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Abstract

This study employed the method of calibration on product type estimator to propose calibration product type
estimators using three distance measures namely; chi-square distance measure, the minimum entropy distance
measure and the modified chi-square distance measure for single constraint. The estimators of variances of
the proposed estimators were also obtained. An empirical study to ascertain the performance of these
estimators was carried out using real life and stimulated data set. The result with the real life data showed that
the proposed calibration product type estimator ¥,.,,, produced better estimates of the population mean ¥
compared t0  ¥p,cp, aNd ¥p,cp3. Results from the simulation study showed that the proposed calibration
product type estimators had a high gain in efficiency as compared to the product type estimator. The
simulation result also showed that the proposed estimators were more consistent and reliable under the
Gamma and Exponential distributions with the exponential distribution taking the lead. The conventional
product type estimator however was found to be better if the underlying distributional assumption is normal
in nature.
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1 Introduction

Over the years information on auxiliary variable has been used to improve on the precision of an estimate of the
population mean or total, as in ratio, product, regression and difference method of estimation. In each case the
advance knowledge of the population mean, X of the auxiliary variate x is required. The ratio estimator is used
when the variables are positively correlated, while the product type estimator is preferred when the variates are
negatively correlated. Robson [1], Murthy [2] and Perri [3] had established that both the ratio and product type
estimator are good estimators of the population parameters if the regression line is a straight line and passes
through the origin. However in many practical situations the regression line does not pass through the origin and
in such situations the ratio and product estimators do not perform as well as the regression estimator [4].

It is an established fact that in stratified sampling design, the use of auxiliary variable increases the precision of
estimates of a population characteristic. In stratified sampling design, the population under investigation is
divided into different strata so as to obtain the homogeneity within each stratum, and sample observations are
drawn within each stratum generally by the procedure of simple random sampling. Members of the sample are
assigned a sampling weight, which represents the fraction of the population that is accounted for by the sample
members.

Calibration technique which was introduced by Deville and Sarndal [5] seeks to adjust sampling weights in
stratified sampling design with the aim of improving the precision of the estimates of the population parameters.
To adjust the sample weights, information on auxiliary variable is used based on existing data, or other large
surveys, it is often possible to know the population total, mean or proportion for other variables measured in the
survey, as well as the values recorded for the members of the sample.

Mathematically, the problem of calibration can be defined informally as follows. Suppose there are some initial
weights assigned to n objects of a survey. Suppose further that there are m auxiliary variables and that for these
auxiliary variables the sample values are known, either exactly or approximately. The calibration problem seeks
to improve on the initial weights by finding new weights that incorporate the auxiliary information. Several
authors including Singh [6], Singh [7], Singh [8], Farrell and Singh [9], Farrell and Singh [10], Wu and Sitter
[11], Estevao and Séarndal [12], Kott [13], Montanari and Ronalli [14], Clement and Enang [15] amongst others
considered the Deville and Sérndal [5] method and derived important calibration estimators.

In sampling literature, many calibration estimators have been proposed using auxiliary information, but this work
seeks to extend the calibration technique to adjust the weight of the conventional product type estimator in
stratified sampling using one auxiliary variable under one constraint.

1.1 Definition of terms

Xy, is the population mean of the auxiliary variable

Xy, is the sample mean of the auxiliary variable

Yy, is the population mean of the variable of interest

¥y, is the sample mean of the variable of interest

S,fy is the population variance of the variable of interest

sy is the sample variance of the variable of interest

SZ, is the population variance of the auxiliary variable

sZ, is the sample variance of the auxiliary variable

Snhxy s the covariance between the auxiliary variable and variable of interest
Pxy is the correlation between the variable of interest and the auxiliary variable
N is the population size

n is the sample size

Ny, is the stratum population size

ny, is the stratum sample size

Qy, is a positive constant
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MSE (f/p) is the estimated mean square error of the conventional product type estimator
MSE (¥,¢p) is the mean square error of the proposed estimators

1.2 Percentage average relative efficiency (%RE)

The relative efficiency of two procedures is given by the ratio of their efficiencies and is often defined using
variance or mean square error. This shall be used to measure the average efficiency of each proposed estimator.
It can be computed as:

- MSE(y,
%RE(prp) = ng)) X 100
Yocp (1)
Where
1 H
M—SE(f’pcp) = Ez MSE(f’pcp) )

h=1
It should be noted that a %ﬁ(ﬁpcp) of value greater than 100 predicts a relative increase in efficiency of the

proposed estimator, while a %ﬁ(fxpcp) of value less than 100 indicates a loss in efficiency of the proposed
estimator.

