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Question 1 

(a) Consider a population offarms on a 25 X 25 grid of varying sizes and shapes. If we 

randomly select a single square on this grid, then letting Xi= the area offarm i and 

A=625 total units, the probability that farm i is selected is: Pi-" ~ = 625 

, ' 

Yi = Workers Pi == xlA = Size of Farm/Total Area 
2 5/625 

8 28/625 

4 12/625 

8 14/625 

3 13/625 

The table above shows a replacement sample of 5 farms selected with probability­

proportional-to-size (PPS). Compute: 

(0 The estimated number of workers (and associated standard errors). (9) 

(ii) The estimated number of farms. (3) 

(b) The following coefficients of variation per unit were obtained in a farm survey in 

Iowa, the unit being an area 1 mile square (data of R.J.Jessen): 

Item Estimated cv 

Acres in farms 38 
Acres in corn 39 
Acres in oats 44 

Number of family workers 100 
Number of hired workers 110 
Number of unemployed 317 

A survey is planned to estimate acreage items with a cv of 2.5% and numbers of 

workers (excluding unemployed) with a cv of 5%. With simple random·sampling, 

how many units are needed? How well would this sample be expected to estimate 

the number of unemployed? (8) 

Question 2 

A manufacturer of band saws to estimate the average repair cost per month for the 

saws he has sold to certain industries. He cannot obtain a repair cost for each saw, 

but he can obtain the total amount spent for saw repairs and the total number of 
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saws owned by each industry. Thus he decides to use cluster sampling, with each 

industry as a cluster. The manufacturer selects a simple random sample of size n=20 

from the N=82 industries he services. The data on total cost of repairs per industry 

and the number of saws per industry are as given in the accompanying table. 

Total Repair Cost for PastINumber of , ' 

Industry! Saws Month(SZL) 

1 3 50!
! 2 1107 

3 11 230 
4 9 ~ 
5 2 50 
6 12 260 

14 2407 
3 45i 8 

9 5 60 
10 2309 
11 8 140 
12 ! 6 120 .i 

70131 3 
14 2 50 

I 15 1 10 

16 4 60 
1217 280 

18 6 150 
19 . 1105 
20 8 120 

(a). 	Estimate the average repair cost per saw for the past month, and give the 

standard error of this estimate. (5) 

(b) Estimate the total amount spent by the 82 industries on band saw repairs and 

give the standard error of this estimate. (5) 

(c) 	 After checking his sales records, the manufacturer finds that he sold a total of 

690 band saws to these industries. Using this additional information, estimate 

the total amount spent on saw repairs by these industries, and give the standard 

error. (7) 

(d) The manufacturer wants to estimate the average repair cost per saw for next 

month. How many clusters should he select for his sample if he wants to 

estimate this average cost to within SZL2.00 with 95% confidence? (3) 



Question 3. 

(a) 	A village contains 175 children. Dr. Jones conducts a SRS of 17 of them and counts 

the cavities in each one's mouth, finding the frequency table: 

Number of Cavities 0 1 ,2 3 4 5 

Number of Children 5 4 ,2 3 2 1 

Dr. Smith examines all 175 children's mouths and records that 55 have no cavities. 

Estimate the total number of cavities in the village's children using 

(i) 	 Only Dr. Jone's data, (2) 

(H) both Dr. Jones' and Dr. Smith's data. (2) 

(Hi) Give approximately unbiased estimate for the variance of the estimator I (ii). (5) 

(b) A simple random sample of 290 households was chosen from a city area containing 

14828 households. Each family was asked whether it owned orrented the house 

and also whether it had the exclusive use of an indoor toilet. Results were as follows. 

Exclusive use of toilet 

Yes No Total 

Owned 141 6 147 
Rented 109 34 143 
Total 250 40 

(i) 	 For families who rent, estimate the percentage in the area with exclusive use 

of an indoor toilet and give the standard error of your estimate; (3) 

(ii) 	 Estimate the total number of renting families in the area who do not have 

exclusive indoor toilet facilities and give the standard error of this estimate. 

(3) 

(c) 	A stratified random sample is better for estimating the population mean (in the 

sense of having a smaller variance) than a simple random sample of the same size, 

when the variability between strata is high compared to the variability within strata. 

