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Abstract In sample surveys, the information on supplementary variables is
usually used to improve the efficiency of the estimators. The ratio, product, and
regression estimators are examples. This study proposes new regression estima-
tors for population mean estimation under simple random sampling using the
data of Twenty20 (T-20) International Cricket. The estimators are proposed with
the help of non-conventional location parameters of concomitant variable which
includes Tri-Mean, Mid-Range, and coefficient of quartile deviation. The bias and
mean squared error (MSE) of new estimators have been theoretically derived up
to the first-order approximation. The theoretical findings were then compared
with the existing estimators numerically through simulation study and real-life
data. The numerical results reveal that the suggested estimators are more effi-
cient than the estimators in the literature in all conditions.
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1 Introduction
Practically, it is not easy to obtain complete information about a population. Therefore, conclusions are
based on sample data for the whole population. Sampling is a technique that provides us with some data
from the whole lot, with the help of probability theory. Among different sampling methods, the most
common and easiest method is simple random sampling (SRS). In the sampling survey, with the variable
of interest (y), some additional information (x) is collected to improve the efficiency of estimators which
has a positive or negative correlation to the variable of interest. For this purpose, many researchers used
auxiliary information for the estimation of parameters. These includes Kadilar and Cingi [7]; Shazad et al.,
[15]; Lone et al., [11].

Supplementary information is used to obtain precise estimates for the population mean with the help
of ratio and regression estimators. Cochran [1] derived a new ratio estimator for the mean using auxiliary
information. Singh and Espejo [16] and Singh and Singh [17] also proposedmany efficient estimators with
the help of different sampling techniques. Ratio estimators are used when there is a positive correlation
between the auxiliary variable and the variable of interest. The important contributions in this area are
made by Kadilar and Cingi [6], Shabbir and Gupta [14], Khoshnevisan et al., [9], Koyuncu and Kadilar [10],
Khare and Khare [8], Mehta and Tailer [12], Garg and Pachori [4], Dash and Sunani [2], and Raja and
Maqbool [13].

Subramani and Kumarapandiyan [18] started work by developing a modified ratio estimator for the
population mean estimation of the study variable with the help of population deciles of the concomitant
variable.

Recently Subzar et al. [20] also used population deciles and the coefficient of correlation of the auxiliary
variables. On the other hand, Subzar et al. [21] proposed an efficient class of estimators by using the infor-
mation of auxiliary variables of population deciles, median, and their linear combination with coefficient
of correlation and coefficient of variation.

Auxiliary information also plays a vital role in the field of sports, particularly in cricket and, can be
employed to estimate the efficiency of the average score (study variable) in T20 International Cricket. In
such a scenario, the supplementary variables may be ground size, average score on the cricket ground,
number of matches played, etc. The researcher can select different concomitant variables depending on
the study and the availability of the variables.

Ratio or regression estimates employing auxiliary data have not yet been used in cricket literaturewhile
being often used in other study fields. This study makes a significant contribution to the use of advanced
techniques in cricketing literature and represents arguably the first attempt to employ supplementary
information in cricket. In the current study, an improved class of regression-type estimators is proposed
using supplementary information from T-20 International cricket.

Suppose U = {U1,U2,U3, . . . ,UN} be a finite population of N identifiable units and y denotes the variable
under study while x is the supplementary variable. Let the values of the study and concomitant variables
be denoted by yi and xi respectively. A sample of size n is selected without replacement (WOR) from a
population U. Let x̄ and b be the means and regression coefficient respectively of sample observations
corresponding to the population means Ȳ and X̄ , and B be the regression coefficient. Let the standard de-
viations sy and sx be estimators of Sy and Sx respectively, while Syx denotes population covariance between
variables. Similarly, the coefficients of variation are denoted by Cy and Cx of study and supplementary vari-
ables respectively. ρ shows the correlation coefficient between variables, while β1 and β2 show population
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skewness and kurtosis respectively.
To derive biases and MSEs of the suggested estimators, let e0 and e1 be the error terms related to

variables y and x respectively, and:

e0 =
ȳ – Ȳ
Ȳ

, e1 =
x̄ – X̄
X̄

, and E(e0) = E(e1) = 0,

E(e20) =
(1 – f )
n C2y , E(e21) =

(1 – f )
n C2x , E(e0e1) =

(1 – f )
n ρCyCx where f = n

N

Also, TM = Q1 + 2Q2 + Q3
4 ,MR =

x(1) + x(N)
2 ,QD = Q3 – Q1

2
be the Tri-Mean, Mid-Range and Quartile Deviation of x respectively.

