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Abstract

Two independent random samples are drawn from two Binomial populations with parameters 6, and 6,
respectively. Ahmed (1991) considered a preliminary test estimator based on maximum likelihood
estimator for estimating @, when it is suspected that €, = @,. In this paper we combine minimum phi-

divergence estimators as well as phi-divergence test statistics in order to define preliminary phi-divergence
test estimators. These new estimators are compared with the classical estimator as well as the pooled
estimator.
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1. Introduction

Pooling data is an old classical problem that has been studied for many authors in
different context. If we have a random sample of size n from a random variable X and a
random sample of size m from a random variable Y (the distributions of X and Y
belong to the same family of probability distributions) how shall estimate the mean,

E [X ] , of the random variable X ? Shall we merely take the sample mean of the random

sample X , or shall we attempt to combine the means of the two random samples in order
to improve our estimation of £ [X ] in some sense? From a historical point of view

Mosteller (1948) presented for the first time the analysis of pooling univariate normal
data with variance known. Kale and Bancroft (1967) extended the study to discrete data
by using proper transformations. For unknown variances the problem was studied by Han
and Bancroft (1968). The problem for multivariate normal data was studied by Han and
Bancroft (1970) with known covariance matrix and by Ahmed (1992) with unknown
covariance matrix. Other interesting papers in pooling data are Ahmed (1993, 1997),
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Ahmed et al. (1989, 1997, 1999), Mehta and Srinivasan (1971), Raghunandanan (1978)
and references therein.

It is advantageous to utilize a linear combination of the two sample means ponderated by
the sample size of them if E[X] coincides with E[Y], ie., to use the restricted

estimator. In many situations it is not clear if E [X ] =E[Y ] In order to tackle this

uncertainty we can perform a preliminary test and then choose between a restricted and
an unrestricted estimator. This line of thought was first proposed by Bancroft (1944). For
a wide study of preliminary test estimators in different statistical problems see Saleh
(2006) and references therein.

In this paper we focus on the problem of pooling proportions of two independent random
samples taken from two possibly identical binomial distributions (see Ahmed (1991)).
This author considered a preliminary test based on restricted maximum likelihood
estimator and classical Pearson's test statistic. In this paper instead of considering the
restricted maximum likelihood estimator we shall consider the restricted minimum phi-
divergence estimator and instead of Pearson's test statistics a family of phi-divergence
test statistics. Therefore in this paper we introduce a family of preliminary test estimators
for the problem of pooling binomial data that contains as a particular case the preliminary
test estimator considered by Ahmed.

The behaviour of phi-divergence measures in the definition of preliminary test estimators
can be seen in Menéndez et al (2008, 2011), Pardo and Martin (2011) and references
therein.

Section 2 is devoted to introduce the family of preliminary test estimators considered in
this paper and in Section 3 we obtain some asymptotic distributional results that are
necessary in the next Section. Finally, Section 4 is devoted to get the asymptotic bias as
well as the asymptotic mean squared errors of the family of estimators introduced in the

paper.

2. Estimation strategies in pooling binomial data based on phi-divergence measures

Let X,...X, and ¥,,....,Y be two independent random samples of sizes n and m from
two Bernoulli random variables of parameters 6, and 6,, respectively. The main
problem in which we are interested is in the estimation of 6 when we suspect that
6, =6,. Maximum likelihood estimator (MLE) of 6, (unrestricted MLE) based on

X,,...,X, is given by 6, = ¥, /n (y, =number of successes associated with the random
sample X,,...,X ) and the MLE of 6, (restricted maximum likelihood estimator) under
the assumption that 8, = 6, is given by

b, = n6 +mo- 1)
n+m
being 0, = ¥,/m (y,=number of successes associated with the random sample

Y,..Y,)
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We consider the two following probability vectors:

