMs

2

U

 W 

 (W_c) 2  (W_g) 

0.75 100 Probit Logistic(0.07389) Comp-log-log(0.08029)

Comp-log-log Logistic(0.10414) Comp-log-log(0.11015) 

Logit Logistic(0.18961) Comp-log-log(0.20601) 

500 Probit Logistic(0.01084) Logit(0.01063)

Comp-log-log Logistic(0.01363) Logit(0.01338) 

Logit Logistic(0.02769) Logit(0.02717) 

1,000 Probit Logistic(0.00607) Logit(0.00592)

Comp-log-log Logistic(0.00772) Logit(0.00752) 

Logit Logistic(0.01548) Logit(0.01511) 

-  4

 GLMs

-
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 10 

2 0.75U
,  100  1  1 

 4 

 3  500  1,000 

 11 

W  W  2 
2 1U

 GLMs 

2

U

 W 

 (W_c) 2  (W_g) 

1 100 Probit Logistic(0.07944) Comp-log-log(0.07604)

Comp-log-log Logistic(0.10687) Comp-log-log(0.10386) 

Logit Logistic(0.20344) Comp-log-log(0.19478) 

500 Probit Probit(0.01187) Probit(0.01096)

Comp-log-log Logistic(0.01493) Probit(0.01383) 

Logit Probit(0.03033) Probit(0.02799) 

1,000 Probit Comp-log-log(0.00611) Probit(0.00607)

Comp-log-log Comp-log-log(0.00776) Probit(0.00811) 

Logit Comp-log-log(0.01559) Probit(0.01550) 

-  4

 GLMs

-

 11 

2 1U ,  100  1  1 

-  4 
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 3  500  1,000 

 12 

W  W  2 
2 3U

 GLMs 

2

U

 W

 (W_c) 2  (W_g) 

3 100 Probit Logistic(0.09056) Probit(0.09440)

Comp-log-log Comp-log-log(0.13113) Probit(0.12944) 

Logit Logistic(0.23261) Probit(0.24185) 

500 Probit Logistic(0.01149) Probit(0.01137)

Comp-log-log Logistic(0.01448) Probit(0.01431) 

Logit Logistic(0.02936) Probit(0.02905) 

1,000 Probit Logistic(0.00624) Probit(0.00619)

Comp-log-log Logistic(0.00792) Probit(0.00787) 

Logit Logistic(0.01591) Probit(0.01579) 

-  4

 GLMs

-

 12 

2 3U ,  100  1  1 

 4 

 3  500  1,000 -
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-

 9  3 

 W_g  2 

 GLMS

 9 
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-
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 8  9  W_g  2 
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 5

1.

 4 

 (Probit calibration) -  (Complementary log-log 

calibration)  (Logistic calibration)  (Logit 

calibration)

 2 

 100, 500  1,000 

0.75,1  3  GLMs 3 

-

 W_c 
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 W_c 

 W_g  2 

 W_g  2 

 W_c 

-

-

 W_c  W_g  2 

2.

 W_g 

W_c

 W_g 

3.

 1 
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2
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 4 

 (Probit calibration) -  (Complementary log-log 

calibration)  (Logistic calibration)  (Logit 

calibration)  2 

 100, 500  1,000  0.75,1 

 3  GLMs 3 
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 0  1  U 
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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); 
  W_c = X_c + U; 

if W_c > 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;

2.  Y  2 

0 12.25, 0.371 (Thoresen and Laake (2000))  GLMs  Cut Point 

 (0,1)

data p_logit;set sim; 
beta0=-2.25;
beta1=0.371;
p_logit = exp(beta0+(beta1*X_g))/1+exp(beta0+(beta1*X_g));
run;
proc print data=p_logit;
run;

title 'cutpoint1';
data  cutpoint1; 
 nrep=1000;
 N=100;
 seed=12345;

do rep = 1 to nrep; 
do obs = 1 to N; 

  cutpoint1 =1*ranuni(seed)+ 0;
output;
end;
end;

run;
proc print data=cutpoint1;
run;
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data Y_sim_logit;set sim;set cutpoint1;set p_logit; 
if p_logit > cutpoint1 then Y = 1;
else Y = 0;
run;
proc print data=Y_sim_logit;
run;

data p_probit;set sim; 
beta0=-2.25;
beta1=0.371;
mu1=beta0/beta1;
sigma1=1/beta1;
p_probit = CDF('NORMAL',X_g,mu1,sigma1);
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; 
beta0=-2.25;
beta1=0.371;
p_clog = 1-exp(-exp(beta0+(beta1*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)+ 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;

3.

