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Question 1 - [20 marks, 12+4-8]

(a)

(b)

One criterion that students may apply when choosing a university for undergraduate studies is the
number of scheduled contact hours per week. However, different disciplines have developed teaching
patterns best suited to their subject material. Typically, scientific and engineering subjects may
require more contact hours to allow for structured programmes of lectures and laboratory sessions.
In contrast, arts and humanities subjects require fewer contact hours to foster independent, creative
and original analysis.

The table below shows the sample mean numbers of contact hours for ten discipline categories at
two universities, A and B. The values have been obtained from samples of students in each discipline
at each university. It is of interest to investigate whether there is a significant overall difference
between the mean numbers of contact hours at these two universities.

Mean number of Mean number of

Subject category hours at university A hours at university B
Medical Studies 201 - 20.3
Technology and Engineering 19.2 21.4

Law 11.6 12.3
Business and Management Studies 12.2 : 13.1
Philosophical and Historical Studies 8.2 7.9
Classics and Linguistics 10.1 10.7
Mathematics and IT 14.9 16.1
Physical and Biological Sciences 16.0 17.8
Urban, Regional and Architectural Studies 16.2 15.8
Media and Social Studies ' 12.0 12.8
TOTAL 140.5 148.2

Perform a ¢t test at the 5% significance level to examine whether the difference in contact hours
between the universities has a mean of zero. State your null and alternative hypotheses clearly and
report your conclusions. State any assumptions made in carrying out the ¢ test.

In 2001, the Supreme Court, by a vote of 8-0, struck down state laws that legalized marijuana
for medicinal purposes. The Gallup Organization later conducted surveys of randomly selected
individuals (18+ years) and asked them whether they support the limited use of marijuana when
prescribed by physicians to relive pain and suffering. The results of the survey by age group, are as
follows:

Age
Opinion | 18-29 30-49 60+
For 172 313 258
Against 52 103 119

Is there evidence to indicate that the proportions of individuals in each age group who are for the
legalization of marijuana for medicinal use if different at the a = 0.01 level of significance.



Question 2 [20 marks, 9+4843])

A city council is considering introducing a congestion charge for motorists travelling into or out of the
city centre. The city is divided into ten administrative areas. In order to assess the popularity of such a
measure, samples of residents from two of the administrative areas are asked whether or not they are in
favour of the introduction of the congestion charge. The results are shown below.

In favour of the charge Not in favour of the charge
Area 1 61 / 95
Area 2 20 84

(a) Perform a x? test at the 5% significance level to investigate whether there is an association between
the area of the city and the attitude to the proposed congestion charge. State your null hypothesis
and report your conclusions. ' ‘

(b) Estimate the proportions who are not in favour of the proposed congestion charge for each of the
two areas and calculate an approximate 95% confidence interval fof the difference in these two
proportions.

(¢) You could perform a hypothesis test to examine whether there is a difference in the proportions of
those who are not in favour of the proposed congestion charge in the two areas. Without performing
this test, outline briefly how its results would relate to your answers to parts (a) and (b).

Question 3 [20 marks, 6+841+5]

(b) The amount of a potentially toxic pollutant in the water of a river affects the edibility of mussels
grown in its estuary. An environmental health officer has heard a report of a leak of this pollutant
into the estuary and undertakes an investigation into how this has affected the mussel population.
He takes a sample of ten mussels randomly from this population and measures the amount of the
pollutant in parts per million (ppm) in each of them. These ten values are as follows.

39.5 38.6 44.9 36.4 45.6 46.6 36.1 32.3 35.0 35.5
(i) Calculate a 99% confidence interval for the population mean.

Official health guidelines state that mussels are safe to eat provided that the (population) mean
level of pollutant does not exceed 36 ppm.

(i) Test, at the 1% significance level, whether or not the population mean level exceeds 36 ppm.
State the null and alternative hypotheses and report your conclusions.

