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Abstract

In sample surveys auxiliary information is quite often available from previous experience and using the
auxiliary information several estimators are introduced like Ratio estimator modified ratio and product estimators
for the estimation of population mean. This manuscript deals with the improvements on ratio cum product
estimators for the estimation of population mean of the study variable by using the known values of quartiles of the
auxiliary variable and their functions. The bias and mean squared error of proposed estimators are obtained. An
empirical condition is developed to assess the performance of proposed estimators over the existing estimators.
A numerical study is carried out to assess the efficiency of proposed estimators over the existing estimators with
the help of some known natural populations. Based on the simulation study and numerical studies, the proposed
estimators are less biased (almost unbiased) and it performs better than the existing estimators.

Introduction

In sample survey auxiliary information is quite often available from previous experience. This
information is used in the estimation stage. The efficiency of the estimators of the population
parameters can be increased by using the prior information of the study characteristics. In literature
several estimators exist with auxiliary variables. Using auxiliary information the different types
of estimators and their modifications are widely used for the estimation of population mean.
When the auxiliary information is to be used in the estimation stage ratio, product and regression
methods are widely used.The commonly used the population parameters of the auxiliary variables
are mean, median, coefficient of variation, coefficient of skewness, coefficient of kurtosis etc. Ratio
method of estimation is extensively used because of its computational simplicity and applicability.
If the correlation between study variable and auxiliary variables are positive the ratio method of
estimation is used and the correlation between study and auxiliary variables are negative the product
method of estimation is used. Several researchers have directed their efforts towards to get efficient
estimators of population mean. These estimators are biased but the percentage relative efficiency is
better than that of simple random sampling, ratio and product estimators. We know that quartile
values and their functions are unaffected by extreme values. For this reason we consider the problem
of estimation of population mean of study variable using quartile values and their functions of the
auxiliary variable. So we have suggested new modified ratio cum product estimators for estimating
the population mean of the study variable. To know more about historical developments of the
estimation of population mean, the readen are referred to Cochran [1,2], Khan M and Sabbir J [3],
J. Subramani and Master Ajith [4,5], Khoshnevisan.et.al [6], Murthy [7,8], R.Tailor and B. Sharma
[9], Singh et.al [10], Sisodia and Dwivedi [11], Subramani [12], Subramani and Kumarapandiyan
Subramani [13,14], Upadhyaya and Singh [15], Yan and Tian [16] and the references cited there
in.etc.

Notations and Literature Review

LetU ={U,,U,.......,U, } be a finite population having N units. Each U, =(X;,Y;),i=12,....Nhas a pair
of values. Here Y be the study variable and X be the auxiliary variable which is correlated with Y. Let
Y={Y;, Vpr-r Vo } and X ={X, X, ..., X, } be nNsample values. Tlien Y and X be the Sﬁmple means
of the study and auxiliary variables,s? = ﬁZ(Y. VY82 = ﬁZ(XF X)?and s, = ﬁzl“(yl V)X~ X)

be the population variance and co-variance of the study variable and auxiliary variable. Similarly
the coefficient of variations and coefficient of co-variance of these variables are defined as
C, =7y,Cy =%,and0xy =)%= pCC,where p is the correlation coefficient. The quartile values and
their functions are unaffected by the presence of outliers in the population values. There are three
quartiles, first quartile Q;, second quartile Q, or median and the third quartileQ,. In the first quartile
or lower quartile 25% of observations are less than it and in the third quartile or upper quartile 75
% of observations are less than it. The inter quartile range is another measure of quartiles defined as

Q, =Q; —Q,. Semi inters quartile range or quartile deviation is another measure of dispersion. It is
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the one half of inter quartile range, defined as ¢ _ Q-Q  Andthe

2
quartile averages is defined as Q, = %
In simple random sampling without replacement, the estimator
of population mean Y, is an unbiased estimator for the population
mean Y and its variance is

V(¥s) = 6Y°Cy (1)

Where &= 1= s the finite population correction?
n

The ratio estimator Cochran [1] is given

V. =YX =RX
X
The bias and mean squared error of ratio estimator up to first
order approximations are

B(Y,) =6V (C2 - pC,C,)

MSE(Y,) = 8Y2(C2+C?~2pC,C,) )

The modified ratio estimators for the population mean Y with
known quartiles and their functions proposed by Al- Omari et al. [17]
and Subramani J and G. Kumarapandiyan [13] are given in the table 1

The auxiliary variable and study variable are negatively correlated;
the product estimator and its modifications are used. The product
estimator Murthy [7] is given by

X
X

The bias and mean squared error of the product estimator are
given by

The modified product estimators for the population mean ¥ with
known quartiles and their functions are given in the table 2.