T
A~ n n o n-— m m m-—
pz( uy yo_m v sz )
n+mn n+m n n+mm n+m m

n n m m Y

P(Hlﬁz):[@l—,(l—@l) ,0, ,(1-6,) j . (3)
n+m n+m “n+m n+m

If we denote N = mn it is clear that
m+n

N (f)—p(@,@))NéwN(O’Z"(‘%’H) j

with
z ﬂzp(alﬁ) 0
00,0,) -
( 0 (1 ﬁ)zp(el,ez)
and
3 91(1—91) _91(1_91)
Zoa) | -g(1-6) 6(1-8) )

It is not difficult to see that

102 L(0;3 11, ¥2) = k = Dot (0:P(6,,6)) 4)

where L(6,;y,,y,) is the likelihood function associated with our model when 6, =6,,
1.e.,

L 0 _ n m eyl 1_9 n=y 9)’2 1_0 m=y,
(05531552) » 1(1-6) ’2(1-6,)
1

Vs

and D, .. (f),p(@l,ﬁl)) is the Kullback-Leibler divergence measure between the
probability vectors f) and p(4,,0), ie.,

~ _ N Y V> Yy =) n—Jy m-y, m-y,
D ,p(@.,0))=—"—log—+ lo + lo + lo .
kavack (P-P (6, 6))) n+ gné’l n+m gmé’1 n+m gn(l—HI) n+m gm(1—49l)

For more details about Kullback-Leibler divergence measure see Kullback (1985) or
Pardo (2006).

Based on equation ((4)) we have

él = arg max L(Hl’yl’ y2) = arg mlnl DKullback (p’ p(elﬂ 91 ))

0,€(0, 6,€(0,
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If we replace Kullback-Leibler divergence measure by a more general divergence
measure we obtain a new estimator. In the following we shall consider the family phi-
divergence measures defined in the model under consideration by

R _ n o m el
Dy(p.p(6.6)) Q{n+m¢[lflej+n+m¢[m‘91j}

~ n n—n m m=),
+(1 91)(n+m¢[n(1_91)}+n+m¢(m(1_91)]]

where ¢ge®” and @ is the class of all convex functions ¢5(x), x>0, such that at

)

x=1,4(1)=¢ (1)=0, ¢ (1)>0. For more details about phi-divergence measures see

Pardo (2006). Based on the phi-divergence measures defined in (5) we consider in this
paper the restricted family of minimum phi-divergence estimators defined as

él¢ =arg min )D¢(f),p(91,'91) ©)

6,€(0,

If we consider in (6) ¢(x)=xlogx—x+1 we obtain the restricted maximum likelihood
estimator (MLE), therefore the restricted MLE can be obtained as a special case of the
restricted minimum phi-divergence estimator or we can say that the restricted minimum
phi-divergence estimator is a natural extension of the restricted MLE.

From a practical point of view the restricted minimum phi-divergence estimator can be
obtained as a solution of the equation

oD,(p,p(6,.6)) _
24
that is, solving for 6, the equation

n N N N | n-y» | n-)y | B
n+m{¢(n91} n91¢£n6’1] [¢(n(1—01)} n(l—@l)qj(n(l—ﬁl)n}
m Vo |_ Vo | Vo | m—y, | m—y, .| m—) _
+n+m{¢(m01] m¢91¢(m91} (¢{m(1—6’1)j m(1—91)¢(m(1—91)j]} 0

If we consider the power divergence measures introduced and studied by Cressie and
Read (1984), obtained from (5) when we consider the family of functions,

0,

A+l —ﬂ, _1
el Gl PP
A(A+1)
¢,(x)=9xlogx—x+1, A=0
—logx+x-1, A=-1

the corresponding minimum power divergence estimator is given by

334 Pak.j.stat.oper.res. Vol.VIIl No.3 2012 pp331-343



Preliminary Test Estimators and Phi-divergence Measures in Pooling Binomial Data

o1 \V(A+D)
yl +1 N yl 1

~4, =i nt o om'
011 Eel = 5 /17&0,_1.

