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1 A roller-coaster ride has a safety system to detect faults on the track.

(i) State conditions for a Poisson distribution to be a suitable model for the number of faults
occurring on a randomly selected day. [2]

Faults are detected at an average rate of 0.15 per day. You may assume that a Poisson distribution
is a suitable model. 

(ii) Find the probability that on a randomly chosen day there are

(A) no faults,

(B) at least 2 faults. [4]

(iii) Find the probability that, in a randomly chosen period of 30 days, there are at most 3 faults.
[3]

There is also a separate safety system to detect faults on the roller-coaster train itself. Faults are
detected by this system at an average rate of 0.05 per day, independently of the faults detected on
the track. You may assume that a Poisson distribution is also suitable for modelling the number of
faults detected on the train.

(iv) State the distribution of the total number of faults detected by the two systems in a period of
10 days. Find the probability that a total of 5 faults is detected in a period of 10 days. [4]

(v) The roller-coaster is operational for 200 days each year. Use a suitable approximating
distribution to find the probability that a total of at least 50 faults is detected in 200 days. [5]
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2 The drug EPO (erythropoetin) is taken by some athletes to improve their performance. This drug
is in fact banned and blood samples taken from athletes are tested to measure their ‘hematocrit
level’. If the level is over 50 it is considered that the athlete is likely to have taken EPO and the
result is described as ‘positive’. The measured hematocrit level of each athlete varies over time,
even if EPO has not been taken.

(i) For each athlete in a large population of innocent athletes, the variation in measured
hematocrit level is described by the Normal distribution with mean 42.0 and standard
deviation 3.0.

(A) Show that the probability that such an athlete tests positive for EPO in a randomly
chosen test is 0.0038. [3]

(B) Find the probability that such an athlete tests positive on at least 1 of the 7 occasions
during the year when hematocrit level is measured. (These occasions are spread at
random through the year and all test results are assumed to be independent.) [3]

(C) It is standard policy to apply a penalty after testing positive. Comment briefly on this
policy in the light of your answer to part (i)(B). [2]

(ii) Suppose that 1000 tests are carried out on innocent athletes whose variation in measured
hematocrit level is as described in part (i). It may be assumed that the probability of a positive
result in each test is 0.0038, independently of all other test results.

(A) State the exact distribution of the number of positive tests. [2]

(B) Use a suitable approximating distribution to find the probability that at least 10 tests are
positive. [4]

(iii) Because of genetic factors, a particular innocent athlete has an abnormally high natural
hematocrit level. This athlete’s measured level is Normally distributed with mean 48.0 and
standard deviation 2.0. The usual limit of 50 for a positive test is to be altered for this athlete
to a higher value h. Find the value of h for which this athlete would test positive on average
just once in 200 occasions. [4]
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3 A researcher is investigating the relationship between temperature and levels of the air pollutant
nitrous oxide at a particular site. The researcher believes that there will be a positive correlation
between the daily maximum temperature, x, and nitrous oxide level, y. Data are collected for 
10 randomly selected days. The data, measured in suitable units, are given in the table and
illustrated on the scatter diagram.

(i) Calculate the value of Spearman’s rank correlation coefficient for these data. [5]

(ii) Perform a hypothesis test at the 5% level to check the researcher’s belief, stating your
hypotheses clearly. [5]

(iii) It is suggested that it would be preferable to carry out a test based on the product moment
correlation coefficient. State the distributional assumption required for such a test to be valid.
Explain how a scatter diagram can be used to check whether the distributional assumption is
likely to be valid and comment on the validity in this case. [3]

(iv) A statistician investigates data over a much longer period and finds that the assumptions for
the use of the product moment correlation coefficient are in fact valid. Give the critical region
for the test at the 1% level, based on a sample of 60 days. [2]

(v) In a different research project, into the correlation between daily temperature and ozone
pollution levels, a positive correlation is found. It is argued that this shows that high
temperatures cause increased ozone levels. Comment on this claim. [3]

10 15 20 25
Temperature

x
0

10

20

30

40

50

60

yNitrous oxide
level

x 13.3 17.2 16.9 18.7 18.4 19.3 23.1 15.0 20.6 14.4

y 9 11 14 26 43 25 52 15 10 7
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4 The table summarises the usual method of travelling to school for 200 randomly selected pupils
from primary and secondary schools in a city.

(i) Write down null and alternative hypotheses for a test to examine whether there is any
association between method of travel and type of school. [1]

(ii) Calculate the expected frequency for primary school bus users. Calculate also the

corresponding contribution to the test statistic for the usual test. [4]

(iii) Given that the value of the test statistic for the usual test is 42.64, carry out the test at the
5% level of significance, stating your conclusion clearly. [4]

The mean travel time for pupils who travel by bus is known to be 18.3 minutes. A survey is carried
out to determine whether the mean travel time to school by car is different from 18.3 minutes. In
the survey, 20 pupils who travel by car are selected at random. Their mean travel time is found to
be 22.4 minutes.

