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Abstract

This article establishes some improved classes of difference and ratio type
estimators of population mean of study variable using information on aux-
iliary attribute under stratified simple random sampling. The usual mean
estimator, classical ratio estimator, classical product estimator and classical
regression estimator are identified as particular cases of the proposed classes
of estimators for different values of the characterising scalars. The expression
of mean square error of the suggested classes of estimators has been stud-
ied up to first order of approximation and their effective performances are
likened with respect to the conventional as well as lately existing estimators.
Subsequently, an empirical study has been carried out using a real data set in
support of theoretical results. The empirical results justify the proposition of
the proposed classes of estimators in terms of percent relative efficiency over
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all discussed work till date. Suitable suggestions are forwarded to the survey
practitioners.

Keywords: Auxiliary attribute, efficiency, mean square error, stratified
simple random sampling.

1 Introduction

In sample surveys, the use of auxiliary information is a well-known fact
to enhance the efficiency of the estimators. Several improved and modi-
fied ratio, regression, product and logarithmic type estimators have been
suggested using auxiliary information under different sampling schemes by
various authors including Nazir et al. (2018), Lone et al. (2021), Bhushan
et al. (2020a, b, ¢, 2021a, b), Bhushan and Kumar (2021, 2022), etc. Many
times, in real life situations, the variable of interest may not be associated with
a quantitative auxiliary variable and some qualitative auxiliary characteristic
might be easily available which is significantly associated with the variable
of interest. For example:

* The height of person (y) may depend on sex ¢ i.e, the person is male or
female.

* The amount of yield of paddy crop (y) may rely on a certain variety of
paddy (o).

* The amount of milk produce (y) may depend on a certain breed of
buffalo (¢).

* The use of drugs (y) may depend on the sex (¢).

Thus, taking advantage of bi-serial correlation (p) into consideration,
several authors proposed various class of estimators using attribute under
different sampling framework. Naik and Gupta (1996) suggested classical
ratio, product and regression estimators under simple random sampling
(SRS). Singh et al. (2007) introduced attribute based exponential ratio and
product type estimators in SRS. Abd-Elfattah et al. (2010) used information
on attribute and investigated different exponential type estimators of popula-
tion mean under SRS. Zaman and Kadilar (2019) addressed a novel family
of exponential estimators using information of auxiliary attribute whereas
Zaman and Kadilar (2021a) considered a new class of exponential estimators
for finite population mean in two-phase sampling. Zaman (2019a) proffered
an improved estimators using coefficient of skewness of auxiliary attribute
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under SRS. Zaman (2020) developed a generalized exponential estimator for
the finite population mean based on attribute. Bhushan and Gupta (2020)
envisaged an improved log-type family of estimators using attribute in SRS.

When the nature of population is heterogeneous then a well-known
stratified simple random sampling (SSRS) is to be used to estimate the
population parameters. It is based on dividing the whole population into
homogeneous sub-populations known as “strata” and selecting a simple
random sample independently from different strata. Sharma and Singh (2013)
introduced exponential type estimators under SSRS using known population
proportion. Zaman (2019b) evoked an efficient estimators of population mean
using auxiliary attribute in SSRS. Zaman and Kadilar (2020) and Zaman
(2021) proposed various exponential type estimators for population mean
using auxiliary attribute under SSRS. Zaman and Kadilar (2021b) suggested
exponential ratio and product type estimators of the mean in stratified two-
phase sampling. It has been observed empirically that the efficiency of the
above estimators introduced by different authors is at most equal to the
classical regression estimator defined on the lines of Naik and Gupta (1996)
under SSRS. The above discussion put a question: “Is there any procedure
of obtaining better estimator than the classical regression estimator?” In
this paper, we have made an effort to answer this question by suggesting
some improved classes of difference and ratio type estimators using known
population proportions.

The article is organized in following sections. Section 2 considers promi-
nent estimators suggested till date in SSRS using attribute with their prop-
erties. In Section 3, we suggested some improved classes of estimators and
studied their properties. The efficiency conditions are obtained in Section 4
which are further verified in Section 5 by an empirical study and discussion
of empirical results. The conclusion of the study is given in Section 6.

