-

ESTIMATION OF FREQUENCY DISTRIBUTIONS
FOR THE CURRENT OCCASION UNDER
SUCCESSIVE SAMPLING APPROACH FOR
SOME SELECTED SAMPLING DESIGNS

BY

LokesH ARORA, University of Delhi
AND D. SincH, I.A.S.R.I., New Delhi

{Received : August, 1980)

SUMMARY

The estimation of the frequency distribution for the current occasion using
different sampling designs under successive sampling approach has been
attempted. In comparing some selected sampling designs for estimation
of frequency distribution on the current occasion it has been observed
that cluster sampling design with PPS sampling is advantagcous in
practice.

INTRODUCTION

In the initial stages of the siatistical development, whenever,
there was a need to study a population, more stress was given to
estimate the point parameters, such as, means, totals, ratios and
differences. Now there is a change in data requirements from
estimates of points parameters to estimates of frequency distributions.
This change is very rapid, particularly, in developing countries where
the planners and decision-makers are mainly interested in knowing
about the structure of the frequency distributions over time and
space in planning and to find social and economic development
instead of studying the change in averages and ratios. Thus, there is
a need to evaluate the sample design for estimating frequency
distributions.

Even when the design is meant for estimating point paramefers,
it is possible to estimate the frequency distributions. The main draw-
back is that the estimates of tail-end frequencies are generally very
poor and hence not usuable for practical purposes. Mahalanobis
(1960) proposed the use of fractiles but it suffers with the deficiencies
of the estimates of end class intervals. Dandekar and Rath (1970);
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Srinivasan and Bardhan (1974) showed a considerable interest in
estimating distribution of house-holds by consumer expenditure in
the context of studying poverty in India. For these studies, the users J
had to use the estimated distribution of consumer expenditure pro-
vided by the National Sample Surveys (NSS). Since the NSS esti-
mates are based on general purpose design with emphasis on point
parameters, the-estimate of tail in wich the users are especially
interested, are subject to large sampling errors and hence of limited
use for deeper apalysis. Murthy (1977) evaluated some selected
sample designs for estimating frequency distributions through empiri-
cal study.

In the paper, an attempt is made to evaluate some selected
sampling designs under successive sampling approach to ‘study the
structure of the population by estimating the frequency distributions.

In successive sampling, information collected on the matched
portion of the sample is used to improve the estimate of the popu-
lation character under study. The theory of successive sampling
developed by Jessen (1942), Yates (19€0), Patterson (1950), Tikkiwal
(1951, 56), Eckler (1955) and. others for single stage design, was
extended to two-stage sampling design by Kathuria (1959), Tikkiwal
(1964), Singh (1968), Singh and Kathuria (1969, 71) and Singh and
Srivastava (1973).

Estimation of frequency distribution at the 1ecent occasion :

We now consider the estimation of the frequency distributions
for the recent occasion by the following selected sampling designs
which are of practical interest under successive sampling approach :

(i) Direct Sampling of Ultimate Units;

(#) Cluster Sampling of Ultimate Units; and

(#ii) Two-stage Sampling.

Under these, an estimte of the proportion in the h-z4 class of
the frequency distribution (h=1, 2,..., k), for the current occasion, for
each of the sample design, will be obtamed and then the efficiencies
of the sampling designs will be compared with respect to the error
measures E («1) and £ («z), proposed by Murthy (1977).

Let there be N Clusters, further, let M; (i=1, 2,..., N) be the
N

size of i-¢h cluster such that z M=M (the total numBer of ulti-

mate units in the population). Let m, be the total number of ultimate
units in the sample be expressible as nM, where n is the number of
M

sla_mple clust?rs apq M =N
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The estimates, under the considered sampling desigas along
with their respective error measures are discussed below one by one.

