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SUMMARY

The effect of random non-response on the estimators of population
total in case of simple random sampling and double sampling has -been
studied. An empirical study shows that both relative efficiency and
relative non-response robustness of the single stage random sampling
estimate with respect to the double sampling estimate decrease with the
increase in probability of random non-response. However, the rate of
decrease in former is decreasing whereas for the latter it is increasing.

INTRCDUCTION

Among the various kinds of non-sampling errors, the problem
of non-response has received attention of many research workers.
For wrok done in this direction, one can refer to Hansen and
Hurwitz [1], Srinath [6], Politz and Simmons [3] and Sukhatme and
Sukhatme [7). It is, however, possible to classify the non-response,
with respect to it’s nature, in two broad categories. In the first
category we put all such cases where the data is missing only due to
chance factors. It will, therefore, include cases where the enumerator
is not able to contact the respondent only by chance and had he been
able to contact, the data would have been collected. One can expect
such a situation in cases where there does not seem to be any reason
for the respondént’s refusal to give information. For example in a
survey where the information on .respodent’s credit needs is being
collected. The case of crop yield surveys where the sampled plots
are harvested before the enumerator’s visit also belongs to this
category. In a case where the information is kept on the punched
cards, the non-response due to the accidental loss of -one or more

_cards, will also be of this type. This type of non-response we shall
call by the common name of random non-response. All other cases
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of non-response shall be classified as deliberate non-response. For
example the non-response in surveys where information is being
collected on personal incomes or on certain unsocial habits like
drinking, gambling ctc., or where answers to some intimate questions
are required, will come under this class. This class may also include
some percentage of the random non-résponse. There can also be
cases where the non-response of both the types may be present. In
this paper we consider the situation where only random non-response
is present.

The effects of random-non-response on the estimate of popu-
lation total in case of double sampling and simple random sampling
schemes have been considered in this paper. For double sampling,
we have considered two cases. In the first case second phase sample
is a subsample of the preliminary sample selected with probability
proportional to size (pps) sampling while in the other case it is
independently selected from the whole population with the same
sampling scheme, - :

2. THE ESTIMATES AND THEIR VARIANCES

Let there be a population (Ui, Uz, ..., Unx) of N units from
which a sample of size n is to be drawn. Let the study variable be
denoted by y and the auxiliary variable by x. Let r (r=0, 1,..., n—1)
be the number of units (including repetitions in case of with replace-

ment sampling) on which the information on y could not be collected. -

The variable r is not supposed to take value 7 in which case, we do
not have information on any unit in the sample and, therefore. the
question of building up an estimate does not arise. Also when
r=n—1, we have information on only one unit in the sample and it
enables us to get an unbiased estimate of the population total,
although the variance of this estimate cannot be estimated.

2.1 Double Sampling Scheme

When it is desired to select the sample with probability
proportional to x and the information on x is not available for all the
population units, then this information is usually collected on an
initial simple random sample of size #’ from which a subsample of
size 7 is selected with probability proportional to x and with replace-
ment. Let r(r=0, ..., n—1) be the number of units (including
repetitions) on which the information on y could not be collected.

In presence of this random non-response, the set of (n— r) units on

which the information has been collected could be treated as a
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random sample selected without replacement and equal probabili-
ties from the ultimate sample. We then have the following results.

An unbiased estimate of the population total Y is given- by
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where y; and x; are the value of the variables y and x respectively on
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The variance of the estimate Ypr is given by
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A
For r=0, the expressions for the estimate Ybr, variance

V(Ypr) and its estimate V(?DR) coincide with those available in the
literature.

2.2 Double Sampling Scheme (Independent Samples)

Now, we take the case of independent samples when information
on x is available for the population units. This is done when, for
instance, information on x for the initial sample is available with
one agency and information on both y and x on a small indepen-
dent sample has been collected by another agency. It is possible to
make use of the information collected by both the agencies for
improving the estimate of Y. In this case, the first sample of size
n' is simple random and selected without replacement, used solely
for estimating X, whereas the second sample of size #is indepen-
dently selected with probability proportional to x with replacement
using the procedure given by Lahiri [2] in which case it is not
necessary to know X. Then, we have the following there results in
presence of random non-response.

The population total Y is unbiasedly estimated by

f’Dll(=3;1\2 ...(2.5)
where X= l,x’,
i
) . n—r ..(2.6)
R= i
n—r X;
i=1
and x;=value of x for the i-th unit in the second sample.