1.3 Percentage average absolute relative bias %(ARB)

Iff/pcp, then, for each stratum h = 1,2, ..., L, the relative bias is given by:

. 15C (Poe
RB(ypcp) = Ez ()’;_pp - 1) (3)
r=1

and the percentage average absolute relative bias %(ARB) is computed as
L
/2 1 =
%ARB (Ypep) = {Z Z ARB (ym,)} x 100 )
h=1

where

R .
lz <M _ 1)
Rr=1 Y

and R is the number of runs

ARB(Yyep) = (5)

1.4 Average coefficient of variation (CV)

This measure shall be used to measure the reliability of the proposed estimators compared to the conventional
product type estimator in stratified sampling. The percentage average coefficient of variation of 3., is given as:

L
. 1 .
%CV (5pep) = {ZZ cv(ypc,,)] x 100 ©)
h=1
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Where

1’IVISE()A’pCp)

cv (ﬁpcp) = A

The interpretation is that, high values of %W(f/pcp) indicates unreliable estimates while low value predicts
reliable estimates.

2 Proposed Estimators

Theorem 2.1: Given the product type estimator
L XnYn
Vs = E W, —
yps het h Xh

a calibration product type estimator y,.,; for population mean Y given as

L WiZnn  Xhe1 WaQnXhyn (— L
e ST R
prpl Zh:l Xh 22:1 Wthx}%Xh = o

can be obtained by

. Wh1i—Wn)*
MinD = Yk_ 7R
Zh_l WhQn

s.t.

Z%z:l YniXp = X
Proof:

Given
L XnYn

V. = w, —

yps zh:l h Xh
A calibration product type estimator

—— ZL XpYn

Ypep1 et Yh1 —)?h )
where the weight y;,; are chosen such that the distance measure

Z’“ 1 — Wi)?
=1 WnQp (8)

is minimized subject to the constraint
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L
Zh=1]/h1fh =X (9)

Combing (8) and (9) gives the optimization function

Yri-Wr)* = -
PWn1, 1) = Xhoy W;Thh =24 (Cho1 Y%y — X) (10)

where 4; is a Lagrange multiplier.

Differentiating equation (10) partially with respect to y,,and A,, and equating to zero gives

Y1 = Wh + 4,Qr %y (11)
and
1 = X = Xher Wiy
DY IR (12)

substituting (12) into (11) yields

WhQrXp v L =
=W, T X =54 W,
Y1 ht Sk Whoni ( Yh=1 Wrxp) (13)

substituting equation (13) into equation (7) we obtain

R L _2 -
= L WhXpVn | Yp=1WhQnXpVh /v L =
1= Xha1— s 2 (X — Xh=1 Whip)
Ypep h=1""%, Xh_  WhQniiXp h=1""h"h (14)

which is the proposed calibration product type estimator for population mean ¥ in stratified random sampling as
required to prove. This estimator is in form of a regression estimator with me@ as the intercept and

h
Tho1 WhQnTaTn
Sp=1 =2 h-2 as slope.
Yho1 WhQrE: X P

By letting Q,, = 1 then equation (14) becomes

P L -2 —
= L WhEnIn | Xh=1WnXpJn (X —YL_ W%

=Yho1— 5 2 (X — Xh=1 Wiip)
chpll h=1 Xn Z;L1=1thlexh h=1"Y"h*h

(15)
Which is the proposed regression calibration product type estimator for population mean Y in stratified
sampling.

