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This paper proposes a bootstrap estimate for the
standard error of the Buckley-James estimator in
a censored regression and when the error distri-

bution is unknown.
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- Abstract
This paper proposes a bootstrap estimate for the standard
error of the Buckley-James estimator in a censored regression

and when the error distribution is unknown.
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I) Introduction

,This paper is concerned with the estimation of the standard
error for the Buckley & James (BJ) estimator (1979) ih a linear
model when the data is randomly right censored and the error
distribution is unknown. The BJ estimator is a non-parametric
version of the EM aigorithm introduced by Dempster, Laird and
‘Rubin (1977). It is known that there is no firm theoretical
fundation for the estimated standard error of the BJ estimator
BJ pfoposed, although Bﬁvdid provide some idea of the large
sampile behavior»through Monte Carlo Simulations. In this paper,
I propose a bootstrapl(Efron 1979a, 1979b, 198la, 1981b) estimate
for the standard error of the BJ estimator. The bootstrap is a
technique for estimating standard errors. The first step is to -
estimate the residuals. The second step is to‘resample the
residﬁals from the empirical distribution which is obtained by
the Kaplan-Meier estimate (1958) to generate pseudo-data, and
the modei can be refitted to the pseudo-data to obtain the new
‘estimates of the standard error of the BJ estimator. '

Consider the linear regression
T. = B”Xi + €., i=1, ... , n,

where B8 and X, are k by 1 and e, are independent with common

distribution F. Assume that F has mean zero and variance 0

One cannot observe Ti’ cee g Tn but
y; = min(T,, C,]
and
= <
dl I{Ti < Cl],




Where I[-] denotes the indicator function and Ci are the censored

variables. ' The problem considered above is to estimate B based

on (y;, 8;). N AT

The description of the BJ estimétor below is adapted from
Miller and Halpern (1982). BJ (1979) proposed an es?iﬁate:of
g, herein called the BJ estimator, based on an expectation
identity:

Bly s, + E(T,|T>y;) (1-6,) ) = 87X,

BJ substitute ah estimate for the conditional expectation

E(Ti|Ti>yi) based on the Kaplan é Meier estimator (1958) into

the variable

y;8; + E(TilTi>yi)(1—6i)

Yy

and solve the least squares normal equations iteratively.

If ai =1, let yi =Yy but if Gi = 0, let
Lo Y%k
~ ~ €, >€.
Yi = B'Xi + k 1- A r
1— F(Si)
where €; = Y; - B'Xi, F is the Kaplan & Meier estimator based

on the 6i’ i.e.,

. $.
n-i ) i
n-i+1

’

Fle) = 1- T (
e (i) se
and the weights ;k are the size of the jump assigned to ;i by
the E.
Then the BJ estimator of R at the (k+1)st step, ék+1’ is

the least squares estimator

] ° -1
= !
Ben = (F Xyyy) (X)) T




~

The iteration is continued until Bk,converges to a limiting

value B.

BJ suggested the estimate of the covariance matrix of B

to be
~2 -1 : N (1)
G“(i dixixi) p (1)
where .
. ’\2 . 1 A 1 ~ 2
of =——= I §.(e; - =— I 6:e.)7,
u n, 2 . itTi n, 3 373

and n, is the number of uncensored observations.
'BJ provided some idea of the large sample behavior of (1)
through Monte Carlo simulations, but as we mentioned early,

there is no theoretical justification for (1).

IT) The Bootstrap
We consider a bootstrap method of estimating the standard
errors of the BJ estimator. The procedures of the bootstrap can

be stated as follows:

1) Let ﬁ be the Kaplan and Meier estimator based on the Gi, i.e.,
( n-i )Gi' »

n-i+1 !

F(e) =1 -1
e.<e
1

= -— ] . .
where e, =y, BBJXi’ and BBJ is the BJ estimator. |
That is, the probability distribution which puts mass 1/n at
each observed point (e;r 8,).
‘ * *
2) Use a random number generator to draw n new points (ei, Gi)

independently and with replacement from F, so that each new

point is an independent random selection of one of the n original




data points. These new points, which we call the bootstrap
sample are a subset of the original points (ei, Gi). Some of

the original points will have been selected zero times, some

once, some twice, etc.

3) Compute B;J’ the BJiestimator for the bootstrap sample.

4) Repeat steps (2) and (3) a large number of times, each time
using an independent set of new random numbers to generate the

new bootstrap sample. Call the resulting sequence of the

* *
bootstrap BJ estimators BBé BBg' ceo g BBJ'

5) Let the bootstrap standard error of thée BJ estimator be SBoot*

~

The value of o is approximated, by the sample standard error

Boot

*
of the BBJ values,

’ * = * -
, J 2
. L(Bgy ~ Bpy)
o =/
Boot n-1 !

where BBJ = Az 8 J)/n
j

~

We expect the bootstrap estimate, cBoot,,performs better
than (1), since the bootstrap estimate is the nonparametric
maximum likelihood estimate of the standard error. That is,
the bootstrap estimate, SBO £ is simply the standard deviation
of the quantlty of interest Beg’ if the unknown distribution F
is taken equal to the Kaplan and Meier estimate F (Efron 1981Db)
We know that the Kaplan and Meier F is the nonparametric maximum
likelihogd estimate of the unknown distribution F (Kaplan and
Meier 1958), i.e., E has most of properties of the maximum

likelihood estimate: Consistency, asymptotic normality and.

asymptotic efficiency.




III) Conclusion

This paper proposes an alternative method,. called the
bootstrap, of estimating the standard error of the BJ estimator.
I believe that this paper contributes to the studies of the

estimation of censored regression models.
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