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Question 1 	 [20 marks, 12+8] 
(a) 	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. 

~'L gory 
Medical Studies 
Technology and Engineering 
Law 
Business and Management Studies 
Philosophical and Historical Studies 
Classics and Linguistics 
Mathematics and IT 
Physical and Biological Sciences 
Urban. Regional and Architectural Studies 
Media and Social Studies 
TOTAL 

Mean number of 
hours at university A 

20.1 ~ 

19.2 
11.6 
12.2 
8.2 
10.1 
14.9 
16.0 
16.2 
12.0 

140.5 

Mean number of 
hours at university B 

20.3 
21.4 
12.3 
13.1 
7.9 
10.7 
16.1 
17.8 
15.8 
12.8 
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 t test. 

(b) 	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: . 

Opinion 
Age 

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. 
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Question 2 	 [20 marks, 9+8+3] 
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 
Area 2 

61 
20 

95 
84 

(a) 	 Perform a X2 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 fo' the difference in these two 
proportions. 

(c) 	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+8+1+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. 

(ii) 	 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 75d bottle of this wine are X cI of Sauvignon and Y d of 
Merlot, where X and Yare assumed to be independent Normally distributed random variables with 
respective means 52 and 26 d 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. 
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Question 4 	 [20 marks, 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 x (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 x (£) 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 ,. 

LX = 602, Lx2= 42202, LY = 518, Ly2 = 33384, LXY = 25712. 

(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. 

1.14 1.59 1.57 1.33 1.08 1.27 1.43 1.36 
1.04 0.95 0.63 1.62 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? 

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

Question 5 	 [20 marks, 4+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. 
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(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. 

(ii) lies between 466 g and 575 g. 

Question 6 [20 marks, 2+8+4+3+3] 
100 men are surveyed as to whether they play cricket. tennis or golf. It is found that 

• 10 play none of these sports 

• 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 

• 38 play golf 

• 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. 
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APPENDIX 1: LIST OF STATISTICAL TABLES TABLE 2, 
z-N(O;l) The t distribution

TABLE 1 
This table gives the value of t('~ful 

The standard normal distribution (z) where n is the degrees of freedom 

i.e.• ::: P[t <! t(nx.JThis table gives the area under the 

standard normal curve between 0 and z 

i.e. P[O < Z < zl 

0'1 

,·oJI 



TABLE 3 


The Chi-Squared distribution (xl) 


This table gives the value of X\~l(a) 
where dfis the degrees of freedom I.e.. Plx2 > X\!J)(.)J 

--.J 

~~ 

a~.'-

TABLE 4 (a) 

F distribution (0: = 0.05) 

The entries In this table are critical values 
of F for which the area under the curve k0b<"OOS
to the right is equal to 0.05. 

o 1 F(df,.df .. o.05) 

http:F(df,.df


1'>~' . 

TABLE 4 (a) continued APPENDIX 2: LIST OF KEY FORMULAE 

Fdistribution (n =0.05) 
::EsoicENTRAL LOCATION 
J.'-"~--';,,,,,"'" - ',' _,> ' .. ",:"i' ~_- \,' - ,:',:: 

Arithmetic mean Ungrouped data 

Ex, 
x= t=A 	 3.1 

Grouped data 

tJ,x,
_ ~1 

X=-n-

Mode 	 Grouped data 

M =0 + c(fm-Jm_l) 3.3 
o 010 	 2J", - J.. _1 - Jm+! 

Median Grouped d£lta 

c[!-J«)j
M = 0 	 + ...:..;:;...,----"- 3.2 

t' JIIf' 1mi' 

00 
Lower quartile Grouped data 

c{i-J{<))
Q

1 
=0

ql 
+--	 3.71., 

Upper quartile Grouped data 

4¥-J{<)/
=0 3 + 1Q3 q q' 	

3.8 

.. 
Geometric mean Ungrouped data 

GM ='VXl xXz X X3 X ••• X XII 	 3.4 

Weighted Grouped data 
arithmetic mean _ rJ('C,

weighted X =r:t: 	 3.5 



'.~E~~9ij~s,O.FDlSPERSION AND SKEWNESS 
Mnltiplication rule Statistically dependent events 

peA n B) =P(AIB) x PCB) 4.5 

Range Range =Maximum value - Minimum value + 1 
=x -x +1 

"Wl' mIn 
3.9 

StatistiCally independent events 
peA n B) =peA) x PCB) 4.6 

Variance Mathematical- ungrouped data 
01 =0 factorial n x (n - 1) x (n - 2) x (n  3) x ... x 3 x 2 x 1 4.8 