2 Existing Estimators

Consider a finite population U = (Uy, Us, ..., Uy) consist of N identifiable
units which is divided into L homogeneous strata and a simple random sample
s of size np, is measured from stratum /4 using simple random sampling
without replacement scheme. Let y;, and ¢, be the study variable y and
auxiliary attribute ¢ for unit 7 in the stratum h of population U. It is noted
that ¢; = 1 if the unit i possess attribute ¢ and ¢; = 0, otherwise. Let
A= sz\i L ¢ianda=>", ¢; be the total number of units in the population



190 S. Bhushan et al.

U and sample s respectively possessing attribute ¢ whereas P = (A/N) be
the population proportion, P, = (Ay/Np) be the population proportion in
stratum % and pp, = (ap/ny) be the sample proportion of stratum /4 having
attribute ¢. The sample mean of study variable y is v, = Zﬁzl Whryp,
where ¥, = ngl Yont, Y, the population mean of study variable is Y5 =
Zﬁzl WyYp,, where Y, = N ! ZhN 2 Jn, and the weight of stratum is
Wy = Np/N. The population mean square of study variable in stratum h
is S2 = (Np— 17" S5 (yn, —Y)” and population mean square of
auxiliary attribute in stratum h is S7, = (N} — 1)~! Zi\ihl (pn, — Pr)*. To
obtain the mean square error (MSE) of different estimators, let us assume
that 7, = Y (1 + eg) and pst = P(1 + e1) such that E(eg) = E(e1) = 0,
E(ef) = % ZfLLzl Wi%'YhS;h’ E(ef) = % Zﬁ:l Wi%’)/hsgh and E(epe1) =
T+ B et WP SynSpn-

Where Yh = (Nh — nh)/Nhnh.

Now, we consider a review of some prominent attribute-based estimators
under SSRS along with their properties.

The usual mean estimator under SSRS is defined as

Tm = yst (1)

The variance of the above estimator is given by

~

V(Tn) =Y WiwmSy, 2)
h=1

Following Naik and Gupta (1996), the classical combined ratio, product
and regression estimators for population mean Y using auxiliary attribute can

be defined under SSRS as
P
T, =Ty () 3)
Dst
_ Ds
Tp =Yg (Ft) 4)
Ty = [yst + B(i) (P - pst)] )

where 4 is the regression coefficient of y on ¢ and py; = Z,jjzl Whron
is the sample proportion. The MSE of the above estimators is respectively
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given by
L
MSE(T;) =Y Wiyn[S2, + R2Sy;, — 2RppSynSpn] (6)
h=1
L
MSE(T,) = Y Win[Sa, + R*S%, + 2RpnSynSpn] (7)
h=1
L
MSE(Ty,) = Y Win[Syy, + B3R*Sp, — 286 RpnSynSpn] — (8)

T
I

where R = Y/ P is the population ratio. Now, minimizing the MSE(7},.) with
respect to (W.r.t.) B4, we get

By = S WEAhoRSynSpn
0 RY L WES?,

Putting B, ,, in the MSE(T},), we get

L
minMSE(T},) = Y " Wiy Sy, (1 - pj) )
h=1

The exponential functions model a relationship in which a constant
change in the independent variable gives the equal proportional change in
the dependent variable. Therefore, motivated by Singh et al. (2007), Sharma
and Singh (2013) investigated ratio and product exponential type estimators

under SSRS as

_ P — Pst
Tss, = 10
881 ystexp (P +pst> ( )
_ Dst — P
Tss, = 11
582 Ysr€xp (pst n P) ( )

The MSE of the above estimators is given by
L R?
MSE(Tss,) = Y Wi {Sih + S~ Rphsyhsph] (12)
h=1
2

