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Question 1
A local authority is investigating various aspects of the usage of its public libraries.

(a) A survey of a simple random sample of students in secondary education was undertaken, to
determine their use of hbrary services. There are 12 000 such students altogether in this local authority
area. One of the survey questions was ‘How many times have vou visited a public library in the past

four weeks?’ The results were as follows.

No. of visits in past 4 weeks Number of students

0 63
1 99
2 50
3 45
4 130
>4 58
Total 450

Obtain a point estimate and an approximate 95% confidence interval for;

1. the proportion of students in this local anthority area who visited a public library in the past 4

weeks, [4 marks]

ii. the total number of visits made to a public library in the past four weeks by students in this local
authority area. You should use a value of 5 for calculating the mean and standard deviation where

the number of visits in the past four weeks is 5 or more. [8 marks]
(b) Define the following [§ marks]

i. target population

e

i, sampling unit

—

iii. sampling frame

iv. nonsampling errors.




Question 2
Wildlife managers want to estimate the total number of caribou in the Nelchina herd located in south
central Alaska. The density of caribou differs dramatically in different types ol habitat. A preliminary
aerial investigation has identified the area used by the herd, and divided it into six strata based on habitat
type. For the main survey, the organiser decides to divide the area into sub-areas called quadrats, each of
size 4 km?, The survey is conducted by selecting a simple random sainple of quadrats from each stratum,
and for each quadrat the area is scarched by aircraft to locate and then photograph the animals; the
number of caribou, ¥, in each quadrat is counted in the photographs.

The sample means and standard deviations of the measurements, ¥, in each stratum based on a

samnple of 211 quadrats are as follows.

Stratum (k) Map quadrats (V;) Sample quadrats (n,) Sample mean Sample standard deviation

1 400 98 24.1 4.7
2 40 10 25.6 63.7
3 100 37 267.6 589.5
4 40 6 179.0 151.0
3] 70 39 293.7 351.5
6 120 21 33.2 99.0
Total 770 211

(a) The sampling frame for this survey is a land map. Discuss briefly what problems are likely to be

associated with this type of sample. {4 marks)

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

L g2
V= ZNh(Nh - nh);{:i
h==1

Define the terms Ny, , Sy and ny, in the formula above. [2 marks)

(c) Using the data above, estimate the total number of caribou in the herd and obtain an approximate

95% confidence interval for this total. [7 marks]

(d) For this survey discuss briefly the merits of using stratified sampling rather than simple random

sampling. [4 marks]



(e) Given that stratified sampling is used for this survey, discuss briefly the merits of using optimal

rather than prop.ortional allocation. [3 marks]

Question 3

Let S = {s1, 83, ..., sp } consists of M different samples that can be possibly be drawn {rom the population

U. Consider a population with 4 elements,
U = {uy, ug, 3, ta}

A sample of size n = 2 is to be drawn from the population.

(a) Consider for the moment the case of simple random sampling
i. Obtain M = |S|. [2 marks]
ii. Obtain my. [2 marks]
iii. Obtain the sum of all inclusion probabilities of elelﬁents ke U. [2 marks]

(b} Consider the following sampling design: S, = {1, 52, 33} Where
s1 = {u1, us}, s2 = {w1,u}, s3 = {up, ua}.
Assume the following probabilities for the samples

p(sl) = 0.1, p(S?») = 0.6, p(33) =0.3
t. Obtain all inclusion probabilities m. [6 marks]

ii. Obtain numerically the sum of inclusion probabilities. 2 marks]

iii. Obtain all inclusion probabilities #y;. [6 marks]




Question 4

A small survey was carried out in a Sub-Saharan country to estimate the total number of bunches of
bananas produced in a district during a given growing period. The district was divided info 2892 primary
units such that each unit had about 500 to 1000 banana pits. Fach pit may produce 0, 1 or more bunches
of bananas. The total number of banana pits for the whole district was known to he 181 336. A simple
random sample of 20 primary units was selected from the 289 units, and for each unit the number of
banana pits {z) and the total number of banana bunches (y) were obtained. The results for n = 20 are

summarised below.

, Mean SD
Number of banana pits per unit (x) 644.35 115.9025
Total number of banana bunches per unit (y) 901.70 221.8112

i. Using the mean of a simple random sample, estimate the total number of banana bunches for the

district, and estimate the standard error of your estimator. [§ marks]

ii. The researcher seeks your advice on how he might use the supplementary data on the numbers
of banana pits per unit to estimate the total number of banana bunches in the district. He has
estimated the correlation between the number of banana pits per unit and the total number of
banana bunches per unit (i.e. between x and y above) and thinks o ratio estimator might be

suitable.

