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ABSTRACT

The present study focuses on standardization of sampling techniqgue and comparison of sample
allocation methods. The goal of stratification is to provide a better cross-section of the population in
order to increase relative accuracy. For this purpose, Primary data on area and production of guava
were obtained from 275 respondents of Himachal Pradesh through a well-designed and pre-tested
survey approach. The optimum stratification points were found by using the auxiliary variable "area
under guava" as the stratification variable. Four methods, namely, Equalization of strata totals,
Equalization of cumulative /f(y), Equalization of cumulative 1/2 [r(y) + f(y)] and Equalization of

cumulative i/Ty) were used for the construction of approximate optimum strata boundaries for
varying numbers of strata (L= 2,3,4,5) and sample sizes n;= 60, 90, 120. The sample was allocated
to different strata according to proportional and Neyman allocation methods. The minimum estimate
of the variance of y of guava production and maximum gain in efficiency was found to be 0.004 and
418.11 percent respectively in Equalization of cumulative 3\/@ rule for n =120 and L = 5 under
Neymann allocation.
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1. INTRODUCTION

The primary goal of stratification in sample
survey design is to lower the sample variation of
the estimates and to provide a better cross-
section of the population in order to increase
relative accuracy. The best characteristic to find
these optimum strata boundaries is with the
study variable itself. The next best presumably is
the frequency distribution of some other variable
highly correlated to the study variable. In the
present study “area under guava plantation” was
used as the auxiliary variable which is highly
correlated with  the  Estimation variable
“Production of Guava”. It has been seen that it is
always profitable in terms of precision that the
variance of the estimate decreases as there is
increase in number of strata. The stratified
random sampling yields unbiased estimate of the
population mean and its standard error provide
confidence interval in which the possible value of
the population mean lies. The primary data on
275 guava orchardists were collected from five
districts of Himachal Pradesh viz. Bilaspur,
Hamirpur, Kangra, Una and Sirmour. Data were
collected through well planned survey from these
locations randomly. Data were collected through
well designed questionnaire on socio-economic
status, area and production of Guava in the
mentioned districts of Himachal Pradesh. Guava
production as the study variable, number of trees
and area under Guava cultivation as the auxiliary
information were used in the estimation of guava
production and area under guava plantation. The
auxiliary variable considered in the problem is a
size variable that holds a common model for a
whole population [1]. The pioneering work was
done by Dalenius [2] for optimum stratification
regarding stratified random sampling estimates.
He considered the problem for study variable
itself as the stratification variable. Dalenius and
Gurney [3] considered the problem of optimum
stratification with respect to an auxiliary variable
so as to minimize the variance of stratified
random sampling estimate.

The commonly used standard stratification
methods of construction of strata [4], viz.,
equalization of strata total, equalization of
cumulative of \/@ equalization of cumulative of

Y% {r(y) + f(y)} and equalization of cumulative
i) have been tried to find out the optimum

points of stratification for varying number of
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strata 2 to 5. The relative efficiencies of different
methods of strata were examined when the
number of strata was 2, 3, 4 and 5 under
Proportional and Neyman sample allocation
methods. Further, relative efficiencies for
different methods of estimation were also
examined to estimate the total production of
guava in Himachal Pradesh.

2. MATERIALS AND METHODS

Multistage random sampling technique was
employed for the selection of units. The primary
data of 275 guava orchardists were collected
from purposively selected five major guava
growing districts of Himachal Pradesh, through
well designed survey. In the first stage, more
than 30 % blocks of each districts were selected
randomly. In second stage more than 30 % of
farmers from each selected block were taken. In
present study, total production was considered
as study variable and area under guava was
considered as auxiliary variable, as it was highly
correlated with the study variable. The
procedures of constructing approximately
optimum strata boundaries (AOSB) for different
allocation methods are as given below:

i) Equalization of strata total: Mahalonobis
[5] proposed the equalization of strata total
(thh) with equal allocation. He suggested

that when the number of strata is
predominated, say L, a practical method of
stratification is to stratify the whole
population into a set of L strata such that
the total value of the character remains the
same for each stratum. The main
advantage of this rule is its simplicity.
Hansen, Hurwitz and Madow [6]
demonstrated that this method lead to
efficient  stratification, if the strata
coefficient of variation is same.

