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The purpose of this research was to compare the methods for estimated
parameters in simple linear regression when independent variable (X) is measured with error.
The method of ordinary least square, adjusted least square, orthogonal regression and
mstrumental variables were studied. Criterias for best method were based on biased and
variance of the estimators. In this study, X were considered as normally distribuld with mean 0
and variance, alse random error were normal distribution with mean  but variance equal to 5.
The sample sizes investigated were divided into 3 groups, group of small sizes (10, 20 and 30),
medium sizes (50 and 70) and large sizes (100, 200 and 300). Data were generated through
Monte Carlo simulation techniques with 1000 replicates under each conditions. The result
showed that ordinary least square gave minimum biased and variance for small sizes,
orthogonal regression gave biased and variance of the estimated parameters as low as other
methods for medium and large sizes. It was concluded that ordinary least square was best for
small sizes (n < 30) , for medium and large sizes (n 2 30) all methods gave biased and

variance of the estimated parameters by the same amount.
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%%%%%%%%6%0%%%%%%%%6%%%6%% %% %% %% %% %% %%% %% % %% % %% %%
%

M-file Thesis.m

% Program for Thesis 'Estimation of Parameters in Simple Linear Regression when
Independent Variable is Measured with Error'

%
%%%%%%%%0%0%%%6%%%%% %% %% %% %% %% %% % %% % %% %% % %% % %% %%
%

% Each Sample Size have 2 Cases

% Case 1 Classical Error Model

% Case 2 Berkson Error Model

%
%%%%%%%%6%0%%%%%%%6%0%%%%%%%%6%%%%%:%%6%0%%%%%%%%%% %%
%

fprintf('Test Model \n');

fprintf('Classical Error Model \n');

%

fprintf('Test Method \n");

fprintf('1. Ordinary Least Squares \n');

fprintf('2. Adjusted Least Squares \n');

fprintf('3. Orthogonal Regression \n');

fprintf('4. Instrumental Variable \n');

method=input('Enter Test Method [1,2,3 or 4] ==>");

%

fprintf('Choose Number of Sample Size \n');

fprintf('Sample Size [10,20,30,50,70,100,200,300 \n'");

n=input('Number of Sample =");

%

Cyc=input('Enter Number of Cycle for Run =');
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%
fprintf('Choose Correlation Coefficients [0.2,0.4,0.5,0.6,0.7,0.8,0.9] \n");
R=input('Enter Correlation Coefficients =");

%

%
%
for C=1:Cyc
X=randn(n,1);
E=random('Normal',0,5,n,1);

B0=0;

U=randn(n,1);
W=X+U;
for i=1:n

Y (i)=BO+(B1*W(@i))+E(®G)-(B1*U()));
end;
Y=reshape(Y,n,1);
meanX 1=mean(X);
meanY 1=mean(Y);
meanX=repmat(meanX1,n,1);
meanY=repmat(meanY1,n,1);
bl=sum((X-meanX).*(Y-meanY))/sum((X-meanX)."2);
bO0=meanY-(bl.*meanX);
Yest=b0+(b1.*X);
e=Y-Yest;
r=sum(abs(e).*X)/sqrt((sum(e.”2)).*(sum(X."2)));
t=(r*sqrt(n-2))/sqrt(1-("2));
tt = tinv(0.95,n-1);

%

% Measurement Error Model
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%
if abs(t)>tt
if model==
W=X+U;
else
W=X+U;
end;

%

% Ordinary Least Squares
%
if method==
meanW=mean(W);
varX=var(X,1);
varW=var(W,1);
b1OLS=(sum((W-meanW).*(Y-meanY))/sum((W-meanW).”2));
s2=(sum(b10OLS-b1)."2)/n;
disp(b10LS);
disp(se);
end;

%

% Adjusted Least Squares

%
if method==
meanW=mean(W);
varX=var(X,1);
varW=var(W,1);
blAOLS=(sum((W-meanW).*(Y-meanY))/sum((W-meanW).*2))*(varW/varX);
s2=(sum(b1AOLS-b1)."2)/n;
disp(b1AOLS);
disp(se);

end;



