This file is intended to help understanding the Murphy correction. I only go through the technical details which I suppose may be hard to be understood.
Model: We want to estimate a probit model in which an explanatory variable is the fitted value from the previous linear regression. 
Objective: We need to correct the covariance matrix to take into account the fact that one independent variable is generated variable.

Stage one. Run a linear regression and keep the fitted value. The regression is given by:

regress hours nwifeinc educ exper expersq age

We keep the fitted value as “what” and the residuals as “epi” 
predict double what

predict double epi, res

Since Stata makes some degree-of-freedom adjustment, we need to undo this adjustment to obtain the covariance matrix yielded by MLE.

The corrected covariance is given by v1: 

matrix v1=(e(df_r)/e(N))*e(V)
In addition, we need the MLE estimator for the sigma square (
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s

): 

scalar sig = e(rss)/e(N)
Stage two. Now we run the probit regression by including the fitted value “what” as one of the RHS variables.

probit inlf what nwifeinc educ exper expersq age hushrs husage, score(s)
Note that we need to preserve the score vector (whose definition is different from that given in textbook) as variable “s”.

“s” is an 
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vector whose i-th element is defined as:
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, where
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is the density function for observation i. 

That is, stata treats
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as a whole, and then take derivative with respect to this cross product. The link between this “stata-score” and usual “textbook-score” can be established as:
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, where 
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vector for the observation i.
The advantage of defining this “stata-score” is huge. We can express any “textbook -score vector” as:
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k=1,2,….p, and i=1,2,…N. 

Stage three. Now we are ready to do the hard job. Please read the Greene’s textbook, page 508-512 for a concise derivation. If you want to see how this complicated problem can be made more complicated, read Hardin’s paper. 

The key components we need to construct are two matrix of the form of outer products. 

The first matrix is estimated as:
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and the second one is given as:
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Now I will make explicit the expression involving partial derivatives.
To reproduce the log-likelihood for the first-stage linear regression for observation i:


[image: image12.wmf])

2

/(

)

'

(

)

ln(

)

2

/

1

(

ln

2

2

1

1

1

2

1

s

q

s

i

i

i

x

y

cons

f

-

-

-

=

   (Using normal density)
This implies that
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; where
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is the OLS residual for observation i.
In the following derivation, we need to utilize the definition of “stata-score”. First note that 
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. Don’t bother to derive the explicit form for the derivative. Stata can handle it numerically. All the information we need is just the “stata-score”. 
In a similar fashion we can show that:


[image: image16.wmf]'

*

_

]

'

*

_

[

*

)]

ˆ

'

(

/

ln

[

}

|

'

/

ln

{

1

1

2

2

2

ˆ

1

2

1

1

i

i

i

i

i

i

x

s

what

b

x

what

b

x

f

f

=

¶

¶

=

¶

¶

=

q

q

q

q

; 
where
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 is the coefficient of “what” in the probit estimation.

Regarding the vector calculus, when you take derivative with a column (row) vector, the result should be a column (row) vector. Here 
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column vector and
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row vector.
Short question: can we define “stata-score” in the first stage linear regression even if it’s estimated by OLS? (answer: yes. The “stata-score” is just the normalized residual vector.)

Stage four: Now two thirds of job has been done. We observe that:
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Where the weighting matrix is define as 
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diag

denotes a diagonal matrix. 
If you can understand so far, you will have little trouble to derive the R matrix. Try by yourself. In stata, the C and R matrix can be constructed using the command “matrix accum” along with the specification of the weighting matrix. The remaining job is just following the instruction of Greene.
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