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SUMMARY

The estimation of change and average of frequency distributions over time under

successive sampling approach has been attempted. In comparing some selected sampl-

ing designs for ostimation of change and average of frequency distributions over time,

it has been observed that cluster sampling design with PPS sampling can be adopted

with greater advantages.

Keywords : Error measures, change and dverage of frequency distributions, successive
‘sampling, metched and unmatched units.

i
’

Introduction

In developing countries, the social and economic changes being very
rapid, the planners are mainly interested in knowing about the structure
of the frequency distributions over time and space instead of studying

-changes in averages and ratios. Dandekar and Rath [2], Srinivasan and
Bardhan [4] showed a considerable interest in estimating distribution of
households by consumer expenditure in the context of studying poverty -
in India. Murthy {3] evaluated some selected sample designs for estimat-
ing frequency distributions through an empirical study. Arora and Singh
[1] evaluated some selected sampling designs under successive sampling
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approach to study the structure of the population by estimating frequency
distributions.

An attempt is made in the paper to evaluate some selected sampling
designs under successive sampling approach for estimation of a change
in the frequency distributions at two ‘points of time and also for the
estimation of average frequency distributions over a period.

Estimation of Change and Average of Frequency Distribution Over Time

Consider the estimation of change and average of frequency distribu-
tions over two points of time by the following selected: sampling designs
under successive sampling approach :

(i) Direct Sampling of ultimate units;
(ii) Cluster Sampling of ultimate units; and
(iii) Two-stage Sampling.

Under these sampling designs, an estimate of the change in proportion
and the estimate of average proportion over two points of time, in hth
class of the frequency distribution (2 = i,2,...,k) has been obtained
and then efficiencies of the sampling designs compared with respect to

" the error measures E («;) and E (), proposed by Murthy [3].

Let there be N clusters, and M; (i = 1,2,". .., N) be the size of ith

N
cluster such that =  M; = M (the total aumber of ultimate units in

the population). Let M, be the total number of ultimate units in the
sample and expressible as nM, where n is the number of sample’ clusters
— M
and pf == e
‘The estimates of change and average in proportions over two points of
time, in Ahth class of the. frequency distribution, under the considered
sampling design along with their respective error measures are discussed

as follows.
(i) Direct Sampling of Ultimate Units

. Sampling Scheme : Select 2 sample of m, ultimate units by SRSWOR '
froini the M ultimate units of the population at first occasion. Obtain the
frequency distribution in the desired K classes on the basis of the sample
Retain a sub-sample of o, (0 < ¢ < 1) units by SRSWOR from my
and supplement it with (1, — my.) units selected from (M — mg) units
of the population by SRSWOR at second occasion. Obtain the frequency”
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distribution in the desired K classes on the basis of matched sample,
unmatched sample, and overall for both first and second occasions..

The estimate of the change in proportion over two points of time, in
hth class of the frequency distributions is given by ‘

Sn — (o + o
d (0% + o2 — 2 Aoty

)(ng - P{'p)

A(cg2+ 022—20512) - A
(oo F o = 2ar)y Py — Pia) W

The estimate of the average proportion over two points of time, in
hth class of the frequency distribution (5 = 1,2,..., k) is given by

A NN ) h2
W (61 -+ Gy ) 1 )
PZ = 2(oh: + oh2 L 2} ok (Pl + Pl .
1 2 Ig) ’
A(F + af2 + 2 dby) -
t 2 o 2aan) (Pha T P ~ @

where -

P\ = the sample proportion of the unmatched units, in Ath class
of the irequency distribution at first occasion.

' h -
= U,,\ s UF being the number of unmatched sample units in-
0 .
hth class at first occasion.

Pl = the sample proportion of the unmatched units in l;th class
at second occasion. : .

h .
Yy T Up being the number of unmatched sample units in
my .

hth class at second occasion.

Pf,. = the sé.mplé proportion of the matched u_nits in Ahth class at
first occasion. C
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h - . . . . " K
- m ', - : o
= =, m being the number of matched sample units in Ath
» : .

class at first occasioxi. L -

P'l = the sample proportion of thc matched units in Ath class at
second occasion

my
Mop
hth class at second occasion.