What do you think will be the case for cluster sampling in terms of the variability 

between clusters as compared to the variability within clusters? Why? (5) 



Question 4 

(a) 	Suppose we want to estimate the average number of hours of TV watched in the 

previous week for all adults in some county. Suppose also that the populace of this 

county can be grouped naturally into 3 strata (town A, town ~ rural) as summarized 

in the table , ' 

Statistic Town A Town B Rural 


Nh 155 62 93 


nh 20 8 12 


Yh 33.90 25.12 19.00 


Sh 5.95 15.24 9.36 


'i\ 5254.5 1557.4 1767.0 


~ 2 2 3 


(i) 	 Compute a 95% confidence interval for the total number of hours of TV watched 

in the previous week for all adults in this county. (6) 

(ii) 	 Estimate the total sample size needed to estimate the mean hours of TV watched 

in this particular county to within 1 hour with 99% probability using optimal 

allocation (unequal and equal costs). (8) 

(b) 	A survey is planned to study family income in a mixed urban and rural population. 

Discuss any practical difficulties that might arise in defining ilincome", in defining 

ilfamily", and in combining information from rural and urban areas. (6) 

Question 5 

(a) 	The formula for the variance of the estimator of a population mean based on a 
stratified (random) sample is 

Define the terms Nh. Sh, nh and Wh in the above formula. Explain the conditions 
under which stratified sampling may be superior to simple random sampling. (4) 



(b) The Chief Education Officer for a region wishes to estimate the total number of 
children who have played truant in the past week (that is, who have been absent 
from lessons with without good reason), The region is divided into four education 
authorities (strata) and a random sample of ten schools is taken from each education 
authority. The results are as follows. 

.11­

Education 
authority h 

Total 
numberof 
schools 

Number of children who have played 
truant (y) in schools selected 

Sample 
mean 

Sample 
standard 
deviation 

1 141 4, 8, 10, 0, 1, 4, 0, 12, 1, 0 4.0 4.50 

2 471 5, 15, 6, 9, 8, 15, 17, 10, 6, 16 10.7 4.62 

3 256 23, 26, 11, 23, 14, 17, 33, 0, 6, 22 17.5 9.92 
4 1499 2, 3, 3, 3, 4, 0, 3, 1, 2, 3 2.4 1.17 

(i) 	 Estimate the total number of children who have played truant in the past week 

and obtain an approximate 95% confidence interval for this total. (7) 

(ii) 	 The Officer wishes to report estimat~s of the total number of children who have 

played truant til t~e past week for each of the four educati0n authorities, as 

supporting information. Obtain a point estimate and an approximate 95% 

confidence interval for this total number for education authority 1. (4) 

(iii) 	 The Officer is planning a new survey, and is intending to sample an equal number 

of schools from each authority in the region. Giving reasons, suggest another 

allocation method that might be preferred to computer the sample sizes in each 

authority. Use this method to compute the stratum sample sizes for a sample of 

40 schools. (5) 
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Useful formulas 

s'- = 1::"1(111 - fJ)2 
1\-1 
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h - 1 "" !d.were'll =ft .£:..4=1 'IIi = N 

2 
~ $~
V(Tcl) = NeN - n)­

n 

~ N 2 
A Tel VA(", -nsu
PI =0= - PI =--­N N n 

The fonnufas for systematic sampling are the same as these used fer one-stage cluster sampling. Change 
the subscript cI to sys to' denete the fact that data were collected under systematic sampling. 

tL _ E::l 'IIi _ E:..l'Vi V(A ) eN - n}N ~M'l{- }2A 

1"""\,4) - L:.l Mi - m J.l.c(a) = n(n - l)W f:t i 'II - Jlc.(a) 

ilc{b) = N E;...l1/' = N tYi V(fi }=: eN - n)N tc . _ fJ)2 = (N - n}N 2 
M n nM £=1 ~b) n(n -l)M2 '1;1 fh nW Su 

Pc =41'Pi VU'c) = (N - Nfl) t (Pi - Pc)2 = (1 -1) t <Pi - pSt 
n . nN i=l n - 1 n i=l n - 1 

Pc == fJ:l'llt V(pc) = (1-= f) 4t(Yi - PcMi)2 
'=1 M, nm2 n - 1 

TO' estimate r, multiply ji.e{.) by M. TO' get the estimated variances, multiply V(jl~.}) by M'l. If M is not 
known, substitute M with Nm/n. m= E:..l Mi/n. 

n for fJ SRS n = (N -l)(tP/iJ) + u2 

Ncr 
n for r SRS n== . 

