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一、中文摘要

轉換模式因其包含許多常見模式，因
此在近年受到統計學家的注意。本計劃針
對轉換模式提出參數估計的方法。我們所
提出的方法可以彌補過去方法的缺點。

關鍵詞：半母數估計、轉換模式

Abstract

In recent years, the so-called linear 
transformation model has drawn considerable 
attention in survival analysis. In this project, 
we propose a semi-parametric inference 
procedure which can remedy the drawback of 
previous methods. 
Keywords: semi-parametric inference, 

transformation model. 

(2). Background
  
In recent years, the so-called linear 
transformation model has drawn considerable 
attention in survival analysis. The model can 
be expressed as

εβ +−= TZTh )( ,
where T  is the failure time of interest and 
Z  is the corresponding p -dimensional 
covariate vector; (.)h  is a strictly increasing 
function; ε  is an unobserved random error 
that is independent of Z  but has a known
distribution function (.)εF  and β  is the 
p -dimensional vector of regression 

coefficients. Many common survival models 
can be viewed as special cases of the 
transformation model, such as the 
proportional hazard model and proportional
odds model, which can be derived form the 
transformation model by choosing ε  as the 

extreme value distribution and the standard 
logistic distribution respectively.

Since the transformation model is a very 
flexible model, it may be interesting to 
develop a unified inference method suitable 
to all members in the class. Cheng, Wei and 
Ying (1995) proposed such a method, which 
requires specifying the distribution of ε
while leaving the form of (.)h  completely 
unspecified. This method later was found to 
have a serious drawback. That is, if the 
support of T  is larger than the support of 
the censoring variable C , the estimating 
equation no longer is unbiased. To remedy 
the problem, Fine, Ying and Wei (1998) 
proposed a much more complex equation to 
fix the previous mistake. In this project, our 
goal is to propose a new semi-parametric 
method for estimating β  which can handle 
the problem neglected by Cheng et al. (1995) 
but is easier to implement than that of Fine et 
al. (1998).

(3). Main Results

Let (.)ZS  be the survival function of T
given Z , that is, )|()( ZtTPtSZ >= , and 
the survival function of T , )(tS , is 

)]([)( tSEtTP Z=> . We consider the 
following quantity, for ji ≠
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which can be estimated nonparametrically by
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where )(ˆ tS KM is the Kaplan-Meier estimator 
of )(tS . We can also compute this quantity 
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under the transformation model assumption. 
Note that (.)1(.) εF−≡Ψ . Specifically for 

ji ≠ , )],([ 0tTTTIE jji ≤≥  can be written 
as

∫ −+Ψ0

0 0 )}()){(((
t

j
T
i tdSXhZE β

which can be estimated semiparametrically 
by
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where )(ˆ
j

KM XS∆  is the estimated mass at 

jX  and is non-zero only if 1=∆ j . 
When (.)h  is known, one may 

construct an estimating equation for β  by 
equating the nonparametric estimator and 
semi-parametric estimator of 

)],([ 0tTTTIE jji ≤≥  derived previously. 
Based on this idea, we obtain estimating 
equation )(1 βU  equal 
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By slightly modifying the previous idea, we 
get the following estimating equation 
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Then estimator of β , β̂ , can be found by 
solving 0)( =βiU , 21 ori = .

We may consider adding a weight 
function in the above estimating equations as 
done in Cheng et al. (1995). The role of the 
weight function is for improving efficiency 
of the resulting estimator. This estimation 
problem could be dealt with by the idea of 
GEE (Liang and Zeger, 1986) or the idea of 
quasi-likelihood function.

By setting the weight function, the 
second proposed estimating equation of 

)(*
1 βU  is given by
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All of our proposed estimating equations 
require computing )( jXh  with 1=∆ j . 
The form of (.)h  is unspecified under the 
semi-parametric setup. Our way to handle 
this problem is to estimate β  and )( jXh
recursively. Specifically our estimating 
equations are all of the form ),( θββU , 

where ),,1,1:)(( njXh ji L==∆=θ . Then 
we can obtain an estimator of β  by 
recursively solving the following two 
estimating equations,

ZXhg
XG

XXI
XhV

n

i

T
ij

j
KM

ji
j 0))((

)(ˆ
)(

)),((
1

1 =











+−

≥
= ∑

=

− ββ

0),( =θββU .

Note that )),(( βjXhV  is the estimating 
equation proposed by Cheng et al. (1997).

(4). Conclusion

The class of transformation models is 
very rich by allowing (.)h  un-specified and 
the error term to be any parametric 
distribution. Cheng et al. (1995) utilized the 
strictly increasing property of (.)h  by 
making pairwise order comparison, which on 
the average depends on the regression 
structure and the error structure but without 
knowing the form of (.)h . The idea of 
pairwise comparison can be generalized 
under censoring by making the comparison 
when the smaller one is observed. However, 
the arrangement for censored data neglects an 
important fact that we only observe 
replications of T  if they are within the data 
support. To remedy the drawback of this 
problem, Fine et al. (1998) proposed a very 
complex estimating equation for β . 
Although the modified method is valid and 
introduces only one nuisance parameter
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)( 0th , its complication limits its practical 
applications.

We have tried a number of ideas but 
found that keeping the simplicity of the 
estimation procedure and avoiding estimation 
of (.)h  is a dilemma. In our final proposal, 
we suggest to estimate β  and )( jXh
recursively. Both of the estimating equations 
are easy to implement and their theoretical 
validity can be verified without much 
difficulty. In our simulations, our estimator 
for β  is closer to the true value than those 
by any other methods, and its standard 
deviation is also small. Especially when the 
support of the censoring variable C  is finite, 
we correct the shortcomings of the estimator 
by Cheng et al. (1995) and avoid the complex 
computation of Fine et al. (1998). One 
drawback of our estimator is that it needs an 
initial value to begin. If the value is badly 
chosen, it may converge to a wrong value.
The original estimator of Cheng et al. (1995), 
which remains to be a reasonable estimator in 
most cases, may be a good candidate of the 
ini
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