Suggested Class of Estimators

We have suggested class of ratio cum product estimators for the
population mean by using the known population quartiles and their
functions of the auxiliary variable X.

The proposed class of ratio cum product estimators with known
quartiles and their functions are given as

alzly( Ql o)

Q1 %)+ - 0!1)713'(

+Q,

T eI X+Q,

+Q,

azﬁ'zY( )

\?,:3:%/137(;( o) 5)+ (- a3)7/3y( )

r

Yi4=a4ﬂ47(;(+Q )+ (1 a4)74y(x+%“)
d

Q, +Q,
o) )+ (- a5)75y( X0,

P5_a5/15y(_ =)

B($R)=5Y_(prCy) Where 4 % 7= ﬁi: 1,2,3,4,5. Hered;’s
= . y+ 1~y
MSE(YR) :5Y2(C§+ C? +2pC,C)) ) and D, ’s are constants
Table 1: Bias and MSE of existing modified ratio estimators.
Existing Estimators Constants Bias Variance/Mean squared Error
), +Q1 )z = — = —
(7+Q1) 61 = )?+Q B(YMRl) =5Y(912Cf _pglcxcy) MSE(YMRl) :5Y2(C§+912Cf _2p01Cny)
Al- Omari et al 1
Vi -T2 X
MR2 - = _
X+Q, % =310 B(Yyes) = OV (62C2 ~ p0,C,C,)  MSE(Yye,) = OV 2(C2+62C2 ~2p6,C.C,)
Al- Omari et al 3
—~ Q _
Yo = y( X+Q P B(Y...) = 6V (62C2 = pO,C.C.) MSE(Y,p,) = SV2(C2+62C2 —2p6,C,C
r 3 )?-l—Q (Yurs) = 0Y (65 x_p3xy) (Yurs) = (Cy+6,C; -2p0,C,C,)
Subramani J. and G. r
Kumarapandiyan
y X+Qq _
Y =Y500,) 6 B(Yyn,) = 6V (02C2 - pO,C,C,)  MSE(Y,,) = 6V (C2+02C2 —2p0,C,C
d ‘T X +Q, (Yura) =0Y (6; x_p4xy) (Yira) = (y+4x_p4xy)
Subramani J. and G.
Kumarapandiyan
= X +Q, _
Y=V g2 Y, ) =0V (02C2 - pCC,)  MSE(Y,z)=0V?(C2+62C? ~2p0,C,C
5TX+Q (MRS) (@ x_pSXy) (Yims) = (y+5 x_pSXy)
Subramani J. and G. a
Kumarapandiyan
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Table 2: Bias and MSE of Existing modified product estimators.

Existing Estimators Constants Bias Variance/Mean squared Error
y +Q1 a9 = X Y 7 Y, T2(2 , 022
Yies = (le) ) B(Yue) =0V (00C,C,)  MSE(Yyp,) = 8Y 2(C2+62C2 ~2p6,C,C,)
— X +Q )? = = 52 f _
Yure = Vo5~ Q:) =%, BV =OV(EC-p0CC) MSE(Y,e,) =6V (C)+6;C; ~2p6,C,C,)
vy - X +Q 0. = X S - v, T2 (R2 | 022
2 =Y(——=" X+Q, t) G TXQ B =TI -p0CC,) MSE(Yygs) =Y (Cl+8;C] -2p0,C,C,)
=y(——= +Qd) 0, = X N, T (22 v, T2(~2, n2A2
X+Q, “TX+Q, B(Yura) =Y (6;C; - pO,C,C,)  MSE(Y\ye,) =0Y *(C,+6,C; -2p6,C.C))
= _ X +Q 0. = X _ B = —2 2 22
s =Yy(——*= X+Q, *) *TX+Q, B(Yys) = Y (6:C% = p0,C,C,)  MSE(Yye5) =Y “(C,+6;C; -2p6,C.C))