, (N-l)(JljiJN2}+u2 

NP(1-p)
n for l' SRS n = "-(N-:C-_-l~)""'(tP~/-::Z2""")+"-'-1'--=(-1_-1''''''''') 

Nq2 
n for fJ SYS n :;: ~(N:-::----.:l}:-:"(tP-::::-:-jz"::':2)-+-0'-=2 

Ne? 
n for T SYS n= (N-l}(tP/z2N2)+a2 

n = E~l Nf(tifIWh)n for P STR 
N2(rP/z2) +E;=l NhO'~ 

n - 'l1=, N1.(UUWh,)n forT STR 
- N2(tP/z2N2) +ELI NhCl~ 
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wnerewh =~. 
Atloc.ationsfor STR p: 

fl.A == (c-~) ( f"ah/.JCh ). 

L1::=1 N"alt..,f'Ci 


nh=n(~) 

1'1,. = n ( :''''0),. )
Ei:=lNka, 

Allocations for STR r: 

Allocations for STR p: 

1'1,. = n (~::,,-.f~";'~P...;;:,h~(l=-;::P=1t}=/:::;Ch==) n = E~l NkPtr.(l - Pk}/WJr, 

Lk=1 NkV'P/I:(l - Pk}/Ck N2(tP/Z2) +Er=i NkPli{l- Pit.) 
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1 STATISTICALTABLES 
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TABLI!A.1 

Cumulative Slantfal"dized Normal Dlslrlbutton 

ACt) is the integmI ofthe sIIIndardir.cd normal 
distribution &om -«lln:l (in other wordII, 1M 
area under the corvo In the left of.;). Itgives tho 
probabilil;y ofanormal random varlab1e not 
being more than r standard deviations abow its 
mean. Values of% ofpatticufar Importantc: 

Jt db} 
f.64S o.9S00 u.-- /jIIift Ilffiabt 5tf.tail 
1.9(10 09750 ~Iimlt Ilffiabt 2..S%tail 
2.326 0.95100 l.owor limit afri&f¢ 1%tail 
l.S16 o.!I950 ¥-lllIIlot~O.mtd 
J.O\l!) o.~ L.o\wrUmit otript0..1% IiIll 
ljtl O.mS !..o:rwMlimllotrigbto.~~1lIlI 

... -3 

r 0.00 0.01 0.02 0.03 0Jl4 o.OS 0.06 O.o? 0.08 IUl!! 

<1:.0 
o..t 
0.2 

O.SOOO 
0.5398 
0.5193 

0.5040 
0.543t 
o.slm 

Q.S08O 
CU47. 
0.5871 

O.SI20 
dlSt'7 
0.5919 

0.5160(Usn 
6.5948 

05199 
0.5596 
0.5981 

0.5239 
o.~ 
0.6Ol6 

O.mII 
Q.567S 
0.6064 

0$19 
um 
o.6tUJ 

0,5)59 
0.$753 
0.6141 

Q.) Ut7!l 0.61(1 O.62SS iI.629l 0.6331 0.11368' 0.6406 0.6443 1).64110 usn 
OA 0.6$54 0.651 0.6628 0.6664 G.6100 0.6'136 0.6172 0.6OOt 0.6844 0.6379 
O.S 
0.6 

0.691' 
o.m; 