2 Estimators in Literature
The traditional estimator u0 for population mean and variance is given as

u0 =
1
n

n∑
i=1

yi (1)

and
var(u0) =

(1 – f )
n Ȳ2C2y (2)

Kadilar and Cingi [6] suggested some modified ratio estimators with the help of known value of the corre-
lation coefficient and kurtosis, as follows:

u1 =
ȳ + b(X̄ – x̄)
(x̄β2 + ρ)

(3)

The bias and MSE of u1 is given as:

Bias(u1) ≈
(1 – f )
n Ȳ

(
X̄

X̄β2 + Cx
Cx

)2
(4)

and

MSE(u1) ≈
(1 – f )
n Ȳ2

[
C2y (1 – ρ2) +

(
X̄

X̄β2 + Cx
Cx

)2]
(5)

Subzar et al. [19] suggested new regression-type estimators with the help of auxiliary information using
tri mean, skewness, and population mid-range as follows:

u2 =
ȳ + b(X̄ – x̄)
(x̄β1 + TM)

(
X̄β1 + TM

)
(6)

u3 =
ȳ + b(X̄ – x̄)
(x̄β1 + MR)

(
X̄β1 + MR

)
(7)

The biases and MSEs of u2 and u3 are provided as:

Bias(u2) ≈
(1 – f )
n Ȳ

(
X̄β1

X̄β1 + TM
Cx

)2
(8)
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Bias(u3) ≈
(1 – f )
n Ȳ

(
X̄β1

X̄β1 + MR
Cx

)2
(9)

MSE(u2) ≈
(1 – f )
n Ȳ2

[
C2y (1 – ρ2) +

(
X̄β1

X̄β1 + TM
Cx

)2]
(10)

MSE(u3) ≈
(1 – f )
n Ȳ2

[
C2y (1 – ρ2) +

(
X̄β1

X̄β1 + MR
Cx

)2]
(11)

Ijaz et.al. [5] proposed regression-type estimators for population mean estimation using the parameters
of the supplementary variables as described:

u4 =
ȳ + b(X̄ – x̄)
δx̄ + (QD)Cx

(
δX̄ + (QD)Cx

)
(12)

u5 =
ȳ + b(X̄ – x̄)
(δx̄ + X̄Cx)

(
δX̄ + X̄Cx

)
(13)

u6 =
ȳ + b(X̄ – x̄)
(δx̄ + X̄)

(
δX̄ + X̄

)
(14)

u7 =
ȳ + b(X̄ – x̄)
δx̄ + (QD)Md

(
δX̄ + (QD)Md

)
(15)

u8 =
ȳ + b(X̄ – x̄)
(δx̄ +Md)

(
δX̄ +Md

)
(16)

u9 =
ȳ + b(X̄ – x̄)
(δx̄ + QD)

(
δX̄ + QD

)
(17)

u10 =
ȳ + b(X̄ – x̄)
δx̄ +MdCx

(
δX̄ +MdCx

)
(18)

Where δ = QD
Sx . The bias and MSE of the estimator uj in generalized form is provided as:

Bias(uj) ≈
(1 – f )
n Ȳ (ψ2j C

2
x ) (19)

MSE(uj) ≈
(1 – f )
n Ȳ2

[
(1 – ρ2)C2y + ψ2j C

2
x
]

(20)

Where j = 1, 2, . . . , 7

ψ1 =
δX̄

δX̄ + (QD)Cx
, ψ2 =

δX̄
δX̄ + X̄Cx

, ψ3 =
δX̄

δX̄ + X̄
, ψ4 =

δX̄
δX̄ + (QD)Md

ψ5 =
δX̄

δX̄ +Md
, ψ6 =

δX̄
δX̄ + QD

, ψ7 =
δX̄

δX̄ +MdCx
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3 Proposed Estimator
Motivated by Kadilar and Cingi [6], Subzar et al. [19], and Ijaz et al. [5], some improved class of regres-
sion type estimators uPm are suggested for the mean of a population by using Tri-Mean, Mid-Range, and
Quartile Deviation, given as:

uPm = ȳ + b(X̄ – x̄)
(Fqx̄ + Gr)

(
(FqX̄ + Gr)