The Bias and Mean Squared error of the Proposed
Estimators

To obtain the bias and mean squared error of the proposed
estimators,

Consider, ¢, =

- )( X
’el b= X+T,

T Ql T2 Q3 T3 Q T Qd T5 Q

E(e) = E(e1)=o, E(ed) =5Y2c5, E(e) = 6X°C2,E(e,) = 30C,C,

Substitute the values of €; and €; in the proposed class of
estimators and neglecting the high order expressions, we get

B(Y:Pi) = E(Y:Pi _Y_)
B(%) =V (@2 + (1= )7, D+ @ 4BV + (L= 2)7,B ()
Where B(Yy) = Y (62C2—6,0C,C,) ,and
B(\?Mpi) = 5Y_(t9ipCXCy) ,i=1,2,3,4,5,
)Z -
X+Q,

X
X+Q,

X

X _ 0-
X+Q,

0, =="".0,=
oX+Q
Where ps and J; are as defined above. If we assume that
a8, =0,b =0 and ¢ =1 then the proposed estimators are exactly
equal to the estimators given in Table 3. If 8, =0,b, =0and¢;; =0

—fye1 X

5= =— ,
n X+Q

Table 3: Constants and parameters of the population.

then the proposed estimators are exactly equal to the estimators
given in Table 4. If we assume that a =B(Y,,),b = B(YMPl) and
a; =1 or ¢ =0then the proposed estimators are almost unbiased
ratio or product estimators corresponding to the estimators given in
Tables 4 and 5. The final expression is obtained with only first-order
approximation in the Taylor series expansion as,

MSE(Yy,) = E(Yy, Y’
MSE(,) = V(2 + =)y, ~1)° + &l 4 (MSE(Y,i0) + 2YB(Yyi)
+1-a)’y! (MSE(Y:MPi )+ ZVB(Y:MPi ) -2Y (a4, B(Y:MRi )+ A-a)y B(Y:MPi )
+2ai/1| (l_ ai)yiv (Vsrs)

Where B&Mwi)zﬂ(gzcz_aﬁ’c c )vB(Y:MPi):N(eiprCy)

MSE(Y:MRi) = NZ(C§+ 0°C?-26,pC.C o MSE(YMPI) oY (C2 +67C2+ 26pCC,)
tva v 2 2
and V(ysrs):5Y Cy

If a =B(V,5).b, =B(Y,) and @; is optimum, then the proposed
estimators are less bias (almost unbiased) ratio cum product
estimators. The optimal value of ; is determined by minimizing the
MSE(Y,,) with respect to ¢; for this differentiate MSE with respect to
a, and equate to zero (Table 6).

OMSE
oo,

_ V(=00 = A)+ 74 MSE(Vyn) + 2VB (Vo)) + Y (4B (Vi) = 7:B(Tur )}~ A7V (V)
y? 4 77i)2 + JV.Q (MSE(VMRi) + Z\ZB(YMRi N+ ViZ(MSE(ﬂAPi )+ ZVB(\ZMPi N =247V (Vo)

-0, and we get the value of &, as

Population 1 Population 2
Constants 1 2 3 4 5 1 2 3 4 5

a -0.048 -0.052 0.079 -0.050 0.051 -0.354 -0.332 -0.537 -0.564 -0.343
b, 0.167 0.155 0.296 0.161 0.277 0.401 0.373 0.666 0.711 0.386
ﬂi 1.000 1.001 0.999 1.000 0.999 0.976 0.997 0.987 0.971 0.990
7i 0.998 0.998 0.997 0.998 0.997 0.968 0.978 0.973 0.966 0.974

; 1.200 1.253 0.894 1.227 0.921 0.783 0.919 0.833 0.767 0.850
Hi 0.526 0.489 0.933 0.507 0.874 0.680 0.449 0.570 0.726 0.541
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Table 4: Bias and MSE of Proposed Class of Estimators.

Table 7: Percentage Relative Efficiency of Proposed Estimators.

Efficiency comparison

In this section, compare the efficiencies proposed estimators
with that of the existing estimators such as simple random sampling
without replacement sample mean, ratio estimator, product estimator,

modified ratio estimator and modified product estimator.

