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Question 1 	 [20 marks, 9+8+3] 
(a) A pharmaceutical company 	is considering introducing new, easier to open, packaging for a drug 

used in the treatment of arthritis. The company seeks the views of two groups of patients. One 
group consists of those who have been using the existing packaging for a long time and the other 
group consists of new users. The preferences are shown below. 

Prefer new Prefer existing i 

packaging packaging 
Long-term users 35 32 
Recent users 25 8 

Investigate, at the 5% significance level, whether there is evidence of a difference between the two 
groups of patients in their packaging preferences and briefly state your conclusions. 

(i) 	 Perform a X2 test at the 5% significance level to investigate ,whether there is an association 
between usage classification and the package preference. State your null hypothesis and report 
your conclusions. 

(ii) 	 Estimate the proportions who prefer the existing packaging for each of the two groups and 
calculate an approximate 95% confidence interval for the difference in these two proportions. 

(iii) 	You could perform a hypothesis test to examine whether there is a difference in the proportions 
of those who prefer the old packaging in the two groups. Without performing this test, outline 
briefly how its results would relate to your answers to parts (a) and (b). 

Question 2 	 [20 marks, 6+14] 
A textile manufacturer produces long rolls of wide cotton doth for making bed linen. The spun cotton 
thread he uses has occasional irregularities which produce flaws in the woven fabric. As part of a quality 
control exercise, a random sample of 180 ten-metre lengths of the cloth is examined carefully and the 
number of flaws in each length is noted. The results of this exercise are shown in the table below. 

Number of flaws per 
ten-metre length, x Frequency, f 

o 30 
1 58 
2 49 
3 29 
4 7 
5 7 

>5 o 

(a) Calculate the sample 	mean and sample variance, showing all working dearly. Comment on the 
sample mean and variance values in relation to the Poisson distribution. 

(b) 	Perform a X2 goodness-of-fit test at the 5% significance level to investigate the null hypothesis that 
the number of flaws in ten-metre lengths of doth has a Poisson distribution. Show all your working 
and report your conclusions. 
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Question 3 	 [20 marks, 4+5+7+3+1] 
Gross mean weekly earnings (y, in £ per week) for a sample of male clerical workers of varying ages (x, 
in completed years) in a large company are as follows. 

Earnings y 215 259 348 387 534 660 726 E y = 3129 E y = 1632011 
Age x 18 20 23 28 35 45 55 Ex = 224 Ex2 = 8312 

You 	are also given that E xy = 116210. 

(a) Plot a scatter diagram of these data 	and comment on their suitability for simple linear regression 
analysis. 

(b) Write down the models for 

(i) 	 simple linear regression of yon x, 

(ii) 	 simple linear regression of x on y. 

Define your notation and explain clearly which model is better suited to fit the variables and data 
as defined in the table above. 

(c) 	 (i) Fit the simple linear regression model of yon x to the data above, find the equation of the 
fitted regression line, draw this line on your scatter diagram, and use the equation to estimate 
the mean weekly earnings at age 50. 

(ii) 	You are given that the estimated standard error of the slope of the regression line is 1.128. 
Use this result to test for the significance of the regression slope at the 5% level, and state 
your conclusion clearly. 

(iii) 	 Your line manager asks you to use your model to estimate the mean weekly earnings at age 
70. 	 How would you answer him? 

Question 4 	 [20 marks, 10+6+4] 

(a) 	Random samples are taken from two populations with distributions N(ILx,cr2 ) and N(ILy,cr2) (i.e. 
their variances are the same). The summary statistics for the two samples are shown in the following 
Table: 

Sample Sample Sample 
Size n Meanm Variance 82 

x-data 19 7.0 1.69 
y-data 25 5.1 2.56 

Compute a 95% confidence interval for the difference ILx - ILy between the two population means.. 
Does the result support the view thafthere is no true difference between the population means? 
(Explain your reasoning!) 

(b) A short-stay car park in a shopping area has spaces marked out for 90 cars. A local councillor notices 
that there are always some vacant spaces. He puts forward a plan to create a garden and seating 
area using part of the car park. This would reduce the number of parking spaces to 78. 
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(i) 	 From a random sample of 33 users of the car park, 26 say that the car park will be too small 
if this plan is carried out. Carry out a test, at the 5% significance level, to determine whether 
more than half of the users of the car park think it will be too small. 