(iv) Assuming that car travel times are Normally distributed with standard deviation 8.0 minutes,
carry out a test at the 10% level, stating your hypotheses and conclusion clearly. [7]

(v) Comment on the suggestion that pupils should use a bus if they want to get to school quickly.
[2]

c2

c2

Primary Secondary

Method of
  Bus 21 49

travel Car 65 15

Cycle or Walk 34 16
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Question 1 
 
 
(i) 

 

Faults are detected randomly and independently 

Uniform (mean) rate of occurrence 
 

 
B1 
 
B1 

 
 
 
2 

 
(ii) (A)  P(X = 0)  =  e−0.15

00.15
0!

  = 0.8607 

 

 

 (B)  P(X ≥ 2)  =  1 – 0.8607 – e−0.15
10.15

1!
   

        =  1 – 0.8607 – 0.1291 = 0.0102 

M1 for probability 

calc. M0 for tables unless 

interpolated 
A1  
 
M1 
 
A1 
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(iii)  
 λ = 30 × 0.15 = 4.5  

Using tables:  P(X ≤ 3)  =  0.3423 

 

 
B1 for mean (SOI) 

M1 attempt to find  

P(X ≤ 3)   

A1   

 
 

 
 3 

(iv) Poisson distribution with λ = 10 × (0.15 + 0.05) = 2 

P(X = 5)  =  e−2
52

5!
 =  0.0361 (3 s.f.)  

or from tables   = 0.9834 – 0.9473 = 0.0361 

B1 for Poisson stated 

B1 for λ = 2 

M1 for calculation or 
use of tables 
A1 FT  

 
 
 
 
4 

 
(v) 

 
Mean no. of items in 200 days = 200 ×  0.2 = 40 

Using Normal approx. to the Poisson, 

 X ~ N(40,40): 

         P(X ≥ 50)  =  P 49.5 40
40

Z⎛ ⎞−
>⎜ ⎟

⎝ ⎠
 

=  P(Z > 1.502)  =  1 - Φ(1.502)  =  1 – 0.9334 
  
= 0.0666 (3 s.f.) 

 

 

B1 for Normal approx. 
     (SOI) 

B1 for both parameters 

 
B1 for continuity corr. 
 
M1 for probability 
using correct tail 
A1 cao, (but FT wrong 
or omitted CC) 
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Question 2 
 
 
(i) 
(A) 
 

X ~ N(42,32) 

P(X > 50.0)  =  50.0 42.0P
3.0

Z −⎛ ⎞>⎜ ⎟
⎝ ⎠

 

 =  P( Z > 2.667) 

 =  1 - Φ(2.667)  =  1 – 0.9962 
            = 0.0038  
 

 
 
M1 for standardizing 
M1 for prob. calc. 
with correct tail 
A1   
NB answer given 
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(i) 
(B) 

P( not positive) = 0.9962 
 
P(At least one is out of 7 is positive)  
     = 1 – 0.99627  = 1 – 0.9737  
    
  = 0.0263  

B1 for use of 0.9962 
in binomial expression 
 
M1 for correct method  

 
A1 CAO 

 
 
 
3 

 
(i) 
(C) 

If an innocent athlete is tested 7 times in a year there 
is a reasonable possibility (1 in 40 chance) of testing 
positive.  Thus it is likely that a number of innocent 
athletes may come under suspicion and suffer a 
suspension so the penalty could be regarded as unfair. 
Or this is a necessary evil in the fight against 
performance enhancing drugs in sport. 

E1 comment on their 
probability in (i) B 
 
E1 for sensible 
contextual conclusion 
consistent with first 
comment 

 
 
 
 

 2 

 
(ii) 
(A) 
 

 

B(1000, 0.0038) 

B1 for B( , ) or 
Binomial 
B1 dep for both 
parameters 

 
 
2 

 
(ii) 
(B) 

 
A suitable approximating distribution is Poisson(3.8) 

P(at least 10 positive tests) 
          =  P(X ≥ 10) = 1 – P(X ≤ 9)    
          
          = 1 – 0.9942 
 
          =  0.0058  
NB Do not allow use of Normal approximation.  

 
B1 for Poisson  soi  

B1FT dep for λ = 3.8 

M1 for attempt to use 

1 – P(X ≤ 9) 

A1 FT 
 

 
 
 
 
4 

(iii) P( not testing positive) = 0.995 
 
From tables z = Φ-1 ( 0.995 ) = 2.576 

 

48.0 2.576
2.0

h −
=  

h = 48.0 + 2.576 × 2.0 = 53.15 

B1 for 0.995 seen 
(or implied by 2.576) 
B1 for 2.576 (FT their 
0.995) 
 
M1 for equation in h 
and positive z-value 
 
A1 CAO 
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Question 3 
 
 
(i) 

 
 
 

 

 

    
2

2

6 6 601 1
10 99( 1)s

dr
n n

Σ ×
= − = −

×−
  

 

=  0.636 (to 3 s.f.)   [ allow 0.64 to 2 s.f.] 