Comparison with Simple

replacement sample mean

By comparing the proposed estimators with that of simple
random sampling without replacement sample mean, we arrive Y,

is more efficient than Y, only if

Citation: Subramani J and Master Ajith S. Improved Ratio cum Product
Estimators for Finite Population Mean with Known Quartiles and Their Functions.
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random sampling without

Population 1 Population 2 Proposed Modified Ratio Modified Product
Proposed Estimator - ) ,p
Bias MSE Bias MSE Estimators | popylation 1 | Population 2 Population 1 = Population 2
A\ -1.01le-14 32.0836 -2.44e-15 2902.789 Y:pl 105.883 120.565 316.101 303.200
Ye, -1.31e-14 32.0898 -1.65e-14 3056.961 —
_ Yp, 108.176 101.488 303.504 216.070
Yes 4.39e-15 31.9599 -6.88e-15 2985.792 -
V.., -1.20e-14 | 32.0869 2.02e-14 2862.811 Yes 105.443 108.632 479.644 257.360
y:F5 3.19e-15 31.9858 5.44e-15 3004.384 Y7PA 107.025 127.187 309.524 324.806
Yis 102.696 106.412 452.982 246.820
Table 5: Bias and MSE of Existing Estimators.
Population 1 Population 2 Table 8: Population Parameters Simulated data. N
Estimator - - =
Bias MSE Bias MSE N=100 | V=464232 X=29.6611 C,=09440 C,=1.0057  pso
Yars - 55.6603 - 3849.248 Q,=6.1980 | Qs=43.0186 | Q =32.8206 Q= 18.4180 Q, = 24.6084
Ve 0.1131 35.0447 15.1642 4925.325 Table 9: Population Parameters Simulated data.
Y:P 0.3171 163.283 9.7687 12718.48 Parameters :
- Jconstants When sample sizen =5
YMM -0.0477 33.9712 4.8929 3499.732
ES 9, 0.714 0.386 0.630 0.500 0.460 0.949
Yur2 -0.0522 34.7135 0.6462 3102.441
Vi 0.0785 33.6996 25294 3243522 A 0967 | 1.002 0980 = 0993 = 0997 0929
:MRA -0.0502 34.3409 6.0489 3641.236 Vi 0.957 0.976 0.962 0.970 0.972 0.944
MRS 0.0514 32.8479 2.0175 3197.035 o, 0.787 1.015 0.819 0.897 0.933 0.731
Y 0.1667 101.4167 6.6454 8801.253
YﬂMpl I;arimtet:trs When sample size n=10
Vo 0.1549 97.3936 43906 6605.174 conslants
_ A 0.714 0.386 0.630 0.500 0.461 0.949
Yurs 0.2957 153.2938 5.5666 7684.333 !
Ve 0.1607 99 3165 70919 0298914 A 0984 | 1001 = 0991 = 0.997 | 0999  0.965
\fMPS 0.2771 144.8897 5.2877 7415.407 7 0.979 0.989 0.982 0.985 0.987 0.973
Q; 0.791 1.029 0.826 0.908 0.945 0.725
Table 6: Percentage Relative Effici f P d Estimators.
g iv |C|en§y of Proposed Estimators . Parameters When sample size n=50
Population 1 Population 2 [constants
Proposed — A ~ ~ =
Estimators Ve A v, Voo v, v, 6, 0.714 | 0386 & 0.630 0500 | 0460  0.949
Yo 173.485 |109.229 |508.93 |132.605 |169.676 |438.147 A 0.998 = 1.000 & 0.999 | 1.000 | 1.000 | 0.996
Yoy 173.452 |109.208 508.832 |125.918 |161.118 416.05 1z 0.998 = 0.999 | 0.998 | 0.998 = 0998 | 0.997
Ye, 174.157 |109.652 |510.899 |128.919 |164.959 |425.967 fo2 0.794 = 1.040 = 0831 = 0917 | 0954 | 0.721
Y:pa 173.468 109.218 508.878 134.452 172.039 444.25 -~
V(Y,.) = MSE(Y,,)
v, 174.016 109.564 510.487 128.121 163.938 423.331 st P

_(R-1?+5(CE(R2 -1+ G°C2(R? + (R +Q)(Q, -1)
Pe 266C,C,Q,(2R 1)

Comparison with Ratio estimator

By comparing the proposed estimators with that of ratio
estimator, we arrive = is more efficient than Y only if

MSE(Y,) > MSE(Y,,)

(R0 +8(CH(R? ~1) + CE(EF (PP + (R +Q)(Q ~1) 1)
= 25C,C,(0Q,(2R -1 -1)
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Table 10: Biases and MSE of simulated Data.