(ii) 	The number of occupied spaces, x, in the car park is recorded on each of 16 randomly chosen 
occasions during shopping hours. The results may be summarised as follows: 

x = 	59.9 s = 7.83 

Construct a 95% confidence interval for the mean, fL. of the number of spaces occupied in the 
car park during shopping hours. Assume that the sample is drawn from a normal population.. 

Question 5 	 . [20 marks, 8+12] 

(a) The question of interest is whether the subject matter of the postgraduate courses is relevant to 
the level of female participation. The MSc courses are either financ; or management oriented. The 
MBA is predominantly a management course. The MSc students are generally younger than the 
MBA students, who have work experience and are often sponsored by their employers. Subdividing 
the MScs into finance and management gives the following table. 

MSc (finance) MSc (management) MBA (management) 
Male 611 105 169 
Female 363 103 51 

Analyse these data in a manner that allows you to comment on the relationship between the type 
of Master's course studied and the proportion of female students. and also to comment on any 
influence of the type of subject matter. Write a short report (5 or 6 sentences) to summarise your 
findings. 

(b) A trial is undertaken to investigate the effect on fuel economy of 3 fuel additives A, Band C, where 
A and B are new and C is the current standard additive. The same driver drives the same car on 
a fixed test route during 20 working days. The additive used on each day is randomly assigned so 
that A and B are each used for 5 days and C is used for 10 days. The response variable measured 
each day is Y. the number of miles per gallon (mpg) achieved. 

The results are shown in the following table. 

Additive Y Total 
A 39, 35, 37, 36, 38 EYA = 185 
B 36, 41, 39,40, 39 EYE 195 
C 37, 33, 30. 34, 36, 34, 31, 36, 34, 35 EYe 340 

. You are given that the sum of squares of the observations is 26078. 

Carry out an analysis of variance to test for differences between the effects on Y of the additives. 
State clearly your null and alternative hypotheses and present your conclusions. 
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Question 6 	 [20 marks, 3+6+3+8] 
A population consists of the five values I. 4. 9. 16 and 25. 

(a) Calculate the population mean and variance. 

(b) 	Write down all the samples of size two that may be drawn, with replacement, from this population. 
and calculate the sample mean of each. 

(c) 	 Let X denote the mean of a random sample of size two drawn, with replacement. from this popu
lation. Write down the expected value and variance of X. 

(d) 	 For X as in part (iii). find P(X > 16.5}. Find also an approximation to this quantity. using an 
appropriate Normal approximation [use of a continuity correction is not expected]. and comment 
briefly on your results. 
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APPENDIX 1: LIST OF STATISTICAL TABLES 	 TABLE 2 

The t distribution 
TABLE 1 

This table gives the value of t
IOl

)(OI 

where n is the degrees of freedom The standard normal distribution (z) 
i.e. =P[t;<: t )(..,1

This table gives the area under the IOl 

standard normal curve between 0 and z _.-..-..... 
i.e. prO < Z < z] 

Cl' 

o tl")(~tl 
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TABLE 3 


The Chi-Squared distribution (x2) 


This table gives the value of X2(~!1l) 
where dJis the degrees of freedom 
i.e. = P[X2 > 

'~'" 
"". 

".".. 
'-, 

" ' .... 
, ~................ 
 ..L 

a 

"," :,""'~"'---. o \~(fI!n) 

....., 


TABLE 4 (a) 

F distribution (a = 0.05) 
The entries in this table are critical values 
of F for which the area under the curve 
to the right is equal to 0.05. V\ 0'=0.05' .... ~ 

.....~""7' .. 
-------'.--- P(clf..df.r0•05 )o I • 

448 449 
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TABLE 4 (a) continued 	 APPENDIX 2: LIST OF KEY FORMULAE 

