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EASTERN UNIVERSITY, SRI LANKA
THrRD EXAMINATION IN SCIENCE - 2OO5 /2006

SECOND SEMESTER(March/Apr:il, 2008

ST 302 - SAMPLING THEORY
(PROPER & REPEAT)

Answer all Questions Tirlle: Three hours

Q1. (a) Deline a "Sampling Unit" iIr terms of I'ariorn context:

E runeratiot. Recording, Analysis ancl Prescntation

k)

Qz (a)

(b)

120 narksl

(b) Descdbe six acivanlagtrs and disadvaltages each of using Sampling 'Iethniques'

[30 marks]

What is mea.rt by "samplilg Errors" and "Non Sampling Err-ors"?

Descdbe six importanL c cunNtanccs, rvhere "Norr Sampling errors occur in a

sampie survel-. [50 marksl

Prove that in Sinrple Rardorrr Sampling without rePlaccmert (SRSI\IOR) the

sample mearr rs arr unbiased estimator ofthe populalion mean and lhc variancc

ol the estimator t is givcn bY,

v*(r) : 
11 -,"] *,,"0*" "'- *i lt; -4'

[60 marks]

An industry has 36,000 employees. A randon sample ol 1000 ctrployees I'ere

asked to state the nrrmber ol rlays they were absenf fron *ork in the previous

six months. The results lverc as follorvs:



(i) Estimate the average I
irdustry and ,r* ""J;t":';:::j. 

"Davs ofl' taken bv worlman in

(ii) Find a 95% confidence

more tian 3 day. 
inter*l for the ploportion of empioyees abselt

140 rnarl
Q3. (a) Prove that, in Stratifed ran

giv€n by, 
Ldom sampli[g' the variance of the estimator t r

Days otr

Number of Employees

0 1 2 3 4 5 6 7 8
451 162 r77 1.12 49 21 5 11 2

[s0 mar

var(r",) =ilt - r 1,,,,.,
1,=*, Lnt Nh ) 

*h"h'

where u, : li!
f is rh. prrpo.rion of rhp rotal popularion in sirnrum l,

q : 
m; t [yr, - fr], t, thu uu"iance in srratum 1,, ?zh is the samptei J ",",, ,.,rth rJ rnts silml

rn srratum i, Z, is the number of strata aad assume the samples areindependentiy from each stratum and in simple random sampling.

IIrh" snnpl;pg ftac on Jh - ff are neelieible iD arl slrara uhen rfiow ,har

L .^.
Var135,; : I uiri

i1 ,u

(b) With two strata, a sampler would liker to have nr : ??.2 for administrative

l::t"r::1.:*a,r,rsing 
the valrres given by Ne,sman,sa ocarion. rf Var(e'and V'ar(!,1)opr denote the vaxiances given when n,, = ,r, ^;";;r;;::cation r.espectively, sholv that the fractional increase in the va ance is

--__--_'-.-j
Var(I",) - Var(s-,),,L lr-t12

['+tl'
aiiocation and ignore the sam

Vat(i"t) q,t
, (n..\

wn.rP r = ff as giv'tr 6y A'ealnsti'g
\"2 roPr

rlactron

lbu mar



Q4. (a) Define a "Linear Systcmatic Sample" earl rs an

unbiased estimator of the population mean Sholr also that thc variance of the

estimated mean Yor(%r,) is given bY,

lv-llc. frn lrll.r
Vnr(e.,.r | _ lr. l-rv ]r'.,
'l'ir-

rrhelp 5 = ir,- r,EI, -tr?i'r\, 'urn ol s' uafFs onror'8 un

which lie fithin the same systematic sanple! 52 :

and y is ihe population mca .

l'10 marks]

(b) The data in following table are small artificial population lvhich exhibits a

lairly steacly dsing trend- Each coluntl rcpresents a systematic sampl€ and

the rol\,'s are the strata. Conpare the precision of systematic sampling, ran-

dom sampling and stratified sar[pling.

Data for 10 systernatic samples with n = 4, k : 10, lV : nfr ='40

Strata 1 2 3 4 6 7 8 9 10 Total

I
n

IlI
IV

0

6

18

26

1

8

19

30

1

9

20

31

2

10

20

31

5

13

24

1

12

7

15

25

35

7

16

28

37

8

16

29

3B

6

17

27

3B

41.

r22

331

[60 marks]

For a stratified ralrclom sampling \'iithout lcplacemett, the variance of the

estimated proportion p"r, of uniis iD a Population possessing a c(|rtairl attribute

is
L

\artp",t= L"*^o t t^
i=l

The cost(in suitable rrnits) of data colleclion in a stratified sample survey is

given by the liaclion

--' *in',
(N - r)23' - rl'

Q5. (a)



c:.0 *f,"onn,
wlere c7, is the cost per indivi.' 

'1=r

- cost of the su.vey. - 
ral obsenation in straturn h' a'd co is tl

(i) Show that the sample alloc
variance orthe 

".,,*,,"0 o-'o",,11,T, Io^ IJiill:""l
givcn foy

no = .orf P-:'+,

(ii) Slo\ ho.,r.ro.hoo\p ,\ so th 
Y ^t h

cost of sampring for fi."d 
""rlj: ;:tt"r"t 

alocation minimizes thr

(b) A survey is to be conductcd to < 
l4u n

- city riving in rented houses. ,.nu'ut"tttot 
the proportion of households

into rour strata. ,n" ,",,"*,,. o"rll1u" IT:to" 
in the citv are divid€

{i) Fol rhe above d616. praluate n, , F^lt - p^, .
terms of ). V 

--tr- tbr l? = r' 2' 3' 4

(ii) Assuniug it is required to estinl
rerted houses to within 0.1 o, lut" 

tn" propodion of househords riviag

rermine the appropriate uuru" rl"ou 

true value with 95% coa'dcnce. r

optimai .trata alrocation" thut n' 
Hence 6nd the total saruple size a'l

(iii) what is' the totar survey co"r, 
"nt-t'"" 

the total cost of sampling'

i60 mark

Estimated propodion

renti[g

0.75

0.50

0.20

0.12

Sarnpiing cost

per household
I
2

3

4

1190

523

215

98

9

I
16

16



a simple random sample of 16 villages wa's selected The numbe! of cattle

io the suNey, iogether with the most recelt census flgures' are given below

sho$€d that there were 680,900 cattle in the 1238 village Estimate

al cattle population from the sulvey data using

ratio estimator.

rcgrcssion estimatol

'estimate and compare the eficiencies of these estimators relative to atr

nator based on the suNey information alone'

an appropriate 95% confldence inteNal for the number of cattle in

1238 village for the above two estimates [100 marks]

Number of Cattleer of Cattle
Village

9

10

11

t2

I4

15

16

Survey

555

2110

707

1890

lr23

115

- Census

371

298

2045

1069

706

1795

1406

118

3

4

5

6

7

8

Survey Census

654 623

696 690

530 534

315 293

640 842

692 475

210 161