* (it) State briefly why the 99% confidence interval for the mean calculated in part (i) cannot be
used directly to perform the required hypothesis test in part (iii).

(b) A blended wine is intended to comprise two parts of Sauvignon to one part of Merlot. The amounts
dispensed to make up a nominal 75c! bottle of this wine are X cl of Sauvignon and Y ¢l of
Merlot, where X and Y are assumed to be independent Normally distributed random variables with
respective means 52 and 26 cl and respective variances 1 and 0.5625. Find the probability that the
actual volume of wine dispensed into a bottle is less than the nominal volume.



Question 4 [20 markks, 8+8+4]

(a) A manufacturer of luxury cosmetics has recently put a new product on the market. This product
is initially being offered at a wide range of prices, and the company has made a survey of its sales
y (in 100s) and prices z (in £) across a random sample of stores in which it is sold. It wishes to
examine whether, on the whole, increased price is associated with reduced sales. The results are
shown in the following table.

Store 1 2 3 4 5 6 7 8 9 10
Price z (£) 27 30 37 47 55 62 70 80 95 99
Sales y (100s) | 110 79 69 48 51 44 29 32 26 30

A research assistant suggests calculating the product-moment correlation coefficient, r, between
sales and prices. Carry out this calculation and test at the 1% significance level the null hypothesis
of zero correlation against an appropriate one-sided alternative. You are given that

»

dx=602, > 2?=42202, Y y=518, Y y?=33384, » zy=257I2.

{(b) The vitamin content of the flesh of each of a random sample of eight oranges and of a random
sample of five lemons was measured. The results are given in milligrams per 10 grams.

Oranges | 1.14 159 157 133 1.08 127 143 136
Lemons | 1.04 0.95 0.63 162 1.11

" (i) Estimate a 99% confidence interval for the difference between the mean vitamin contents.
Based on the confidence interval would you conclude that the difference between the two
means is significantly different from zero?

(i) What assumption(s) were made in the computation of the above confidence interval?

Question 5 | [20 marks, 44+-8+4+4]

(a) State the model and assumptions for the one-way analysis of variance, defining your notation.

(b) A commute in a large city can travel to work by car, bicycle or bus. She times four journeys by each
method with the following results, in minutes.

Car Bicycle Bus
27 34 26
45 38 41
33 43 35
31 42 46

Carry out an analysis of variance and test at the 5% significance level whether there are differences
in the mean journey times for the three methods of transport.



(c) A certain brand of beans is sold in tins, the tins being filled and sealed by a machine. the mass of
~ beans in each tin is normally distributed with mean 425 g and a standard deviation of 25 g and the
mass of the tin is normally distributed with mean 90 g and standard deviation 10 g.

Find the probabilities that the total mass of the sealed tin and its beans

(i) exceeds 550 g,
(i) lies between 466 g and 575 g.

Question 6 | [20 marks, 2+4+-8+4+34-3]

100 men are surveyed as to whether they play cricket, tennis or golf. It is found that
‘ e 10 play none of these sports
o 5 play all three of these sports
» 88 play cricket or tennis or both
» 78 play cricket or golf or both
® 30 play golf and tennis but not cricket
o 38 play golf
e 74 play tennis.

Find the following.

(a) The number of the men who play at least one of these sports.
(b) The number of the men who play exactly one of these sports.
(c) The number of the men who play exactly two of these sports.
(d) Of those who do not play golf, the proportion who play cricket.

(e) The mean number of sports played by these men.



APPENDIX 1: LIST OF STATISTICAL TABLES TABLE 2, ' N

NOD The t distributi
TABLE 1 on .
) This table gives the value of bt
The standard normal distribution (2) ‘ where n is the degrees of freedom

ie. JJ=rlt2t,,)

This table gives the area under the
standard normal curve between O and z
i.e. P[0<Z <]
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TABLE 3

The Chi-Squared distribution (%)

This table gives the value of 7 .,
where df is the degrees of freedom

Le. . =Pl’> xzwmu)]

TABLE 4 (a)

F distribution (¢t = 0.05)

The entries in this table are criticai values
of F for which the area under the curve
to the right is equai to 0.05.