F distribution (Ct ::: 0.05) 
MEASURES OF CENTRAL LOCATION 

Arithmetic mean 	 Ungrouped data 

x 3.1 

data 

x 

Mode 	 Grouped data 

M ==0 + 3.3 
u /110 

Median Grouped data 

M,:::OIll,+ 3.2 

co 
Lower quartile 	 Grouped data 

Qj=Oqj+ 3.7 

Upper quartile 	 Grouped data 

~1f-f«)1
OJ::: 0q3 + , 	 3.8 

~ 

Geometric mean 	 Ungroupe.d data 

GM ::: VX1 X x2 X Xl X ... X Xu 	 3.4 

Weighted Grouped data 
arithmetic mean 'fJ,.Y,

weighted x== V. 	 3.5 
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MEASURES OF DISPERSION AND SKEWNESS 
Multiplication ntle Statistically dependent events 

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

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

lUlU' mlu 
3.9 

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

Variance Mathematical- ullgroupecl data 
n! = n factorial n x (n  1) x (n - 2) x (11- 3) x ... x 3 x 2 x 1 4.8 

2 k(X,-X)' 
s =(i1:1) 3.10 Permutations 4.10 

Computatiollal  uHgrouped data Combinations C = 
II r 4.11 

> ~-11"l!1s·  ,-"lil=JT 3.11 
PROBABILITY DISTRIBUTIONS 

~ 
Standard 
deviation 

IT 
s ='Is 3.12 

Binomial 
distribution 

P(x) ="C.p'(l p)l,....) for x =0.1,2,3, .... n 5.1 

Coefficient of 
variation 

CV =~ x 100% 3.13 P(x successes) = p'(l- p)(t"x) for x = O. 1. 2. 3 ..... 11 

10 

Pearson's 
coefficient of 

skewness 

nt(x,-x)1 

skp =(n -1)(11- 2Js' 

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

3.14 

3.15 

Binomial 
descriptive 

measures 

Poisson 
distribution 

Mean l' =np 
Standard deviation (j ="rnp-(-l-_-p-) 

P(x) = c'er" 
x! for x O. 1. 2. 3 ... 

5.2 

5.3 

PROBABILITY CONCEPTS 

Conditional 
probability 

Addition rule 

P(AlB) = peA n B)
PCB) 

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

4.2 

4.3 

Poisson 
descriptive 

measures 

Standard normal 
probability 

Mean 
Standard deviation 

x-~, 

Z =-,,--

l' =a 
(j ..Jii 5,4 

5.6 

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

CONFIDENCE INTERVALS 

Single mean n large: variance known 
q 

x-z,rn!>:p!>:x+z :n 
(lower limit) (upper limit) 

n small; variance unknown 
_ s _ s 
X- t(II-l),rn ~ P !>: x + tIn _II rn: 
(lower limit) (upper limit) 

• " ~P(l-PJ 1P<1 - p)Single proportl~' p - Z -n-!. 7r !. P + z -'-1

, (lower limit) (upper limit) 

HYPOTHESES TESTS 

..... 
o 

Single mean 

Single proportion 

Difference 
between two 

means 

456 

Variance known 

z-stat;;; x- !J 
" "iT 

Variance unknown; n small 

t-stat = 

P-iT 
t-stat;;; ~,,(1- If) 

/I 

VariallCes known 

(X, - x,) - (Ill /.i,) 
z-stat ;:;: I,,: ": 

n;-+;;; 

Variances unknown; III and III small 
(X,-5',) -(Il, -Ill) 2 

t-stat ;;; Xd - IldPaired t-test 9.S 
~ " 

where Pd (PI - P2 ) 

and s = 1ir.txd- x)1
7.1 ,/ l--n::-r-

Differences x +x 
between two z-stat = where 1r 11' + n'; PI ;:;: P ;;;n; 9.8 

t-stat = ~ where sp = 11 + II " 9.2 P-stat+_) I , 
II, 

proportions7.2 

Chi-Squared 

7.3 

Overall mean 

Total sum of 
squares (SSTotal) 

8.1 SST 

SSE 
8.2 

SSTotal 
8.3 

MSTotal 
~ 

MST 
9.1 

MSE 

(n, -l)s: + (n,-1)s~ 

2I 2 

!J -fl'
x2-stat = I,f 10.1 

t 

LLxx=y 11.2 

=I,I,(x'J- x)2 11.3 
I I 

= tn(x - 1')2 11.4J I I 

=,yt(xIJ-xl 1l.S 

= SST + SSE 11.6 

_ SSTotal 
- "l"I-T 11.7 

_ SST 
-k-1 1l.8 

= 11.9 

_ MST 
- "MSE 11.10 
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