)
(21)

where
Fq =

[(
QD
TM

)
,
(
TM
QD

)
,
(
TM
MR

)
,
(
QD
MR

)]
and

Gr = [(MR · TM), (QD · TM) , (MR ·QD)]

m = 1, 2, . . . , 7 , q = 1, 2, 3, 4 , r = 1, 2, 3
To find bias and mean square error, it is proceeded as:

uPm = Ȳ (1 + e0) + b(X̄ – X̄(1 + e1))
(FqX̄(1 + e1) + Gr)

(
FqX̄ + Gr

)
(22)

or
uPm = Ȳ (1 + e0) – bX̄e1

(FqX̄ + Gr)
[
1 + FqX̄

FqX̄+Gr
e1

] (FqX̄ + Gr) (23)

uPm = Ȳ (1 + e0) – bX̄e1
1 + θme1

(24)

where θm = FqX̄
FqX̄+Gr

,

uPm = (Ȳ (1 + e0) – bX̄e1)(1 + θme1)–1 (25)

uPm ≈ Ȳ (1 + e0 – θme1 – θme0e1 + θ2me21) – bX̄(e1 – θme
2
1) (26)

(uPm – Ȳ ) ≈ Ȳ (e0 – θme1 – θme0e1 + θ2me21) – bX̄(e1 – θme
2
1) (27)

Applying expectation,

E(uPm – Ȳ ) ≈ Ȳ
(
–θm

(1 – f )
n ρyxCyCx + θ2m

(1 – f )
n C2x

)
– BX̄

(
–θm

(1 – f )
n C2x

)
(28)

Bias(uPm) ≈
(1 – f )
n

[
Ȳ (θ2mC2x – θmρyxCyCx) + BX̄θmC2x

]
(29)

Bias(uPm) ≈
(1 – f )
n

[
Ȳ (θ2mC2x – θmρCyCx) +

ȲρCy
X̄Cx

X̄C2x θm

]
(30)

where B = Sxy
S2x

= Ȳ X̄ρCyCx
X̄2C2x

= ȲρCy
X̄Cx

.
The bias of the suggested class of estimators up to the first degree of approximation is given by:

Bias(uPm) ≈
(1 – f )
n Ȳ (θ2mC2x ) (31)

To find mean square error, squaring equation (27) both sides,

(uPm – Ȳ )2 ≈
[
Ȳ (e0 – θme1 – θme0e1 + θ2me21) – bX̄(e1 – θme

2
1)
]2

(32)
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(uPm – Ȳ )2 ≈ Ȳ2(e20 + θ
2
me21 – 2θme0e1) – b

2X̄2e21 – 2Ȳ X̄b(e0e1 – θme
2
1) (33)

Applying expectation to both sides and solving the above equation, the MSE is given as:

MSE(uPm) ≈
(1 – f )
n Ȳ2

[
(1 – ρ2)C2y + θ2mC2x

]
(34)

4 Efficiency Comparison
In this section, theoretical comparisons are made between the existing estimators and the suggested
estimators of the population mean. Using MSEs, the conditions that show that the proposed estimators
are more efficient than the existing estimators are derived and given as follows:

Condition (i)
MSE(uPm) < Var(u0), if

(1 – f )
n Ȳ2

[
(1 – ρ2)C2y + θ2mC2x

]
< (1 – f )

n Ȳ2C2y

θ2m <
ρ2C2y
C2x

Condition (ii)
MSE(uPm) < MSE(u1)

(1 – f )
n Ȳ2

[
(1 – ρ2)C2y + θ2mC2x

]
< (1 – f )

n Ȳ2
[
C2y (1 – ρ2) +

(
X̄

X̄β2 + Cx
Cx

)2]

θm < X̄
X̄β2 + Cx

Cx

Condition (iii)
MSE(uPm) < MSE(u2)

(1 – f )
n Ȳ2

[
(1 – ρ2)C2y + θ2mC2x

]
< (1 – f )

n Ȳ2
[
C2y (1 – ρ2) +

(
X̄β1

X̄β1 + TM
Cx

)2]

θm < X̄β1
X̄β1 + TM

Cx

Condition (iv)
MSE(uPm) < MSE(u3)

(1 – f )
n Ȳ2

[
(1 – ρ2)C2y + θ2mC2x

]
< (1 – f )

n Ȳ2
[
C2y (1 – ρ2) +

(
X̄β1

X̄β1 + MR
Cx

)2]

θm < X̄β1
X̄β1 + MR

Cx
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Condition (v)
MSE(uPm) < MSE(uj)

(1 – f )
n Ȳ2

[
(1 – ρ2)C2y + θ2mC2x

]
< (1 – f )

n Ȳ2
[
(1 – ρ2)C2y + ψ2j C

2
x
]

θm < ψj

5 Numerical Study
The performance of the suggested estimators is evaluated and compared with the existing estimators in
the literature also numerically using real data sets, and simulation studies. In the real data study, three
data sets related to T-20 International Cricket, available on the "ESPN Cricinfo website" [3], are used. The
data is taken from all international grounds where T-20 cricket played from 2005 to 2023. Different were
study and auxiliary variables are considered. The description of the study and auxiliary variables in the
three data sets is given in Section 5.2.