Also by letting Q,, = fi , then equation (14) becomes
h
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. L .
— _vL WrXn¥n | Lp=1WhXhin ()? YL W%

= Yho1—= = — Xh=1 WhiXy)
YVpep12 h=1""g, Sk Whinkn h=1 WhXn

(16)

Which is the proposed ratio calibration product type estimator for population mean ¥ in stratified sampling.

Theorem 2.2: Given the product type estimator, a calibration product type estimator y,,, for population mean
Y givenas

= _vL WnEnin ( L [ X D_ L WnhEhn (L ( X )
=)y, ——ex _In|l—|) = _ = _
Ypep2 h=1"gx, P\&h=1 [ = h=1"g, [Th=1 Wnin

can be obtained by
. 1
MinD = Zﬁ=1q—h{)/nz log ();VLZ) ~Vh2 — Wh}

s.t.

L j—
Z YnoXn = X
h=1

Proof:

Given

= _vL XnYn
Yps - Zh:lWh Xn

We define a calibration estimator

Ypepz = ZL Vh2 f;%yh an
h=1 h
where the weights y;,, are choosen such that the distance measure
z;lQih{th log (yWh:l) ~Yh2 — Wh} (18)
is minimized subject to the constraint

L j—
E YnoXn =X
h=1

by combing (18) and this constraint gives

1 L
V2 A2) = Zﬁ=1Q—h{th log (%) —Vh2 — Wh} =2, (Cho1 Yn2%n — X) (19)
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Differentiating equation (19) partially with respect to y,,and A,, and equating to zero gives

Yn2 = Wrexp[2,Qn%y]

and

1 X
b=k ()
2 Xk_. Qn¥n h=1 WhXn

substituting (21) into (20) gives

QnXn

- __ 1y *No.z | = L X Sho1Qn¥n
Yh2 = Whexp [ZLzl ot Yh=1ln (thh) thh] Wy ITh=1 (thh) h=t
substituting equation (22) into equation (17) we obtain

- _vL WhEhIn L X _ vL WhEhIh L X

Vpep2 = h=1"g exp (Zh:l In [thh]) = Zh=1T g, [Th=1 (thh)

(20)

(21)

(22)

Which is the proposed calibration product type estimator for population mean Y in stratified random sampling.

In this case, after substitution we observed that there is no need for a tuning parameter.

Theorem 2.3: Calibration product type estimator y,,.,; for population mean Y can be obtained from the product

type estimator by

. (Yh3—Wh)?

MinD = Yk _ 2R3 hl
Zh'l Yh3Qhn

s.t.

L _
Z Yh3Xp = X

h=1
given as

1

_ L _ — —=

- _ vL WaEhn L+(Zh=1Wffxf2rX2) 2
chp3 - h=1 Xn z2

Proof:

Given the product estimator

L XpYn
Y A—] W, -
Vs he1 Xy

an estimator
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_ _\ XnYn
chp3 - Yh3 X
h=1 h

where the weights y,5 are choosen such that the distance measure
(Yh3=-Wn)*
Z%l=1 Yh3 h

Yh3Qn

is minimized subject to the constraint
L —_
Z YnaXp = X
h=1

combing (24) and the constraint gives

Yhs—Wn)* = -
®Yn3, A3) = Xhiea Yh;hT: — 223X h=1Vn3kn — X)

Differentiating equation (25) partially with respect to y,zand 45, and equating to zero gives

_ Wh
Yh3 = E
[1-223Qp%p]2

and

v2 L 22

.= X - Yh=1 Wi %y
==k >
2X2 Yy _1 Qn¥n

substituting (27) into (26) gives

1
Qnin)(Thoy W;ffizl—)?z)] 2
x23k_ opp

Yns = Wy [1 +
substituting equation (28) into equation (23) yields
1

_ L _ — —=
- — oyl WnEIn () (Zho1 WETR-X?)) 2
chp3 - h=1 Xn z2

(23)

(24)

(25)

(26)

(27)

(28)

(29)

Which is the proposed calibration product type estimator for population mean Y in stratified random sampling.
Also in this case, after substitution of the adjusted weight into the calibration equation there is no need of a

tuning parameter.