The variance of the estimate Ypir is given by
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where

N
S,ﬁ: NI—I Z (Xiz_N‘Yz),

i=1

N ..(2.8)
- 1 ‘
X= W’ 2 -Xi,
i=1
and ©2 as defined earlier.

A
An unbiased estimate of the variance ¥ (¥Ypir) is obtained as
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n
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i=1
and 1/2\ as defined earlier.

2.3 Simple Random Sampling Scheme

If the information on auxiliary variable is not used and a single
random sample of size 1 is selected from the population with equal
probabilities and without replacement, then for the comparison of
this scheme with the double sampling procedure, cost aspect will have
to be taken into account. It is because of the fact that in the later
scheme, we are also collecting information on auxiliary variable from
the preliminary sample.

If ¢’ and ¢ denote the unit costs of collecting information on
auxiliary variable x and study variable y, respectively (¢’ will usually
be much samaller than ¢), the total cost of double sampling procedure
would be

C=c,+c'n'+cn (2,11

where ¢, is the overhead cost.
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Now, if a single sample is taken (without using double

sampling procedure) for observing y, the sample size for the same
cost will be

"= n+% ..(2.12)

With this single random sample of size n,, when the information
on y could not be collecled on , (r,=0, 1, ..., n,—1) units, we have

' the following three obvious results.

The estimate

- Re—re

Psp,=— Zy,- » (2.13)

H,—r,
: i=1

is unbiased for the population totol Y,

The variance V (%SR,,) of the estimateYsr, is given by

A 1 1 2
__ N2 —_—
V(Ysr,) =N [E( Py )-—- N Sy . «.(2.14)

2 .
where Sy as defined earlier.

The variance V(I/’\'sa,,) is unbiasedly estimated by

1 1}.e
2 — .
N [ Ho—To N]S' ...(2.15)

where

Ho—rg Ho—ro

52 =710_—i0_—1[=21y, —( ;y.- )Zl(n,,—ro)]

3. THe ReLaTive EFFICIENCY (R.E.)

In order to investigate the relative performance of the strategies
proposed in sections 2.1, 2.2 and 2.3 we have the following two

obvious results.
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The R.E. of the estimate?sx,, with respect to the estimate

fon is given by

(—1) a2 ( 1 ) N—-n' o
W(N—1) B n—r + n Sy

1 177 2
N [ E( Tlo— I )— NJS”

The R.E. of the estimateYsr, with respect to the estimate f’pm
is given by

P 2
(P st [ 1% - 1) 5 Pe(55)
R.E.= 2 ..(3.2
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4. NON-RESPONESS RoBUSTNESS (NRR) '

R.E.= w.(3.1)

A desirable property for the estimate 5(r) (for a given value of r)
of the population parameter 8 is that it should have smaller variance.
In case of random non-response, another desirable property that the
estimate should possess is the non-respanse robustness. - An estimate
the variance of which increases less with increase in the value of r
shall be more non-response robust. Although several measures could
be proposed for the non-response robustness, in this paper, we shall

use variance of V[ 6(r)] over r, for this purpose.

Definition 4.1 The NRR of an estimate 8 (r) of the parameter
§ is defined as '

NRR[8() 1=[7{8(" } 1.

It is clear from this definition that NRR [6()] will always be
positive and the minimum value that it can at least theoretically, take

will be zero. Also smaller the value of NRR [9(1-)], more robust the
estimate will be. Thus if

VI0)]=A+B. o ()

where 4 and B are functions of populotion parameteis independent
of r and «(r) is a function of r, then

NRR [8() 1=B¥[(r)].




64 JOURNAL OF THE INDIAN SOCIETY OF AGRICULTURAL STATISTICS

Thus from (2.2), (2.8) and (2.15) we have

A N n—1 o P 1
NRR(YDR)—[ T cz] V( n_r), (A1)
% N—n'  Si \ 2 ]2 1
NRR(Y = v = V [T G A
(¥Yoiz) [ ( I+ N X? )Gz (n—r ) (4.2)

and

NRR(Ysg,) =N'S; V( ) ..(4.3)

no__ro
5. THe RELATIVE ‘NON-RESPONSE RoBUSTNESS (RNRR)

. The RNRR of the estimate st,, with respect to the estimate
Ybr is given by

o} :r 4 ( nir )

' NN—1)S? v ( 1 )
- He—F
The RNRR of the estimate f’SR,, with respect to the estimate
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RNRR [”n—,l :

}/;DIR is given by

...(5.2)

RNRR=-

where the symbols have their usual meaning.

