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• Final answers should be given to a degree of accuracy appropriate to the context.

INFORMATION FOR CANDIDATES

This information is the same on the Printed Answer Book and the Question Paper.

• The number of marks is given in brackets [ ] at the end of each question or part question 
on the Question Paper.

• You are advised that an answer may receive no marks unless you show sufficient detail 
of the working to indicate that a correct method is being used.

• The total number of marks for this paper is 72.
• The Printed Answer Book consists of 12 pages. The Question Paper consists of 4 pages. 
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1 A medical student is investigating the claim that young adults with high diastolic blood pressure tend to 
have high systolic blood pressure. The student measures the diastolic and systolic blood pressures of a 
random sample of ten young adults. The data are shown in the table and illustrated in the scatter diagram.

Diastolic blood pressure 60 61 62 63 73 76 84 87 90 95

Systolic blood pressure 98 121 118 114 108 112 132 130 134 139
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 (i) Calculate the value of Spearman’s rank correlation coefficient for these data. [5]

 (ii) Carry out a hypothesis test at the 5% significance level to examine whether there is positive association 
between diastolic blood pressure and systolic blood pressure in the population of young adults. [6]

 (iii) Explain why, in the light of the scatter diagram, it might not be valid to carry out a test based on the 
product moment correlation coefficient. [2]

 The product moment correlation coefficient between the diastolic and systolic blood pressures of a random 
sample of 10 athletes is 0.707.

 (iv) Carry out a hypothesis test at the 1% significance level to investigate whether there appears to be 
positive correlation between these two variables in the population of athletes. You may assume that in 
this case such a test is valid. [5]
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2 Manufacturing defects occur in a particular type of aluminium sheeting randomly, independently and at a 
constant average rate of 1.7 defects per square metre.

 (i) Explain the meaning of the term ‘independently’ and name the distribution that models this situation.
 [2]

 (ii) Find the probability that there are exactly 2 defects in a sheet of area 1 square metre. [2]

 (iii) Find the probability that there are exactly 12 defects in a sheet of area 7 square metres. [3]

 In another type of aluminium sheet, defects occur randomly, independently and at a constant average rate of 
0.8 defects per square metre.

 (iv) A large box is made from 2 square metres of the first type of sheet and 2 square metres of the second 
type of sheet, chosen independently. Show that the probability that there are at least 8 defects altogether 
in the box is 0.1334. [3]

 A random sample of 100 of these boxes is selected.

 (v) State the exact distribution of the number of boxes which have at least 8 defects. [2]

 (vi) Use a suitable approximating distribution to find the probability that there are at least 20 boxes in the 
sample which have at least 8 defects. [5]

3 The wing lengths of native English male blackbirds, measured in mm, are Normally distributed with mean 
130.5 and variance 11.84.

 (i) Find the probability that a randomly selected native English male blackbird has a wing length greater 
than 135 mm. [3]

 (ii) Given that 1% of native English male blackbirds have wing length more than k mm, find the value of k.
 [3]

 (iii) Find the probability that a randomly selected native English male blackbird has a wing length which is 
131 mm correct to the nearest millimetre. [3]

 It is suspected that Scandinavian male blackbirds have, on average, longer wings than native English male 
blackbirds. A random sample of 20 Scandinavian male blackbirds has mean wing length 132.4 mm. You 
may assume that wing lengths in this population are Normally distributed with variance 11.84 mm2.

 (iv) Carry out an appropriate hypothesis test, at the 5% significance level. [8]

 (v) Discuss briefly one advantage and one disadvantage of using a 10% significance level rather than a 5% 
significance level in hypothesis testing in general. [2]
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4 A researcher at a large company thinks that there may be some relationship between the numbers of working 
days lost due to illness per year and the ages of the workers in the company. The researcher selects a 
random sample of 190 workers. The ages of the workers and numbers of days lost for a period of 1 year are 
summarised below.

Working days lost

0 to 4 5 to 9 10 or more

Age

Under 35 31 27 4

35 to 50 28 32 8

Over 50 16 28 16

 (i) Carry out a test at the 1% significance level to investigate whether the researcher’s belief appears to 
be true. Your working should include a table showing the contributions of each cell to the test statistic.
 [10]

 (ii) For the ‘Over 50’ age group, comment briefly on how the working days lost compare with what would 
be expected if there were no association. [3]

 (iii) A student decides to reclassify the ‘working days lost’ into two groups, ‘0 to 4’ and ‘5 or more’, but 
leave the age groups as before. The test statistic with this classification is 7.08. Carry out the test at the 
1% level with this new classification, using the same hypotheses as for the original test. [3]

 (iv) Comment on the results of the two tests. [2]
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Question Answer Marks Guidance 

1 (i)   

Diastolic 60 61 62 63 73 76 84 87 90 95 

Systolic 98 121 118 114 108 112 132 130 134 139 

Rank dias 1 2 3 4 5 6 7 8 9 10 

Rank sys 1 6 5 4 2 3 8 7 9 10 

d 0 4 2 0 -3 -3 1 -1 0 0 

d
2
 0 16 4 0 9 9 1 1 0 0 

 

M1 For attempt at ranking (allow all ranks reversed) 

   M1 For d
2
   

   Σd
2
 = 40 A1 For 40 soi e.g. can be implied by 0.242 seen. 