(a) Explain what is meant by correlation. Given that the estimated correlation is 0.7737, how would
you respond? Briefly discuss the properties of the ratio estimator and the estimator based on

the sample mean in part (1). |5 marks]

(b) Give the ratio estimate of the total number of banana bunches in the district and its estimated
standard error. Hence, giving a reason, say whether this estimate is better than that calculated
in part (i), and use it to construct an approximate 95% confidence interval for the true total
number of banana bunches in the district. Explain what this confidence interval shows. [10

marks)




Question 5

A simple random sample of 10 hospitals was selected from a population of 33 hospitals that had received
state funding to upgrade their emergency medical services. Within each of the selected hospitals, the
records were examined for all patients hospitalised in the past 12 months for trauma, which is defined as
body wounds or shock produced by sudden physical injury due to accident or violence. The numbers of
patients hospitalised for trauma, and the numbers of patients with trauma who were discharged dead,

for the selected hospitals are given below.

Hospital | Number of patients hospitalized for trauma | Number with trauma discharged death
1 560 4
2 190
3 260
4 370
5 190
6 130
7
8
9

170
170
60
10 110

| e Y o B < L e N O~ T -

a) Explain why this design may be considered as a cluster sample. What are the first-stage and
Y ) g

second-stage units? [2 marks]

(b) Obtain a point estimate and an approximate 95% confidence interval for the total number of persons
hospitalised for trauma conditions for the 33 hospitals. State the properties of your estimator. [6

marks]

(c) Obtain a point estimate of the proportion of persons discharged dead among those hospitalised for
trauma conditions for the 33 hospitals, using the cluster totals. Hence calculate an approximate 95%
confidence interval for this proportion, and comment on the validity of the assumptions NECessary

for this ealculation. [¢ marks]

(d) Give reasons why, for this survey, cluster sampling might be preferred to stratified random sampling.




What might be the drawbacks of cluster sampling? Discuss, with reasons, any improvements you

might make if another survey was being planned on the same topic. {6 marks]




STATISTICAL TABLES

Cumulative Standardized Normal Distribution

TasLe A1

A(z) is the integral of the standardized normal
distribution from —w to z (in other words, the
area under the curve to the left of z), It gives the
probability of a normal random variable not
being more than z standard deviations above jts
mean, Values of z of particular importance:

z Az}
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STATISTICAL TABLES 2

TanLe A2
f Distribution: Critical Values of ¢

Significance level
Degreesof  Two-tailed test: 10% 5% 2% 1% 0.2% 0.1%
Jreedom One-tailed test; 5% 2.5% 1% 0.5% 01% 0.05%
1 6.314 12.706 31821 63.657 318300  636.61%
2 2,920 4.303 6.965 9925 22.327 31.599
3 2,353 182 4.541 5.841 10.215 12.924
4 2,132 2776 3.747 4,604 7373 B.610
5 2015 257 3.365 4.032 5.893 6,869
6 1.943 2447 3.143 3.707 5.208 5.959
7 1.89¢ 2363 2998 3.499 4.785 5.408
8 1.860 2366 2.896 3.355 4501 5041
9 1.833 2.262 2.8 3.250 4297 4781
10 1.812 2228 2.764 3.169 4.144 4,587 : i
1 1.796 2.201 2718 3.106 4.025 4437 :
12 1.782 2179 2681 3.055 3.930 4318
13 LI 2.160 2.650 3012 3.852 4.221
14 1.761 2,145 2.624 2877 3.787 4,140
15 1753 2131 2602 2.947 3.733 4073
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2567, . 2898. 3646 3965 . . .
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2418 2.698
2414 2,692
2410 2,687
2.407 2682
2.403 2.678

2390 2.660
2381 2,648
2374 2.639
2.368 2632
2364 2626

2.358 2617
2351 2.609
2.345 2,601
2339 2.592
2336 2588

2.334 2.586
2,333 2.584

2,326 2.576




Useful formulas
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The formulas for systematic sampling are the same as those used for one-stage cluster sam pling. Change
the subscript ¢/ to sys to denote the fact that data were collected under systematic sampling.
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To estimate T, multlp[y ety by M. To get the estimated variances, multiply V(,uc( y) by M2, If M is not
known, substitute M with N/ = Nm/n. m= Y . M;/n.
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where wy, = b,
Allocations for STR
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