%
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% Orthogonal Regression
%
if method==3
meanW=mean(W);
vary=var(Y);
varw=var(W);
covwy=sum((W-meanW).*(Y-meanY))/(n-1);
vare=var(e,1);
varU=var(U,1);
A=vare/varU;
b1OR=(vary-(A*varw)+(((vary-(A*varw))"2+(4* A*covwy))"0.5))/(2*sqrt(covwy));
s2=(sum(b1OR-b1)."2)/n;
disp(b10OR);
disp(se);
end;
%

% Instrumental Variable

%

if method==
T=randn(n,1);
meanW=mean(W);
meanT=mean(T);

%

if R==0.2
F=[0.77460 0.63246;
0.77460 -0.63246];
data=[X T];
data=data';

Z=F*data;



7=7;

X=Z(:,1);

T=Z7(:,2);

Rxt=corrcoef(X,T);

R1=Rxt(1,2);
b1IV=sum((Y-meanY).*(T-meanT))/sum((W-meanW).*(T-meanT));
s2=(sum(b11V-b1)."2)/n;

disp(b11V);

disp(se);

end;

%
if R==0.4
F=[0.83666 0.54772;
0.83666 -0.54772];
data=[X T];
data=data';
Z=F*data;
7=7';
X=7(:,1);
T=Z7(:,2);
Rxt=corrcoef(X,T);
R1=Rxt(1,2);
b1IV=sum((Y-meanY).*(T-meanT))/sum((W-meanW).*(T-meanT));
s2=(sum(b1IV-b1)."2)/n;
disp(b11V);
disp(se);
end;

%

if R==0.5

F=[0.86603 0.50000;



0.86603 -0.50000];

data=[X T];
data=data';
Z=F*data;
7=7;
X=Z(,1);
T=Z7(:,2);
Rxt=corrcoef(X,T);
R1=Rxt(1,2);
b1IV=sum((Y-meanY).*(T-meanT))/sum((W-meanW).*(T-meanT));
s2=(sum(b1IV-b1)."2)/n;
disp(b11V);
disp(se);

end;

%

if R==0.6

F=[0.89443 0.44721;
0.89443 -0.44721];

data=[X T];

data=data’;

Z=F*data;

7=7';

X=Z(:,1);

T=Z(:,2);

Rxt=corrcoef(X,T);

R1=Rxt(1,2);

b1IV=sum((Y-meanY).*(T-meanT))/sum((W-meanW).*(T-meanT));

s2=(sum(b1IV-b1)."2)/n;

disp(b11V);

disp(se);

end;

%



if R==0.8

F=[0.94868 0.31623;
0.97468 -0.22361];

data=[X T];

data=data’;

Z=F*data;

7=7;

X=Z(:,1);

T=Z(:,2);

Rxt=corrcoef(X,T);

R1=Rxt(1,2);

b1IV=sum((Y-meanY).*(T-meanT))/sum((W-meanW).*(T-meanT));

s2=(sum(b1IV-b1).72)/n;

disp(b11V);

disp(se);

end;

%
if R==0.9
F=[0.97468 0.22361;
0.97468 -0.22361];
data=[X T];
data=data';
Z=F*data;
7=7';
X=Z(:,1);
T=Z(:,2);
Rxt=corrcoef(X,T);
R1=Rxt(1,2);
b1IV=sum((Y-meanY).*(T-meanT))/sum((W-meanW).*(T-meanT));

s2=(sum(b1IV-b1)."2)/n;
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disp(b11V);
disp(se);
end;
end;
end;
end;
%

%%%%%%%%%%%%%%%%%6%%%%%%%%: %% %% % %% %% %% %% %% %% %% %
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FOR CORR =0.20

DATA A (TYPE = CORR); TYPE ='CORR;
INPUT X1 X2;

CARDS;

1.00 .

0.20 1.00

PROC FACTOR N =2;

RUN;

The SAS System 07:15 Sunday, October 10, 2004 1

The FACTOR Procedure

Initial Factor Method: Principal Components

Prior Communality Estimates: ONE

Eigenvalues of the Correlation Matrix: Total =2 Average = 1

Eigenvalue Difference Proportion Cumulative

1 20000000 0.40000000 0.6000 0.6000
2 0.80000000 0.4000 1.0000



2 factors will be retained by the NFACTOR criterion.