6. AN EMPIRICAL INVESTIGATION

For this purpose, we take the most likely distribution fof r i.e.,
the truncated binomial distribution. Thus taking

P(’)=(—:‘) g™ (1=p"), r=0,1, ..., n—1, ...(6.1)

where p is the probability of random non-response and g=1—p.
It can be easily verified that
E@)=np (1—p*1)/(1—p"), and ..(6.2)
E@*)=np (1—p+np—np"™). ...(6.3)
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Now we try to find E ( nir ) correct upt\o the second order

of approximation. Thus, we have

-1
r()+ (1-2)"
n—r n n

[ roor?
=7E[ SR . ] (6.4)

since —; <, and assuming that the trems involving powers of ;r

greater than two could be considered to be negligibly small, we get
by substituting from (6.2) and (6.3) in (6.4) and after some algebraic
samplifications

| I 1 np(1+-p)+p(I—p)—2np®
E( n—r )= n [ 1+ n(1—p™) . «.(6.5)

- Further, to find V( n—I_’— ), we can wﬁte

V(n£1)=E(njr;_[E(nir)]i’

=% [ E@-@or ]

Thus on using (6.2) and (6.3) and after algebraic simplification

V( nir )= “nf((ll:;i’))g [ l—p"—np"‘lfl—p)']. +(6.6)

We assume further, both r(r=0,1,...,s— I)and r,(r,=0,1,...,n,— 1)
follow the truncated binomial distribution with the same p. In
practice this probability may differ from unit to unit but it will
render the theoretical discussion quite complicated. This assumption
of equal p-values is, therefore, taken for the sake of simplicity.

) and V(
o Fo

by changing 7 to 1, and r to r,, respectively in (6.5) and (6.6)

With this assumption, one can write E (
Hy—Fo I

1



TABLE 1

R.E. and RNRR of the estimate ?SRO w.r.t. the estimate ﬁ, R

99

Probability (P)

Population " “n o .000 025 .050 © 100 ! .300

number . \
RE. RNRR RE. RNRR R.E. , RNRR | RE: ' RNRR

1-- 12 6 8 .83 .07 78 .07 73 07 56 07
2 8 4 6 .98 .09 91 .09 .34 09 .62 .08
3 6 3 5 .81 .01 73 .01 .65 01 41 .01
4 6 3 5 .80 01 72 .01 .64 .01 49 .0t
5 6 3 5 .84 .01 .75 .01 .57 .01 43 .01
6 6 3 5 2.51 1.41 2.34 1.40 2.20 1.38 1.64 1.20
7 10 5 7 .53 .00 .48 .00 43 .00 .28 .00
8 10 5 7 1.35 34 1.26 34 1.19 .34 95 33
9 10 5 7 84 06 79 06 73 .06 .55 .06
10 4 6 719 00 il .00 .63 .00 39, *.00
11 7 4 6 76 " .00 168 .00 .60 .00 37 .00
12 12 6 8 1.25 31 1.19 .31 1.12 31 91 31

SOILSLLVIS TVINLIADINOV 40 ALAIDOS NVIGNI HHI 40 TVNINOSL
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or the empirical study we substitute the value of E (,_1u)

andE(—I——)m(3 1) and (3.2) and V(——~~)andV( I )
He—", F Ho— 1o

in (5.1) and (5.2) for the calculation of R.E. and RNRR. For this
purpose we have used a wide variety of 25 natural populations consi-
dered by Rao and Singh [5]. For these populations results of the
first 12 populations are given here which represent the whole study.
N (the size of the population) ranges from 10 to 20. Preliminary
sample size (') and second smaller sample size (1) are taken 60 per-
cent and 30 percent of NV respectively. When a single random sample
is taken for observing y, we assume that _the cost components are
such that they give the sample size (n,) for the same cost as n+2.
The probability (p) of random non-response ranges between 0to 0.3.

Table 1 given below gives R.E. and RNRR of the estimate

f’sx,, with respect to the estimate Yor. We observe that both R.E.
and RNRR decrease with the increase in p. The rate of decrease in
R.E. is decreasing whereas the rate of decrease in RNRR isincreasing.
For the other comparison, when the second smaller sample is inde-
pendently selected from: the population, Table 2 yields the same
results. Thus to summarize, one can say that the double sampling
estimates are less effected with increase in the random non-response
than the estimate based on single random sample selected for
observing y.
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