0.6950 
0.7l91 

O/B3S 
O.73l4 

0..7019 
ann 

o.70S4 
o.1:m 

0.7088 
0.1422 

O.11l3 
0.1454 

0.7157 
0.7486 

0.,,* 
0.1511 

0.7224 
0.15049 

0.7 0.1. O.7tltJ 0.7642 0.'1673 0:7'104 0.7734 0.7764 0.1194 0.':I3l3 0.78Sl 
0.' 0.7881 0.7910 0.7939 0.7967 0.1995 O.3Oll 0Jl051 0.8018 0.&106 0.813) 
Q.9 G.8tS9 0.8116 0.1212 0.W8 (1.11264 0.828\1 O.II3JS 0.11340 U36S O.i389 
1.0 <1:.11413 0.8438 o.846f 0.8485 Q.8S08 0.&5)1 0.3554 0.110571 o.sm 0.8621 
1.1 0.11543 UtI6S 0.8686 0.81OS 0.&729 O.l74!) uno 0.i790 6.SS10 0.8&30 
t.l 0.8849 0.8869 OJIIIBS 0.11907 0.8925 0.89# O.Jll61 0JI'h0 0.89!n O.WS$ 
1.1 0.91»2 0.9049 0.9066 0.9082 0.9099 091tS MIll 0.9141 6.9162 0.9171 
1.4 0.9192 0.9201 6.9272 0.!W6 0.9lS1 0.9l6S 0.9279 o.9l9l 0.9306 0.9119 
U 0.9)32 11:.934$ 0.93$1 0.9310 0.938l om« 0.9406 0.9418 (I.~ 0.9441 
1.6 tl.91S2 fJ.9.$63 0.9414 0.9484 0..9495 09S0S 0.9515 o.ms 6.9535 O.954S 
1.1 0.!m4 0..9564 0.9513 0.9:582 MS91 0.9599 (I~ 0.9616 0.9625 0.9633 
U 0.9641 QS649 0.9656 0.9664 0.9671 0.961t 0.9686 0.91193 0.9699 0.9706 
1.9 
2.0 

Q.9713 
tl.971l 

0Jl7l9 
a9778 

Q.9'Il6 
0.97lIl 

0.97ll 
amI 

a913S 
0.979l 

0JI744 
0.9798 

O.!m() 
0.9803 

0.9756 
o.98Ot 

0.9161 
0.9&11 

0.9167 
0.9817 

2.1 OM'll a9826 o.ft!IO 0.91134 ~ 0,9842 0.1lIM6 0.9a$O 0.9854 0.98S1 
:u 
2.3 

o.9Jt6l 
0.9893 

o.9S64 
0JII!96 

0.9&58 
09893 

US71 
am! 

0.9175 
0.9904 

0.9878 
0.9906 

Q.98S1 
11.9909 

Il.9I84 
(1.9911 

O,JI881 
0.99J3 

a98'.lO 
~}6 

2.4 0.9918 0J9l0 0.9922 O.9!IZS 119927 0.9929 0.9\131 0.9932 0.9934 0.9936 
as 0.9938 0.9940 o.!ml <1:.9943 0;994S 09946 M'N8 0.9949 O.WSI 0.9952 
2..6 
2.1 
U 

0.999 
OM' 
Om4 

0.9955 
G.1IH6 
tUm 

0.9956 
0.'11961 
0.9\176 

0.99S7 
0.9968 
0.9911 

G.99S9 
0.9969 
a9977 

0.9960 
0.9910 
0••18 

0.996l 
a!l911 
{l.997? 

0..!1962 
0.9972 
0.9919 

0.9963 
O.wn 
0,9980 

0;9964 
0.9m 
o.mJ 

1.9 O.ml 0.9912 Il9982 Q.99113 0.99&4 0.9984 0.998$ 0.99SS O.!I986 0.9986 
3.0 
3..1 

O.M1 
0.9990 

um 
0.9991 

0.99a1 
0.9991 

Q.9988 
0.9'991 

0.9988 
0;9992 

0.9919 
0.9992 

0.9989 
o.!I9\ll 

o..m9 
0.9992 

0.9990 
0.9993 

0;9990 
O.~ 

:u o.m3 09993 0.9994 0.9994 0.9994 0.9994 0.9994 o.ms o.ms 0.9995 
:u O.999S 0.9!19S O.999S 0.9!196 0.9996 03996 0.9996 0.PP96 0.9996 0.9997 
U 0.9991 0.91)97 0.91)97 o.9W1 0.9991 0.9997 0.9997 0.9991 03991 o.ma 
3.5 09993 0.91198 0.9998 0.9998 0.9998 0.9998 0.9998 0.999& 0.999& 0.99IlS 
1.6 0.91$8 O~ U9l$ 
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.f!>STATISllCALTABlES 

