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Abstract

In this paper, we proposed modified preliminary test double stage Shrunken estimator to
estimate the parameters of simple linear regression model, using shrinkage weight function
y(+), in first stage and proposed modify technique in second stage.

The expression for bias, mean squared error, relative efficiency, expected sample size,
probability for avoiding the second sample are derived for considered estimators. Numerical
results and conclusions concern bias ratio [B(-)] and relative efficiency [R.Eff(:)] are reported
for different constants involved in the expressions mentioned above.

Key words: Estimation, Parameters, Shrinkage, Prior information, Double stage
estimator, Linear Regression

Introduction
Assume the following simple linear regression model;
yi=A+BXi+ei,i=1,2,...,n (1)

Where A and B are parameters of the above model, x; is an independent variable, y; is a
response variable and e; is a random error that distribute normally with zero mean and
cov(e;,e)=0, 1], that is; ¢ ~ N(O,csz).

To estimate the parameter 0 (0 may be refer to A or to B) when a prior estimate 6, about
0 available using double stage-Shrinkage technique, we observe n; sample and calculate the

classical estimator 91 based on the n; observations. If 91 implies that our prior estimate was

reasonable (é1 €R), we stop sampling and shrink O, toward 0, Otherwise, we observe

~

second sample of size n, (n = n; + n,) and calculate the classical estimator 92. Furthermore,

1

calculate polling estimator ep based on all n observation.

Hence, we introduce a new double stage Shrinkage estimators (modified double stage
shrinkage estimator with the following form;-

- |w®)6,-6,)+6, ,if6 eR

0=< " . ...(2)
©6,+6,)/2 Lif6 ¢ R
~ nb +n 0, , . . :
where Gp =———= = and R is a pre-test region of acceptance of sizes a for testing the

n
hypothesis Hy :0 = 0, against the hypothesis H; : 6 # 6.
The aim of this paper is to use a preliminary test double stage shrunken estimator define
in (2) to estimate the parameters A and B for simple linear regression model (1).
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The expressions for bias, mean square error and relative efficiency, expected sample size and
probability of avoiding the second sample of considered estimator are given.

Numerical results are presented for above expressions. These results are compared with
the last studies in the sense of M SE and relative efficiency.

Noted that, the general double stage shrinkage estimator (DSSE) has the following form:
é: \Eﬂ(el)(el_eo)‘l'eo >1f?1€R .0
0 ,1f0, ¢R

p
Many authors have studied the double stage shrunken estimator (DSSE) in (3); for
example see Katti [1962], Al-Bayyati and Arnold [1972], Waikar Schuurmann and
Raghunathan [1984], Kambo, Handa, and Al-Hemyari [1988], Al-Hemyari [1990], Al-Nazzal
[1996], Al-Kanane [1997], and Kalaf [2007].

Modified Preliminary Test Double Stage Shrunken Estimators A and B
In this section, we have to estimate the parameters A and B using modified method (2).

The preliminary double stage shrunken estimators A and B (for estimate A and B
respectively), have the forms below:

k(A —A)+A, ,ifA eR,

A= . . ..(4)
E(AP+ A,) ,if A, ¢R,

and
k,(B,-B,)+B, ,ifB, eR,
B= 1 . . ...(5)
—(Bp+BO) ,1f B, ¢R,
Where k; (i=1,2) is shrlnkage weight factor, such that 0 < k; < 1, which is found by
minimizing the M SE of A and B respectively.

A nA +n A2 A _nlBl+n2B2

Ap =11 32 3 B = ; Ao and By are prior information about A and B
1’11 + 1’12 1’11 + 1’12

respectively, R; and R, are pre-test regions of acceptance of size (a) for testing the hypothesis

Hy, :A = Ay against the hypothesis H;; : A # Ay and Hy, :B = By against the

hypothesis Hy, : B # Bg respectively,

in that,

...(6)

R, =|B —ti 2, 17 2, (7

It is known that.