, mh being the number of matched sample units in

The variance of the estimate of the change in proportion over two
points of time. in Ath class of the frequency distribution is given by

A ha ha l hg- . l ‘it .
h— (0 + o) (off + o> = 2 oly) :
VP = ~mg (92 oiz — 22 dl) @)

The variance of the estimate of avefage éréportion'over two points of
time, in Ath class of the frequency distribution is given by

@2 4 o (G + 2 — 2l

Vm’4mw+W+u2) PR

where o/2 and %2 arre the population variances of the ultxmate units in

hth class at first and second occasion respectively, and o, is the popula-. °
tion covariance between the units lying in hth class at both the occa-

sions.

Here o2 = Pi(1 — P}); ai2 = pr (1 — 1">72,,)'
and ;;»2= (P, — P PY), |
\;vhere

h
M M
1

S

units in Ath ,c,lass- at first and second occassions respectively, and P§?
v - h - . - . .
= %. M?, being the number of ultimate units lying in hth class

at both the occasions.

&\

Pi= —L and Pt = 1172; M’ and M!: being the number of ultimate -
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For measuring error, define on the lines of Murthy [3]

K A
w =3 (Fr— Py
&

. A :
' N> (Ph— PPy
o, = o
h

The error measures E («,) and E («,) for estimatihg cnange in frequen-
cy distribution over two points of time. and for estimating average fre-
quency distributions over a period can easily be obtained.

(i) Cluste)' Sampling of Ultimate Units

Sampling Scheme : Select n clusters by PPSWR from N clusters at
first occasion, retain a sub-sample of n,, (0 <u, < 1) clusters from the-
n clusters by SRSWOR and supplement it with (n — n..) clusters select-
ed from (N — n) clusters by PPSWR at second occasion. Obtain the
frequency distribution in the desired X classes on the basis of the ulti-
mate units in the clusters selected at both the occasions.

- The estimates of change and average in porportions, over two pomts
of time, in Ath class of the frequency d1str1butlon h=12,. , k)
are :

. 7\h te (0 ha)

RN "23 =iy Pl = P

+z\c(a +07c 20,2c)

(oh2 + ofa — 2 Ac ol ) (P3, — Piy) B )
and
A";c B “(21(: g-‘z;— 2 ¢ ol 7y oo + Plpe) -
Ac (%2 + o2 + 2 o)

oy ’?7\ .
2 (ohz + ohz + 22, 6 126) (Pz Ac + Pz._'_ C) A A

A6)
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where P%, the estlmate of the proportron of ultimate units of the.
p . . ! . Ml‘
unmatched clusters, at first occasion in. Ath class = -Pl i
N ’

M" being the number of ultimate units of ith unmatched clusters; ‘at

ﬁrst occasion,.in Ath class and 1”.9 the probablhty of selection of ith
cluster.

Similarly for sza for unmatched clusters at second occasxon, P;,.,
and P%.s for matched clusters at ﬁrst and second occasions.

The variance of the estimates P[;c and P];o are :

v (Py - ,(,c({';,,g - 4.2,)0(6:2 er: hzu; ) 0
and

V2 = in:, :L 2)2(a++2A :.,)1 h o ®
Here | ,

. N . ‘ <
' °§‘3'=[ Z '(-M ) (P,). (Ph)z]
N o P )
2o 3 (-]

and

"MZ

M; \2 P} P}, n
to=] 3 () -nr)

The error measures E {w) and E (%,) can be obtained for estimating
change in and average of frequency distribution over two points of
time. . :
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(iii) Two—Stage Sampling

Sampling Scheme : Select a sample of n primary stage units (p.s.u.)
ftom N p.s.u’s by PPSWR at first occasion. Retain a sub-sample of size
rpt (0 < py < 1) from n ps.u’s by SRSWOR and supplement it with
(N — nut) 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

-fr'eqquency distribution of s.s.u’s of the matched and unmatched clusters
at both the occasions in the desired K classes of the frequency distribu-
tion.

The estimates of change and average proportions, over two points, in
hth class of the frequency distribution (A =1,2,..., k) are ;

A we (oF 4 o)

(Pipt — Plur)
p o= — 2pt 1pt
P, - (oh, + ol — 2a 00

At (a2 4 o} — 2 0}y,

(o + ok — 2ae o) (PEx; — Pia) ®
and
: b G o o)
= h A
Pi=rep ¥ o3 ¥ 2he o) (Ples + Phur)
)‘l(ch2+aha+2°11 '
2 ohz + o + 21, 0_122) (P2 + Phay) (10)

where

Py = the estimate of the proportion of ultimate units of the
unmatched p s u’s at first occasion in Ath class:

oY

Uit
z ‘ 2 Where Pl( = —1 s
i Ul‘ t

]

Uy being the number of ssu’s selected from ith unmatched psu. at




ESTIMATION OF CHANGE AND AVERAGE on 'PREQUENCY 93

first occasion and Uu, the number of selected ssu’s from the jth un- .
matched psu’s at first occasion in hth class,

Slmllarly. Pg;.c for the second occasion in the case of unmatched case
PP and P}y, for marched case 2t first and second occasions.

