
Answer of Question paper 2017-18

Q4. Define ratio estimator for a population mean of character Y giving its conditions.
Write the expression for its bias and variance. Find the condition under which ratio
estimator is more efficient than usual simple mean estimator.

Ans.

RATIO  METHOD OF  ESTIMATION

we have considered only estimates based on simple arithmetic means of the observed
values in the sample. We shall consider other methods of estimation which make use
of the auxiliary /ancillary information and which, under certain conditions, give more
reliable estimates of the population values than those based on the simple averages.
One of these methods is of particular importance. It is called the ratio method of
estimation.
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Conditions under Ratio Method of Estimation:

(i) The regression line of Y on X should be linear.
(ii) The regression lines passes through the point (0,0) i.e. origin.

Expression of bias in ratio estimator:

Bias of ratio estimator= ( ) NRE y Y
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 where Cx and Cy are the coefficient of variation of auxiliary

variable and study variable respectively.

Expression of variance in ratio estimator:
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Comparison of Ratio estimator with simple mean estimator:

Here, we will compare ratio estimator with simple mean estimator. For this we require
the variance of ratio estimator and variance of sample mean estimator in SRSWOR. We
know that variance of ratio estimator is
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The efficiency of ratio estimator to sample mean estimator is equal to

1 1
/

( ) ( )R nV y V y
  which is equal to 1+ ρ2[Sx/Sy]2-2RρSx/Sy. It implies that the ratio

estimator is more efficient in comparison to sample mean estimator if ρ>1/2 [Cx/Cy]
where Cx and Cy are the coefficient of variation of auxiliary variable and study variable
respectively.

Q5(A).Derive the condition when regression estimator and ratio estimator are equally
efficient.

Ans,

The regression estimator will be more efficient than the ratio estimator provided

( ) ( )lr RMSE y MSE y
 



i.e. 2 2 2 2 2(1 ) 2y y x x yS S R S RS S    

or 2( ) 0y xS RS   which is always true. R= 2( ) 0 y
y x

x

S
S RS R

S


     in which both

regression and ratio estimator are equally efficient.

(B) In SRSWOR, the probability of drawing any specified unit at rth draw is equal to the
probability of drawing it at the first draw.

Proof: In order to prove this property two probability statements will be multiplied
together since they are mutually exclusive.

(i) The unit is selected at the previous (r-1)th draw, and



(ii) The unit is selected at the rth draw.

Let us suppose that there are N units in the population. The probability of selecting a
unit at the first draw is 1/N and the probability of its not selection at this draw is 1-
(1/N)= (N-1)/N. Similarly, the probability of not selecting the unit at the second draw
is (N-2)/(N-1)

In the same way, the probability of not selecting the unit at the third draw is (N-3)/(N-
2).

In general, above statements say that the probability of not selecting the unit at the
(r-1)th draw is (N-r+1)/(N-r+2).

The second statement was that the unit should be selected at the rth draw.

If we proceed in the same way, we can deduce this probability. The probability of
selecting a unit at the first draw is 1/N. The probability of selecting a unit at the
second draw is 1/(N-1). Similarly, the probability of selecting a unit at the third draw
is 1/(N-2).

Then, the probability of selecting a unit at the rth draw is 1/(N-r+1).

Multiplying the above two statements we have,
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which is equal to 1/N

It shows that in SRSWOR, the probability of drawing any specified unit at rth draw is
equal to the probability of drawing it at the first draw.

Hence proved.

Q6. Write short notes

(i) Estimator and estimate;
Estimator is a function of sample values which can be used for estimating the
population parameter. It is also called statistic. For example sample mean
and sample mean square are always based on sample values and they are
able to estimate population mean(µ) and population mean square(S2).
Estimate is a specific value of the estimator which is always fixed for an
estimator.



(ii) Lahiri’s method in PPS sampling:

(a) Let M=max Xi i.e. maximum of the sizes of N units in the population or some
convenient number greater than M. We can write the following steps in a nutshell
in order to select our desire samples:

(b) Select a pair of random number (i, j) such that 1≤i≤N and 1≤j≤M

(c) If j ≤ Xi then ith unit is selected otherwise rejected and another pair of random
number is chosen.

(d)To get a sample of size n, this procedure is repeated till n units are selected.

(iii)Inverse Sampling:

In inverse sampling (sometimes called standard inverse sampling), you continue to

choose items until an event has occurred a specified number of times. It is often

used when you don’t know the exact size of the sample you want to take. For example,

let’s say you were conducting a wildlife management survey and wanted to capture

20 banded birds. Inverse sampling is often performed when a certain characteristic is
rare. For example, it is a good method for detecting differences between two different

treatments for a rare disease.

(iv)Double sampling:

Double sampling is a two-phase method of sampling for an experiment,
research project, or inspection. An initial sampling run is followed by
preliminary analysis, after which another sample is taken and more analysis is
run.

It is used in three main ways: acceptance/rejection double sampling, ratio

double sampling, and stratification double sampling.

Used primarily in industrial sampling inspection, this is the most simple type of
two phase sampling.

For example, if you were studying how many books the average city dweller read
in a week, you might stratify the population by college graduates and less educated
people. If an initial quick survey told you that, in 100 residents, 60 were college
graduates and 40 were not, you could decide to sample college graduates and non-
graduates at a 6/4 ratio during phase two of your study.



(V) Optimum allocation:

It is an allocation based on cost function involved in conducting a survey for various
items of the data. It is related to the stratified random sampling which is one of the more
important allocation of choosing samples from heterogeneous population. If the cost of
surveying is equal for all the items in the survey, it is called as Neyman allocation.
Optimum allocation is more efficient rather than that of equal and proportional
allocation.


