
in context 
(v) Underlying distribution must be bivariate normal. 

 
The distribution of points on the scatter diagram 
should be approximately elliptical. 

 
B1 
 
 
E1 

 
 
 
2 

   17 
 
 
 
Question 4 
 
(a) 
(i) 

H0:  μ = 166500;    H1:  μ > 166500 
Where μ denotes the mean selling price in pounds of 
the population of houses on the large estate 

B1 for both correct 
 
B1 for definition of μ 

 
 
2 

(ii)  n = 6, Σx = 1018500,  x = £169750 
 

Test statistic = 169750 166500 3250
579714200 / 6

−
=   

                      = 0.5606 
 
5% level 1 tailed critical value of z = 1.645 
 0.5606 < 1.645 so not significant. 
There is insufficient evidence to reject H0
 
It is reasonable to conclude that houses on this estate 
are not more expensive than in the rest of the suburbs. 

B1CAO 
 
M1 must include √6 
 
A1FT 
 
B1 for 1.645 
M1 for comparison 

leading to a 
conclusion 

 
A1 for conclusion in 

words in context 

 
 
 
 
 
 
 
 
 
6 
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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 
 
 
18 
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Question 4 
 
 
(i) 

H0: no association between sex and subject; 
H1: some association between sex and subject; 
 

OBS Math
s 

English Both Neither Row 
sum 

Male 38 19 6 32 95 
Female 42 55 9 49 155 
Col 
sum 

80 74 15 81 250 

 
 
EXP Maths English Both Neither Row 

sum 
Male 30.40 28.12 5.70 30.78 95 
Female 49.60 45.88 9.30 50.22 155 
Col 
sum 

80 74 15 81 250 

 
 
CONT Maths English Both Neither 
Male 1.900 2.958 0.016 0.048 
Female 1.165 1.813 0.010 0.030 

 
 
 
X 2 = 7.94 
 
 
Refer to 2

3χ  
Critical value at 5% level = 7.815 
Result is significant 
There is evidence to suggest that there is some 
association between sex and subject choice. 
NB if H0 H1 reversed, or ‘correlation’ mentioned, do not award 
first B1 or final E1 

B1 
 
 
 
 
 
 
 
 
 M1 A2 for expected 
values  
(allow A1 for at least 
one row or column 
correct) 
 

M1 for valid attempt at 
(O-E)2/E 
A1  

NB These M1 A1 marks 
cannot be implied by a 
correct final value of X 2 

 

M1 for summation 
A1 cao for X 2 
 
B1 for 3 deg of f 
B1 CAO for cv 
 
 
 
B1 
 
E1 

1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7 
 
 
 
 
 
 
4 

(ii)  
H0: µ = 67.4;   H1: µ >67.4 
Where µ denotes the mean score of the population of 
students taught with the new method. 
 

Test statistic = 
12/9.8

4.673.68 −
 = 

57.2
9.0

 

                     = 0.35 
 
10% level 1 tailed critical value of z = 1.282 
0.35 < 1.282 so not significant. 
There is insufficient evidence to reject H0 
There is insufficient evidence to conclude that the mean 
score is increased by the new teaching method. 

 
B1 for both correct 
 
B1 for definition of µ 
 
M1 
 
A1 cao 
 
B1 for 1.282 
 
M1 for comparison 
 
A1 for conclusion in 
words and in context 

 
 
 
 
 
 
 
 
 
 
 

7 
   19 
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Question 4 
 
 
(i) 

H0: no association between growth and type of plant; 
H1: some association between growth and type of plant;     
 

EXPECTED Good Average Poor 
 Coriander 12.10 24.93 17.97 
 Aster 10.56 21.76 15.68 
 Fennel 10.34 21.31 15.35 
    
    
CONTRIBUTION Good Average Poor 
 Coriander 0.0008 0.3772 0.4899 
Aster 1.2002 0.6497 3.4172 
 Fennel 1.2955 0.0226 1.2344 

 
 
