
SIMPLE RANDOM SAMPLING1. (a) To estimate the average in
ome in a 
ertain area, a simple ran-dom sample of size n is 
hosen without repla
ement from a thepopulation of size N .i. Show that y is an unbiased estimate of the true populationmean Y .ii. Derive the varian
e of the estimator.iii. Obtain a 95% 
on�den
e interval for the Y .(a) To estimate the total disposable in
ome in an area, a simple ran-dom sample of size n is 
hosen without repla
ement from a thepopulation of size N .i. Write down an appropriate unbiased estimator for the totalin
ome Y .ii. Show that it is unbiased.iii. Derive the varian
e of the estimator.iv. Obtain a 95% 
on�den
e interval for the Y .2. (a) To estimate the proportion unemployed in a 
ertain area, a simplerandom sample of size n is 
hosen without repla
ement from a thepopulation of size N . The number of unemployed is found to ber.i. Show that rn is an unbiased estimate of the true proportionunemployed.ii. Derive the varian
e of the estimator.iii. Obtain a 95% 
on�den
e interval for the true proportion un-employed in the area.
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SAMPLE SIZE1. Verify that in simple random sampling from a �nite population, thesample size ne
essary to estimate a population average is given byn = n01 + n0=Nwhere n0 is the sample size indi
ated for given 
on�den
e and errorlevels without in
lusion of the �nite population 
orre
tion fa
tor.2. A simple random sample is to be 
hosen from a population of sizeN = 1; 000 to estimate the average in
ome. Cal
ulate the sample sizene
essary to ensure that the estimator is within 10 euro of the truevalue. From previous studies it is known that the population varian
eS2 = 81.3. Verify that in simple random sampling from a �nite population, thesample size ne
essary to estimate a parti
ular attribute is given byn = n01 + n0=Nwhere n0 is the sample size indi
ated for given 
on�den
e and errorlevels without in
lusion of the �nite population 
orre
tion fa
tor.4. A simple random sample is to be 
hosen from a population of sizeN = 3; 000 to estimate the per
entage unemployed. Cal
ulate thesample size ne
essary to ensure that the estimator is within 2% of thetrue proportion unemployed with 95% 
on�den
e.5. Sometimes a survey 
o-ordinator will de
ide to take a `5% sample'.Dis
uss why su
h a relative formulation of sample size is not adequate.
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STRATIFICATION1. De�ne proportionate strati�
ation and optimum allo
ation as usedwhen assigning the number of elements to be allo
ated to ea
h stra-tum in a strati�ed random sample design. Dis
uss the advantages anddisadvantages of ea
h method. Explain when ea
h method should beused.2. Prove that V (ysrs) � V (yprop)where ysrs is the mean of a simple random sample and yprop is the meanof a proportionate strati�ed random sample.3. A strati�ed random sample of total size n is to be drawn from a �nitepopulation of size N 
onsisting of k strata of sizes N1; N2; : : : ; Nk. Theoverall �xed 
ost of the survey is estimated at $C0, and the 
ost perunit in stratum is $
h. An independent random sample of size nh(1 � h � k) is to be sele
ted from ea
h stratum. Show that the varian
eof the sample mean Pkh=1WhPnhi=1 yhi=nh is minimised provided nh /WhSh=p
h where Sh is the standard deviation of the elements in thehth stratum and Wh = Nh=N .
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4. A study is being planned to estimate employee expenses in a parti
ular�rm. There are four departments in the �rm and estimates of thestandard deviations for ea
h department available from previous studiesare given as follows: Stratum Size S1 1500 3.72 1500 1.93 1500 2.84 1500 4.3The budget for the study allows a sample of size 160.(a) Allo
ate the sample to the four departments using proportionateallo
ation and using optimum allo
ation.(b) Cal
ulate the varian
e of the sample mean for the proportionatestrati�ed design and for the optimum allo
ation.5. It is proposed to take a strati�ed random sample from a �nite popula-tion whi
h has been divided into three strata. It is expe
ted that the�eld 
ost is of the form $C0 + P3h=1 nh
h. Estimates of the relevantquantities for the three strata are given below:Stratum Wh Sh 
h1 0.4 10 42 0.3 15 63 0.3 20 2(a) How should a sample of 200 be allo
ated among the three stratain order to minimise the varian
e of the mean?(b) Cal
ulate the varian
e with this allo
ation.
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CLUSTER SAMPLING1. Des
ribe brie
y the essential features of 
luster sampling, indi
ating
learly the main advantages and disadvantages of the sampling method.Give examples of some 
luster sampling designs used in pra
ti
e.2. For one-stage 
luster sampling withm 
lusters fromM equal-sizes 
lus-ters,(a) show that y
l = 1m mXi=1 yiis an unbiased estimator of the population mean, where yi is themean of the units falling into the ith sampled 
luster.(b) Write down the varian
e of yi. Prove that the varian
e of themean with 
luster sampling is less than that with simple randomsampling .3. A population 
onsists of the following 12 units:i 1 2 3 4 5 6 7 8 9 10 11 12Yi 1 1 2 1 4 3 3 5 3 6 9 10This population is divided into 6 
lusters ea
h 
ontaining 2 units bythe following two s
hemes:S
heme 1 Units by 
luster: (1,2), (3,4), (6, 7), (5, 9), (8,10), (11,12).S
heme 2 Units by 
luster: (1,7), (2,8), (3, 9), (4, 10), (5,11), (6,12).S
heme 3 Units by 
luster: (1,12), (2,11), (4, 10), (3, 8), (5,6), (7,9).A sample of size four is sele
ted by 
hoosing two 
lusters at randomfrom the six for ea
h of the three s
hemes. Cal
ulate the varian
e ofthe estimator in ea
h 
ase, and 
ompare it with the varian
e obtainedwith simple random sampling for a sample of size 4 four. What doesthis example tell you about the design of 
luster sampling?5



4. The following table gives the sizes of the six DEDs (Distri
t Ele
toralDivisions) in the Bla
kro
k area of Dublin:DED 1 2 3 4 5 6Population 1,974 2,104 2,682 2,677 1,711 2,676In a two-stage 
luster sample design, it is desired to sele
t, at the �rststage, three DEDs with probability proportional to size.(a) Show 
arefully how this is done, and sele
t the units.(b) At the se
ond stage a sample of size 150 will be sele
ted. Howmany elements should be sele
ted from ea
h sele
ted DED tomaintain epsem sampling?
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