S2 = l:(x, - xl' 
(n-l) 3.10 Permntations P nl 

(n-r)1 4.10 

Computational- ullgrouped data Combinations C =_n_l_ 
- - r! (n  r)1 4.11 

,s- -
Lx'_ni' 

I(ii":l) 3.11 
ili~~~@~~19~DISTRIBUTIONS 

Standard 
deviation 

s = {? 3.12 

Binomial 
distribution 

P(x) = C p"(l- p)ln-,) 
" x 

for x = O. 1, 2. 3 ..... n 5.1 

Coefficient of 
variation 

cv = g, x 100% x 3.13 
nl

P(xsuccesses) = xl (n-x)1 - p)f"") for x = 0, 1. 2. 3 .... , II 

1.0 

Pearson's 
coefficient of 

skewness 

nI:(x,-x)' 
skp= 7(1-1--"-;1):7(n---2~)"s' 

3 (Mean - Median) 
skp = Standard deviation (approximation) 

3.14 

3.15 

Binomial 
descriptive 

measures 

Poisson 
distribution 

Mean J.t = np 
Standard deviation (J' = vrn-p(-l-_-p-) 

P(x) = ("""or 
xl for x =O. 1, 2, 3 .., 

5.2 

5.3 

~i~,~~~JdTYCONCEPTS 

Conditional 
probability 

Addition rule 

P(AlB) = p(AnB)
PCB) 

Non-mutually exclusive events 
peA U B) = peA) + PCB)  peA n B) 

4.2 

4.3 

Poisson 
descriptive 

measures 
11 

Standard normal 
probability 

Mean 
Standard deviation 

'~-f'z=-(1

J.t =a 
(J' = Wi 5.4 

5.6 

Mutually exclusive events 
peA U B) =peA) + PCB) 4.4 



";CON~tt)ENCE INtERVALS 	 Paired t-test t-stat = 9.5 
,:J./, /~:.::::' \;:. '<~:"";:::',,~ ~,:, ,., ' . 

Single mean n large; variance known 

(j ands,,=
x- ::;;J.t.::;;x+z"; 7.1 


(Iowef limit) (uppef limit) 


Differences (p -p )-(11" -1i) 	 _ X,n small; variance unknown between two z-stat ~~ ',(II I' whereif= PI = PJ - if,' 9.8 
_ 8 _ 11"(1- r.) iT + iT)

Jproportions 	 , 

X - ttn-ll-Jil ::;; J.t. S; x + t(n-ll-Jil 7.2 

(lower limit) (upper limit) 


2 r,lf.-f/Chi-Squared X -stat = -1.-,-	 10.1 
~P(l - p) . rvrr:pjSingle proportion p - z -n-::;; IT S; P + z Y'~-n-	 7.3 

(lower limit) (upper limit) 
Overall mean x 1l.2 

k!t",'(:'~, ;~ ::""<f:'ti ¥., 	 '1'" .,' ,: 

iJlJ¥f»~tHESESTESTS 
';.<j'~','~'):":" ,,' ," " Total sum of 

squares (SSTotal) =r,r,(x - 11.3 
Ii IjSingle mean Variance known 

...... z-stat = X-/-Io 	 8.1 SST :;:; nj(xj - 1')2 11.4" vii' 

Variance unknown; n small 
SSE :;:; r, r,(x	 u.slj 

• 	
j It-stat = )1- /-I 8.2 

Vi! 

SSTotal :;:; SST + SSE 1l.6 
Single proportion t-stat :;:; 8.3 

_ SSTotalMSTotal 	 11.7-N=T .. 
Difference Variances known 

between two MST U.8(:i\ - Xl) - (/-II - /-Ill 
means 	 9.1z-stat = 	 1,,-' ,,-; 


n;+u; 

_ SSEMSE 	 11.9- N-Ii 

Variances unknown; n, and n
J 

small 

'J (n 1)8' + (n -1)s'


t-stat = where s- = I 2 9 2 	 MST 
J1 

1 
n +n

2 
"" • F-stat 	 11.101 1 	 irnE 