The variances of the estxmates Pa; and P,,t are

(02 4 ol2) (o”'ﬂ + o — 2 03,)

Ah -
V (P} = 7 (@72 T o'y — 2” 5 ﬁ) (11)
and -
A (o} "2) (o + o2 - o)) :
V(FH = 4n(o PR T L (12)
Here .
N s iy o
i=[ 3 (4] -]
i - . i . o
‘ N ‘ 2 4 A
M \2 (M; — m) Py (1 — Pyy) ]
+[Z (M) PMi—1D) m
N \ (' .\
e[ 3 ()R e ]
i . hae
N | A
(M — m) Pzi(l Pz,,) :l
"+[ Z (M) P (Ms — D) m
and o
N .
) 9 k Ph,
=l % (45 VG —net ]
N

+[ z (AAIL )2 (M:“,_(-AZ)—(—Pllz)‘m P{‘,Pz,)]




94-

The error measures E (¢1) and £ (x3) for estimating change in and the
average of the frequency distribution over two points of time.can be
workcd out. '

It may be noted that the estimates of change and average of propor-
tions contain unknown parameters which may, however, be estimated by
the sample values. Further the estimate of the variance and also the error
measures can also be obcained by substituting the sample estimates for
different components appearing in the expressions.

Some empirical studies

For estimating change and average of frequency distributions over two
points of time, the two error measures E(xy) and E(a,), in case of the
sampling desigas, considered here are in a complicated form, therefore,
it is difficult to compare the sampling designs theoretically. Hence, an
attempt has been made for comparison, 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 : '

(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 Ins-
titute (IASRI). . :

(b) Data relating to area under wheat for 36 villages of Delhi for the

years 1976-77 and 197.-78, collected under High Yielding Variety
Survey at IASRI. . '

Different aspects of the error measures E (¢;) and E () of the esti-
mate of the change in and the average of proportions, over two occas-
ions, in hth class of the frequency distribution (h =1, 2, . . . k) are
discussed. :

Considering the estimates of the change in proportions, over two occa-
sions it is observed, that the error measures decrease with the increase in
proportion of matching. Thus, by increasing the proportion of matching,
the efficiency of the sampling design can be increased considerably, It is
also seen that the values of A for which the error measures are minimum,
remain the same for entire range of the sample size considered. A con-
sistent trend has been observed for all the three sampling designs and
also for both the populations. ‘ ,

It is important to mention that the error measure under cluster samp-
ling for E.P.S. is less than the respective values of P.P,S. This may be
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due to the fact that P P! and (P" + P")l2 are expected to be propor-
tional to the auxiliary varlable. used for selectlon, whereas | P! — Pt |-
may not. However, this difference in the values of the error measures
for E.P.S. and P.P.S. is not considerable especially for large samples.
From the values of the error measures of the estimate of average propor-
tion, over two occasions, it is observed that the error measures increase
with the i increase in proportion of matching (+). The value of A for which
the error measures are minimum remains the same for entire range of the
sample s1ze considered. This trend has been observed in all the three -
samplmg designs and for both the populations.

As expected, P.P.S. is more cfficient than E.P.S. under eluster sam-
pling as well as under two-stage sampling, for both the populatlons m
this case.

Further .to have a clear picture of the eﬁiclencles of the sampling de-
signs, under different conditions, the values of the two error measures
E(%,) and E («), for all the three sampling-designs, are presented for—
different sample sizes corresponding to that value of A which gives ‘the
minimum error measures in the entire range considered.

