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To compare the effect of a new drug on men and women, a small-scale trial was conducted, involving 6
randomly chosen men and 4 randomly chosen women. For each person, the time, in minutes, before the
drug began to take effect was recorded, with the results shown in the table below.

Men 19 32 24 33 31 28
Women 14 13 18 27

Use a suitable non-parametric test to determine if there is evidence, at the 5% significance level, that the
drug acts more quickly in women than it does in men. [5]

The continuous random variable X has probability density function given by

_Jae* x>0,
fx)= {o x<0,
where A is a positive constant. Show that the moment generating function of X is given by
A
My(t)=—. 3
x(t) =2 3]
Use this moment generating function to find the mean and variance of X. 4]
Events A4 and B are such that
P(4)=1, P(B)=1, P(4UB)=2.

() Determine, giving your reasons clearly, whether 4 and B are
(a) mutually exclusive, 1]
(b) independent. 3]
(ii) Find the values of
(@ P(4]B), 21
(b) P(A|B’), where B’ denotes the complement of B. 31
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A bin contains a large number of seeds of which 20% will produce a plant with a red flower and 30% will
produce a plant with a yellow flower. The remaining 50% will fail to germinate. Two seeds are chosen at
random from the bin and planted in a pot. The random variables R and Y denote the number of red and
yellow flowers, respectively, that will be produced from the seeds. The table below shows the joint
probability distribution of R and Y.

R
0 1 2
0 0.25 0.20 0.04

Yy 1 0.30 0.12 0

' 2 0.09 0 0
(i) Find the marginal distributions of R and Y. 2]
(ii) Show that E(R) =0.4 and find E(Y). 2]
(iii) Find Cov(R,Y). ‘ 3]

(iv) Find the distribution of Y conditional on R =1, and hence state the expected value of the number of
yellow flowers in a pot in which there is one red flower. [2]

The discrete random variable X denotes the score obtained in a single throw of an ordinary fair die. Show
that the probability generating function of X may be expressed as

t(1—1%)

6(1-1) 2l

Write down the probability generating function for the total score obtained when three fair dice are thrown.
(1]

Hence show that thé probability of obtaining a total score of 10 when three fair dice are thrown is é . [e]

Explain briefly the circumstances under which a non-parametric test of significance should be used in
preference to a parametric test. ' 1j

The acidity of soil can be measured by its pH value. As a part of a Geography project a student measured
the pH values of 14 randomly chosen samples of soil in a certain area, with the following resuits.

567 573 664 676 610 541 580 652 516 510 671 58 568 537

Use a suitable non-parametric test to test whether the average pH value for soil in this area is 6.24. Use a
10% level of significance. [4]

Some time later, the pH values of soil samples taken at exactly the same locations as before were again
measured. It was found that, for 3 of the 14 locations, the new pH value was higher than the previous
value, while for the other 11 locations the new value was lower. Test, at the 5% significance level,
whether there is evidence that the average pH value of soil in this area is lower than previously. 4]
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7  The continuous random variable X has a uniform distribution on the interval 0 < x < a, where the value of
the parameter a is unknown. Three independent observations, X, X,, X3, of X are taken.

®

(i)

An estimator 6 is defined by 6 =%(X, + X, + X;). Show that 6 is an unbiased estimator of a, and
find Var(@) in terms of a. [6)

Another estimator ¢ is based on the greatest of the three values X;, X,, X;. Denoting the greatest of
the three values by the variable G, use the fact that, for any value x between 0 and a,