_ n=5 n=10 n=50
Estimators - - -
bias MSE Bias MSE bias | MSE
Ve - 324163 - 153418 -  17.059
7. | 4437 391319 2103 185339 0.234 20612
¥, | 3116 1012303 1475 479.406 0164 53.305
Vi | 1711 298059 0811 141125 0090  15.699
Vun, 0082 260551 -0.038 123315 -0.004 13713
Ve | 1005 277.760 0477 131489 0.053  14.621
esEt’i"rjgt”Ogrs Vun | 0332 263390 0158 124671 0018 13.864
Tu | 0152 261220 0072 123638 0008 13750
V. | 2243 | 744331 1062 352479 0.118 39.208
Vi, | 1199 499635 0567 236523 0.063 26295
Vi, 1949 666781 0923 315688 0.103 35090
. 1559 574030 0738 271777 0.082  30.217
G, | 1421 | 545009 0673 258001 0075 28.677
< -4.26E- 1.01E- -7.29E-
Too | aa 236687 5 116973 7T 13478
- -LO8E- 1.80E- -2.37E-
Voo | qp 258936 05 122142 U7TF 13544
Proposed - -1.55E- -1.28E- 1.77E-
B Yo 3 244903 DT 118934 1'% 13504
o -L75E- 1.81E- 6.42E-
Voo | y5 253027 7 120805 OS5 13527
o LO7E- 2.10E- 9.41E-
Voo | gy 255494 S5 121366 T .0 13534

Comparison with Product estimator

By comparing the proposed estimators with that of product
estimator, we arrive Y_pi is more efficient than Y_P only if

MSE(Yy,) > MSE(Y;,)

_ (R=1)7 +8(CE (R ~1)+ GCE((R + (R +Q)(Q ~1)) -1)
pe 256C,C,(Q(2R-D-1)

Comparison with Modified Ratio estimator

By comparing the proposed estimators with that of ratio
estimator, we arrive ?Pi is more efficient than Y_MRi only if

MSE(Y,) > MSE(Y,,)

_ (R=1? +8(CH(R? ~1) + CE(@*(R? + (R + Q)(Q ~D) -1)
= 25C.C,(0Q (2R 1) +1)

Comparison with Modified Product estimator

By comparing the proposed estimators with that of product
estimator, we arriveY_Pi is more efficient than Y_MPi only if

Citation: Subramani J and Master Ajith S. Improved Ratio cum Product
Estimators for Finite Population Mean with Known Quartiles and Their Functions.

SM J Biometrics Biostat. 2017; 2(1): 1008.

MSE(Jyer) > MSE(Y,,)

(R0 +5(C(R2 ~1)+ C2(B2(R? + (R+Q)(Q ~1) -1)
pe 206C,C,(Q (2R -1 +1)

Where B =a; 4 +(1- )y, and Q =4, — (1~ a)y;
Numerical Study

In this section we consider two natural populations, for accessing
the performance of the proposed estimators. The computed values of
constants and parameters of these populations are given below:

Population 1: Cochran [2] page 325

N=10 n=3 Y =1011 X =588
p=06515 S, =7.9414 S, =15.4448
C,=0a350 C, =0.1527 S,=0.2363
B,=22388 Q=53 Q;=615
Q, =85 Q=425 Q, =57.25

Population 2: Singh and Chaudhary [18], page 177

N =34 n=>5 Y =199.4412 X =856.4117
p=04453 S =733.1407 S, =150.2150

C, =0851 C, =07532 P,=7.955 [3,=13.3667
Q=4025  Q, =1049 Q, = 6465

Qy=32325 Q,=72575

These values are obtained when & = B(Yyg;),b, = B(Y,;;) and a,
(1=1,2,3,4,5) is optimum and these parameters are used to obtained
the biases and mean squared errors of the proposed and existing
estimators, and also compare the percentage relative efficiency of
proposed estimators with that of the existing estimators such as
simple random sampling sample mean, ratio, product estimators,
modified ratio and modified product estimators with quartiles and
their functions (Tables 8, 9 and 10).