L

R

MSE(TSS2) = Z W/%'Yh |:S§h + T‘Sﬁh + RphSthph] (13)
h=1
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Sharma and Singh (2013) introduced another exponential type estimator

under SSRS as P )
_ - P
Ty, = Tuverp (77( " ) (14)
S

where 7 is a suitably chosen scalar.
The MSE of the above estimator is given by

L 7?2
R?
MSE 553 Z Wh’yh |: yh + 752 nRPhSthph] (15)
h=1

Minimizing the MSE (7, ) w.r.t. 7, we get

9 S b W2 oRSynSph
i3
RY b Wi?’YhS;h

Putting 7)o in the MSE(Ts;), we get

N(opt) =

minMSE(Ts, ) ZW,M 2.(1— p}) (16)

which is the minimum MSE of the classical regression estimator 7.
Zaman and Kadilar (2020) envisaged a family of ratio exponential
estimator under SSRS as

(mPSt + TL) — (mpst + n)] (17)

Ta =7
zk1 ystexp |:(mP5t + n) + (mpst + n)

The MSE of the above estimator is given by

R v
MSE(T., ) ZWm[ hszh—thphSyhsph] (18)

where v, = mp Py /(mp Py + np,).
On the lines of Koyuncu and Kadilar (2009), Zaman and Kadilar (2020)
suggested an improved form of the above estimator under SSRS as

(mPs +n) — (mpst + n)} (19)

A\
ek = AYsrexp [(mPst ¥ 1) + (mps; + 1)

where A is a suitably chosen scalar.
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The MSE of the estimator Ty, is given by

L
2
MSE(Tui,) = |V (A= 1) + XY Wiy, 82,
h=1

+ (3X2 —20)— R Z W2
h'VhUh

~

—(2X = X)) > WEAURpRSyn Spn (20)
h=1
Minimizing the MSE(T%;,) w.r.t. A, we get
=2
(2Y" + RTQ Yohe Wh’YhUhSzh
—R Y W2 0RpRSynSpn)

N T WenSh 1 SR T, Wi,
—AR Yy WEYROPRSyh Sph)
Putting \ (o) in the MSE(T ., ), we get
(V" = 1)+ X2 50 Wi S
minMSE(T,) = + (3A*2 — 2X%) RTQ Zﬁ:l W2
U%S,ZL - R (2/\*2 - )\*) Z,I::l Wf’yhvhphsyhsph
(21)

On the lines of Zaman (2020), one may define an exponential ratio type
estimator using auxiliary attribute under SSRS as

0
_ ([ pst (mPst +n) — (mpst + n)
Tz = - 22

Yst <Pst> P |:(mPst + n) + (mpst + n) (22)

where 6 is a suitably chosen scalar.
The MSE of the estimator 7, is given by

MSE(T, Z Wi,
+20R,0h5yhsph — QRUh,OhSthph

(23)
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Minimizing the MSE(T7) w.r.t. 6, we get
L
o) = (Zh 1 WE“YhUth%h 25:1 W;f%%ﬂh%h%h)
opt) — L
RZh 1 thSph RY by W}%’Wl‘s’zh
Putting 0, in the MSE(T?), we get

minMSE(7’ Z Wi S2, (1= p7) (24)

which is the minimum MSE of classical regression estimator 77,..
Following Abd-Elfattah et al. (2010), Zaman (2021) envisaged following
class of estimator under SSRS as

T., = Juexp (W) (25)
T.y = Tuexp <§Z — ) (26)
T,y = Juexp (H) @7
T.y = Juexp (ii i z) (28)
T., = Juexp (H) (29)

where Py, = Y1 Wi(Py + Con)s pstr = 3oy Wi(pn + Cpp), Pat,
= Zﬁzl Wi(Ph + Bon(0)), Psts = Sorey Walpn + Bon(9)), Pay
Zh 1 Wh(Phﬂ%((b) + Con) Psts = o1 WalpnBon(d) + Cpn).

