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Question 1

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

randomly select a single squaré on this grid, then letting x;= the area of farm i and

A=625 total units, the probability that farm iis selected is: pix 9—} = -% .

vi=Workers p;= x/A = Size of Farm/Total Area
2 5/625

8 28/625
4 12/625
8
3

14/625
13/625

The table above shows a replacement sample of 5 farms selected with probability-
proportional-to-size {PPS). Compute:

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

ftem 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 B 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.

Number of Total Repair Cost for Past
Industry | Saws Month({SZL}
1 3 50
2 7 110
3 11 230
4 9 140
5 2 50
6 12 | 260
7 14 240
8 3 45
9. 5 60
10 9 230
11 8 140
12 6 120
13 3 70
14 2 50
15 1 10
16 4 60
17 12 280 |
18 6 150
19 5 110
20 8 120

S

(a). Estimate the average repair cost per saw for the past month, and give the
standard error of this estimate.
(b) Estimate the total amount spent by the 82 industries on band saw repairs and

give the standard error of this estimate.

(5)

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

b
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(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 3 4
Number of Children 5 4 3 2

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)
(2)

iii)  Give approximately unbiased estimate for the variance of the estimator | (ii). (S)

b) A simple random sample of 290 households was chosen from a city area containing
14828 households. Each family was asked whether it owned or rented the house
and also whether it had the exclusive use of an indoor toilet. Results were as follows.

(i
(i) both Dr. Jones’ and Dr. Smith’s data.
(
(

Exclusive use of toilet

Yes No Total

Owned 141 6 147

Rented 109 34 143

Total 250 40 290
(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)
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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 B, rural) as summarized
in the table ’

Statistic TownA TownB Rural
Ny 155 62 93
fin 20 8 12

Yh 33.90 25.12 15.00
Sh 5.95 15.24 9.36
¥n 52545 15574 1767.0

Cn 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)

i) 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)

C* = [Ch=1 NronVenl?
N2d?
—2+2h=1NrOn
(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 “income”, in defining

“family”, 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 basedon a
stratified (random) sample is

— %L 2 Sk np
V — Zhﬁl Wh ;{;(1 ‘R"‘;).

Define the terms Ny, Sy, np and W, in the above formula. Explain the conditions
under which stratified sampling may be superior to simple random sampling. (4) .
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(b} The Chief Education Officer for a region wishes to estimate the total number of
children who have played tryant 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. \
Education | Total Number of children who have played | Sample | Sample
authority h | numberof | truant (y) in schools selected mean standard
schools , 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
3 256 123, 26, 11, 23, 14, 17, 33, 0, 6, 22 | 17.5 9.92
4 1499 2,33,3,40,3,1, 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)
The Officer wishes to report estimates of the total number of children who have
played truant in the past week for each of the four education authorities, as
supporting information. Obtain a point estimate and an approximate 95%
confidence interval for this total number for education authority 1. (4)
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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The formulas for systematic sampling are the same as those used for one-stage cluster sampling. Change
the subscript ¢f to sys to denote the fact that data were collected under syStematic sampling.

et = e - T 0(ﬁda)>=;%§-,j‘—§%gm?(ﬁ—m>z
fan = G = S V) = ey -7 = LS
ﬁc._.,,_z..t_-——z.& \;«@g}z(f‘f Nn)z(px -5 ( )Z(P« ~ )’
B e () Bk

To estimate 7, multiply fiq) by M. To get the estimated variances, multiply Vfi-‘a( )) by M2, if M is not
known, substitute M with Nm/n. m =37, Mi/n.

No?
e e T
No?
nforr SRS m = N T E AN+ o
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where w), = %,

Allocations for STR p: \
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molema (zi xwm«c?) ) = B+ Sk Mot

N N/ + § Tow Muck

nhzn(mﬁfﬂ‘-«-——') n= (ZzﬂN&O&)z

orms Mecs T N@/A) + S, Neal
Allocations for STR 7
change N*(d?/2%) to N*(d®/2*N?)
Allocations for STR p: .

n=n ( Nevr w1 ~ pu)/cn = it Nipe(1 = i)/
A\ Sk Ne/malt = p) e N(d2f:2) + S5 Nipe(1 ~ pi)
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Tapie A1

Cumulative Standardized Normal Distribution

A(2) is the integral of ths standardized normat
distribution from ~ = to 2 {in other words, the
grea under the corve to the left of 7). It givesthe
probability of a normal random varjable not
AlZ) being more than x standard deviations above its
mean. Values of z of particular importance:

z A )

