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Estimation of Population Variance
using Difference Type Estimator
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Abstract : An estimator for the estimation of population variance using difference type
estimator has been proposed. its bias and mean square ¢rror (MSE) are found and a
comparative study with the convential unbiased estimator is provided. An empirical
example is also included as an illustration.

1. Introduction

Considering a finite population of N unit, let Y;and X, (1 = 1,2, ... N)bethe values

on the i unit of the population according to the study variable y and the auxiliary
variable x respectively. For simple random sample without replacement of size n with
sample values yy, ¥y, > ¥Yn O Y and x|, Xp. ...+ X ON X Let y and X be the usual unbiased

sample mean estimators of the population means Yand X of y and x respectively.
Let

n
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2 = — o — v
y n_‘zl(.‘[ })

be the usual unbiased estimator of population variance
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of the study variable y. Further, let
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For the estimation of finite population variance o2, the proposed estimator using

X y
difference type estimator is

» 2
3 2 _ 1 ; S klx
(1.3) AD—(n_])[;)’%—n{y+k(}—l)} }

where £ is the characterising scalar determined by minimising the mean square
2

error of s
D

2. Bias and MSE of sf)

Let vy = I_’+eo, X=X+ €1,z = —Z-+e2 so that E(eg) = E(ep) = Eey) = 0.
2 _(1L_1)_~
Eey =15 NJN—I H20

with
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Eeyep) = EG - )G -2)
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Similarly,

1 1 N
E(eo"z) = (n = N) N -1 (”30 + 2Ypm)

Now from (1.3), we have
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Bias up to order 0 Pl s
L
2.2 Bias 57 = £ (2 :
(2.2) 1as " s (s/)) o
2 ,
(7‘" ( N AZ ke e \
= e E;C; + o é’: +- ““__‘J
n Lo (= ! X
2 2
N (R D2 Lo
moon N GN - Ha }2*02 jlu

. 2 1) .
Further. mean square error of 5, to terms of order of 0 (~J 1s
n

2
MSE 52 =:.E(s2 - 02_)
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which is minimised ‘for the optimum value of k to be

W T
2.4) ky = 2K

2Y ugy
and the minimum mean square error is given by
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3. Concluding Remarks

(a) The optimum value minimising MSE (si)) is

Ry

G.1) ky =

2Y Ho2

. 2 3 §
and the minimum mean square crrof ofs;) for the optimum value & is given hy

- — ‘1 I IR ‘ -“31‘5
(2) NSE G = 5~ ¥ 3 | M

which . when ¥ is large relalive tu noso that Saite popuiation correction terms may be
) ) |3t g
ignored, reduces to
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" ' Ton |

In case the optimum value kg in (3.1) or its guessed value being unknown, the
alternative is to replace it by its estimate froi sample values. Thus, for large N or simple
random sampling with replacement, replacing jis, tgy and ¥ by their unbiased estimators
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A
and Y = y respectively, we get the estimated optimum value &, to be

N
n A My X
(G4) k() ey
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in which case the estimator depending on estimated optimum value is
. 1,_ 1
© 1 2 - afx )
§ = 2o ndy + kylz= - o
b n-1 %‘l * {) O(X JJ |

which, following the method as employed for s%) in section 2, attains the minimum mean
square error given by 3.3).

(b) We know that

25 S 2:1_,1_. vy,]\i___ 2)' ___\'\
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which, for large N, reduces to

2
Haq

(3.6) =2 B - 1\‘,



Sheela Misra and R. Karan Singh

Comparing (3.5) with (3.2), we see

- D 5 L, g
than that of 5=, that s, Sy 1s more efficient h
sense of having lesser mean square crror,

y 2
that the estimator 8, has less mean square error
an the conventional estimator 2

. in the
Similar remarks follow for s;)z also -
4. An Empirical Study
From the data‘_given in Cochran! dealing with paralytic polio cases in "placebo” ()
group and paralytic polio cases in "not included"

calculated and relative effi
. . 2
population variance o).

We have,

group (x), the required value H,.

 are
with respect 1o s)"j

. o g . .
ciency of estimator s- for estimating

: D
ts worked out as follows :

Hyo = 9.9528 Hyp = 35.84

Mgz = 10.84 Hyg = 425.9

Using above values, we get

] I N A
(Z - NJ (N n 1-) (326.8417)

2y _[1 _ 1 L 209 2
MSE (SD) [” N] [N — ])(~08.3449)

The relative efficiency ofsf)

MSE (s)%)

I

(or s;‘)z ) with respect to s)% is
MSE (s2) . .

H;— x 100 /. = 156.8753 /.

MSE (sD)
showing that the proposed estimator ¢

é (or sz)z) is better than s)z, in the sense of having
lesser mean square error. '
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