Pst, Zh L Wh(PhCon + Bon(8)), sts = Sor—1 Wi(pnCon + Ban(9)),
Pys = S5 i Wa(Py+pn), psts = oy Wi(pn + pn). Here, Cpp, =
Spn/ P and Pap,(¢) are respectively the coefficient of variation and coeffi-
cient of kurtosis of auxiliary attribute ¢ and py is the bi-serial correlation
coefficient between study variable and auxiliary attribute in stratum .

The MSE of the above estimators is given by

R2
MSE(T; ZWM [ S2h — RipnSynSpn|, i =1,2,...,5

(30)
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where R1 = Zﬁ:l Wh?h/ Zﬁ:l Wh(Ph + Cph), R2 = Zﬁ:l Wh?h/
> ot Wi(Ph + Ban(9)), Rs = So5_y Wi/ S5y Wi(PuBan(¢) + Cpn),
Ri = 4y Wi/ by Wh(PaCoh + Bon(9)), Rs = iy Wi p/
Sri Wa(Py + pn).

Zaman (2021) suggested another improved estimator under SSRS
given as

Pats — Dsts \
T = ystexp<;jﬂjt6> 31)
ste St

where « is a suitably chosen scalar, Py, = Zﬁzl Wi(mPp, +n), pstg =
25:1 Wi (mpy, + n) such that m and n are either real values or the function
of known parameters associated with the auxiliary attribute namely, standard
deviation Spy,, coefficient of correlation pj,, coefficient of kurtosis Bon(®),
coefficient of variation Cpy, etc in stratum A.

The MSE of the above estimator is given by

L o?R2
MSE(Ty,) = > Wi [ 1 ——28%, — aRepnSynSph
h=1
(32)
where Rg = Zﬁ:l Wh?h/ Zﬁ:l Wh(thh + nh).
Minimizing the MSE(T%,) w.r.t. o, we get
_ S, W2NhonSynSph
®(opt) = 2 L 2 2
Re 3 h—1 Wi Sy,
Putting a(yy) in the MSE(T,), we get
L
minMSE(7’ Z W2 ’YhS ) (33)
h=1

which is the minimum MSE of classical regression estimator 77,..

3 Proposed Classes of Estimators

Motivated by Bhushan and Kumar (2020) and Bhushan et al. (2021c), we
have proposed some improved classes of difference and ratio type estimators
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for population mean using attribute under SSRS as

Ty, = a1¥s + Bi(pst — P) (34)
P B2
Ty, = 2y g () (35)
Dst
P
Tps = a3y, 36
P Syt[P‘f‘ﬁS(pst—P)] (36)
Ty, = 04Ty + Ba(pst™ — P) (37)
P* Bs
Tpy = a5Yg () (38)
st
P*
Tps = a6y, - (39

where «;, 8;,1 = 1,2,...,6 are suitably chosen scalars, P* = mP + n, p}, =
mpgt + n, m and n are either real values or function of parameters of auxiliary
attribute ¢.

Theorem 3.1. The minimum MES of the proposed class of estimators T, , 1 =
1,4 is given by

minMSE(T},) = Y2[1 — qjiopy)] = V- [ - i;] (40)
i
Proof: Consider the estimator
Tp, = ar¥g + Pi(pst — P)
Express the above estimator in terms of e’s, we get
Ty, —Y = (a1 — 1)Y + a1Yeg + 1 Pes (41)

Squaring both sides of (41) and taking expectation, we will get the MSE
of the estimator 7}, up to first order of approximation as

L
=2 =2
MSE(T;,) = Y (a1 = 1)* + Y Wi (oY mCyy + 57 PGy,
h=1

+ 201 81Y PyppnCynCon) (42)
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The above MSE is minimized for iy and 37 as

1

L
L (thl Y PrCynChn
1+ . C2 —
< Zh—l ’Y Yh Zﬁ:l ,_yhcrgh

O opty =

B
- 21y

and —
Y 3 1 msnCynCpn

L 2 Liopt)
Py o TG

Putting o (opt) and (31 (opt) in the MSE(T},, ), we get the minimum MSE as

s Liopt) —

. 2 =2 B?
minMSE(7},,) =Y (1 —a1,,) =Y - — (43)
op Al
The minimum MSE of the other estimator 7}, can be found in similar
lines.