09500  Lower Himit of eight 5% tail
1960 09750  Lower limit of vight 2.5% i)
2326 09900 Lowe limit ofvight 1% tail
25% 09950 Lowerlimit of right 0.5% il
3090 09990  Lowerlimit of right 0.7% tail
3291 09998 Lowerlimit of right 0.05%

4 000 0ot 0.02 0.03 004 0.05 0.06 007 008 008

Q0  OS000 OS540 05080 0510 05160 05190 05239 05270 0539 05350
01 OSBE 05438 0378 0537 03357 05556 03636 0%67S QST 03753
02 O05W3  05E32 05871 05910 OGS OS98T  06026 06064 06103 0614t
03 OAI7 06217 (6758 06293 (6331 06368 045406 06443 D6480 06517
04 046554 06591 06628 06664 050G 0816 06777 O6BIR 046844 0.48%
05 06915 06930 06085 Q9 07054 0088 OB OTST AN OMM
06 077 0T OTZA 0MIST Q738 OMR 0S4 0BE OYSTT DTS
67 07580 07611 07642 OWT  OTME 0778 07 O OB 09852
08 0788F 00 O™ 0967 07993 0802 080M1 08078 OBIO6  ORID
0% OBty 0813 08212 0BV8 08264 08289 08315 08340 08365 038
1.6 08413 08438 08467 08485 (08508 08531 0854 08577 09 0862}
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STATISTICAL TABLES »

Tamz A2
£ Distribution: Critical Values of £
Sigrificance level

Degreesof  Twocdied test. 10% % 2% 1% 0.2% 0.1%
Jreedom One-sedfed test: % 5% 1% 0.5% 0.1% 0.05%
1 6314 127086 31821 63.657 318309 63651

2 2920 4303 6985 99 107 I8

3 2353 318 4541 3841 wns 12924

4 2132 1% 347 4.604 1173 2610

5 2018 s 3365 4,032 .89 6859

[4 1943 2447 3.143 307 5208 1959

7 - 154 2365 2508 3499 4783 S.408

8 1.860 2306 ¢ 2894 3,358 4.501 5.041

g 1.833 2282 2821 3250 4297 4781
o] 1812 123 2764 3.16% 4.144 4,587
11 L79% LA 28 3.106 4,025 4,437
12 1 paY 2,581 3.05% 3.930 48
i3 v 2,180 25856 ion 3852 4321
(LIS 1761 2,143 6K 29 3.m7 4,140
135 1753 213 2602 2.947 3733 4,073
16 1146 212 .58 2925 3685 4.015
) L7140 2110 2.567 288 3446 3958
L3 174 .10t 1552 2878 1610 isa
] L 2093 2539 2.861 3519 3By
10 1L.725 2.085 2528 2845 33582 J.B50
F1 |y 3 2.080 251 284 3527 33819
1 Ly 2018 2508 2,819 1.508 s
<} .74 208 2.500 2.807 3438 1768
- 3 171 2.064 1452 m 3467 345
s 1.708 2,080 2485 2787 3450 3ns
26 1206 2056 247 291¢ 1438 3
27 1103 2052 1473 m 342t 3.690
b 1701 2048 2467 2763 3408 1674
29 1.659 245 2462 2.756 3396 3859
36 1897 2042 2457 2350 3388 3.646
n 1.654 2,037 2443 2738 3.368 3522
k13 1,691 am2 244} 278 3.348 3601
36 1,688 28 2434 27TE 330 3582
! 2 1685 201 240 2912 3318 1566
45 1564 .0 248 2704 3307 35851
L/ 1,682 2018 2418 2558 3.296 3.538
“ 1.680 05 2444 2692 3286 3.526
4 1679 2.013 2410 2687 am 3518
] 714 2,011 2407 2682 3289 3508
0 6% 2009 2403 2678 3261 3496
] &M 2,000 2300 2560 3 3480
w 1.687 1594 2381 2,648 121y 3438
8o 1.664 1990 1324 263 L188 1418
" 1,662 1.987 2368 2632 38 3.402
100 }.660 1.984 2384 2826 304 33%
120 1,658 1.980 2353 2617 3.160 im
5 1858 1976 2351 2,609 3348 135
200 1653 1912 2348 2.801 3.0 138
300 1.650 1968 2.33% 25 s 3373
£00 1.649 1.566 2336 1588 311 3313
500 1548 1965 2334 2585 3.7 3310
600 $.647 1964 2333 258 3104 1307
© 1645 1,962 IR6 2.5% .00 3
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