1 (i) Direct Sampling of Ultimate Units
Sampling Scheme : Select a sample of 1, ultimate units by
SRSWOR from the M ultimate units of the population at first occa-
: sion. Obtain the frequency distribution in the desired K classes on
the basis of this sample. Retain a sub-sample of O<es))
unjts by SRSWOR from m, and supplement it with (m;—mol) units
selected from (M —mo) units of the population by SRSWOR at
second occasion. Obtain the frequency distribution in the desired X
classes on the basis of matched sample, unmatched sample, and over-
all for the first and second occasion both.
The estimate of the proportion, for the current occasion, in
h-th class of the frequency distribution (h=1, 2, ..., k) is given by—
A "

f,h — 12
2 o2 (1— 22 phz)

h h [ B h
(P13—P 1) MTE=TrD) (Pgp —P 23)
+ py (D)
where
pi‘ ,= the sample propbrtion of the' unmatched units, in A-th
class of the frequency distribution at first occasion.
Uy

=— U; being -.the number of unmatched sample
0

units in h-t% class at first occasion.

p:A = the sample pfoportion of the unmatched units in h-th

class at second occasion.

h
UZ

el U’2I being the number of unmatched sample units
(7]

in h-th class at second occasion.
p;‘F = the sample proportion of the matched units in h-th class

at first occasion.

h
ml

, m" being the number of matched sample units

in h-th class at first occasion.
pg,,, = the sample proportion of the matched units in h-zk class

at second occasion.
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| ]
m
p 1 ,my being the number of matched sample

units in h-t4 class at second occasion. : d

The variance of the estimate of proportion for the current
occasion in h-th class of the frequency distribution (h=1, 2, ..., k) is
given by

N e AL
= (2
V(Pg) h2 1 NN W | 9 ( )
my [ 01 02 A (012) ] 1

where G:z is the population variance of the ultimate units in h-t4
class at first occasion, 072‘2 is the population variance of the ultimate
units in h-tb class at second occasion and a;'z is the population co-

variance between the units lying in h-7h class at both the occasions.

Here t=p" (1—P}), o= P} (1-P})
and
h
= (Pi.z _P: Py
where
"
Pf = Wl where Mz is the pumber of ultimate

. ) M"
units inh-th class at first ocassion. P"
whereM;‘ is the number of ultimate units in h-t4 class at second
occasion; and
h
. M, . .
Py, =——, where M}, is the number of ultimate

M
units lying in h-th class at both the occasions.

For measuring error, we define on the lines of Murthy (1977):

L
%= z (Pr—Phy2
7 .
Z (Ph Ph)z
og==
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Then, the error measures E (%) and E («g) are given by—

2
K [P} (—Fp [P} Py (1—Py) (1= By —NP,—P{ Py ]

E (a1)=
o m, [P?PY(1-P})(1—P})- 22 (Pl,—P] P} )2 |

(3

and

B g z": (P (1—PI)L[P? PR (1—PP) (1—P})-2(Pla—Pl P )R]
%)= —
m, P} [P} P} (—P}) (1—P})—22 (P}, —Pb Pl Y

- (4
ii Cluster Sampling of Ultimate Units :

Sampling Scheme : Select n clusters by PPSWR from N clusters
at first occasion, retain a sub-sample of npe (C<p.<1) clusters from
the » clusters by SRSWOR and supplement it with (n—np.) clusters
selected from (N - ) clusters by PPSWR at second occasion. Obtain
the frequency distribution in the desired K classes on the basis of the
ultimate units in the clusters selected at both the occasions.