   
2

2

6 6 40 240
1 1 1 1 0.242

10 99 990( 1)

d
s

n n
r     

M1 For method for rs using their Σd
2
 

 

   
= 0.758 (to 3 s.f.)   [ allow 0.76 to 2 s.f.] 

A1 For 0.758 or 25/33 or 0.75 recurring 

f.t. their Σd
2
 provided |rs| < 1 

Do not allow 0.7575  

NB No ranking scores 0/5 

   
 

[5]  
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1 (ii) 

 

 H0:  no association between diastolic blood pressure and systolic blood pressure 

in the population of young adults 

B1 
 

   H1:  positive association between diastolic blood pressure and systolic blood 

pressure in the population of young adults 

B1 NB Hypotheses must be in context. 

 H0:  no association,  

        H1:  positive association, earns SC1 

Hypotheses must not be given in terms of ρ or 

mention correlation. Ignore references to ρ if 

hypotheses also given in words. 

    B1 For population of young adults seen at least 

once. Do not allow underlying population. 

B0 for population correlation coefficient. 

   One tail test critical value at 5% level is 0.5636 B1* for 0.5636 

cv from pmcc test = 0.5494 gets B0 

   Since 0.758 > 0.5636, there is sufficient evidence to reject H0, 

 

 

M1dep* 

 

 

For a sensible comparison, leading to a conclusion, 

of their rs with 0.5636, provided  0 < rs< 1 

The comparison may be in the form of a diagram. 

   i.e. conclude that there is sufficient evidence to suggest that there is positive 

association between diastolic blood pressure and systolic blood pressure (in the 

population of young adults). 

 

 

 

A1 

 

For non-assertive, correct conclusion in context. 

f.t. their rs.  Allow “support” in place of “suggest”. 

Do not allow “show”, “imply”, “conclude” or 

”prove” in place of “suggest”. 

If a two-tailed test is carried out then award 

maxB1B0B1B1(for 0.6485)M0A0 

    [6]  

1 (iii)  The scatter diagram does not appear to be roughly elliptical  

 

so the (population) may not have a bivariate Normal distribution. 

E1 For not elliptical. Allow “not oval”. 

   E1 For not bivariate Normal.  

Do not allow “not Normal bivariate”.  

Do not allow “the data does not have a bivariate 

Normal distribution”. 

    [2]  
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1 (iv)  H0:  ρ = 0    

H1:  ρ > 0    

 

B1 

 

 

 Do not allow other symbols unless clearly defined 

 as population correlation coefficient. 

 Do not allow hypotheses solely in words. 

   where ρ  is the (population) correlation coefficient B1 For defining ρ  

 

   For n = 10, 1% critical value = 0.7155 B1* For 0.7155 

 

   Since 0.707  <  0.7155  the result is not significant  M1dep* 

 

For sensible comparison leading to a conclusion. 

Conclusion soi. 

   There is insufficient evidence at the 1% level to suggest that there is positive 

correlation between diastolic blood pressure and systolic blood pressure (in this 

population). 

A1 

 

For non-assertive correct conclusion in context. 

If a two-tailed test is carried out then award 

maxB0B1B1(for 0.7646)M0A0 

    [5]  

2 (i)  ‘Independently’ means that the occurrence of one defect does not affect the 

probability of another defect occurring.  

E1 Allow e.g. “event” for “defect” 

   Poisson distribution E1 Allow Po(…) 

    [2]  

2 (ii)  

P( 2 defects )  =  

1.7 2e 1.7

2!
  

OR from tables P( 2 defects)  =  0.7572 – 0.4932 

 

M1 

 

For calculation of P(X = 2) 

   = 0.2640 A1 CAO Allow 0.264  

Do not allow 0.2639 

    [2]  
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2 (iii)  New λ = 7  1.7 = 11.9 B1 For mean (SOI) 

   

P(12 defects)    = 

11.9 12e 11.9

12!
 

M1 For calculation with their λ ≠ 1.7 

   = 0.1143 cao A1 

 

Allow 0.114 www 

Note B0M1A0 for 0.114 from use of λ = 11.7 

    [3]  

2 (iv)  New λ = (2 × 1.7) + (2 × 0.8) = 5.0 B1* For new mean = 5 seen 

   P(At least 8 defects)   = 1 – P(7 or fewer defects) 

= 1 – 0.8666  

B1* 

B1dep* 

For 1 – P(X ≤ 7) or 1 -  P(X < 8) seen 

For 1 – 0.8666 seen 

   (= 0.1334) NB Answer given   

    [3]  

2 (v)  Binomial(100, 0.1334)    or  B(100, 0.1334) B1* For binomial.  

