




where the double integral is over the region covered by the cells used in grouping the
data, �z(�; t) = s(1)(�; t)=s(0)(�; t), Y (t) = 1fT�tg and F (t; z) = P (T � t; Z � z). Here

s(k)(�; t) = EfY (t)Zke�Zg, and _F ; F 0 denote the partial derivatives of F with respect to t
and z, respectively. The various derivatives implicit in � are assumed to exist and to be
continuous. Two mild conditions, (C1) and (C2) in Section 5, are also assumed to hold. A
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and

 (z) =
Z 1

0
fz � �z(�0; t)ge�0z�0(t)F 0(t; z) dt:

It follows from the expression for �1 that if there is only minor variation in the baseline
hazard �0 over the follow-up period, then a correction for grouping in the time domain would
not be necessary. Use Holford's (1976) grouped data based estimator of �0:

�̂0(t) =

P
j NrjP

j Yrje
�̂gzj

for t 2 Tr:

We recommend inspection of a plot of �̂0 to assess the variation in �0 over the follow-up
period.

A grouped data based estimator of s(k)(�; t) is given by S(k)
g (�; t) = n�1

P
j z

k
j Yrje

�zj at
t 2 Tr, see Lemma 5.1(ii). We may estimate F 0(t; z), at (t; z) 2 Crj, by Yrj=(nwl). These
estimators can be plugged into �1 and  , replacing each integral by a sum of terms, where
for �1 the terms involve the increment in �̂20 from one time interval Tr to the next. The

last term in �2 is consistently estimated by
R 1
0 S

(0)
g (�̂g; t)�̂0(t) dt. A consistent grouped data

based estimator of V �1 is given by V̂1 is





We shall examine the various terms in (5.1) through a series of lemmas.

Adopting the notation of AG, let S(k)(�; t) = n�1
Pn

i=1 Z
k
i Yi(



Lemma 5.3 A = fU(�0)� Ug(�0)g=n = �V �1 +OPfl3 + w3 + (l + w + cn)n
�1=2g.

Proof In terms of the martingales Mi(t) = Ni(t)�
R t
0 Yi(u)�0(u)e

�0Zi du and �M =
Pn

i=1Mi

we write A as

1

n

X
i;j

Z 1

0
(Zi � zj) 1fZi2IjgdMi(u) (5.2)

+
1

n

Z 1

0

(
S(1)
g (�0; u)

S
(0)
g (�0; u)

� S(1)(�0; u)

S(0)(�0; u)

)
d �M(u) (5.3)

� 1

n

X
r;i;j

Z
Tr
zje

�0Zi1fZi2IjgYi(u)�0(u) du (5.4)

+
1

n

X
r

S(1)
g (�0; tr)

S
(0)
g (�0; tr)

X
i;j

Z
Tr
e�0Zi1fZi2IjgYi(u)�0(u) du; (5.5)

where tr is the
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