A e \GHD a+1 A+ VD

By +y2 n (n_yl) +(m_y2)

nt o om' n* m*

On the other hand the classical test statistic for testing
H,:0,=6, (7)

is given by
N N ~2
Z,=N(0: -0 /o
where 82 = 91(1—51) and N =nm/(m+n). Its asymptotic distribution is chi-squared
with one degree of freedom.

. . 1 i
If we consider the function ¢(x)= E(x—l)z, we can see that the test statistic Z,, can be

written as
Zy 2n
0
where p(él,él) is obtained from (3) replacing 6, and 6, by 6 given in (1).

——D (p p(6’1 491)) (n" =m+n) (8)

A first extension of ((8)) is obtained if we consider a general function ¢ instead of the

function ¢(x) = %(x -1)%,

*

7" =22 D, (b.p(@,0)

(i%()"jl

and a more general extension if we consider the minimum ¢, -divergence estimator

9¢ = arg n%bnl)D (P, p(6,,6)).

s

In this case we have a new family of phi-divergence statistics defined by

) ¢l( 9p( 1299 ))

n,

M’ ¢1(1

Based in Morales et al. (1995) the asymptotic distribution of T:*{/ﬁ is chi-squared with
)

one degree of freedom. For more details see Pardo (2006).

It is well-known that &, has a smaller asymptotic risk under quadratic loss than 6, when
6, = 6, holds, but as 8, moves away from 6, 61 may be both asymptotically biased and
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inefficient, while the performance of 6, remains constant over such departure. For this

reason Ahmed (1991) developed an estimator which is a combination of 6, and &) which
is less sensitive to the departure from H, : 6, = 6, because incorporates a preliminary test

on the null hypothesis H,:6 =6, versus H,:0,#6, This estimator was termed

preliminary test estimator and defined as

(04)

where Z, was introduced in (8) and by /,(x) we are denoting the indicator function

9 =61 Z,)+ o1

ZN
(2,0 2

taking the value 1 if xe 4 and 0 if x¢ 4

In this paper we consider the minimum ¢, -divergence estimator 5?2 instead of &, and

the statistic T n*¢ instead of Z,. Then we shall consider the preliminary phi-divergence
)

test estimator based on éf& and T:*¢ given by

~Pre ¢

0,4 =0 )+ 011

I T’ " 9
RUVALLL O] ©)

3. Asymptotic distributional results

Our problem is the estimation of &, when it is suspected but one is not sure that 6, =6,
holds. By the definition of @Pr; we must pay special atention when 6, is close to 6, .
72

For this reason we are going to assume that @, =6, + AN ">, 1eR, being N =nm/n’
and we consider the contiguous alterntive hypotheses

H ,:0,=6+AN" 1eR (10)

The null hypothesis H,:6, =6, given in (7) can be writen as g(é’l,ﬁz): 0,—-0, We
denote B=(dg/dq) _, =(1,-1), 0=(6.6,) and 6,=(6,6,) . By Pardo J. A. et al.
1

- - - T
(2003) (see also page 246 in Pardo 2006) we have, denoting 9?2 = (HTZ , H;ﬁz ) that

~4 - \-1/2

07 ~6,=H (61, .(8,)"A,.(6) D2 (p-(8))+o,((n) ")

where f) and p(HO) were defined in (2) and (3), respectively and Dp(e ) represents the
0

diagonal matrix with elements p(6,). The matrices A , (6,), H , (6,) and I, (6,) are
defined respectively by
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12
0171/2 ( n j 0
n+m

~(1-6 )‘”2( “ Jm 0

n+m

o 1/2
o 0 9—1/2( m j
"\ n+m
1/2 m 2
0 —(1-6,)
(1-6) (n-i—mj
n |
(1-6)6,) 0
IFn (90) :An*(eo)TAn*(eo)_ e m 1
0 1-6,)6.
' {(1-6)q)
and
n m
- 15\ + +
Hn*(eo)zlzxz_lm*(eo)IBT(BIF,,,*(QO)IB) B= nnm nmm , (1D

n+m n+m
where by I, , we are denoting the identity matrix of order 2.