The estimate of the proportion for the recent occasion in h-zh
class of the frequency distribution (h=1, 2, ..., k) is given by—

h
Be Ag G39

A

_Ph = __———-( ph -—-ph )

2¢ 1A 1

a2 2 a2 ¢ ¢
o (1=2; ¢ ) :

o n h h
+ G2t ) ( Pan, —szo) e, e(5)
[

where p;' A, =the estimate of the propomon of ultlmnaite uglts of the
C

unmatched clusters, at first occasion in h-th class= ——z e 11‘2 where

M?, being the number of ultimate units of i-h unmatched cluster, at

first occasion, in h-th class and p; is the probability of selecting i-zh
cluster.

p“ — the estimate of the proportion of the ultimate

upits of the unmatched clusters, at second occasion in h-7h -class
M 5 4k

=1 S5 yhere M?, being the number of ultimate units of
n;w p‘M

unmatched clusters at second occasion, in h--th class.
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p;‘ = the estimate of the prorortion of ultimate umts of the
¢ Iikg M
piM

M,; being the number of ultimate units of j-th matched cluster,

, where

matched clusters at first occasion,

at first occasion, in h-#/1 class.
pzy the estimate of the proportion of ultimate unilEs of ’Ehe
matched clusters at second occasion, in h-th class= ——z 11:1
- where sz being the number of ultimate units of the i-th matched

cluster, at second occasion, in A-th class.

=[S S ]
2[S9 S ]
and ‘

P, P,
h
_‘Pf Pz]

[

The variance of the estimate P is given by

n2 B2 2 )
A~y C1c L92¢ Ty — )‘0(0120)2]
V(Ph)= — .. (6)
o, O — g ( 0120)2] :

The error measure E («1) is given by

k 025 °’1LE Q? - 0(012,,)]
Ee)= 2 D)

2 2 .
n[c Ope — A, (0'120)2]

and the error measure E (ocz) is given by

2 2
Zc 1c gc - 7\0(0220)2]
E(ocz)————z e o .(8)
nPy [o, 00— 2, (015,)°]

1e ¢
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(iii) Two-Stage Sampling :

Sampling Scheme. Select a sample of n primary stage units
(p.s.u.) from N p.s.u.’s by PPSWR at first occasion. Retain a sub-
sample of size np(0<p,<1) from n ps.u’s by SRSWOR and
supplement it with (N—n,) p.s.u’s selected by PPSWR from (N—n)
p.s.u’s at the second occasion. Then select a sub-sample of second
stage units (s.s.u's) of size m from each of the selected cluster at
both the occasions. Find the frequency distribution of s.s.u’s of the
matched and unmatched clusters at both the occasions in the desired
K classes of the frequency distribution.

The estimate of the proportion for the recent occasion in /-th
class of the frequency distribution (h=1, 2, ..., k) is given by

13
ﬁ p’f}\tolzt o n )
2t = (P1a— Pip
ol (ES Lo

Pt

__n R
(1_7\3 /p:lz (Pzp.t szt) +«P21t .(9)

where

_pl,L =the estimate of the proportion of ultimate units of the
unmatched p.s.w’s at first occasion in h-7h class

[ ¥]

Uh
1 NOMs P " . 1
= e W p‘ ——, where pj;, = TR
i

U,; being the number of s.s.u’s selected from #-th unmatched
p.s.u at first occasion and Uj; is the number of selected s.s.u’s from

the i-th wnmatched p.s.u’s at first occasion in A-tk class.

p;',\ =the estimate of the proportion of the ultimate units of
14

the unmatehed p.s.u’s at the second occasion in /-th class
U
Uz’

nat ph
1 M: 2t h
= ———, where p, =

nhe LM  pi

1

Uz being the number of ultimate units selected from the i-th
unmatched p.s.u’s on the second occasion and Ujyds the number of

selected s.s.u’s from the i-th unmatched p.s.i’s at sécond occasion
in the A-th class. :
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P;',. =the estimate of the proportion of the ultimate units
i

of the matched p.s.u’s at first occasion in A-th class
nr,

n
LS here e
e &M pi’ W Py ™

H
my; being the number of s.s.u’s selected from the i-th matched

p.s.u’s at the first occasion and #1}; is the number of s.s.w’s selected
from i-th p.s.u’s at first occasion in A-th class.
p;‘,, =the estimate of the proportion of ultimate units of

the matched p.s.u’s at the second occasion in A-th class :

np., h h
1 Doy Mgy
= My T where p? =
nue Ly M pg’ H me;