X
*
_wc  X

*
_wg  Cut Point  (0,1)

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;

 
 
 
 

 
 
 
 

 
 



56

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;

4. -

X
*
_wc  X

*
_wg  Cut Point 

 (0,1)

title 'Cloglog Calibration';
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; 
  cutpoint6 = 1*ranuni(seed)+ 0;

output;
end;

run;

data X_wc;set pred_clog_calib;set cutpoint6; 
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_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 cutpoint7; 
 N=100;
 seed=12345;

do obs = 1 to N; 
  cutpoint7 = 1*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;

5.

X
*
_wc  X

*
_wg  Cut Point 

(0,1)

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;

6.

X
*
_wc  X

*
_wg  Cut Point  (0,1)

title 'Logit Calibration';
proc logistic data=Y_sim_logit;

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 = 1*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;

7.  X
*
_wc

 X
*
_wg

 GLMs 

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; 
b1 = 0.371;

if var_logit_calib = ' X_wc_probit ' then do;
  mse_logit_calib=(est_logit_calib - b1)**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; 
b1 = 0.371;

if var_logit_calib = ' X_wg_probit ' then do;
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  mse_logit_calib=(est_logit_calib - b1)**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; 
b1 = 0.371;

if var_ probit_calib = ' X_wc_probit ' then do;
  mse_probit_calib=(est_probit_calib - b1)**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; 
b1 = 0.371;

if var_probit_calib = ' X_wg_probit ' then do;
  mse_ probit_calib=(est_probit_calib - b1)**2;

output;

 
 
 
 

 
 
 
 

 
 



61

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;
b1 = 0.371;

if var_ clog _calib = ' X_wc_probit ' then do;
  mse_ clog _calib=(est_clog_calib - b1)**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;
b1 = 0.371;

if var_clog_calib = ' X_wg_probit ' then do;
  mse_clog_calib=(est_clog_calib - b1)**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;

8.  X
*
_wc

 X
*
_wg -

 GLMs 

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; 
b1 = 0.371;

if var_logit_calib = ' X_wc_clog ' then do;
  mse_logit_calib=(est_logit_calib - b1)**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; 
b1 = 0.371;

if var_logit_calib = ' X_wg_clog ' then do;
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  mse_logit_calib=(est_logit_calib - b1)**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; 
b1 = 0.371;

if var_ probit _calib = ' X_wc_clog ' then do;
  mse_ probit _calib=(est_probit_calib - b1)**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; 
b1 = 0.371;

if var_probit _calib = ' X_wg_clog ' then do;
  mse_ probit _calib=(est_probit_calib - b1)**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;
b1 = 0.371;

if var_ clog_calib = ' X_wc_clog ' then do;
  mse_ clog_calib=(est_clog_calib - b1)**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;
b1 = 0.371;

if var_clog_calib = ' X_wg_clog ' then do;
  mse_clog_calib=(est_clog_calib - b1)**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;

9.  X
*
_wc

 X
*
_wg

 GLMs 

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; 
b1 = 0.371;

if var_logit_calib = ' X_wc_logistic ' then do;
  mse_logit_calib=(est_logit_calib - b1)**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; 
b1 = 0.371;

if var_ probit_calib = ' X_wc_logistic ' then do;
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  mse_probit_calib=(est_ probit_calib - b1)**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;b1 = 0.371;
if var_clog_calib = ' X_wc_logistic ' then do;

  mse_clog_calib=(est_clog_calib - b1)**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;

10.  X
*
_wc

 X
*
_wg

 GLMs 

title 'Logit Model (Y_sim_logit with X*_wg)';
proc logistic data=Y_sim_logit;by rep; 

model Y (event='1')= 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;
proc sort data=b_logit_calib;by var_logit_calib; 
run;
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data b_logit_calib;set b_logit_calib; 
b1 = 0.371;

if var_logit_calib = ' X_wg_logit ' then do;
  mse_logit_calib=(est_logit_calib - b1)**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 /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; 
b1 = 0.371;

if var_probit_calib = ' X_wg_logit ' then do;
  mse_probit_calib=(est_probit_calib - b1)**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;
b1 = 0.371;

if var_clog_calib = ' X_wg_logit ' then do;
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  mse_clog_calib=(est_clog_calib - b1)**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;

11.

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

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