If we denote by 6 = (él,g’z )T the MLE of 6=(6,,6,) we can write
6=0+1_.(6)'A.(0) D, (p-p(0)) (12)
Therefore by (11) and (12) we get
b ~0,-H, (90)(é—90)+0p((n*)m)_ 03

In the following theorem we present the distributional asymptotic results that are
necessary in the following Sections.

Theorem 1. 1Under the contiguous alternative hypotheses
H :0,=6+AN" ieR

we have,

) \/N(él—@)NéwN(O,(l—,B)(l—HI)HI) where ff = limy.,.——.
b) N (7 —91)N—}OON(/I(l—ﬁ),,B(I—ﬂ)(l—01)91).
c)\/_(é’ o )—L>./\f(m, ), where
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m

(1-8)8 p

d) The symptotic distribution of the phi-divergence test statistic 7 ?1’¢2 is a noncentral

(e misi-ago (AT -]

chi-square with a degree of freedom and noncentrality parameter
/12
(1-6)6

Proof. Under H,  :6,=6,+AN"?,

ﬁ(él—@)Néw/\/(o,(1—ﬂ)(1—el)el) (14)
and

e —Gl)NéwN(l,ﬂ(l—Ql)Hl),
because

IN(0:-8) =N (0:-6,)+ 4.

They are also asymptotically independent.Based on (12) on (13) we have
~4 L
IN(8%-0) 5 N (20-p.B0-5)(1-6)0). (15)
From (12) and (14)
W(é_g'ﬁz ) = (Lo —H @)YV (8-6,)+0,(1)

and taking in account that

1 m —m
| Hﬂ* 6,)= ( j

n+m\—n n

we get
2

(o) ][, - (751, )

It is not difficult to see that
~ - T
f LR UN(6-0%) 1,
n m >

n

(O) AN (68" o, (1)

=X, X} +0,(1)
where
XN=n+mI *(91)1/2&(@@%)_%_/\/'(&[‘/1ﬂ]{ 1-p _\I,B(l—ﬂ)}].
Jnm o No=o o B VVACSY) p

The matrix

[ 1-f —\/ﬂ(l—ﬂ)]
~JB(1-p) Vi
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is idempotent of rank 1. Therefore X, X, is asymtotically distributed as a chi-square
with a degree of freedom and noncentrality parameter

e

Note that ° = 6,(1-6,).

4  Asymptotic bias and asymptotic mean squared errors of the estimators
Let & be an estimator of 6, and F the asymptotic distribution of the random variable
JN (@* -6, ) We understand by the asymptotic bias of 0 the expression

B(é*) = J.xdF(x).

In the following theorem we get the asymptotic bias of 51, 0" and ésre .
1°72

Theorem 2Under H, , : 60, = 6, +N"? 4 the asymptotic bias of él, 0" and éir; is
P

given by:

a) B(6))=0.

b) B(8?)=(1-B) A
pbre | _ 2 e
B| 6 =A(1-4)G here G ts the distribut
c) ( ¢1’¢2) (1-5) 132(5) (;(La), where 132(5) (¢) represents the distribution
function of a noncentral chi-square random variable with three degrees of freedom and

noncentrality parameter 6 =A” /6, (1-6,) evaluated at c.

Proof. Parts a) and b) follow by previous Theorem. We observe that épr; can be written
572

as

~pre _~ [(zh 5 n,
oP —p +(9 —9)1 " ).
¢| 5¢2 ! : (O,le)a)( ¢l9¢2 )

Therefore,

). (16)

2pre | _ 5 26D )
W(eqﬁp 2 Hlj N (01-6,)+N (6" -0, Vo) Tadh
Let Y be a normal random variable with mean A/./6,(1-6,) and variance 1. The

distribution of Y? coincides with the asymptotic distribution of T n*¢ We denote
2

3
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A L
U, =N («91 —6?1) and by U the random variable verifying U, N:)wU where U is a

normal random variable with mean zero and variance (1—- /)6, (1-6,). We can write,

JIN (6" -6,)=—"—6,(1-6,) : JIN(67-6.).
m+n m
6,(1-6)

m+n

It is clear that
L

N (6-8) 5 v
6,(1-6)

m

m+n

Therefore,

B(égzj = E[U]+6,(1-6)(1 —,B)E[Y[(O,Zﬁa)(}’z)}
= (91(1—01)(1—/3)E{n(0’lﬁa)(¥2)}.