Simulation Study

In this section a finite population of size N= (100,100) is generated
from a bivariate normal distribution with means y_,, p_, standard
deviations 0,=283,0,=413 and correlation coefficient p =0.24. The
simulation process is repeated under 10000 times. The average value
of the biases ,mean squared errors and percentage relative efficiencies
with respect to the existing and proposed estimators are obtained
for a random sample of size n = 5, n = 10, and n= 50 are drawn by
SRSWOR. The parameter values, biases, mean squared errors and the
percentage relative efficiencies are given in the following tables 11 and
12.

P57
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Table 11: Percentage relative efficiency of simulated data.

Proposed Sample size n=5 Sample size n=10 Sample size n=50
estimators v va o e = a o = S
ySfS YR Yp ysrs YR YP ysrs YR YP
Y:pl 136.96 165.33 427.70 131.16 158.45 409.84 126.57 152.93 395.50
\ﬁ,z 125.19 151.13 390.95 125.61 151.74 392.50 125.96 152.19 393.57
Y:P3 132.36 159.78 413.35 129.00 155.83 403.09 126.33 152.64 394.75
Y:PA 128.11 154.66 400.08 127.00 153.42 396.84 126.11 152.38 394.06
Y:Ps 126.88 153.16 396.21 126.41 152.71 395.01 126.04 152.30 393.85
Table 12: Percentage relative efficiency of simulated data.
18000 16528 .
Proposed Modified Ratio Estimators  Modified Product Estimators %ﬁ MSE of popualtion 1
. 14000
Estimators | .5 n=10 | n=50 = n=5 = n=10 | n=50 13000
5 i
Yo, 12593 |120.65 116.48 314.48 301.33 |290.91 2040 .
7000 5566 Chart Aren
- 5000
sz 100.62 100.96 101.25 192.96 193.65 194.15 5040 209 3208 A0 2424
o0
~ 20.00 5.0 7
Y., 11342 11056 10828 |272.26 |265.43  259.86 ipgg friE aLes ,““9 o WAR B e
- @ b
Yo, 104.10 103.20 102.49 226.87 |224.97 |223.38 f’f" 0 &b# @Psﬁ. @»” @s" 0.9 ag,& qt,o nﬁa
~z‘° & I
~ G J
Y_P5 102.24 101.87 101.59 213.32 212.58 211.89 ‘&Q-é‘b ‘iﬂs "& “9‘\' ﬁ"‘oﬁ 3 'ﬁ'
Ed
Conclusion
Figure 2: MSE of Proposed and Existing Estimators of Population 2.

In this paper, we have proposed a class of modified ratio cum
product estimators for the estimation of finite population mean of
the study variable Y with known quartiles and their functions of the
auxiliary variable. The bias, mean squared error and the conditions
under which the proposed estimator perform better than the
existing estimators like SRSWOR sample mean, ratio estimator,
the corresponding modified ratio estimators and modified product
estimators have been derived. The performances of the proposed
estimators for some known natural populations are also observed. The
proposed estimator has less bias (almost unbiased) and means squared
error than all the existing estimators. Figure 1 and 2 are showing the
mean squared errors of proposed and existing estimators. In this case
PREs are in general ranging from 101.488 to 510.899A simulated
data from Bivariate normal population have been used to assess the
performances of the proposed estimators. It is observed that the PREs
are in general ranging from 100.62 to 427.70.It shows that proposed
class of estimators performing better than all the existing estimators.

16328

MSE of popualtion 1

ki i s 1 b

S23EERRERENN N

S5.66 Chast Ares

£838328RRERRER

22409 08

e

ao
=T
=111

35.04 3397 3370

204
000 Baos

...
o
gs

3156 319

aigs

) &b\' LA ﬁt- 6‘7 #
ﬂ‘d?’ q\éﬁioﬁditqd:‘uiﬁﬁ JP £ ﬂ} @ qug-a\&}‘ﬁb 'P

¥ ﬁf@fyﬁfﬁﬁﬁ

o

Figure 1: MSE of Proposed and Existing Estimators of Population 1.

Citation: Subramani J and Master Ajith S. Improved Ratio cum Product
Estimators for Finite Population Mean with Known Quartiles and Their Functions.
SM J Biometrics Biostat. 2017; 2(1): 1008.

References

1. Cochran WG. The estimation of the yields of the cereal experiments by
sampling for the ratio of grain to total produce. The Journal of Agricultural
Science. 1940; 30: 262-275.