X 2 = 8.69 
 
 
Refer to 2

4χ   
 
Critical value at 5% level = 9.488 
 
Result is not significant 
There is not enough evidence to suggest that there is some 
association between reported growth and type of plant; 
NB if H0 H1 reversed, or ‘correlation’ mentioned, do not award first 
B1or final A1 

B1 (in context) 
 
 

M1 A2 for expected 
values (to 2 dp) 

(allow A1 for at least 
one row or column 
correct) 

 
M1 for valid attempt at 

(O-E)2/E 
A1 for all correct 
NB These M1A1 marks cannot be implied by a 

correct final value of X 2 

 
 
M1 for summation  
A1 for X2 CAO 
 
B1 for 4 d.o.f. 

B1 CAO for cv 
 
 
M1  
A1 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
12 

(ii)  

Test statistic = 
49.2 47 2.2 1.830

1.2028.5/ 50
−

= =   

1% level 1 tailed critical value of z = 2.326 
 
1.830 < 2.326 so not significant. 
There is not sufficient evidence to reject H0 
 
 
There is insufficient evidence to conclude that the flowers are 
larger. 
 

 
M1 correct denominator 
A1 
 
B1 for 2.326 
M1 (dep on first M1) for 

sensible comparison 
leading to a conclusion 

 
A1 for fully correct 

conclusion in words in 
context 

 
 
 
 
 
 
 
 
5 

  TOTAL 17 
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Question 2 
 
(i) 
 
 
 
 
 

 

X ~ N(49.7,1.62) 

(A)    P(X > 51.5)  =  
51.5 49.7P

1.6
Z −⎛ ⎞>⎜ ⎟

⎝ ⎠
 

 =  P( Z > 1.125) 

 =  1 - Φ(1.125)  =  1 – 0.8696 = 0.1304 
 

(B)    P(X < 48.0)  =  
48.0 49.7P

1.6
Z −⎛ ⎞<⎜ ⎟

⎝ ⎠
 

           =  P( Z < -1.0625) =  1 - Φ(1.0625)   

           =  1 – 0.8560 = 0.1440 

P(48.0 < X < 51.5)  = 1 - 0.1304 - 0.1440 = 0.7256 
 

 
M1 for standardizing 
 

M1 for prob. calc. 

A1 (at least 2 s.f.) 
 
 
 
 
M1 for appropriate 

prob’ calc. 

A1 (0.725 – 0.726) 
 

 
 
 
 
 
 
 
 
 

5 

(ii) P(one over 51.5, three between 48.0 and 51.5)  

= 
4
1

⎛ ⎞
⎜ ⎟
⎝ ⎠

 ¬ 0.7256 ¬ 0.27443  = 0.0600  

 

 
M1 for coefficient 
M1 for 0.7256 ¬ 
0.27443   
A1 FT (at least 2 sf) 

 
 
 

3 
 
(iii) 

 
From tables, 

 Φ-1 ( 0.60 ) = 0.2533, Φ-1 ( 0.30 ) = -0.5244 

49.0 = μ + 0.2533 σ 

47.5 = μ – 0.5244 σ 

1.5 = 0.7777 σ 

 

σ = 1.929, μ = 48.51 

 
B1 for 0.2533 or 
0.5244 seen 
M1 for at least one 
correct equation μ & σ  
 
 
M1 for attempt to 
solve two correct 
equations 
A1 CAO for both 

 
 
 
 
 
 
 

4 

 
(iv) 

 
Where μ denotes the mean circumference of the 
entire population of organically fed 3-year-old boys.  
 
n = 10,  
 

Test statistic Z = 
50.45 49.7 0.75 1.482

0.50601.6 / 10
−

= =   

 
10% level 1 tailed critical value of z is 1.282 
 
1.482 > 1.282 so significant. 
 
There is sufficient evidence to reject H0 and conclude 
that organically fed 3-year-old boys have a higher 
mean head circumference. 