G<x & (X;<x and X,<x and X;<Xx)
to write down the cumulative distribution function of G, and hence to obtain the probability density
function of G. i2]
Hence show that, if ¢ = ‘;—G ,then ¢ is an unbiased estimator of g, and determine which of @ and ¢
is the more efficient estimator. 4]
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1 H, : same distributions of times for men and women,
H; : lower average for women Bl For both NH and AH
M 4 9 5 10 8 7 .
Ranks are: W 2 1 3 6 M1 For ranking all 10 values
Test statisticis | +2+3+6=12 Al For sum of women’s ranks
Critical Wilcoxon rank-sum value is 13 Ml For comparing with correct tabular value
Hence reject H, and conclude that there is evidence to
suggest that drug acts more quickly in women than it A
does in men Al
2 My@®= f e de A dx Bl Correct integral stated
A g-a . .
= t—_-ze(’ )x Ml For correct integration method
A .
= T Al Given answer correctly shown
t (tY
Mx(t)=l+I+(IJ +... Bl Three correct terms
1
X)=~ B1
EX)=7
Va( X) = —- (%j = Ilz' Ml For using correct variance formula
Al Correct answer for variance
3 (i) (a) Notexclusive, since 1+1# 2 Bl Conclusion and reason both required
®) PANB)=3-1-1=5 M1 Use of correct formula
Al Correct value -
Not independent, as § X% # AWV Conclusion and reason both required
P(ANB
(i) (@ P4|B)= —(P—(—B)—) = % Ml Use of correct formula
Al Follow answer to (i)(b)
() P(ANB)=P(A)-P(ANB) M1 Or equivalent, e.g. from Venn diagram
—1_1_
=L-k= % AWV
P(AIB’)=1%+%=% Al
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0 1 2

4 @) R: 064 032 004 M1 Adding rows (or columns)
Y: 029 0_‘1‘2 0‘%9 Al Both distributions correct
(i) E(R)=0x0.64+1x0.32+2x0.04=04 M1 Correct process for either mean
E(Y)=0x0.49 +1x0.42 + 2x0.09 = 0.6 Al Both means correct
(iii) E(RY)=0.12 B1
Cov(R,Y)=0.12-0.4x0.6 M1
=-0.12 Al
. .\ e .0 1 2
@iv) Conditional distributionis: s 3 Bl
8 8
Expected value is % Bl
5 PGFis f+22+P2+1% +7 +15) Bl
1-16) ; .
ie. 5=7) Bl Use of GP sum to deduce given answer
B(1-15)3 o
—— Bl For cube of answer (i), in any form
216(1-1P
2—:6 BA-3C+. . )(1+X+62+..) Ml For using both binomial expansions
Al Both correct at least as far as shown
Terms in ¢’ from product of brackets are: Ml Picking out relevant term(s)
-35x X Al
1x36¢7 Al
Probability = 51=(36—9) = } Al Given answer correctly shown
6 A non-parametric test is needed when there is no
information (or reasonable assumption) available
about an underlying distribution Bl
Deviations from NH value 6.24 are:
-0.57 -0.51 040 052 -014 -083 -044 . . .
028 -108 —114 047 -035 —-056 —087 Ml For calculating signed differences from 6.24

Signed ranks are: 10 7 4 8 -1 -1 -5

Al

For calculating correct signed ranks

2 -13 -14 6 -3 -9 -12

Test statisticis 2+ 4+ 6+8=20<25 Ml For calculating T and comparing
Conclude that there is evidence to suggest that the

average pH value is not 6.24 Al For correct conclusion based on correct work
H, : same average pH as before; H, : lower value Bl For both hypotheses
Under H, tail probability for 3 or fewer out of 14 is M1 For use of relevant binomial distribution

@' x(1+ 14 +91 + 364)=0.0287 < 0.05 Al For correct value tail probability 0.0287
Hence reject H, and accept that average pH is lower Al For correct conclusion based on correct work
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7 (i) EX)=3a Bl May be implied
E(6) = 2x3E(X) Ml
= g, as required Al For conclusion correctly shown and stated
ax? "
Var(X) = Ode-(Ea) Ml
- 1,2
=54 Al
van(0) = §x3a* =3ad® Al
- x
(i) P(G<x)= (; Bl
2
Hence pdfis 3—x3— B1
a
a
E(¢)= if ﬁ dx MI
3)oa
= a, as required Al For conclusion correctly shown and stated
a 4
Var(¢)=Ej -3“"7dx—a2 M1
9Joa
_1,2_1.2
=13 < 3a
Hence ¢ is more efficient Al Correct Var(¢) and conclusion
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