Theorem 3.2. The minimum MSE of the proposed classes of estimators
Tp,,1=2,3,5,6 is given by

2
minMSE(T},) =Y~ ( - iﬁ) (44)

Proof: Using the notations discussed earlier, the MSE of estimator T}, is
given by

. -
1+ ag{l + Z Wiy (Cpy, + B2 (262 4+ 1) C2,

h=1
—452pCynCph) }
MSE(T},) =Y~ 5 (45)
_2a2{1 +Y Wi, (BQ(B;JF 1)C§h
h=1

—52Phcyh0ph> }

which can further be written as

MSE(T},) = Y[ + a2As — 202 By)] (46)
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Minimizing the MSE(7), ) w.r.t. the scalar ap, we get

C2onn T 4,

Putting as,, ,, in the MSE(Z},,), we get
_ B2
minMSE(T},) = Y~ (1 - 2) (47)

The MSE of other estimators can be obtained in similar lines. In general,

we can write .
MSE(T},) = Y [L + a?A; — 20, Bj]

It is to be noted that the simultaneous minimization of «; and (3; of the
above MSE expression is not possible so we utilize the optimum values of
Bi = Bi(opt) When a; = 1 and use this within a; = a;(yy) to obtain the MSE
expressions. The optimum values of the scalars are given by

B;

Ciopy = 7+ 1= 23,5,6

where

L
Ay =14 Wiyn(C2, + B2(2B2 + 1)CZ, — 4BapnCynCln)
h=1

L
+1
By =1+ Z W}%Wh (52(62)0;2}1 - /82Ph0yhcph>

2
h=1
L
A3 =1+ Z Win(Coy, + 383C2, — 4B3pnCynChn)
h=1

L

By =1+ Wi(B5Ch, — B3pnCynCon)
h=1

L
A5 =1+ Win(Cyy + B5(285 + 1)nCy, — 4850npnCynCon)
h=1

L
Bs =1+ Z Wi Uh205h - 55UhPhCthph>

h=1

(55 (Bs +1)
2
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L
Ag =1+ Z Wﬁyh(th + 3ﬁgvh205h — 466’Uhphcyhcph)

h=1
L
Bg =1+ Z Wth(ﬁgthCgh — BevnpnCynChph)
h=1
L L
Here’ BZ(opt) = (zhzl Vhphcyhcph/ Zh:l ’yhcgh) = ﬁs(opt) and
B5<Opt) = ngm Jup = 56(@) are used as an optimum values when a;= 1

is considered in the corresponding estimators.

4 Efficiency Conditions

We compare the minimum MSE of the proposed estimators 1), , ¢ =
1,2,...,6 with the minimum MSE of the existing estimators and get the
following efficiency conditions.

(i). On comparing minimum MSE of the proposed estimators 7},, with mean
per unit estimator 7;,, from (40) and (44) with (2), we get

Bl 1—2Wmh (48)

(ii). On comparing minimum MSE of proposed estimators T}, with classical
ratio estimator 7;. from (40) and (44) with (6), we get

B2 L
=1 > WEICE, + Co, — 2prCynCon] (49)
¢ h=1

(iii). On comparing minimum MSE of proposed estimators 7},, with classical
product estimator 7}, from (40) and (44) with (7), we get

2

L
B-
=21 > WEICL + Co, + 2pnCynCon] (50)
¢ h=1

(iv). On comparing minimum MSE of proposed estimators 7}, and classical
regression estimator 7}, Sharma and Singh (2013) estimator T%,,, Zaman
(2020) estimator 7" and Zaman (2021) estimator 7%, from (40) and (44) with
9), (16), (24), (33) respectively, we get

2

L
B¢
21> WG - pp) (51)
! h=1
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(v). On comparing minimum MSE of proposed estimator 7},, with Sharma
and Singh (2013) estimator T, from (40) and (44) with (12), we get