Factor Pattern

Factorl Factor2
X1 0.77460 0.63246
X2 0.77460 -0.63246

Variance Explained by Each Factor

Factorl Factor2

1.2000000 0.8000000

Final Communality Estimates: Total = 2.000000

X1 X2

1.0000000 1.0000000
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PROC IML;

F = {0.77460 0.63246,
0.77460 -0.63246} ;

DATA = RANNOR(J(10,2,0));

DATA =DATA";

Z =F*DATA;

7=7

X1=27Z[1];

X2=Z7[.2];



Z =X1]|X2;

CREATE A FROM Z [COLNAME = {X1 X2}];

APPEND FROM Z;

PROC MEANS DATA = A N MEAN STD SKEWNESS KURTOSIS;
VAR X1 X2;

PROC CORR DATA = A NOSIMPLE;
VAR X1 X2;

RUN;

PROC PRINT DATA = A;

RUN;
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FOR CORR =0.40

DATA A (TYPE = CORR); TYPE ='CORR
INPUT X1 X2;

CARDS;

1.00 .

0.40 1.00

PROC FACTOR N =2;

RUN;

The SAS System  07:15 Sunday, October 10, 2004 3

The FACTOR Procedure

Initial Factor Method: Principal Components

Prior Communality Estimates: ONE

Eigenvalues of the Correlation Matrix: Total =2 Average = 1



Eigenvalue Difference Proportion
1 1.40000000 0.80000000 0.7000
2 0.60000000 0.3000

2 factors will be retained by the NFACTOR criterion.

Factor Pattern

Factorl Factor2
X1 0.83666 0.54772
X2 0.83666 -0.54772

Variance Explained by Each Factor

Factorl Factor2

1.4000000 0.6000000

Final Communality Estimates: Total =2.000000

X1 X2

1.0000000 1.0000000

Cumulative
0.7000

1.0000
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PROC IML;

F = {0.83666 0.54772,
0.83666 -0.54772};

DATA = RANNOR(J(10,2,0));

DATA = DATA’;



Z =F*DATA;

7=7

X1=Z[1];

X2=17[2];

Z =X1]|X2;

CREATE A FROM Z [COLNAME = {X1 X2}];
APPEND FROM Z;

PROC PRINT DATA = A;

RUN;

DATA RANDOM,;

E = RAND('NORMAL',10,0.5,1);
OUTPUT;

PROC PRINT DATA = RANDOM,;

RUN;
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FOR CORR =0.50

DATA A (TYPE = CORR); TYPE ='CORR;
INPUT X1 X2;

CARDS;

1.00 .

0.50 1.00

PROC FACTOR N =2;

RUN;

The SAS System  07:15 Sunday, October 10, 2004 4

The FACTOR Procedure

Initial Factor Method: Principal Components
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Prior Communality Estimates: ONE

Eigenvalues of the Correlation Matrix: Total =2 Average = 1

Eigenvalue Difference Proportion Cumulative
1 1.50000000 1.00000000 0.7500 0.7500
2 0.50000000 0.2500 1.0000

2 factors will be retained by the NFACTOR criterion.

Factor Pattern

Factorl Factor2
X1 0.86603 0.50000
X2 0.86603 -0.50000

Variance Explained by Each Factor

Factorl Factor2

1.5000000 0.5000000

Final Communality Estimates: Total = 2.000000

X1 X2

1.0000000 1.0000000




PROC IML
F = {0.86603 0.50000,
0.86603 -0.50000} ;
DATA = RANNOR(J(10,2,0));
DATA = DATA’;
Z =F*DATA'
z2=7
X1=27[1]
X2 =7[,2]
Z=X1//X2;
CREATE A FROM Z [COLNOME = {X1 X2}];
SPPEND FROM Z;
PROC MEANS DATA = A N MEAN STDB SKEWNESS KURTEST;
VAR X1 X2;
PROC CORRB DATA = A NOSIMPLE;
VAR X1 X2;

RUN;
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FOR CORR = 0.60

DATA A (TYPE = CORR); TYPE_='CORR’;
INPUT X1 X2;

CARDS;

1.00 .

0.60 1.00

PROC FACTOR N =2;

RUN;




The SAS System
The FACTOR Procedure

Initial Factor Method: Principal Components

Prior Communality Estimates: ONE

07:15 Sunday, October 10, 2004 5
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Eigenvalues of the Correlation Matrix: Total =2 Average = 1

Eigenvalue Difference Proportion
1 1.60000000 1.20000000 0.8000
2 0.40000000 0.2000

2 factors will be retained by the NFACTOR criterion.