2. Cochran WG. Sampling Techniques. Wiley Eastern Limited. 1997; 448.

3. Khan M, Shabbir J. A ratio-type estimator for the estimation of population
variance using quartiles of an auxiliary variable. Journal of Statistics
Applications and Probability. 2013; 2: 319-325.

4. Subramani J and Ajith M. Improved Ratio cum Product Estimator with Known
Coefficient of Variation inSimple Random Sampling. J Adv Res Appl Math
Stat. 2016; 1: 60-70.

5. Subramani J and Ajith M. Modified Ratio cum Product Estimators for
Estimation of Finite Population Mean with Known Correlation Coefficient.
Biom Biostat IntJ. 2016; 4: 00113.

6. Khoshnevisan M, Singh R, Chauhan P, Sawan N and Smarandache F. A
general family of estimators for estimating population mean using known
value of some population parameter(s), Far East Journal of Theoretical
Statistics. 2007; 22: 181-191.

7. Murthy MN, Sankhya A. Product method of estimation. 1964; 26: 69-74.

8. Murthy MN. Sampling theory and methods. Statistical Publishing Society.
1967.

9. Rajesh Tailor and Balkishan Sharma. A Modified Ratio-cum-product estimator
of finite population mean using known coefficient of variation and coefficient
of kurtosis statistics in transition. 2009; 10: 15-24.

10. Ramkrishna S. Solanki, Housila P. Singh and Surya K. Pal. Improved ratio-
type estimators of finite population variance using quartiles Hacettepe Journal
of Mathematics and Statistics. 2015; 44: 747-754.

11. Sisodia B V S and Dwivedi V K. “A modified ratio estimator using coefficient
of variation of auxiliary variable”. Jour Ind Soc Agri Stat. 1981; 33: 13-18.

P


https://www.cambridge.org/core/journals/journal-of-agricultural-science/article/the-estimation-of-the-yields-of-cereal-experiments-by-sampling-for-the-ratio-of-grain-to-total-produce/8516C0D94DBF8B5539E9B44CB2B27538
https://www.cambridge.org/core/journals/journal-of-agricultural-science/article/the-estimation-of-the-yields-of-cereal-experiments-by-sampling-for-the-ratio-of-grain-to-total-produce/8516C0D94DBF8B5539E9B44CB2B27538
https://www.cambridge.org/core/journals/journal-of-agricultural-science/article/the-estimation-of-the-yields-of-cereal-experiments-by-sampling-for-the-ratio-of-grain-to-total-produce/8516C0D94DBF8B5539E9B44CB2B27538
http://as.wiley.com/WileyCDA/WileyTitle/productCd-047116240X.html
http://science.adrpublications.in/index.php/JoARAMS/article/view/253
http://science.adrpublications.in/index.php/JoARAMS/article/view/253
http://science.adrpublications.in/index.php/JoARAMS/article/view/253
http://medcraveonline.com/BBIJ/BBIJ-04-00113.pdf
http://medcraveonline.com/BBIJ/BBIJ-04-00113.pdf
http://medcraveonline.com/BBIJ/BBIJ-04-00113.pdf
https://pdfs.semanticscholar.org/098f/ad3463290c35071f1f4c02d37457252d88a3.pdf
https://pdfs.semanticscholar.org/098f/ad3463290c35071f1f4c02d37457252d88a3.pdf
https://pdfs.semanticscholar.org/098f/ad3463290c35071f1f4c02d37457252d88a3.pdf
https://pdfs.semanticscholar.org/098f/ad3463290c35071f1f4c02d37457252d88a3.pdf
http://www.worldcat.org/title/sampling-theory-and-methods/oclc/246046863
http://www.worldcat.org/title/sampling-theory-and-methods/oclc/246046863
http://bazekon.icm.edu.pl/bazekon/element/bwmeta1.element.ekon-element-000171379075
http://bazekon.icm.edu.pl/bazekon/element/bwmeta1.element.ekon-element-000171379075
http://bazekon.icm.edu.pl/bazekon/element/bwmeta1.element.ekon-element-000171379075
http://www.hjms.hacettepe.edu.tr/uploads/02303b89-97fa-4df3-b0d0-2d0131fa48e4.pdf
http://www.hjms.hacettepe.edu.tr/uploads/02303b89-97fa-4df3-b0d0-2d0131fa48e4.pdf
http://www.hjms.hacettepe.edu.tr/uploads/02303b89-97fa-4df3-b0d0-2d0131fa48e4.pdf

SMGre&up

Copyright © Master Ajith S

12. Subramani J. "Generalized modified ratio estimator for estimation of finite
population mean," Journal of Modern Applied Statistical Methods. 2013; 12:
121-155.