5.1 Performance criteria
The efficiency of existing and suggested estimators is evaluated using two criteria as follows:

1. The MSE of the estimators.
2. The PRE of the proposed estimator uPm and considered estimators are computed by:

PRE = Var(u0)
MSE(uj) and MSE(uPm)

× 100 (35)

5.2 Real Data Analysis
The description of real data sets and numerical analysis are given below.

Data Set 1
Y : Score on the ground by both teams

X : Number of matches played on ground
N = 70, n = 20, Ȳ = 3668.852, X̄ = 12.51, ρ = 0.996
Sy = 4115.506, Sx = 14.749, β1 = 3.014, β2 = 10.77
Q1 = 4.0, Q2 = 7.0, Q3 = 14.5
X1 = 1, Xn = 87

Data Set 2
Y : Score on the ground by both teams

X : Wickets fall during the whole match
N = 70, n = 20, Ȳ = 3668.852, X̄ = 162.806, ρ = 0.99
Sy = 4115.506, Sx = 191.039, β1 = 2.883, β2 = 9.983
Q1 = 52, Q2 = 95.37, Q3 = 188.57
X1 = 12.73, Xn = 1113.99
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Data Set 3
Y : 1st innings score on ground

X : Wickets fall during the whole match in 1st innings
N = 70, n = 25, Ȳ = 1943.03, X̄ = 82.77, ρ = 0.986
Sy = 2175.76, Sx = 96.45, β1 = 0.274, β2 = 8.71
Q1 = 25.66, Q2 = 49.33, Q3 = 98.98
X1 = 6.82, Xn = 541.99
Using the above data, the numerical values of different conditions, MSEs, and PREs are given in Table

1 and Table 2.

5.3 Simulation Study
Simulations of 20000 are performed using a bivariate normal distribution with theoretical means of [y,x]
µ = [2, 3] and variances equal to 1. The coefficient of correlation between the study and the concomitant
variable is 0.9. The covariance matrix is:

Σ =
[
1 0.9
0.9 1

]
Sample sizes n = 30, 60, and 100 are selected by simple random sampling without replacement (WOR).

MSEs and PREs of the existing and proposed estimators are computed and presented in Table 3.

Comments and Discussion
The present study introduces new regression estimators for estimating the finite population mean under
simple random sampling using auxiliary information in the field of T20 International Cricket.

Some general findings are:

1. The results provided in Table 1 show that the PRE of all the proposed estimators uPm is greater than
100, which indicates that it performs better then the existing estimators.

2. It is also observed from Table 2 that the proposed estimators satisfy all the efficiency conditions and
have small MSEs as compared to considered estimators in all three types of data sets. Therefore, the
performance of the suggested estimator uPm is the best among all other considered estimators.

3. The suggested estimator uP5 has the smallest MSE as compared to all existing and proposed estima-
tors for all data sets.

4. The results of the simulation study provided in Table 3 reveal that all the suggested estimators have
minimum MSE and maximum PRE, then all the competitor estimators.

5. In the simulation study, it is evident that the proposed estimator uP5 has the highest PREs (i.e.
517.0765, 505.1173, and 506.1031) for all three samples.

6. The results of the suggested estimators of the simulation study in Table 3 also indicate that, as the
sample size increases, the MSE of all the estimators decreases.