3 Variance Estimators of the Proposed Estimators

Theorem 3.1: Given the variance estimator of the product type estimator of population mean in stratified

sampling as
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L
V(y,) = zh_lwhzy (s?, + R%st, + 2Rspyy) (30)
where
_1-f
Y .
thy pxyshxshy
and

>i| =i

R =

a variance estimator of the calibrated product type estimator ?(ypcpl) for population mean ¥ given as

2 2
< L DthVmSpth)
=1 2
Wh
T 7
Zh=1 Dthth

~ 2
P (Fpep1) = ko 2ilg 4 V(&) — 9(Zs)

2
Wy

can be obtained by

-D
MinD = Zh 1 —(“’f;hqhh)

s.t.

L
Z B (‘);}11 Si%x =V (xs)

Proof: Let (30) be rewritten in the form of

Dth

V(7,) = Z WP Sp (31)

where
WE(1-fp)

Dy = "I

and
= (s7y + R%shy + 2Rspyy)

with

Shxy = PhxyShxShy
and yy, is the calibrated weights

Now consider a calibration variance as estimator of the form
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(32)
where the weights wp,, are chosen such that the distance measure
Z" (why — Dp)?
h=1  DpQp (33)
is minimized subject to the constraint
L 2
0 e
thla’m Shx =V (Xst) (34)
Combing (33) and (34) gives the optimization function
L (wpy — Dy)? L
Why, A =Z —— -2 (Z wd, SE, —V(x )
@(wpy, A11) nei DnO» 11 oy maohx (%se) (35)
Differentiating equation (35) partially with respect to wy, and 1,,, and equating to zero gives
wh1 = Dy[1 + 211 QnSiy ] (36)
and
PR UC2 S dC)) .
" hi=1 DnQnShy (37)
where
L
9(fst) = Z Dhslex
h=1
substituting (37) into (36) gives
DthSi%x — _
=Dt or——g V(&) —
Wp1 h t 2221 DthS;:x ( (xst) U(xst)) (38)
substituting (38) into (31) yields
, <Z’L1_1Dh0h7iz1sp5%x
~r_ Dpy; - w _ ~p =
V(chpl) = 2%1:1 ’1;/’?1 Sp + Z)I{=1DhQ:S,‘:x (V(xst) - U(xst)) (39)

which is the proposed calibration product type variance estimator for population mean Y in stratified random

sampling.
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Substituting Q, = land Q,, = % in (39) gives

2 2
L DhYh11SpShx
h=1 W%L

T 2
Yh=1DnShx

v(ypcpll) = 2%1:1 Dhyleu Sp + (V(fst) - ﬁ(fst)) (40)

2
Wiy

and

1 2 2
sk Dhx,SpYh125hx
h=1"" 2
Wh
+

(V(Es) = 9(Zsr)) (41)

2
0= DhYhiz
V(y ) = ZL 1 S.

pcpl2 h=1 2 1 L 1.4
Wh Zh=1Dnz, Shx

This is the regression and ratio type calibration product variance estimator for population mean for stratified
sampling respectively.

Theorem 3.2: Given the product type variance estimator in (30), its weight can be adjusted by
MinD = ¥k _ 13 {whzlog ( ) why — Dh}

s.t.
Yhe1Wha Sie =V (Xst)

to obtain the calibration product type variance estimator V(ypcpz) for population mean ¥ given as

V(Fst) DnYh V(Est)
P (Gpepz) = Thor 225, exp (Shos In (F2) ) = Tho, s, T, (H22)

Dhth DhSpy

Proof: Rewriting the estimator (30) as

whz)’hz
V(Fpep2) = zh ) (42)

where the weights wy,,, are chosen such that the distance measure

Y- 1y {whzlog( i ) Wiz ~ Dh} (43)

is minimized subject to the constraint

L
Z B wﬂz Sl%x =V (Xs)