Degrees of freedom for denominator

1
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TABLE 4 (a) continued APPENDIX 2: LIST OF KEY FORMULAE
F distribution (o = 0.05) : -
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Range

Variance

Standard
deviation

Coefficient of
variation

Pearson’s
coefficient of
skewness

e

ES OF DISPERSION AND SKEWNESS

Range = Maximum value — Minimum value + 1
= xmﬂ.\' - + 1
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Mathematical - ungrouped data
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Computational — ungrouped data
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~ Standard deviation (approximation)
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 PROBABILITY CONCEPTS

Conditional
probability

Addition rule

P(ANB
P(A/B) = L5

Non-mutually exclusive events
P(A U B) = P(A) + P(B)-P(AN B)

Mutually exclusive events
P(AU B) = P(A) + P(B)

3.9

3.10

3.11

3.12

3.13

3.14

3.15

4.2

4.3

4.4

Multiplication rule Statistically dependent events

n! = n factorial

Permutations P = -(;-'fT),
. _ nl
Combinations .C ==
ILITY DISTRIBUTIONS
Binomial P(x}= C p(1-p" forx=0,1,2.3,...n
distribution
P(x successes) = (:'_ S PA-p)® forx=0,1,2,3,..,n
Binomial Mean L=np
descriptive  Standard deviation ¢ = Vnp(1 - p)
measnres
Poisson P(x) = %"—- forx=0,1,2,3..
distribution
Poisson Mean u=a
descriptive  Standard deviation 5 =+vd
measures

Standard normal
probability

P(A N B) = P{A/B) x P(B)

Statistically independent events
P(AN B} = P(A) X P(B)

nXn-1)xn-2)x{n-3)x..Xx3x2x1
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5.6
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CE INTERVALS | Paired ttest  t-stat = ;¢ 9.5

i

where /j‘d = (/‘{'1 - {-"7)

Single mean  u large; variance known
e , ds = ]}:(x,—ip’ :
-z SpusI+z g 7.1 and s, = ¥ 77

(lower limit) {upper limit)
Differences
n small; variance unknown between two  z-stat = m{":l":‘f where % = %']_'_:%; p,= Tffi p,= % 9.8
- 5 - s roportions V- A +
x"‘t{ﬂnnﬁgﬂsl'l' t(ll-l)-—‘,f—'—;—{ 7.2 p p
(lower limit) (upper limit)
Y]
Chi-Squared x’-stat = E-(&f—f')- 10.1
Single propertion p-: \Jgg-,,:ﬂ Swsp+z \& El;p) 7.3
(lower limit) {upper limit) $Yx .
Overallmean % =-x' 11.2
POTHESESTESTS
AR Total sum of
squares (SSTotal) =LI{x -7%) 11.3
Single mean  Variance known 1 ‘ ( ) T (x, =)
Xt '
z-stat = —5 8.1 ’ SST = i: n(x,- %) 11.4
Vi i
Variance unknown; n small
oo SSE =¥¥{x -2} 11.5
t-stat = —— 8.2 R :
g
b SSTotal = SST + SSE 11.6
Single propoxtion  t-stat = e = 8.3
L4
MSTotal = S57otal 11.7
k]
Difference  Variances known :
between two =y MsT =-S5 11.8
means  z-stat = -‘l‘——ic—’l}—(':#—& 9.1 !
MSE =% - 11.9
Variances unknowr; n, and n , small
&, %)~ (1, - 1s,) s _ (=Dt +{n,~ Vs . :
t-stat = —————" wheres, = ——‘—?T'ﬁz-:’z—-’- 9.2 B-stat =ML 11.10
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