13. Subramani J and Kumarapandiyan G. Modified Ratio Estimators for
Population Mean Using Function of Quartiles of Auxiliary Variable. Bonfring
International Journal of Industrial Engineering and Management Science.
2012; 2.

14. Subramani J and Kumarapandiyan G. Variance estimation using quartiles
and their functions of an auxiliary variable, International Journal of Statistics
and Applications. 2012; 2: 67-72.

Citation: Subramani J and Master Ajith S. Improved Ratio cum Product
Estimators for Finite Population Mean with Known Quartiles and Their Functions.
SM J Biometrics Biostat. 2017; 2(1): 1008.

15.

16.

17.

18.

Upadhyaya L N and Singh H P. Use of transformed auxiliary variable in
estimating the finite population mean. Biometrical Journal. 1999; 41: 627-636.

Yan Z and Tian B. Ratio Method to the Mean Estimation Using Co-efficient of
Skewness of Auxiliary Variable, ICICA 2010; 103-110.

Al-Omari Al, Jemain AA and lbrahim K. New Ratio Estimators of the Mean
using Simple Random Sampling and Ranked Set Sampling Methods. Revista
Investigacién Operacional. 2009; 30: 97-108.

Singh D and Chaudhary F S. Theory and analysis of sample survey designs.
New Age International Publisher. 1986.

P77


http://digitalcommons.wayne.edu/cgi/viewcontent.cgi?article=1775&context=jmasm
http://digitalcommons.wayne.edu/cgi/viewcontent.cgi?article=1775&context=jmasm
http://digitalcommons.wayne.edu/cgi/viewcontent.cgi?article=1775&context=jmasm
https://www.researchgate.net/publication/264005258_Modified_Ratio_Estimators_for_Population_Mean_Using_Function_of_Quartiles_of_Auxiliary_Variable
https://www.researchgate.net/publication/264005258_Modified_Ratio_Estimators_for_Population_Mean_Using_Function_of_Quartiles_of_Auxiliary_Variable
https://www.researchgate.net/publication/264005258_Modified_Ratio_Estimators_for_Population_Mean_Using_Function_of_Quartiles_of_Auxiliary_Variable
https://www.researchgate.net/publication/264005258_Modified_Ratio_Estimators_for_Population_Mean_Using_Function_of_Quartiles_of_Auxiliary_Variable
http://article.sapub.org/10.5923.j.statistics.20120205.04.html
http://article.sapub.org/10.5923.j.statistics.20120205.04.html
http://article.sapub.org/10.5923.j.statistics.20120205.04.html
http://onlinelibrary.wiley.com/doi/10.1002/(SICI)1521-4036(199909)41:5%3C627::AID-BIMJ627%3E3.0.CO;2-W/abstract
http://onlinelibrary.wiley.com/doi/10.1002/(SICI)1521-4036(199909)41:5%3C627::AID-BIMJ627%3E3.0.CO;2-W/abstract
https://link.springer.com/chapter/10.1007/978-3-642-16339-5_14
https://link.springer.com/chapter/10.1007/978-3-642-16339-5_14
file:///C:\Users\123\Downloads\Dialnet-NewRatioEstimatorsOfTheMeanUsingSimpleRandomSampli-2997261 (1).pdf
file:///C:\Users\123\Downloads\Dialnet-NewRatioEstimatorsOfTheMeanUsingSimpleRandomSampli-2997261 (1).pdf
file:///C:\Users\123\Downloads\Dialnet-NewRatioEstimatorsOfTheMeanUsingSimpleRandomSampli-2997261 (1).pdf

	Title
	Abstract
	Introduction
	Notations and Literature Review
	Suggested Class of Estimators
	The Bias and Mean Squared error of the Proposed Estimators
	Efficiency comparison
	Comparison with Simple random sampling without replacement sample mean
	Comparison with Ratio estimator
	Comparison with Product estimator
	Comparison with Modified Ratio estimator
	Comparison with Modified Product estimator

	Numerical Study
	Simulation Study
	Conclusion
	References
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6
	Table 7
	Table 8
	Table 10
	Table 11
	Table 12
	Figure 1
	Figure 2