Factor Pattern

Factorl Factor2
X1 0.89443 0.44721
X2 0.89443 -0.44721

Variance Explained by Each Factor
Factorl Factor2
1.6000000

0.4000000

Final Communality Estimates: Total =2.000000

Cumulative

0.8000

1.0000



X1 X2

1.0000000 1.0000000
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PROC IML;
F = {0.89443 0.44721,
0.89443 -0.44721};
DATA = RANNOR(J(10,2,0));
DATA =DATA";
Z =F*DATA;
7=7
X1=27Z[1];
X2=17[2];
Z =X1]|X2;
CREATE A FROM Z [COLNAME = {X1 X2}];
APPEND FROM Z;
PROC MEANS DATA = A N MEAN STD SKEWNESS KURTOSIS;
VAR X1 X2;
PROC CORR DATA = A NOSIMPLE;
VAR X1 X2;
RUN;
PROC PRINT DATA = A;

RUN;

FOR CORR =0.80

DATA A (TYPE = CORR); TYPE ='CORR/
INPUT X1 X2;

CARDS;
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1.00.
0.80 1.00
PROC FACTOR N =2;

RUN;

The SAS System 07:15 Sunday, October 10, 2004 6

The FACTOR Procedure

Initial Factor Method: Principal Components

Prior Communality Estimates: ONE

Eigenvalues of the Correlation Matrix: Total =2 Average = 1

Eigenvalue Difference Proportion Cumulative
1 1.80000000 1.60000000 0.9000 0.9000
2 0.20000000 0.1000 1.0000

2 factors will be retained by the NFACTOR criterion.

Factor Pattern

Factorl Factor2

X1 0.94868 0.31623

X2 0.94868 -0.31623



Variance Explained by Each Factor

Factorl Factor2

1.8000000 0.2000000

Final Communality Estimates: Total =2.000000

X1 X2

1.0000000 1.0000000

Tl

PROC IML;
F = {0.94868 0.31623,
0.94868 -0.31623};
DATA = RANNOR(J(10,2,0));
DATA =DATA";
7 = F*DATA;
7=7;
X1=Z7[1];
X2=17[2];
Z=X1|X2;
CREATE A FROM Z [COLNAME = {X1 X2}];
APPEND FROM Z;
PROC MEANS DATA = A N MEAN STD SKEWNESS KURTOSIS;
VAR X1 X2;
PROC CORR DATA = A NOSIMPLE;
VAR X1 X2;

RUN;



PROC PRINT DATA = A;

RUN;
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FOR CORR =0.90

DATA A (TYPE = CORR); TYPE ='CORR/
INPUT X1 X2;

CARDS;

1.00 .

0.90 1.00

PROC FACTOR N =2;

RUN;

The SAS System 07:15 Sunday, October 10, 2004 7

The FACTOR Procedure

Initial Factor Method: Principal Components

Prior Communality Estimates: ONE

Eigenvalues of the Correlation Matrix: Total =2 Average = 1

Eigenvalue Difference Proportion Cumulative
1 1.90000000 1.80000000 0.9500 0.9500
2 0.10000000 0.0500 1.0000

2 factors will be retained by the NFACTOR criterion.



Factor Pattern

Factorl Factor2
X1 0.97468 0.22361
X2 0.97468 -0.22361

Variance Explained by Each Factor

Factorl Factor2

1.9000000 0.1000000

Final Communality Estimates: Total = 2.000000

X1 X2

1.0000000 1.0000000

PROC IML;

F = {0.97468 0.22361,
0.97468 -0.22361};

DATA = RANNOR(J(10,2.0));

DATA = DATA’;

Z =F*DATA;

7=7;

X1=27[1];

X2 =7[2];

Z=XI1|X2;

CREATE A FROM Z [COLNAME = {X1 X2}];



APPEND FROM Z;

PROC MEANS DATA = A N MEAN STD SKEWNESS KURTOSIS;
VAR X1 X2;

PROC CORR DATA = A NOSIMPLE;
VAR X1 X2;

RUN;

PROC PRINT DATA = A;

RUN;
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