2

C
ih = prCynCpn

2
’L

(52)

L
h%

(vi). On comparing minimum MSE of proposed estimators 7}, with Sharma
and Singh (2013) estimator 7., from (40) and (44) with (13), we get

2

h + —— + prnCyrCpn

A (53)

Z >1—2Wh")/h

(vii). On comparing minimum MSE of proposed estimators 7},, with Zaman
(2021) estimators 1%, i = 1,2, ..., 5 from (40) and (44) with (30), we get

B, 1 L R?
- e Z P [ TZS;Q;h - RiPhSthph] (54)
h=

Z

(viii). On comparing minimum MSE of proposed estimator 7;,, with Zaman
and Kadilar (2020) estimator 7, from (40) and (44) with (18), we get

2

5 Con
Cﬁh + 'UhT + ph'UhCthph

2

B'L
A >1_;Wh7h

(55)

(ix). On comparing minimum MSE of proposed estimators 7},, with Zaman
and Kadilar (2020) estimator 1, from (40) and (44) with (21), we get

2
Y (A=1)2+ X2 WS,

h=1
> 1 3\2 — 2\ Uik W7 262 56)
A ° T +(3A° — )4; h=1YhVr ph (

L

—R(2)\* = ) Z WiAhUR PR S yh Sph
h_
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It is to be noted that only under above conditions, the proposed classes
of estimators 7}, i = 1,2,...,6 become superior than the usual mean
estimator, classical ratio, product and regression estimators, Sharma and
Singh (2013) estimator, Zaman and Kadilar (2020) estimator, Zaman (2020)
type estimator and Zaman (2021) estimators. Subsequently, these conditions
are verified through an empirical study using real data set.

5 Empirical Study

In order to verify the theoretical results of the proposed classes of estimators,
we have performed an empirical study over the data set of Kadilar and Cingi
(2003). The data set is based on the production of apples as study variable and
number of apple trees as auxiliary variable in six regions of Turkey namely,
Marmara, Agean, Mediterranean, central Anatolia, Black Sea and East and
Southeast Anatolia in 1999. These six regions of Turkey are considered
as sub-population/strata. Taking Neyman allocation (Cochran, 1977) into
consideration, we have randomly drawn the districts from each strata using
given formula:

NpSh
N
> =1 NuSh

Neyman allocation (Neyman, 1934) is a method to allocate samples into
strata based on the strata variance and corresponding sampling cost in the
strata which gives an unbiased estimator of population mean provided the
total sample size. The different strata may not differ much from each other
w.r.t. costs. We consider equal costs for all strata. However, the sample can
often be divided into subsamples using SSRS such that for L subsamples,
each of them has a sample size ny, h=1,2,... L, withni+ns+---+np = n.
A sample of size n = 200 units is drawn with the help of Neyman allocation
defined in (57) and summarized in Table 1. The percent relative efficiency
(PRE) of the class of estimators with respect to mean per unit estimator 7,
are computed using the following formula:

MSE(T),)
MSE(T)
Where T=Tm7 TT’ Tp7 ZZ_’l7”7 Tssia 1 = 192937 TzklszkQa TZ7 Tz.p Z = 17 27 s 76
and T},,,1=1,2,...,6. The empirical results are displayed in Table 2 in terms

of MSE and PRE. These results of Table 2 are further displayed through line
diagrams given in Figures 1 and 2 by MSE and PRE respectively.

h=1,2,...,6 (57)

np =

PRE = x 100
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Table 1 Descriptive statistics of the population

Known Symbol for

Parameters Total Stratum h 1 2 3 4 5 6
Population size N=2854 Np, 106 106 94 171 204 173
Sample size n =200 np 13 24 55 95 10 3
Population mean Y =2930.1 Y 1536 2212 9384 5588 966 404
Population proportion P=0.334 Py, 024 029 046 048 036 0.11
Standard deviation Sy = 17105 Syn 6425 11551 29907 28643 2389 945
Standard deviation Sp =0.466 Sph 043 045 050 050 048 032
Kurtosis coefficient ~ fB2(¢) = —1.39  Bon(¢) 056 116 -2.03 202 168 3.93
Variation coefficient Cp = 1.46 Cyp,, 176 156 107 103 133 277
Covariance coefficient Sy, = 904.7 Syp,, 996 1404 48674 2743 449 204
Weight Wh, 0.12 0.12 011 020 024 032