Then by combining (43) and the constraint gives the optimization function

V2, A22) = Zh 1, {whz log (u;_}:) — Why — Dh} - /122(2}Ll=1 w;izsi%x —V(xs)) (44)
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Differentiating equation (44) partially with respect to wj, and 1,5, and equating to zero gives

why = Dpexply, thﬁx] (45)

and

2 1 Ly (V(fst)>

= n
T Xher QnSie Ln=1 \DpSi (46)
Substituting (46) into (45) we obtain

) B B thizzx/ L )
Wy = Dyexp |2 gk, n (1020) | = Dy Tk, (S) s Onsi 1)

2 2
h=1CQhShx DnShx DhShy

Substituting (47) into (42) gives

(= _ Dpvi, VEsD) ) _ DpY} V(&st)
V(ypcpZ) = Yh=1 thz Sp exp ( h=1 ln( 3 )) = h=1 Wélz Sp [Th-1 ( 3 ) (48)

2 2
DpSiy DpSiy

which is the proposed calibration product type variance estimator for population mean ¥ in stratified random
sampling.

Theorem 3.3: Given the product type variance estimator, a calibration product type variance estimator
V(#pep3) for population mean ¥ can be obtained by

L (a’ﬁs_Dh)Z
MinD = e
Zh—l ’olth

s.t.

Z%z:l w;)z3 Sf%x =V (xs)
given as

o 2 _ 2
V(chp3) = 2%1:1 DAl Sp (L + — (V(xst)) - Zh=1(DhS}21X)2)

w? VD)

Proof: Given the product type variance estimator, we define a calibration variance estimator as

-~ L whsVis
V(y = Z s
(Fpeps) ne1 WZE P (49)
where the weights w5, are chosen such that the distance measure
Z" (whs — Dp)?
h=1 @p3Qn (50)

is minimized subject to the constraint
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Z%l=1 wg3 Si%x = V(fst)
By combining (50) and the constraint gives an optimization function
o1 _ V'L (‘“?13_Dh)2 —21 L 0 62 _ V(%
P(wp Az2) = Zpmr— 5 22(Xh=1Wh3Shx (%se)) (51)

Wh3Qn

Differentiating equation (51) partially with respect to wj; and 1,5, and equating to zero gives

Dy,
Whs = ! (52)
[1— 222,QnSi, ]2
and
_ 2
_ (V(xst)) - Zk:l(DhSﬁx)z (53)
- _ 2
2(V(%s)" Zhizq QnSix
Substituting (52) into (53) we obtain
_L
o _ (vGsD)* -k (OnSE)” 2 )’ 54
Wp3 = Dy (1 + ( (7 (o)) Ty OS2, QnSrx (54)
Substituting (54) into (49) we obtain
_L
0 Gpeps) = Bher 225, (14— (V(0)" ~ ThoaDu530?) (55)
pep =towg P (v(xsn) N *

Which is the proposed calibration product type variance estimator for population mean Y in stratified random
sampling.

4 Empirical Studies

In this section empirical evaluation of the proposed calibration estimators are done using stimulated data set with
underlying distributional assumption of Normal, Gamma and Exponential and real — life data set from a
secondary source by Ojua et al. [16] was used to authenticate the result of our study.

4.1 Empirical evaluation of estimators using real-life data

In this section estimate of the mean fat content in pepper is obtained using the proposed calibration product type
estimator and the conventional product type estimator. This will help to compare the precision of the proposed
estimators. The data summary is presented:

N =84,n=43,X =5.002,Y = 1.8042,L =2 p = —0.892 R = 0.3607 s2 = 15.1722, [16]

The results of the analysis using excel work sheet is presented in Tables.

53



Enang et al.; AJPAS, 15(2): 41-58, 2021; Article no.AJPAS.67505

Table 1. Mean fat estimates for the proposed calibration product type estimators

Estimators Estimates
Vp 1.7271
Ypep11 1.7729
Ypep12 1.7735
ypcpz 30.0007
Vpep3 1.4807

Table 1 above shows the estimate for the mean fat, of the proposed calibration product type estimators and the
conventional product type estimator with real-life data from Ojua et al. [16]. It was observed that the ratio type
calibration estimator y,.,,, obtained from the chi-square distance measure under one constraint gave a more
precised estimate of the population mean than the other estimators in under consideration. It was also observed
that the estimator y,,,, over estimated the population mean than the other estimators.