Equalization of cumulative \/@ :

Dalenius and Hodges [7] proposed
formation of strata by equalizing the
cumulative \/@ where f(y) is the
frequency function. In deriving the rule, it is
assumed that the distribution is bounded
and that the number of strata is large.
Since f(y) is generally unknown, f(x) is
used in place of f(y), where x is an auxiliary
variable highly and positively correlated
with y. If the cumulative total is H, the

i)
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approximate strata boundaries (x) are
givenbyi . _ 415 1 _4q

L ) ) Ly ey .
Equalization of cumulative %{r(y) +

iii)
f(y): Durbin [8] proposed the equalization
of the cumulative frequencies of a
distribution, g(y), which is in between the
original distribution f(y) and a rectangular
distribution r(y) over the range (y,,y.) of y.

that is r(y) is taken as — FOu and the
r(Y) YL=Yo
optimum points of stratification were
obtained by equalizing the cumulative of
stratification to cumulative of the function

90) = > {r(y) + f(y)}:
Equalization of cumulative W:

Singh and Sukhatme [9] suggested
another method of construction of strata,
which is called equal intervals on
cumulative 3\/@ , where f(y) is the
frequency function of the character under
study. In this method, the value of 3/f are

cumulative where vy is the character under
study. Since f(y) is unknown, f(x) is used in
place of f(y), where x is an auxiliary
variable highly and positively correlated
with y. If the cumulative cube root total is
H, the approximately optimum strata
boundaries are given by ; _ 4 5 | _
L

1.

Allocation of sample size: The sample size
was allocated by proportional and Neyman
allocation.

i) Proportional allocation: In this method,
allocation of a given sample size ‘n’ to
different strata is done in proEortion to
stratum weight i.e. in the h" stratum
n, = nW, Wwhere, A =% . Using this

method of allocation, the estimator of

variance of the estimate y, reduces to
1 1

V(}_’st)P: (E — N—h) thl WhStz1
Neyman allocation: Most of the times, a

survey statistician has to work within a
fixed budget and therefore, the sampling
variance has to be minimized for a given
cost. In this case, the sample size in the h™"

stratum is given by , — ,_WnSh " Then,
h YE—1 WhSh

using this method of allocation, the

estimator of the variance of the

29

estimate y,, becomes:
1(yL 2_1yL 2
= (Zh=1 Wash) " — 5 Ziiz1 Wash

v(}_’st)N

3. RESULTS AND DISCUSSION

The information on area and production of guava
was collected from the selected respondents.
Table 1 gives the frequency distribution of the
respondents according to the area under guava.
The data revealed that distribution of holdings
was highly skewed and most of the units (128)
were located in the 0 - 0.25 class interval
followed by 52 units in 0.50 - 0.75 class interval.
For the present study the optimum points of
stratification along with percentage of the
orchardists falling in respective strata, as shown
in Table 2, were determined by using four
standard stratification methods namely
equalization of strata total, equalization of
cumulative of \/@ equalization of 1/2 {r(y) +

f(y)} and equalization of cumulative of 3 /fy and

their relative efficiencies for estimating total
production of guava were analyzed. Allocation of
the sample to different strata was made in
accordance with commonly used methods viz.,
Equal allocation, Proportional allocation, and
Neyman allocation. Singh and Parkash [10]
considered the problem of optimum stratification
on the auxiliary variable x for equal allocation.