Table 2 MSE and PRE of different estimator with respect to 17,

Estimators MSE PRE

T 387786.7  100.0000
T 276560.1  140.2179
T 970347.4  39.9637
T 260132.8  149.0726
Tss, 273256.6 1419130
Tss, 620150.3  62.5310
T., 357499.9 108.4718
T., 357160.8 108.5748
T., 358365.0 108.2100
T, 358812.8 108.0749
T., 3471153 111.717
Tok, 360353.6 107.6128
Ty 3337914  116.5447
Tp,,i=134,6 253704.6 152.8497
Tp,, i=2,5 252556.1 153.5447

where T* = Tl’m Tss3 3 Tzsa TZ'

5.1 Results and Discussion
On comparing the outcomes of Table 2, it has been observed that:

1. the proposed classes of estimators 7),, ¢ = 1,2,...,6 are highly
rewarding in terms of minimum MSE than the existing estimators such
as usual mean estimator 7,,,, classical ratio estimator 7;., classical prod-
uct estimator 7}, classical regression estimator 7j,, Sharma and Singh
(2013) estimator T, ,7 = 1,2, 3, Zaman and Kadilar (2020) estimators
T,r;,t = 1,2, Zaman (2020) type estimator 7, and Zaman (2021)
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Figure 1 MSE of existing and proposed estimators.
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Figure 2 PRE of existing and proposed estimators.
estimators 77,,¢ = 1,2,...,6. This can be easily observed from line
diagram displayed in Figure 1.
2. the proposed classes of estimators 7}, ¢ = 1,2,...,6 are found to

be efficient in terms of maximum PRE providing better improvement
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over the existing estimators such as usual mean estimator 7, classical
ratio estimator 7., classical product estimator 7, classical regression
estimator 7},, Sharma and Singh (2013) estimator T, ,%? = 1,2, Zaman
and Kadilar (2020) type estimators 1,7 = 1,2, Zaman (2020) type
estimator 7%, and Zaman (2021) estimators 7%,,7 = 1,2, ..., 6. This can
be easily observed from line diagram displayed in Figure 2.

3. Moreover, the proposed class of estimator 7}, i = 2,5 performed better
than the other proposed classes of estimators in terms of minimum MSE
and maximum PRE which can be also observed from line diagrams
displayed in Figures 1 and 2 for MSE and PRE respectively.

6 Conclusion

This paper proposes some improved classes of estimators under stratified
simple random sampling to estimate population mean with their properties.
The usual mean estimator, classical ratio, product and regression estimators
are special cases of the suggested classes of estimators for suitably chosen
values of characterizing scalars. The proposed classes of estimators are turned
out to be remunerating in terms of MSE and PRE when applied in real
life scenario. These estimators are also showing their supremacy in terms
of lesser MSE and greater PRE over conventional estimators such as mean
estimator 7, ratio estimator 7., product estimator 7}, regression estimator
T}, Sharma and Singh (2013) estimator T, , 7 = 1,2, 3, Zaman and Kadilar
(2020) estimators 1%y, , ¢ = 1,2, Zaman (2020) type estimator 7, and Zaman
(2021) estimators 1%,,% = 1,2,...,6 when empirical study has been per-
formed over real data. The performances of different estimators can also be
observed from the Figures 1 and 2 displayed for MSE and PRE respectively.
The empirical results support that the proposed classes of estimators are
appreciatively favorable in abating the MSE to a greater extend as compare
to the conventional estimators. Hence, looking on the assured behavior of the
proposed classes of estimators, survey practitioners may be encouraged to
utilize the proposed classes of estimators for their practical applications.
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