 
E1 
 
 
 
 
M1 
A1(at least 3sf) 
 
B1 for 1.282 
 
M1 for comparison 

leading to a 
conclusion 

A1 for conclusion in 
context 

 
 
 
 
 
 
 
 
 
 
  
 

6 
   18
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Question 2 
(a) 
(i) 
 

X ~ N(28,16) 

P(24 < X < 33)  =  
24 28 33 28P

4 4
Z− −⎛ ⎞< <⎜ ⎟

⎝ ⎠
 

 =  P(–1 < Z < 1. 25) 

 = Φ(1.25)  – (1 – Φ(1))   
=  0.8944 – (1 –0.8413) 
=  0.8944 – 0.1587 

       
= 0.7357 (4 s.f.) or 0.736 (to 3 s.f.) 

 

 
M1 for standardizing 
 

A1 for 1. 25 and -1 

M1 for prob. with tables 
and correct structure 
A1 CAO (min 3 s.f., to 
include use of difference 
column) 

 
 
 
 
 
 
 

4 
(ii) 25000 ×0.7357 ×0.1 = £1839 

25000 ×0.1587 ×0.05 = £198 

Total = £1839 + £198 = £2037  

M1 for either product, (with 
or without price) 
M1 for sum of both 
products with price 
A1 CAO awrt £2040 

 
 
 

3 
 
(iii) 

X ~ N(k, 16) 

From tables Φ-1 ( 0.95 ) = 1.645 

33 1.645
4
−

=
k

 

33 – k  = 1.645 × 4  

k = 33 – 6.58 

k = 26.42 (4 s.f.) or 26.4 (to 3 s.f.) 
 

 
B1 for ±1.645 seen 
 
M1 for correct equation in k 
with positive z-value 
 
 
 
A1 CAO 
 

 
 
 
 
 
 
 

3 

 
(b) 
(i) 
 
 

 
 
H0:  μ = 0.155;    H1:  μ > 0.155 
Where μ denotes the mean weight in kilograms of the 
population of onions of the new variety 

 
B1 for both correct & ito μ 
 
B1 for definition of μ 
 
 

 
 
 

2 

(ii) 
 

Mean weight = 4.77/25 = 0.1908 

Test statistic = 
01414.0
0358.0

25005.0
155.01908.0

=
−

  

                      = 2.531 
 
1% level 1-tailed critical value of z = 2.326 
 2.531 > 2.236 so significant. 
There is sufficient evidence to reject H0 
 
 
It is reasonable to conclude that the new variety has a 
higher mean weight.   
 

B1 
M1 must include √25 
 
A1FT 
 
 
B1 for 2.326 
M1 For sensible 
comparison leading to a 
conclusion 
 
A1 for correct, consistent 
conclusion in words and in 
context 

 
 
 
 
 
 
 
 
 
 

6 
   18 
 



 

 
Question 1 
 
(i) 
 
 
 
 
 

 

X ~ N(11,32) 

P(X < 10)  =  
10 11P

3
−⎛ ⎞<⎜ ⎟

⎝ ⎠
Z  

 =  P( Z < –0.333) 

 =  Φ(–0.333) = 1 – Φ(0.333)   
 
=  1 – 0.6304 = 0.3696 

 

 
M1 for standardizing 
 

M1 for use of tables with 
their z-value 
M1 dep for correct tail  
A1CAO (must include use 
of differences) 
 

 
 
 
 
 
 

4 

(ii) P(3 of 8 less than ten)  

= 
8
3
⎛ ⎞
⎜ ⎟
⎝ ⎠

 × 0.36963  × 0.63045  = 0.2815  

 

 
M1 for coefficient 
M1 for 0.36963 × 0.63045   
A1 FT (min 2sf) 

 
 
 

3 

(iii)  
μ = np = 100  × 0.3696 = 36.96 
σ2 = npq = 100  × 0.3696  × 0.6304 = 23.30 
 
Y ~ N(36.96,23.30) 

P(Y ≥ 50)  =  P
49.5 36.96

23.30
−⎛ ⎞>⎜ ⎟

⎝ ⎠
Z  

=  P(Z > 2.598)  =  1 – Φ(2.598)  =  1 – 0.9953 

= 0.0047 

 

  
M1 for Normal 
approximation with correct 
(FT) parameters 
 
B1 for continuity corr. 
 