Optimum  strata boundaries: Table 2
represents the demarcation points under various
stratification rules along with percentage of
respondents that falling in respective stratum.
Under stratification by Equalization of strata
totals, for L= 2, two points of demarcation point
was 0.75 ha. The percentage of number of
orchardists that fall in 1% and 2" stratum was
found to be 78 and 22 respectively. For L=3, two
AOSB were found to be 0.48 and 1.11 ha with
59, 34 and 7 percent of orchardists that fall in
first, second, and third stratum, respectively.
Similarly we can check for all stratification rules.
The area under guava (ha) which is correlated
with the study variable guava production (tons)
was subjected to stratification. The proportional
and Neyman estimates of the variances of y
were worked out with varying number of strata (L
= 2, 3, 4 and 5) under four methods of
stratification and are presented in the Table 3
and Table 4. (The smaller values of variances
are due to conversion of study variable in metric
tons.).
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Table 1. Frequency distribution of area (ha) and cumulative total of number of respondents by using different stratification method

Area Frequency Mid Equalization of Strata Equalization of cumulative Equaliza_tion of Equalization of cumulative 1[r(y) +£(y)]
(ha) Ny, values Total \/@ cumulative W 2
Nj, Up Cum. Nppy \/@ Cum. ff(y) W Cum.i/@ riy) r(y)+f(y) 1 r(y) Cum.% [r(y) +
L
0-0.25 128.00 0.13 16.00 16.00 11.31 11.31 5.04 5.04 0.0 128.01 64.01 64.01
0.25 - 35.00 0.38 13.13 29.13 5.92 17.23 3.27 8.31 é.o 35.06 17.53 81.54
828 - 52.00 0.63 32.50 61.63 7.21 24.44 3.73 12.04 g.l 52.10 26.05 107.58
8?2 - 22.00 0.88 19.25 80.88 4.69 29.13 2.80 14.85 8.1 22.14 11.07 118.65
188 - 25.00 1.13 28.13 109.00 5.00 34.13 2.92 17.77 g.l 25.18 12.59 131.24
igg - 5.00 1.38 6.88 115.88 2.24 36.37 1.71 19.48 3.2 5.22 2.61 133.85
igg - 1.00 1.63 1.63 117.50 1.00 37.37 1.00 20.48 S.Z 1.26 0.63 134.48
1?2 - 5.00 1.88 9.38 126.88 2.24 39.60 171 22.19 3.3 5.30 2.65 137.14
388 - 1.00 2.13 2.13 129.00 1.00 40.60 1.00 23.19 8.3 1.34 0.67 137.81
ggg - 1.00 2.38 2.38 131.38 1.00 41.60 1.00 24.19 3.3 1.39 0.69 138.50
'2I'.05t0al 275.00 131.375 41.603 24.189 ; 138.502

30
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Table 2. Optimum strata boundaries and percentage of orchardists that fall in respective stratum

Strata Equalization of Strata Total Strata Equalization of cumulative \/@
| Il 11 [\ \Y I Il Il [\ V
2 0.80 2 0.62
Percentage 79 21 Percentage 72 28
3 0.61 1.06 3 0.36 0.93
Percentage 72 15 14 Percentage 55 31 14
4 0.53 0.80 1.16 4 0.23 0.62 1.10
Percentage 59 19 15 7 Percentage 46 26 21 7
5 0.45 0.68 0.97 1.22 5 0.18 0.48 0.78 1.21
Percentage 58 13 15 7 7 Percentage 42 17 19 15 7
Strata Equalization of cumulative 3/f(y) Strata Equalization of cumulative %[r(y) + f(y)]
| Il 1 v \Y I Il Il [\ \Y
2 0.75 2 0.32
Percentage 78 22 Percentage 48 52
3 0.48 1.11 3 0.18 0.60
Percentage 59 34 7 Percentage 59 34 7
4 0.36 0.76 1.30 4 0.14 0.32 0.71
Percentage 48 31 17 5 Percentage 48 31 17 5
5 0.24 0.59 0.97 1.48 5 0.11 0.22 0.52 0.82
Percentage 46 25 15 11 3 Percentage 31 15 14 20 20

Table 3. Estimate of variance of different stratification methods for different sample allocation methods (Proportional allocation)

Sample Equalization of strata totals Sample Equalization of cumulative % [r(y) + F)]
2 3 4 5 2 3 4 5

60 0.075 0.066 0.057 0.050 60 0.069 0.047 0.045 0.038
90 0.045 0.037 0.029 0.024 90 0.044 0.036 0.032 0.030
120 0.042 0.035 0.025 0.019 120 0.028 0.025 0.020 0.015
Sample Equalization of cumulative /f Sample Equalization of cumulative 3/f