H
ma¢ being the number of ultimate units selected from the i-th

matched p.s.u’s at second occasion and mj; is the number of uliimate

units selected fiom/-th p.s.u’s at second occasion lying in A-th class.
Here

o2 =[§ (%_) ip‘)_ _(Plhy]
N
([ ()i

i

=[S o)

N ¢ —
L (-]

and
P, Py

a3 () ]

N h h
{3 () i
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. Ay L.
The variance of the estimate P:, is given by

) 0'2; [0' "7\t (U]:g)zl

14 (13;‘, = S ...(10)
nloy; 03 —A (01507
The error measure E(al) is given by
h
"ze ["htz thz —he (045,)%]
E()= z (D)
oM o2

2, a
O %3¢ —N (0957
The error measure E(«s) is given by

¢ t —A (o 2t) gl
E(ocg)——z “u [ ‘1 (12)
B

P

It may be noted that the estimates of proportions contain
unknown parameters in (1), (5) and (9) may, however, be estimated
by the sample values. Further the estimate of the variance and also
the error measures can also be obtained by substituting the sample
estimates for different components appearing in the expressions.

Some empirical studies

The formulae for the two error measures E(a1) and E(ag), in
case of the sampling designs, considered here are in a complicated
form, therefore, an algebraic comparison of the sampling designs is
not only difficult but also futile in practice. Hence, the empirical
studies have been made for comparision,though this approach may
not lead to general conclusions applicable universally.

For the comparison of different sampling designs, the following
two sets of data were used 2

(a) Data relating to area under bajra for 36 villages of Delhi
for the years 1976-77 and 1977-78, collected under High
Yielding Variety Survey Programme at Indian Agricultural
Statistics Research Institute (IASRI).

(b) Data relating to area under wheat for 36 villages of Delhi
for the years 1976-77 jand 1977-78, collected under H igh
Yielding Varjety Survey at TASRI,
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From the values of the error measures E(x;) and E(xz), for
different values of ¢ and » considered, following observations may
be made. It is seen that the value of p, for which the error measure
E(x1) is minimum, remains the-same (for the error measure E(cz)
also) for entire range of the sample size. The optimum value
of ¢ was further seen to be nearly of the same order as in estimating
the mean of the population. A consistent trend has been observed
for all the three sampling designs and also for both the populations.

It may also be mentioned that the differences between the
minimum values of E(e;) and the maximum values of E(xi) in the
range of the values of ¢ considered, for a given n, corresponding to
the direct sampling of ultimate units, cluster sampling [Equal
probability sampling (E.P.S.) and probability proportional to size
sampling (P.P.S)] and two-stage sampling (E.P.S. and P.P.S.) were
of the order (expressed in percentages and averaged over all n) 4%,
(13% and 11%) and ("16% and *56%) for population 4. For popu-
lation B, the differences between the minimum and the maximum
values of E(«), in the above order, were noted to be 14%, (25% and
22%) and (‘11% and *09%) respectively.

Similarly the differences between the minimum values ofE (¢2)
and the maximum values of E(az), in the range of . considered, for
the Direct Sampling of Ultimate Units, Claster Sampling (E.P.S.
and P.P.S) and Two-Stage Sampling (B.P.S. and P.P.S.) were observed
as 3%, (11% and 7% and ("12% and *769%) respectively for popu-
lation 4. For population B, these differences, in the above order,
abserved to be 13%, (23% and 21%) and ('07% and °07%)
respectively.