It can be seen from Tables 1 and 2 that there is a gain in efficiency
using P.P.S. sampling over E.P.§. for two-stage sampling whereas for
vculs'ter sampling the use of P.P.S. sampling res_ults in aloss in eﬁiciehcy'-

-

TABLE 1-VALUES OF THE ERROR MEASURES E (ul) and E (z,) FOR
: ESTIMATING CHANGE—POPULATION A

—

S. No.. . Direct Sabzﬂing - Cluster ,Samph'ng . Two-Stage Sampling __
" my * E(@ n M EP.S P.P.S. n'm EPS P.P.S.

E(a) - , :

1 30 093 3 10 0450 0461 5 6 '.0772 0720
2 '; %0 0098 9 10 .0150 0154 15 6 0257,  .0240
3 150 .(:)059, 1510 0090 0092 25 6 , 0154 '.‘011;1
E (¢3) oo
1 30 730 . 3 10 4693 4734 5 & 7556  .7029
2 90 0577 9 10 ;1564 1578 15 6 2519 . 2343

3 150  .0346 15 10 .0939 0947 25 6 .1511 1406
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TABLE 2—VALUES OF THE ERROR MEASURES E («;) AND E () FOR

ESTIMATING CHANGE—POPULATION B

- 87 Ne.

Direct Sampling Cluster Sampling Two-\Srqge Sampling

mg E(w) n.M E:P. P.P.S n m E.P. P.P.S.
E (a1) _
1 30 0152 3 10 0158 0165 S 6 .0647  .0582
2 90 .0051 . 9 10 0053 .0055 15 6 .0216  .019
3 150 0030 15 10 .0032 .0033 25 6 .0129  .0116
E(es) ' o
1 30 6966 - 10 5372 5558 5 6 1.7900  1.6188
2 9 2322 9 10 1791 1853 15.6 .97  .5396
s 150 1393 15 10 L1074 1112 25 6 .3580  .3238

over the use of B.P.S. But this loss in efficiency is not considerable.
From Tables 3 and 4, it has been observed that there is a gain in

efficiency using P.P.S. sampling over E.P.S. for both the cluster sam-

pling as well as two-stage sampling.
It is well known that cluster sampling and two- stage samplmg are

potentxally better than the direct sampling of u]tlmate units when cost

TABLE 3—VALUES OF THE ERROR MEASURES E (al) AND E (mg) FOR

’

BSTIMATING AVERAGE— POPULATION A!

3 - 159

S. No. Direct Sampling Cluster S’ampling TWo-.vrage Sampling
my ~ Error ..n M EP. P.P.S. n m EP. PPS.

measure - rs .

E (1) o . )

1 30 - .0107 3 10 .29 .28 56 .0302 ' - .0263

2 90 .0036 9 10 0100 .0086 15 0101  .0088 .

3 150 .0021 15 10 0060 .0052 25 6 .0060 .0053

E(as) . ' ' ,

1 30 . .01l 3 10 .0288 .0250 S5 6 .0303 .0265

2 - 9 .0037 9 10 .009 ..0083° 15 6 .010% .0088
0022 15 10 .0058  .0050 25 .0061 0053 -
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“TABLE 4-VALUES OF THE ERROR MEASURES E (,,) AND E («) FOR
ESTIMATING AVERAGE—POPULATION B

S. No. Direct Sampling Cluster Sampling Two-stage ‘Sampling

mg Error n M EP. P.P.S. n m EP. P PS
measure .

E (%)

1 30 0109 3 10 0243 0207 S 6 .0279 0241

2 .90 0036 9 10 .0081 .0069 15 6 .0093 ~ .0080

3 150 0022 15 10 .0049 0041 25 6 .0056 0048

E(Fa’)

1 30 o111 3 10 .0234 0202 5 6 .0281 0245

2 90 - .0037 9 10 .0078 0067 15 6 ..0094 . .0082

3 150 0022 15 10 .0047 0040 25 6 -.0056 .0049

aspect and operational convenience are the main considerations. Thus,
keeping in view all the factors, such as, cost aspect, operational conveni-
ence and the magnitude of error measures in estimating the average and
change'of frequency distributions simultaneously over two points of time,
cluster sampling with P.P.S. sampling can be adopted with greater -
advantages. :

. REFERENCES

(1] Arora, Lokesh and Singh, D. (1981) : Estimation of frequency distributions for
the current occasion under sucessive sampling approach for some selected
sampling designs, Journal. Indian Soc. Agri. Stat, XXIIT (1) : 60-80.

(2] Dandekar, V. M. and Rath, N. (1970) : Poverty in Ind‘a. Indian School of
Political Economy, Pune.

[3] Murthy, M. N. (1977) : Prescnted a paper on “Use of empirical studies in evaluat-
ing sample designs for estimating frequency distribution”, at the 41st Session

~ of the International Stalistical Institute, New Delhi (5-15 December, 1977).

[4) Srinivasan, T. N. and Bardhan, P. K. (1974) : Poverly and Income Distribution in

India, Statistical Publishing Society, Calcutta.




	LA-1
	LA-2