Table 2. Estimate of variance estimators for the proposed calibration product type estimator

Variance Estimators Estimates
?(yp) 0.002579
v(?pcpn) 0.002563
v(?pcpu) 0.002563
‘7(37pcp21) 0.04112
‘7(37pcpzz) 0.04112
v(?pcpn) 0.00264
V(ypcmz) 0.00269

Table 2 shows the variance estimates for the proposed calibration product type estimators and the conventional
product type variance estimator. It was observed that the regression type calibration variance estimator
V(¥pep11) and V(¥,cp1,) Obtained from the chi-square distance gave minimum variance.

4.2 Simulation study

To further examined the performance of the proposed calibration product type estimators for population mean,
simulation was done for R = 10,000 runs using different sample sizes using R software with seed of (1113329).
The result of the simulation is presented below:

Table 3. Percent average relative efficiency for gamma, normal and exponential distribution

Sample size

Distributions

ﬁ

v

v

v

7

o Hocpll S pepll Hoepl S oop3
10% Gamma 100 155.11 399.25 267.49 291.75
Normal 100 21.01 55.01 47.70 72.60
Exponential 100 13108.27 124843.64 1030.56 634.53
15% Gamma 100 155.23 399.55 267.65 1715.49
Normal 100 66.48 54.91 47.61 12.47
Exponential 100 12283.90 203270.74 1029.61 633.60
20% Gamma 100 154.7809 400.0738 267.9135 1725.133
Normal 100 21.08 55.11 47.77 72.77
Exponential 100 3838.82 57498.90 324.70 200.21
25% Gamma 100 155.20 400.40 268.11 1733.87
Normal 100 66.50 55.02 47.69 72.64
Exponential 100 12104.99 139458.70 1025.78 633.55
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Table 3 shows the percent average relative efficiency (%RB) of the proposed estimators and the conventional
product type estimator. It was observed that under the exponential distributional assumption the proposed
estimators had a high gain in efficiency with the estimator y,.,,, taking the lead. When the distributional
assumption was Gamma, the estimator y,,.,,; took the lead and when the distribution was Normal in nature, the
proposed estimators had decrease efficiency.

Table 4. Percentage average absolute relative bias for gamma, normal and exponential distribution

Distributions

Vo Ypep11 Vocp12 Ypop2 ¥pep3
10% Gamma 266.893 172.068 66.849 99.777 15.629
Normal 47.623 226.642 86.568 99.841 65.597
Exponential 1018.364 7.769 0.816 98.817 160.491
15% Gamma 267.119 172.077 66.854 99.799 15.571
Normal 47.538 226.116 86.568 99.859 65.594
Exponential 1018.813 8.294 0.501 98.951 160.798
20% Gamma 267.400 172.760 66.838 99.808 15.500
Normal 47.709 226.286 86.567 99.865 65.565
Exponential 1016.788 8.376 0.559 99.027 160.601
25% Gamma 269.618 172.431 66.837 99.816 15.435
Normal 47.628 226.498 86.563 99.869 65.566
Exponential 1016.097 8.394 0.728 99.056 160.382

Table 4 above shows the percent average absolute bias (%ARB) for Normal distribution, Gamma distribution
and Exponential distribution respectively using different sample sizes of 10%, 15%, 20% and 25%. It was
observed that the proposed calibration product type estimators were more consistent under the gamma and
exponential distribution, with exponential distribution taking the lead.

Table 5. Average coefficient of variation for gamma, normal and exponential distribution

Sample size  Distributions 7 Fpepi1 Vpepiz Fpep? Vpep3
10% Gamma 266.893 172.068 66.849 99.777 15.629
Normal 47.623 226.642 86.568 99.841 65.597
Exponential 1018.364 7.769 0.816 98.817 160.491
15% Gamma 267.119 172.077 66.854 99.799 15.571
Normal 47.538 226.116 86.568 99.859 65.594
Exponential 1018.813 8.294 0.501 98.951 160.798
20% Gamma 267.400 172.760 66.838 99.808 15.500
Normal 47.709 226.286 86.567 99.865 65.565
Exponential 1016.788 8.376 0.559 99.027 160.601
25% Gamma 269.618 172.431 66.837 99.816 15.435
Normal 47.628 226.498 86.563 99.869 65.566
Exponential 1016.097 8.394 0.728 99.056 160.382