TAIIU!A.2 

t OIsbibuUon: CrIIk:aIVaIuIrI of t 

~/4¥d 

f)qru$qf ~Iae 10% 5% 2% '" 0.2% 6.1% 
~ OnI-tmItd tat: S'li 2.5% t" 0.'" O.tM. 0.0:5% 

t 6.314 t:t7llfi 3un 63.657 )18.309 436.6t9 
1: 1920 4J03 6,96:$ 9.921 2l.311 31.m 
3 US1 3.112 4.541 U41 lUIS 12.924 .. 2.U2: 2.176 3.747 U04 un 1.610 
5 2.1)]5 lSI1 3.365 4.032 !.m '.869 , 1.943 2M? :J.14l 3.107 5.20' s.m, ·I,&M 2.365 2.9H .1.499 4.'11$ 5,408 
II UtiO 2.J06 2.8916. 3.)5$ 4.S01 5.041, 1m 2.l62 2.82J 3.150 4.291 4.731 

ltI 1.&12: 1221 2.164 3.J6t 4.1« 4.581
• 

fI 1.'196 'Z.2Cn 2.718 3.106 4.02S 4 • .01 
12 UG un 2.681 3.051 3.930 4.118 
13 t.m 2.16l1 2.6SC! 3.ol2: 3.8f.Z 4.2:2:1 
14 1.7(il 2.14S 2:.G4 un 1.m 4.140 
~ I.m 2.1)1 2.W 2.941 3.m ".on 
1(i l.74 2.120 2.S1D 2sr.n 3.686 4.G1S 
11 t140 2.110 2.567 2.898 3.646 3.965., 2.101 un 2,m 3.610 unI.""
1? 1.719 2.09J 2.m 2.86t l.S79 3.883 
lO: 1.72S 2:•• 1m l.a.s .un :uso 
II r:r.u 2.080 2.511 2.1l1 un 3.819 
2:% l.711 2.<rT4 2._ 2.1t9 3.SOS 3.'192 
11 1.114 2•• 2.500 2.801 .lA8! 3.76& 
20J Uti 2.064 2.492 2.791 3.461 U4S 
2S 1.708 2.06lI 2.4&5 2.1$7 3.4S0 3:725 

16 1.?06 2.1U6 2:.419 2.179 3.m 3.101 
1.7 1.703 l.on 2.47l 2.771 3.421 3.690 
2S 1.701 2'.04' 2M? 1m 3AOS 3.674 
19 1.699 2.OU 2.462 2.156 3.396 3.~ 
lO 1m 2:.042 ~..4S7 2.7SO 3.38$ 3.646 

3J t.694 l.on 2.«9 2.m 3365 3.622
:u Imt 2.031 2M1 2.728 3.348 urn 
36 I.- 1023 2.04 2.7e 3m un 
3J ·1.686 2.024 2.429 2.712 3.319 3,566 
40 l1i&4 2.0:U 2,423 2.1IM 3.301 3.551 

C un 2.011 14" 3.296 U3. 

.. 2.6" 
44 l.680 1.015 2.4\4 2.$1 3.286 3.$26 
~ 1.679 2.0tl :I.•no 2.611 UTI UI' 

1ifi77 2.0n 2.407 2.612 3.2Ii!J 1.SO' 
sa f.616 2.009 2AM 2.673 3.261 3.496 
Q> r.671 2.000 U9Q 2.660 3.232 3AtiO 
'$ 1.66' 1.~ 2.381 2.6-t& 1211 3.43$ 
8G fAit 1.!/911 2.374 2.639 3.19:1 3.416,. 1.662 ••981 2.)63 2.632 l.11D 3.402 

1110 1.660 1.984 2.364 2.626 ).1"74 3.390 

Dt un t.9*) 2.358 2.6(1 3.160 U73 
uo lASS 1.916 2,lSl 2.1lO9 3,145 l.3S1 
200 1.653 U72 tlU 2.6Ot 3. III 3.340 
3DO I.6SO t.96B 2.339' 2.m 3.11& :U21.., 1.649 1.966 2.336 :UII8 :UIl 3.:ns 
!Of) 1.64& t.!!U 2.lU 2..$86 3.107 :UIO 
Q)O 1.641 1.964 2.333 2.584 :U04 3.301 

eo 1.~' 1.960 2.326 2.S16 3.090 3.291 
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