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• The bias of the naive estimator of  generally depends on the variance of 

and the correlation between  and . However, if , then  esti-

mates , where . This means the attenuation is the same as

in a simple linear regression with  only. This is only true if  and  are

uncorrelated.

Here is a numerical illustration of the result above based on values in Armstrong

et al. (1989), where  = caloric intake (in 100’s of grams),  = fiber intake (in

gms),  and . Figure 10.4 examines the bias in estimators

of  and  over various values of  and . The top panel shows , the attenua-

tion in the naive estimator of  while the bottom panels shows  where the bias

in the naive estimator of  is . In the case where , there is no bias for 

and the attenuation factor for  is the same as that for a model with  only.

With , there is of course no bias in either estimator.

Figure 10.4 Plot of attenuation factor ( ) in naive estimator of  and the bias factor
for  (bias = ) for a model with two variables and  measured with error;  = cor-
relation between  and .  (dashed), 32 (dotted), 8 (solid), and 0 (long dash).

10.6.2 Correcting for measurement error
We assume that an estimated measurement error covariance matrix  is avail-

able for the ith observation (typically obtained through replication) and define
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