Table 5 shows the average coefficient of variation (CV) for the proposed estimators and the conventional
product type estimator. The result shows that the calibration product type estimator y,,.,11 and y,¢,1, are more

reliable estimators of the population mean ¥. Also under the normal distribution the conventional product type
estimator is more reliable than the proposed calibration product type estimators. It was also observed that as the
sample size increases there was no significant difference in the reliability for the proposed estimators.

5 Discussion of Findings

Using the real life data, the population mean fat of pepper fruits ¥ was calculated to be 1.8042. The result in
Table 1 shows that this value was best estimated by the estimators ¥,c,1, and y,,1, obtained using the chi-
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square distance measure, with estimated value of mean fats of 1.7735 and 1.7729 respectively. This result
agrees with Koyuncu and Kadilar [17] which say that in the presence of other distance measures, the chi-square
distance measure gives the best estimator. This result could be because the chi-square distance measure satisfies
the set constraint which says that the sum of the product of the calibrated weight and the mean of the auxiliary
variable equals the population mean of the auxiliary variable.

Within the two estimators obtained using the chi-square distance measure, the ratio calibration product type
estimator ¥,,.,,1,, provided a better estimate of the population mean than the regression calibration product type
estimator ¥,,.,,11. This result agrees with Clement and Enang [15] results which said that the ratio estimator
estimate the population mean better then the regression estimator when the regression line passes through the
origin. It was also observed that the conventional product type estimator was more precised in estimating the
mean fat than estimators obtained using the minimum entropy and modify chi-square distance measures y,,»
and ypcp3. It is worthy of note that the estimator y,,, obtained with the minimum entropy distance measure
grossly overestimated the mean fat indicating that this estimator is highly bias than the other estimators. This
could be as a result of the large weight associated with using this distance measure.

For the real life data, the result in Table 2 shows that the estimates of the variance estimators obtained using the
chi-square distance gave smaller variance estimates and hence are more efficient than those obtained using
other distance measures.

From the simulation study carried out under the distributional assumption of Normal, Gamma and Exponential,
it was observed that the proposed calibration product type estimators had a higher gain in efficiency than the
conventional product type estimator with a higher gain in efficiency recorded when the distributional
assumption is exponential in nature and a loss in efficiency when the distributional assumption is normal in
nature which agrees to the fact that the variate are negatively correlated. The proposed estimators are consistent
estimators since as the sample size increases the performance of the estimators did not vary and the estimators
obtained from the chi-square distance measure had a smaller relative bias as compared to the conventional
product type estimator when the distribution is exponential. Therefore, proposed calibration product type
estimators are more reliable estimators as compared to the conventional product type estimator and reaffirms
that the estimators perform better when the distribution is exponential.

6 Conclusion

In this paper, we proposed calibration product type estimators of population mean in stratified sampling to be
used in survey when the variables of interest are negatively correlated. The performance of these proposed
estimators was compared using real — life data obtained from Ojua et al (2018) and simulated data set under the
distributional assumption of Normal, Gamma and Exponential. It was shown that the calibration product type
estimators obtained by minimizing the chi-square distance measure gave a better estimator with minimum
variance than the other estimators obtained from the minimum entropy and modified chi-square distance
measures. Also when the underlying distribution is exponential in nature, the proposed estimators outperform
the conventional product type estimator.

7 Recommendation

This study recommends the proposed ratio-product type calibration estimator y,,q, for use in estimating
population mean when the variable of interest is negatively correlated with the auxiliary variable and the data
set is exponential in nature.

The use the constraint ¥k _, y,%, = 2X to minimize the minimum entropy distance measure is recommended

for further researchers. Secondly other distance measures can also be use to adjust the weight on the product
type estimator in stratified sampling and compare with the once proposed in this study.
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