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Question 1 

(i) We have :  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
M1 might be implicit  
in sequel 
 
 
 
M1 for any attempt 
to find )(λE  
M1 for use of 
Poisson means 
A1 

1 
 
M1 for any 
(reasonable) attempt 
to find Var 
M1 for use of 
Poisson variances 
 
A1 - beware printed 
answer 
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(ii) Now   
 
 
 
 
 
 
  
 
 
 
 
 
 

  
 
M1 

A1 
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M1 
 
 
M1 
 
 
 
M1, A1 
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(iii)  

  
 
 
 
 
 
 
 
 
 
So would need 
 

  
M1 
 
 
E1 
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E2 
Allow 1 for n ≥ 15 
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Question 2 
 

(a) MUST be N (0,1) test and CI for comparing means 
 
 
 
 
 
 
 
 
 
Test statistic is  
 
 
 
 
 
 

Refer to N (0,1) 
1% critical point (two-sided) is 2.576 
Significant 
Seems mean waiting times differ 
 
CI is given by 
-1.3 ± 1.96 × 0.4562 = -1.3 ± 0.894 = (-2.194, -0.406)   A1 
 M1 B1 M1    
 

  
1 if both correct. DO 
NOT allow 
 
or similar. Allow 
verbal statement  

1 if  2,1 µµ are 
adequately defined 
in words (population 
mean times ……) 
 
M1 
 
 
 
A1 

 

1 No FT if wrong 

1 No FT if wrong 
1 
1 
 

 
accept (-2.2, -0.4) 
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(b) MUST be Wilcoxon rank-sum test  (or Mann-Whitney form 
thereof). 
It is convenient, and natural, to rank “top down” 
Use of Ranks M1 
 
Ranks are: I 4 5 2 7 1 10 
 II 6 8 11 13 3 9 12 
 

Rank sum (for I) is 29 (Mann-Whitney is 8) 

Refer to tables of Wilcoxon (or M-W) statistic 

Lower 5% tail is needed 

  
 
 
 
 
 
A1 

1 

1 

1 
 

210 : µµ =H

211 : µµ ≠H

90
)53(

80
)42( 22 ⋅

+
⋅

913612 ⋅−⋅

21 XX =

[For “bottom-up” 
rankings 
W = 55, MW = 34
Upper 5% tail 
W=55, MW = 34] 

4562.01208.0

)97(84.23.13.1 −=−
=

−
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Value for (6,7) is 29 (or 8 if M-W used) 
Result is significant 
Seems on the whole there are differences in “satisfaction scores” 
 
 
 

 
1 

1 

1 
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Question 3 
 

 
 
 
(a) 

Differences (after − before): 
 
 
MUST be PAIRED WILCOXON test. 
Ranks of  |d| are 
 
 
 
 
 
Test statistic is 5 + 1 + 2 = 8 [or 70] 
Refer to paired  Wilcoxon table with n=12 
Lower 5% point is 17 [upper is 61] 
∴ the observed 8 [or 70] is significant 
Seems coaching programme has improved short-term visual 
memory 

  
 
 
 
M1 
 
A1 FT if wrong 
 
 
 
1 
1 
1 
1 
1 

7

(b) MUST be PAIRED COMPARISON t test 
Normality of differences 
 
 
 
 
 
 
Test statistic (for test of   
  
 = 2.72 (62) 
 
 
 
Refer to t11 
Upper 5% pt is 1.796 
Significant 
Seems coaching programme has improved short-term visual 
memory 

  
1 
M1 for use of 
differences 
 
B1 Accept Sn = 
9.1248 (Sn

2 = 
83.85) ONLY if 
correctly used in 
sequel 
 
 
M1  A1 
 
 
 
1 No FT if wrong 
1 No FT if wrong 
1 
1 
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 Look at differences 
 
Consider e.g.  dotplot 
 
 

 
 
 
Bulk of data appear OK [assuming  no concern about being 
integers], but the two large upper outliers cast doubt 
 

 M1 
 
 
 
M1, or for any other 
relevant 
display/discussion 
of the data 
 
 

E2 (E0, E1, E2) 
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2
4χ

Question 4 
 

(i) H0: no association (between success of transmission and 
 type of destination) 
H1: association 

 1 
 
1 

2

(ii) Oi    Ei 
     
 
 
 
 
 
Contributions to X2 
 X2 = 10.63 (985) 
 awrt  10.64 
  
  

     
Refer to  
 
 
Upper 10% point is 7.779   
Significant   
Seems there is association   
 
 
 

  
 

A4  - deduct 1 per 
error 
Must be to this level 
of accuracy 
 
 
M1 
A2 
[give A1 if 
∈ (10.5, 10.8)] 
 
 

2[or zero; FT if 
wrong, unless ≈ 300] 
1 
1 

1 ZERO  
 if H0 ↔ H1 
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(iii) The key feature is the behaviour of transmission when intended 
destinations are universities. There are many more “more than one 
attempt”, and many more “not successful at all”, transmissions than 
would be expected if there were no association, and many fewer 
“successful at first attempt” transmissions. There is little or no 
suggestion of any other associations. 
 

 E6 (divisible) 
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3005692152
72202131
48131421

1802357100

46.1308.2248.36
96.872.1432.24

)0(6.33)0(2.55)0(2.91

2019.30528.08232.0
8216.10352.04532.0
3440.30587.08491.0
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