M1 for standardizing and 
using correct tail 
A1 CAO (FT 50.5 or 
omitted CC) 

 
 

 
 
 
 
 

4 

 
(iv) 

 
H0:  μ = 11;    H1:  μ > 11 
Where μ denotes the mean time taken by the new hairdresser 

 
B1 for H0, as seen. 
B1 for H1, as seen. 
B1 for definition of μ 

 
 
 

3 

(v) 
Test statistic = 

12.34 11 1.34
0.63/ 25

−
=   

                      = 2.23 
 
5% level 1 tailed critical value of z = 1.645 
2.23 > 1.645, so significant. 
There is sufficient evidence to reject H0
 
It is reasonable to conclude that the new hairdresser does 
take longer on average than other staff.   
 

M1 must include √25 
 
A1 (FT their μ) 
 

B1 for 1.645 
M1 for sensible comparison 

leading to a conclusion 
 
A1 for conclusion in words 

in context (FT their μ) 
 

 
 
 
 
 
 
 
 
 
5 

   19 
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Question 3  
(i) 
 
 
 
 
 

 

X ~ N(27500,40002) 

P(X >25000)  =  
25000 27500P

4000
−⎛ >⎜ ⎟

⎝ ⎠
Z ⎞  

 =  P( Z > –0.625) 

 =  Φ(0.625) =  0.7340 (3 s.f.) 
 

 
M1 for standardising 
 

A1 for -0.625  
M1 dep for correct tail  
A1CAO (must include use 
of differences) 
 

 
 
 
 
 
 

4 

(ii) P(7 of 10 last more than 25000)  

=  × 0.73407 × 0.26603  = 0.2592 
10
7

⎛ ⎞
⎜ ⎟
⎝ ⎠

 

 
M1 for coefficient 
M1 for 0.73407 × 0.26603   
A1 FT (min 2sf) 

 
 
 

3 

(iii) From tables Φ-1 ( 0.99 ) = 2.326 

27500 2.326
4000

−
= −

k
 

x = 27500 –  2.326 × 4000 = 18200 

 
B1 for 2.326 seen 
M1 for equation in k and 
negative z-value 
 
A1 CAO for awrt 18200 

 
 
 
 

3 

 
(iv) 

 
H0:  μ = 27500;    H1:  μ > 27500 
Where μ denotes the mean lifetime of the new tyres. 

 
B1 for use of 27500 
B1 for both correct 
B1 for definition of μ 

 
 
 
3 

(v) 
Test statistic = 

28630 27500 1130
1032.84000 / 15

−
=   

                      = 1.094 
 
5% level 1 tailed critical value of z = 1.645 
1.094 < 1.645 so not significant. 
There is not sufficient evidence to reject H0 
 
There is insufficient evidence to conclude that the new 
tyres last longer.   
 

M1 must include √ 15 
 
A1 FT 
 
B1 for 1.645 
M1 dep for a sensible 

comparison leading to 
a conclusion 

 
A1 for conclusion in words 

in context 

 
 
 
 
 
 
 
 
5 

   18 
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Question 3 
 
(i) 
 
 
 
 
 

 

X ~ N(1720,902) 

P(X <1700)  =  
1700 1720P

90
Z −⎛ ⎞

<⎜ ⎟
⎝ ⎠

 

 =  P( Z < – 0.2222) 

 =  Φ(– 0.2222) =  1 – Φ(0.2222) 
            
            = 1 – 0.5879  
            
             = 0.4121 

 

 
M1 for standardising 
A1 

 
M1 use of tables 
(correct tail) 
A1CAO  
 
NB ANSWER GIVEN 

 
 
 
 