If 7 is a normal random variable with mean 4 and variance 1,

E|nl,,0") |= 4G\ (c).
-

For more details see Judge and Bock (1978) or Saleh (2006). Then,
~ A
B(&prejzw/e 1-6)(1-B)—L—oG 7).
4,0, 1( 1)( ) 01(1_91) 132(5)( 1, )
Let & be an estimator of 0, and F the asymptotic distribution of the random variable

JN (9* -6, ) We understand by the asymptotic mean squared error of 0 the expression

MSE(©) = [x"dF (x).

In the folowing theorem we get the asymptotic mean square error of 91, 6" and 0" .

4P

Theorem 3. 3Under H, , :6, =6,+ N""?A the asymptotic mean squar error of 61, 0"

and P is given by:
4 a¢2

a) MSE(6h)=(1-B)6,(1-6,)

b) MSE(8* )= (1-£)6,(1-0)+(1- )
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C>M“%??Z)=“‘ﬁf@“‘@)*“‘ﬁfiﬂéﬁaa%”@)‘G«a%%z%
+(l_ﬂ)91(1_‘91)G 2(5) (le,a)'

23
Proof. Parts a) and b) are immediate on the basis of (14) and (15). We denote
W, =\/ﬁ(§2 —6’1) and we have
L
W, > W

N—>o©

where W is a normal random variable with mean A and variance 6, (1-6,) 8. It is easy

to see that the random vector (U,W -U )T is normal with mean vector (O,/I)T and

variance-covariance matrix

( (1-5)6,(1-6,) —(1—ﬁ)91(1—91)]
_(1_13)91(1_‘91) ‘91(1_91) .

Based on this result we have,

E[U/(W-U=w-u)]=(1-B)(A—(w-u)).

~ ~ L
We denote V,, = JN (9¢2 —491) and by V' the random variable verifying V), fod V, then

we have,
2
Hpre | _ 2
MSE =F Y .
S (e%@j [[U+VI(O’112’“)( )M
We know by (14) that
\/ﬁ(é%—él):\/ﬁ m (éz—é1)+0p(1).
n+m
Therefore,
V=(1-p8)(Ww-U)
and

MSE(&EZZ] - E[(U+(1—ﬂ)(W—U)I(O 206)(1/2)ﬂ

[T E U 0

+2(1—,B)E{U(W—U)I(O 2l){)(Yz)}.

’Zl,

We are going to get the expression of / = E{U(W -U)1 )(YZ)}. We have,

(o,zﬁ
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I = E{(W—U)I(O,Zﬁa)(Yz)E[U/(W—U)]}

E (W—U)(l—ﬂ)ﬂ,l(oj ) )(Yz)}(l—ﬂ)E{(W—U)ZI(O 2a)(w)}

Zl,a ’Zl,

,“L(l—ﬂ)l{(W—U)l(0 2(1)(1/2)}(1—ﬁ)E{(W—U)2 I(o/a)(yz)}'

’Zl, A,
Then we get,

MSE(éngzjzE[UZJ—(l—ﬁ)zE[(W—U)ZI(O ) )(Yz)}+2/1(1—/3)2E{(W—U)I( )(Y2)}.

2
i a O’ZI ,a

Now applying: "If # is a normal random variable with mean x and variance 1, then
2 2 _ 2
E[n I(O,c)(n )} =G (ﬂz) (c)+,u G

2 152(,“2) (e)".
We get
pre

rou(75) :“—ﬂ)@l<1—91>+<1—/5’>2f{2%(5)(%%&)—@2(5)(zf,)}
+(1—ﬂ)91(1—91)G12(5)(;(5a).

3
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