A (¢, = Xy, ~ )

A1=§—]§1)_( and Blz - — are unbiased estimators of A and B

1
Z;'(le B
i

respectively see [1], [3].
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Also,

(e} ZX 2
), B, ~N(B,
SS

1 X X

where S8, = Y (x, = X)?, 88, =Y(x, —X)* and SS_ =3.(x, = X)" see[1], [3].
i=1 = =

~N(A, )

The expressions for bias and M SE of estimators A and B respectively given by:
Bias(A |A,R)=E(A-A)

'[ I [ (Al _AO) +A0 _A]fl(Asz(Az)dAldAz +

A, =0 A eR

f f{ (A, +A)- A}f(A)f(A )dA dA,

=w A ¢R

=,,Var(Al)[kl(l—k])+%kl——J( a,b) - —kJ (a,b)},OSkl <1..(8)

. A —A) .
where f(A) = 1 Exp| — 0SS, (IA;‘ ) Jor —o< A<
G’ S X 26°) %]
21 ‘; 1 -
n,SS,
and

Bias(B[B,R,) =E(B-B)

:.lvar(ﬁl)[kz(l—kz)+%k2——J( d)—-?»J (@, d)} 0<k, <l ..09

where

J(a,b) = jJ_(Z)e 2le—012 ..-(10)
J:(c,d) =jf(z*)i e’zz_zdz*,i =0,1,2 --(11)
Z=(A, - A) [var(A,) . z*= B, - B) [Jvar(B,) and

a=-\ —t]_u_!n_2

b=—xl—tlin2,

c=—\, - tl;z,

d=-2,-t

)
2’n

and R} =[a,b], and R} =[c,d].
Bias Ratio (B.R.) of A
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Bias(A |A,R)

BR(A[AR)) = h
\lvar(AI)
and
Bias Ratio (B.R.) of B:
. B1as(B|B R )
BR(B|BR,) =
\lvaI(B )

The expressions for mean squared error of A and B are respectively given as below

MSE (AJA,R ) =E[ (A-A)'|

= var(A ){[km (a.b)+{[ k2] (a,b) =24, (a.b) + 42T (a,b) + 2Kk, (a.b)
1 2 1 2 1 2 w
2k, foo(a,b)}-(&) +-(&j W=l — (n—j J,(a,b)+
4\ n 4\ n 4 n
(n—j Jo(a,b)w+ka0(a,b)+2(&Jlil(a,b)]} .(12)
n n
here
2 & 2 & 2
_varhy TS 2SS 0 d b1 g Z$en s
var(A) 1N L2 “.2 SS n, d u o o
1 c ZXlj /l’llssXI lej 12 1t
= <
n n I n u
Z(X ~x),p=1,2. Also, —2=u, L= —2=__
n, n l+u n 1l+4+u
Therefore;

MSE(A|A,R,)= Var(Al){ kI, (a,b) + KA,J (a,b) — 2kA I, (a,b) + 2.2, (a,b) + 2k A.,J (a, b)

2 2 2
2k 17T (ab)+ Ly v Vel ) @b+
l+u 4\ 1+u 4 1+u

(Lj J,(a,b)w +22J,(a,b) + 2[ijl(a, b)}} .(13)
1+u 1+u
Similarly,
MSE(B|B,R,) =E[(B-B)’]
= var(B ){ K233(e,d) + K200 (cd) —2K20 07 (e, d) + A2 (e, d) + 2k AT (c,d) —
2k 02T (e, d) + ( : j +1(Lj w*+lxj{( ! ]J (c,d)+
l+u 4\1+u 4 l+u
.(14)

2
u * * 2 r* 1 *
(mj JO(C,d)W +}szO(C,d)'F2(EJ}MZJI(C,d)i|}

Var(Bz)_ o s’ SS, _h
var(B,) SS,/SS, SS_ h,

where % —
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Also, the value of k; (i=1,2) can be found by minimizing the mean squared of A and B
respectively,

. d . d -
ie. — MSE(A|A,R,)=0 and — MSE(B|B,R,)=0
1K (AJAR)) 1K (B[B.R,)

1 2
and by simple calculation we have:

~ 2021 ,(a,b) 21,1 (a,b) _
2] ,(a,b) + 21 J, (a,b) —42,J (a,b)’
and,

w r.t.A

1

2137; (c,d) —2A,J;(c,d) ~
=— - - ; wr.tB-
21 (c,d) +21,J,(c,d) — 4Ar,T (c,d)

2

Remark: To be ensure that:
(i) K;(@(=1,2) €[0,1], we suggest the value of K; (i=1,2) as follows:

0 ,ifK <0
K={K ,if 0<K <I
1 Lif K >1

(ii) K, is minimize M SE( 0 ), we test the second derivatives for the M SE( é) with respect to
K,
1 d2
2

1.€.