 
 
 
 
4 

(ii) P(2 of  4 below 1700)  

= 
4
2
⎛ ⎞
⎜ ⎟
⎝ ⎠

 × 0.41212 × 0.58792  = 0.3522 

 

 
M1 for coefficient 
M1 for 0.41212 × 
0.58792   
A1 FT (min 2sf) 

 
 
 
3 

(iii) Normal approx with  
μ = np = 40 × 0.4121 = 16.48 
σ2 = npq = 40 × 0.4121 × 0.5879 = 9.691 
 

P(X ≥ 20)  =  P
19.5 16.48

9.691
Z −⎛ ⎞

≥⎜ ⎟
⎝ ⎠

 

=  P(Z ≥ 0.9701)  =  1 – Φ(0.9701)   

=  1 – 0.8340 = 0.1660 

B1 
  
B1  
B1 for correct continuity 
corr. 
 
M1 for correct Normal  
probability calculation 
using correct tail 
A1 CAO, (but FT wrong 
or omitted CC) 

 
 
 
 
 
5 

 
(iv) 

 
H0:  μ = 1720;     
H1 is of this form since the consumer organisation 
suspects that the mean is below 1720   
 μ denotes the mean intensity of 25 Watt low energy bulbs 
made by this manufacturer. 

 
B1  
E1  
 
B1 for definition of μ 

 
 
 

3 

(v) 
Test statistic = 

1703 1720 17
20.1290 / 20

− −
=   

                      = – 0.8447 
 
Lower 5% level 1 tailed critical value of z =  – 1.645 
 
 
 
 – 0.8447 > – 1.645 so not significant. 
There is not sufficient evidence to reject H0 
 
 
There is insufficient evidence to conclude that the mean 
intensity of bulbs made by this manufacturer is less than 
1720   
 

M1 must include √20 
 
A1FT 
 
B1 for –1.645 No FT 

from here if wrong. 
Must be –1.645 unless 
it is clear that absolute 
values are being used. 
M1 for sensible 
comparison leading to 
a conclusion. 
FT only candidate’s test 
statistic 
 
A1 for conclusion in 
words in context 

 
 
 
 
 
 
 
 
 
 
5 

  TOTAL 20 
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4 (i) H0: no association between size of business and recycling 

service used. 
H1: some association between size of business and recycling 
service used. 
 

B1 for both [1]

     
 (ii) Expected frequency = 78/285 × 180 = 49.2632 

Contribution = (52 – 49.2632)2 / 49.2632  
                     = 0.1520 

M1 A1 
M1 for valid attempt at 

(O-E)2/E  
A1 NB Answer given 
Allow 0.152 
 

[4]

    
 (iii) Test statistic X 2 = 0.6041 

 
Refer to 2

2  
Critical value at 5% level = 5.991 
Result is not significant 
 
There is no evidence to suggest any association between size 
of business and recycling service used. 
NB if H0 H1 reversed, or ‘correlation’ mentioned in part (i), 
do not award B1in part (i) or E1 in part (iii). 
 

B1  
 
B1 for 2 deg of f(seen) 
B1 CAO for cv 
B1 for not significant 
 
E1 

[5]

    
 (iv) H0:  μ = 32.8;    H1:  μ < 32.8 

Where μ denotes the population mean weight of rubbish in the 
bins. 

Test statistic = 
30.9 32.8 1.9

3.951
0.48083.4 / 50

− = − = −   

 
5% level 1 tailed critical value of z = –1.645 
 
–3.951 < –1.645 so significant. 
There is sufficient evidence to reject H0 
 
 

There is evidence to suggest that the weight of rubbish in 
dustbins has been reduced. 
 

B1 for use of 32.8 
B1 for both correct 
B1 for definition of μ  
 
M1 must include √50 
A1 
 
B1 for ±1.645 
 
M1 for sensible 

comparison leading 
to a conclusion 

 
A1 for conclusion in 

words in context [8]

   TOTAL [18]

 
 
 