It is well known that Cluster Sampling and Two-Stage Sampling
are potentially better than the Direct Sampling of Ultimate Units
when cost aspect and operational convenience are the main consi-
derations. In Cluster and Two-Stage Sampling designs, there is a
choice of either using E.P.S. or P.P.S. sampling. The values of two
error measures for Cluster Sampling and Two-Stage Sampling designs
under E.P.S. and P.P.S. sampling are presented below for different
sample size corresponding to that value of p which gives the minimum
error measures in entire range considered. The results of the Direct
Sampling of units are also included for reference purposes. These
results are being presented in Tables (A.1, A.2) and (B.1, B.2) for
population A and B respectively, '
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TABLE Al

The values of the error measure E(x,), for the considered sampling
designs, for different samples sizes, for population A,

Direct sampling .
of ultimate Cluster sampling Two-Stage Sampling
units .

Error —
0 | measure | M £ m | E,P. P.P.S.

30 .0202 10 . .0519

60  .0101 10 . 0259

90  .0067 10 . . 0173
.0050 10 . 0130
.0040 10 . . 0104 .
0034 10 . .0086
0017 10 . 0072

TABLE A2

The values of the error measure E(xz), for the considered sampling
designs, for different sample sizes, for population A,

Direct sampling
of ultimate Cluster sampling Two-Stage sampling
s, units
No.
my | Error N\ a { EpP. |PPS |(n m| EP. |PP.S.
|
k 1 30 0216 3 10 .0537 .0482 5 6 .0609 0538
2 60 0108 6 10 .0269 0241 10 6 .0304 .0269
3 9 .0072 9 10 .0179 L0161 15 6 .0203 .0179
4 120 0054 12 10 0.134 0120 20 6 .0152 .0135°
5 150 0043 15 10,0108 0096 25 6 0123 .0108
6 180 .0036 18 10 .0089 .0080 30 6 .0101  .0090
7 360 0018 36 10 .0044 L0040 36 6 .0085 .0075
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TABLE Bl

The values of the error measure E(xy), for the considered sampling
designs, for different sample sizes, for population B,

Direct sampling
of ultimate Cluster sampling Two-Stage Sampling
5. units
No.
my | Lo \n, M I EP. . ' PPS. |n m ’ E.P. | P.P.S.
1 30 0187 3 10 .0382 0345 5 6 .0537 .0473
2 60 0093 6 10 .0161 0173 10 6 .0268 .0236
3 % .0062 9 10 0127 0115 15 6 .0179 .0157
4. 120 .0047 12 10 0096 .0086. 20 6 .0134 .0118
5 150 .0037 15 10 .0076 .0069 25 6 .0107  .0094
6 180 .0031 18 10 0064 .00s8 30 6  .0089  .0079
7 360 .0016 36 10 .0032 .0029 36 6 .0075  .0066
TABLE B2
The values of the error measure E(xg), for the considered sampling
designs, for different sample sizes, for population B,
Direct sampling
of ultimate Cluster samplng . Two-Stage sampiing
s, units
No. —
my | Lo |n, M ] EP. |PPS. |n m| EP. |P.PS.
1 30 0194 3 10 0379 036 5 6 .0547 .0484
2 60 0097 6 10 .0189 0173 10 6 .0274  .0242
3 90 0065 9 10 .0126 0115 15 6 .0182  .0161
4 120 0049 12 10 .0095 .0086 20 6 .0137  .012i
5 150 .0039 15 10 0076 .0069 25 6  .0109 .0097
6 180 .0032 18 10 .0063 .0058 30 6 .0091  .0081
7 360 .0016 36 10° .0032 .0029 36 6 .0076  .0067
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It can be seen from the above Tables that there is. gain in
eﬂic1ency using P.P.S. Sampling over E.S.S. for both Cluster as well
as Two-Stage Sampling designs. Of the two, the gain in efficiency
using P.P.S. Sampling in Cluster Sampling design is observed to be
of higher order as compared to the corresponding gain in the Two-
Stage Sampling design. Further, this gain becomes smaller with
increase in the sample size for both the sampling designs. Thus,
keeping in view all the factors, such as, operational convenience,
cost aspect and the magnitude of error measures, the use of Cluster
Sampling with P.P.S. Sampling can be adopted with greater
advantages.
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