 

 
M1 for ranking (allow 
all ranks reversed) 
 
M1 for d2   
 
A1 CAO for Σd2 

 

M1 for structure of rs 

using their Σd2 

A1 f.t. for |rs| < 1 
NB No ranking scores 
zero 
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(ii)  

H0:  no association between x and y  

H1:  positive association between x and y 

Looking for positive association (one-tail test):   

Critical value at 5% level is 0.5636 

 
Since 0.636 > 0.5636, there is sufficient evidence to 
reject H0, 
i.e. conclude that there appears to be positive 
association between temperature and nitrous oxide 
level. 

 

 

B1 for H0 

B1 for H1 
NB H0 H1 not ito rho 

B1 for ± 0.5636 

(FT their H1) 

M1 for comparison 
with c.v., provided   
|rs| < 1 
A1 for conclusion in 
words f.t. their rs and 
sensible cv 
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(iii) 
 
 
 
 
 
 

 
Underlying distribution must be bivariate normal. 
If  the distribution is bivariate normal then the scatter 
diagram will have an elliptical shape.  
This scatter diagram is not elliptical and so a PMCC 
test would not be valid. 
(Allow comment indicating that the sample is too small to 
draw a firm conclusion on ellipticity and so on validity) 

 
B1 CAO for bivariate 
normal 
B1 indep for elliptical 
shape 
E1 dep for conclusion 
 

 
 
 
 
 
3 

(iv) n=60, PMCC critical value is r = 0.2997 

So the critical region is r ≥ 0.2997  

B1 
 
B1 FT their sensible 

c.v. 

 
2 

(v) 
 

Any three of the following: 
• Correlation does not imply causation; 
• There could be a third factor (causing the 

correlation between temperature and ozone level); 
• the claim could be true; 
• increased ozone could cause higher temperatures. 

E1  
 
E1  
 
E1 
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Rank x 1 5 4 7 6 8 10 3 9 2 
Rank y 2 4 5 8 9 7 10 6 3 1 

d -1 1 -1 -1 -3 1 0 -3 6 1 
d2 

1 1 1 1 9 1 0 9 36 1 
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Question 4 
 
(i) H0: no association between method of travel and type 

of school;     
H1: some association between method of travel and 
type of school;..  

B1 for both  
1 

(ii) Expected frequency = 120/200 × 70 = 42 
Contribution = (21 – 42)2 / 42  
                     = 10.5 

M1 A1 
M1 for valid attempt 

at (O-E)2/E  
A1 FT their 42 

provided O = 21 
     (at least 1 dp) 

 
 
4 

(iii)   
X 2 = 42.64 
 
Refer to X2

2  
Critical value at 5% level = 5.991 
Result is significant 
 
There appears to be some association between method 
of travel and year group. 
NB if H0 H1 reversed, or ‘correlation’ mentioned, do 
not award first B1or final E1 

 
 
B1 for 2 deg of f(seen) 
 
B1 CAO for cv 
B1 for significant (FT 

their c.v. provided 
consistent with 
their d.o.f. 

E1 

 
 
 
 
 
 
4 

 
(iv) 
 

 
H0:  μ = 18.3;    H1:  μ ≠ 18.3 
Where μ denotes the mean travel time by car for the 
whole population.  

Test statistic z = 22.4 18.3 4.1
1.7898.0 / 20

−
=   

                        = 2.292 
 
10% level 2 tailed critical value of z is 1.645 
 2.292 > 1.645 so significant. 
There is evidence to reject H0  
It is reasonable to conclude that the mean travel time 
by car is different from that by bus. 

 
B1 for both correct 
B1 for definition of μ 
 
M1 (standardizing 

sample mean) 
A1 for test statistic 
 
B1 for 1.645 
M1 for comparison 
leading to a 
conclusion 
A1 for conclusion in 
words and context 

 
 
 
 
 
 
 
 
 
 
7 

(v) The test suggests that students who travel by bus get to 
school more quickly. 
 
This may be due to their journeys being over a shorter 
distance. 
 
It may be due to bus lanes allowing buses to avoid 
congestion. 
 
It is possible that the test result was incorrect (ie 
implication of a Type I error). 
 
More investigation is needed before any firm 
conclusion can be reached. 

 
 
 
 
 
 
 
 
 
 
E1, E1 for any two 

valid comments 
 

 
 
 
 
 
 
 
 
 
 
2 
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Question 4 chi squared calculations 
 
 H0: no association between method of travel and type 

of school;     
H1:  some association between method of travel and 
type of school;     
 

Type of school Row 
Observed Year 6 Year 11 totals 

 Bus 21 49 70 
 Car 65 15 80 Method 

of travel  Cycle/Walk 34 16 50 
Column totals 120 80 200 

     
Type of school Row 

Expected Year 6 Year 11 totals 
 Bus 42 28 70 
 Car 48 32 80 Method 

of travel  Cycle/Walk 30 20 50 
Column totals 120 80 200 

     
Type of school Row Chi Squared 

Contribution Year 6 Year 11 totals 
 Bus     10.50     15.75     26.25 
 Car       6.02       9.03     15.05 Method 

of travel  Cycle/Walk       0.53       0.80       1.33 
Column totals     17.05     25.58     42.64  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 