60 0.072 0.052 0.044 0.039 60 0.056 0.048 0.040 0.038
90 0.035 0.03 0.026 0.025 90 0.029 0.024 0.022 0.020
120 0.022 0.020 0.019 0.016 120 0.019 0.016 0.012 0.01
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Table 4. Estimate of variance of different stratification methods for different sample allocation methods (Neyman allocation)

T T . i 1
Sample Equalization of strata totals Sample Equalization of cum. 2 [r(y) + f(y)]
2 3 4 5 2 3 4 5

60 0.077 0.069 0.052 0.050 60 0.059 0.045 0.037 0.024
90 0.051 0.033 0.025 0.024 90 0.034 0.020 0.016 0.012
120 0.018 0.012 0.007 0.005 120 0.015 0.009 0.006 0.005
Sample Equalization of cumulative Vf Sample Equalization of cumulative Vf
60 0.076 0.042 0.031 0.023 60 0.067 0.050 0.024 0.022
90 0.046 0.028 0.018 0.011 90 0.033 0.024 0.015 0.012
120 0.018 0.012 0.007 0.006 120 0.013 0.011 0.009 0.004

Table 5. Percentage gain in efficiency due to stratification (Proportional allocation)

Sample Sizes

Number of strata

Number of strata

Equalization of strata totals

Equalization of cumulative % [r(y) + £(y)]

2 3 4 5 2 3 4 5
60 9.99 43.76 108.23 138.91 8.64 96.50 161.93 257.88
90 24.20 50.89 192.79 225.48 75.07 140.40 189.24 269.36
120 28.09 57.91 196.49 230.36 80.04 160.53 211.47 324.00
Equalization of cumulative Vf Equalization of cumulative ¥f
60 14.53 57.32 86.95 292.64 9.98 30.40 63.14 135.94
90 38.14 66.85 154.68 358.53 89.40 128.49 195.42 232.83
120 61.64 154.17 190.63 333.65 166.91 241.04 233.46 365.60

Table 6. Percentage gain in efficiency due to stratification (Neyman allocation)

Sample Sizes

Number of strata

Number of strata

Equalization of strata totals

Equalization of cum. % [r(y) + £(y)]

2 3 4 5 2 3 4 5
60 6.34 18.62 57.94 65.33 22.55 64.37 250.15 265.58
90 10.00 68.26 119.15 131.63 70.14 132.60 271.60 364.50
120 48.34 111.86 285.11 330.22 97.19 133.84 272.17 398.43
Equalization of cumulative vf Equalization of cumulative Yf
60 8.64 96.50 161.93 257.88 38.30 81.92 121.83 243.78
90 20.53 97.86 207.26 388.11 63.94 177.08 250.54 355.04
120 46.87 112.67 260.98 390.56 75.67 193.60 333.18 418.11
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Estimate of Variance of Guava production
and Area by stratification (Proportional and
Neyman) methods: Table 3 and 4 reveals that
the variance estimate is decreasing as the
sample size (n) and the number of strata (L) are
increasing under all stratification methods that
prove their optimality. Under proportional
allocation, the minimum estimated variance of
of guava production of all the four stratification
methods for varying strata an sample sizes was
found to be 0.01 in Equalization of cumulative
3;/@rule for n =120 and L = 5. The minimum

estimate of the variance of y of guava production
was found to be 0.004 in Equalization of
cumulative 3/fcy) rule for n = 120 and L = 5

under Neyman allocation. Similarly, Mathew et
al. [11] investigated the efficiency of Neyman
allocation procedure over equal and proportional
allocation procedures and found that Neyman
allocation procedure was the best and most
efficient for estimating the average and the
variance of the prices of Peak Milk (Nigeria
Made) in the markets in Abeokuta.