MSE (6]0,R) >0

where 0 may be denoted to A or B and the region R may be denoted to R, or R,.

The relative efficiency of both A and B are respectively given as:

REff (A|AR,) = MSEAIA) ( n ) varh)
-  MSE(AAR) (E([AR)) MSE(AJAR)-{E}
where E:M;

n

E(n|A,R1) =n(l- ILJO (a,b)) denote to expected sample size w.r.t.A.
+u

Therefore;

REff(AJA,R,) =H KT (a,b) + kA J, (a,b) ~2K*AJ, (a,b) + 12T (a,b) +2k A, J (a,b)

, 1 (1Y 1 uY 1., 1Y
2k AT (a,b)+ | — | +—| — | w+=A—|| — | J,(a,b)+
4\ 14+u 4\ 14+u 4 1+u

(Lj Jo(a,b)w+kaO(a,b)+2(LJK,J,(a,b)}}- (I—LJO(a,b)H .(15)
l+u l+u 1+u

and

var(B)

R.Eff (B|B,R ,) =MSE(B|B)/MSE(B|B,R,)- Em|B,R,) = _
(B|B,R ) (B|B)/ (B|B,R,)-E(n|B,R,) MSEBJB.R,) - (E*)

E*(nB.,R,)

n

where E* =
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E* (nlB’ R,)=n(l- %JO (c,d)) reffer to expected sample size w.r.t.B.

Therefore;

2 271

AT (o d) + + ( ! j +1(Lj w*+lx§—KL) F(e,d)+
I1+u 4\1+u 4 I+u
( j T (e, d)w" + 42T (c,d) +2( jx e, d)}}(l—LJ;(c,d)j } .(16)
1+u 1+u I+u

where A =(A-A, )/‘lvar(A]) , A, =(B —BO)/Jvar(ﬁ]) , and

Numerical Results and Conclusions

REff (BB,R,) :H K2 (e, d) + AT (6, d) =2k, T (c,d) + 22T (c,d) + 2k AT (c,d) —

1- A and B are consistence estimators.
ie. lngEMSE(A|A,R1) =0, and ]imMSE(B|B,R,)=0-

2- A and B are dominates to A and B respectively with the large sample size (n).
ie. liml MSE(A|A,R,) - MSE(A|A)|<0. and Jim[ MSE(B|B,R,) - MSE(BB) | <0

3- The estimators A and B are biased when A = Ay and B = B respectively.
4- The R.Eff. of A and B are even function with A1 and A, respectively.
5- The computatlon of relative efficiency R.Eff(-) and bias ratio B(-) were used for the
estimators A and B these computation were performed for o=0.01, 0.05, 0.1 and
A=0.0(0.1)1, i=1,2 and n—4,8,12,20. Some of these computations are given in the table leads
to the following conclusions:

i. The relative efficiency of A and that of B are adversely proportional with small values of
o and those of n.

ii. The relative efficiency of A and that of B are maximum when A ~ Apand B = By
respectively (i.e. A; = 0 and A, = 0).

iii. The bias ratio [B(-): Bias(é|9, R)/«lvar(é)} of A and B are reasonably small when A

~ Ay and B = B, resp ectively, and maximum when A, and A, are maximum.

iv. The bias ratio B(+) of A and B are reasonably small with small sample size (n).

6- The considered estimators A and B are better than the classical estimators A and B
also than the estimators of Al-Bayyati and Arnold [1972] and Al-Kanane [1997].

7- The relative efficiency [R.Eff(-)] and bias ratio [B(-)] are decreasing function w.r.t.(n;), and
the bias ratio [B(-)] of considered estimators are decreasing functions w.r.t. a.

8- The considerd estimators are increasing function w.r.t. (u) especially when M =
0) and (A, = 0).

9- The expected sample size closed to n; especially when (A; = 0) and (A, = 0).

10- The probability for avoiding the second stage is very heigh when A = A and B =
By.

11- The effective intervals [The value of A; which make the R.Eff. greater than 1] of A is
[-1,1] and [-1,1] for B for all k;, u, o and n.
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