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1. Explain how you would estimate the population total ¥ = Zfil Yy; using prob-
ability proportional to size sampling with replacement (PPS W R). The size of
the 7th unit is given by z; > 0, 1 < i < N. Prove that your estimator is unbi-
ased and obtain its variance. How would you estimate the variance of your
estimator?

24+3+2+3=10]

2. For estimating the population mean ¥ = 1 S Sy obtain optimal
allocation in the stratified sampling set up that employs simple random sampling
without replacement (SRSWOR) within each stratum, where yp; is the y—value
of the ith unit in the hth stratum, 1 <i < N, 1 <h< L and N = Y5 N,
Take B = cDJrZﬁ:l chp, as the cost function, where B is the given budget, ¢ is
the overhead cost, ny, is the number of units to be sampled from the hth stratum,
¢ 18 the cost per unit of of sampling in the hth stratum, 1 < h < L. Interpret
the result. What happens in the special case when ¢; = ¢; = -+ = ¢, = ¢
(say)?
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3. Estimate the population mean ¥V = Z‘”:Z N based on SRSWR sample of

n clusters, where y;; is the y—value of the jth unit in the sth cluster, N is the
number of clusters and M; is the number of units in the ith cluster, 1 < 7 < M,
1 <1< N. Is your estimator unbiased? Obtain and estimate its variance.

[2+246 = 10]

4. How would you estimate the unknown proportion 74 of a sensitive attribute A
using Warner’s model? Is your estimator unbiased? Obtain its variance.

dA+2+3=9

[PTO]



5. A manufacturer of paper used for making grocery bags is interested in improving
the tensile strength of the product. Product engineering suggests that the tensile
strength is a function of the hardwood concentration in the pulp and that the
range of hardwood concentration of practical interest is between 5% and 20%.
A team of engineers responsible for the study decides to investigate four levels
of hardwood concentration: 5, 10, 15 and 20%. They decide to make up six test
specimens at each concentration level, using a pilot plant. All 24 specimens are
tested on a laboratory tensile tester, in a random order. The data from this
experiment are shown in the following table.
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Carry out ANOVA to test the null hypothesis that different hardwood con-
centration levels do not affect the mean tensile strength of the paper.

[20]

6. Consider the following statistical model for factorial design with two noninter-
acting factors and n replicates.

Vigk —pEriF 0, tege; Ll Si=a,l<i<b,1<k=n.

Obtain least squares estimators (LSE) for the model parameters.
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