Gain in efficiency due to stratification:
Variances owing to Proportional allocation and
Neyman allocation were compared with simple
random sampling variances to determine the
increase in efficiency of stratification (L >1) over
no stratification (L ), and the findings are
presented in Table 5 and Table 6. The Table
indicated that there is a considerable gain in
efficiency due to stratification, but the maximum
gain in efficiency is observed when the strata are
constructed through the Equalization of
cumulative of 3/fmethod. It is also observed that

this gain in efficiency increases with the increase
in the number of strata and sample size. For
estimation of guava production by using
proportional allocation, the maximum gain in
efficiency was observed to be 365.60 per cent
using the Equalization of cumulative W rule.

Under Neyman allocation, maximum gain in
efficiency was observed for n = 120 and L = 5,
which was 418.11 per cent using Equalization of
cumulative W Bharti et al. [12] suggested

that the stratified random sampling method of
estimation together with  Equalization  of
cumulative 3/f(yy can be used for estimation of

production of apple in Shimla district of Himachal
Pradesh.

Sharma et al. [13] compared the different
allocation procedures viz., Equal, Proportional
and Optimum/Neyman in a stratified random

33

sampling of skewed populations under different
distributions and samples sizes and concluded
that with the increase in number of strata from 2
to 4 and sample size from 10 to 40, equalization
of cumulative of W method along with

Neyman allocation resulted in least variance
(0.89) and maximum percentage gain in
efficiency (20418.16).

4. CONCLUSION

It is concluded from the investigation that the
variance decreases with increase in the number
of strata and decreases uniformly when the
sample size is increased. In case of Neyman
allocation, the decrease in variance is smallest,
which  corresponds to the theory. This
encouraging result formed the basis for selecting
Neyman allocation for further investigations. The
decrease in variance is least in the case of
Neyman allocation and is always precise
compared to proportional allocation method. It
may be concluded that Equalization of
cumulative 3/f method may be used for greater

efficiencies to estimate the production of guava
in the study area.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES
1. Khan, Ahmad MGM, Khan S. Determining
the Optimum Stratum Boundaries Using
Mathematical Programming. J Math Model
Algor. 2009;8:4009.

2. Dalenius T. The problem of optimum
stratification. Skandinavisk Aktu-
arietidskrift. 1950;3:203-213.

3. Dalenius T, Gurney M. The problem of
optimum stratification. Skandinavisk
Aktuarietidskrift. 1951;34:133-148.

4. Sukhatme PV, Sukhatme BV, Sukhatme S,
Asok C. Sampling theory Surveys
applications. IASRI publications;
1983.

5. Mahalanobis PC. Some aspects of the
design of sample survey. Sankhya.
1952;12:1-7.

6. Hansen MH, Hurwitz WN, Madow WG.

Sample surveys methods and theory.
International Statistical Review.
1953;70:289-314.



10.

11.

Bansal et al.; CJAST, 41(21): 27-34, 2022; Article no.CJAST.88578

Dalenius T, Hodges JL. The Choice of
Stratification Points. Skandinavisk
Aktuarietidskrift. 1957;40:198-203.

Durbin J. Review of sampling in Swede.

Journal of Royal Statistical Society.
1959;122:246- 248.

Singh R, Sukhatme PV. Optimum
stratification. Annals of the Institute of

Statistical Mathematics. 1969;21:515-528.
Singh R, Prakash D. Optimum stratification
for equal allocation. Annals of the Institute
of Statistical Mathematics. 1975;27:273-
280.

Mathew OO, Sola AF, Oladiran BH and
Amos A. Efficiency of Neyman Allocation

12.

13.

Procedure over other Allocation
Procedures in Stratified Random
Sampling. American Journal of Theoretical
and Applied Statistics. 2013;2:122-127.
Bhartii, Mahajan PK, Gupta RK.
Standardization of Sampling Technique for
the Estimation of Apple Production in
Himachal Pradesh The Bioscan.
2017;12:1119-1121.

Sharma A, Mahajan PK, Belwal OK.
Statistical investigation through
stratified random sampling for apple

production in Himachal Pradesh. Journal of
Applied and Natural Science. 2017;9:
1718-1723.

© 2022 Bansal et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/88578

34


http://creativecommons.org/licenses/by/4.0