Conclusion
The present study introduces new regression estimators for estimating the finite population mean under
simple random sampling using auxiliary information in the field of T-20 International Cricket. Different
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Table 1. MSE and PRE of existing and proposed estimators

Estimators Parameters MSE/PRE Data 1 Data 2 Data 3
u0 – MSE 626903.4 626903.4 127877.6

PRE 100.00 100.00 100.00
u1 – MSE 19348.66 19348.73 5375.005

PRE 3240.035 3240.024 2379.116
u2 – MSE 466098.2 466102.5 15112.74

PRE 134.5003 134.499 846.1577
u3 – MSE 154175.4 154176.8 4362.519

PRE 406.6169 406.6134 2931.279
u4 ψ1 MSE 133896.9 133896.7 28464.15

PRE 468.1986 468.1992 449.2585
u5 ψ2 MSE 49874.26 49874.07 11932.83

PRE 1256.968 1256.973 1071.645
u6 ψ3 MSE 60039.75 60039.87 14059.49

PRE 1044.147 1044.145 909.547
u7 ψ4 MSE 12529.19 12529.19 3595.998

PRE 5003.544 5003.544 3556.11
u8 ψ5 MSE 110987.1 110987.5 24554.47

PRE 564.8433 564.8415 520.7916
u9 ψ6 MSE 157696.7 157697.3 33092.29

PRE 397.5374 397.5358 386.4273
u10 ψ7 MSE 92762.86 92762.62 20881.12

PRE 675.8129 675.8146 612.4079
uP1 (F1,G1) MSE 12477.35 12477.35 3557.241

PRE 5024.332 5024.332 3594.854
uP2 (F1,G3) MSE 12480.28 12480.28 3559.509

PRE 5023.152 5023.152 3592.564
uP3 (F2,G3) MSE 9146.485 12505.61 3576.714

PRE 6854.036 5012.978 3575.283
uP4 (F3,G1) MSE 5033.742 12475.56 3555.677

PRE 12454.02 5025.053 3596.436
uP5 (F4,G1) MSE 5017.169 12475.45 3555.582

PRE 12495.16 5025.096 3596.532
uP6 (F4,G2) MSE 5796.809 12480.28 3559.509

PRE 10814.63 5023.152 3592.564
uP7 (F4,G3) MSE 5033.742 12475.56 3555.677

PRE 12454.02 5025.053 3596.436

auxiliary information is used from cricket, which includes wickets that fall during the whole match, wickets
that fall in different innings, and the number of matches played on the ground. Non-conventional location
parameters of auxiliary information are used, which consist of tri-mean, mid-range, quartile deviation, etc.
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Table 3. MSEs and PREs of different estimators using simulation study

Estimators n = 30 n = 60 n = 100
MSE PRE MSE PRE MSE PRE

u0 0.029686 100.00 0.013262 100.00 0.006995 100.00
u1 0.006524 455.0164 0.003063 432.9709 0.001577 443.6744
u2 0.006595 450.1478 0.002976 445.598 0.001604 436.1892
u3 0.006747 440.0165 0.003020 439.226 0.001555 459.8696
u4 0.016854 176.1341 0.007471 177.3068 0.003942 177.4276
u5 0.011884 249.8113 0.005318 249.3934 0.002806 249.2849
u6 0.007868 377.3179 0.003559 372.6918 0.001877 372.5662
u7 0.009124 325.3738 0.004101 322.6989 0.002169 322.5127
u8 0.007889 376.3243 0.003568 371.7387 0.001882 371.6109
u9 0.013399 221.5505 0.005979 221.8109 0.003154 221.774
u10 0.011916 249.1407 0.005332 248.7399 0.002813 248.6328

{F1, (G1,G3)}
uP1 0.005749 516.3388 0.002629 504.4382 0.001384 505.3999
uP2 0.006396 464.1188 0.002912 455.4071 0.001535 455.6804

{F2,G3}
uP3 0.006074 488.7188 0.002709 489.6599 0.001428 489.7321

{F3,G1}
uP4 0.006293 471.772 0.002867 462.6418 0.001511 462.9775

{F4,Gr}
uP5 0.005741 517.0765 0.002626 505.1173 0.001382 506.1031
uP6 0.006396 464.1188 0.002912 455.4071 0.001535 455.6804
uP7 0.006293 471.772 0.002867 462.6418 0.001511 462.9775

Expressions for bias andmean square error of the suggested estimators are obtained up to the first-order
approximation. The new suggested estimators are compared with the existing estimators using MSE and
PRE criteria. The results reveal that all the suggested estimators are efficient as theirMSEs are less than the
competing estimators. Moreover, the suggested estimator uP5 has the largest PRE, then all existing and
other proposed estimators. Hence, the proposed estimators can be applied to appropriate real-world
situations and obtain better and more efficient results as compared to the usual and other competing
population mean estimators.

Recommendations
It is recommended that this study can be extended by developing new estimators utilizing other sampling
schemes.

Data Availability
The data used to support the findings of the study are available within this article.
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