    B1dep* For parameters 

    [2]  

2 (vi)  Mean = 13.34  B1 For mean (soi) 

   Variance = 100 × 0.1334 × 0.8666 = 11.56 B1 For variance (soi) 

   Using Normal approx. to the binomial, 

 X ~ N(13.34, 11.56) 

 For B(13.34, 11.56) seen, award B0B0 unless used 

correctly as part of a Normal calculation. 

   

         P(X  ≥ 20)  =  P
19.5 13.34

11.56
Z  

 

=  P(Z > 1.812)  =  1 – Φ(1.812) = 1 – 0.9650   

B1 For 19.5 seen 

   M1 For probability using correct tail and a sensible 

calculation with their mean and variance.  

e.g. using standard deviation = 11.56 or finding 

P(Z < 1.812)  gets M0A0 

   = 0.035 A1 CAO, (Do not FT wrong or omitted CC) 

     [5]  
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3 (i)  

P(X  > 135)  =   P
135 130.5

11.84
Z   

 

M1 

 

 

For standardising.  

Penalise use of “continuity corrections” 

   =  P(Z > 1.308) =  1 - Φ(1.308) = 1 – 0.9045 M1 For correct structure 

i.e. finding the area to the right of their z 

   =0.0955 (3s.f.) A1 CAO inc use of diff tables  

Allow 0.0954 and 0.0956 

     If numerator reversed, give BOD only if  

P(Z < –1.308) is used 

    [3]  

3 (ii)  From tables  Φ
-1 

( 0.99 ) =  2.326 B1 ±2.326 or (better) seen, not ±2.33 

   130.5
2.326

11.84

k
oe 

 

M1 For sensible equation in k with their z value. 

Note that use of z = 0.8389 from Φ
 
(0.99) gets 

B0M0A0, as 0.8389 is clearly a probability. 

Allow use of -2.326 (or their negative z) with 

numerator reversed. 

Condone use of σ = 11.84 if also used in  

part (i). 

Condone use of “k ± 0.5” for k in equation. 

0/3 for trial and improvement 

   
130.5 2.326 11.84k  = 138.50 

A1 CAO 

Allow 138.504. Accept 138.5 

Do not accept final answers of 139 or 138. 

    [3]  
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3 (iii)  

P(Wing length = 131)  =   P
130.5 130.5 131.5 130.5

11.84 11.84
Z  

B1 

 

For both limits correct, soi. 

e.g. use of 0.5 in probability calculation implies 

correct lower limit. 

   =  P(0 < Z  < 0.2906)   

=  Φ(0. 2906) – Φ(0) 

=  0.6143 – 0.5 

M1 

 

For correct structure using their standardised 

values. i.e. Finding the area between their z 

values found using µ = 130.5 

Condone use of σ = 11.84 if also used in part (i) or 

part (ii). 

   = 0.1143 A1 CAO inc use of diff tables 

Allow 0.1145  

Allow 0.114 www 

    [3]  
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3 (iv)  H0:  μ = 130.5     

H1 :  μ > 130.5  

B1 For both correct 

Hypotheses in words must refer to population.  

Do not allow other symbols unless clearly defined 

as population mean 

   Where μ denotes the mean wing length (in the population) (of Scandinavian 

male blackbirds). 

 

B1 For definition of μ in context. 

Do not allow “sample mean wing length”  

or “mean wing length of English blackbirds” 

   
Test statistic =

132.4 130.5 1.90

0.769411.84 / 20
   

M1* must include √20 

Condone use of σ = 11.84 if also used in part (i), 

part (ii) or part (iii). 

Condone numerator reversed for  

max M1*A0B1M0depA0A0 (max 4/8) 

   = 2.469 A1 Allow 2.47 

   Upper 5% level 1 tailed critical value of z =  1.645 

 

B1 For 1.645. Must be positive. 

B0 if -1.645 seen. 

No further A marks from here if wrong. 

   2.469 > 1.645   M1dep* For sensible comparison leading to a conclusion. 

   The result is significant. There is sufficient evidence to reject H0 A1 For correct conclusion. e.g. for “significant” oe 

FT only candidate’s test statistic if cv = 1.645 

   There is sufficient evidence to suggest that the mean wing length (of this 

population of birds) is greater (than 130.5mm). 

A1 For non-assertive conclusion in context, 

consistent with their result 

Condone use of “average” for “mean” 

FT only candidate’s test statistic if cv = 1.645 

    [8]  
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3 (v)  With a 10% significance level rather than a 5% significance level,    

   Advantage: One is less likely to accept the null hypothesis when it is false. E1 Accept equivalent wording. 

   Disadvantage: One is more likely to reject the null hypothesis when it is true. E1  
     Note – Unless stated otherwise, assume the first 

comment relates to an advantage and the second 

comment relates to a disadvantage. 

    [2]  



4767 Mark Scheme June 2014 

14 

Question Answer Marks Guidance 

4 (i)  H0: no association between age and working days lost 

H1: some association between age and working days lost 

 

EXPEC

TED  
0 to 4 5 to 9 10 or more 

Under 

35 
24.47 28.39 9.14 

35 to 50 26.84 31.14 10.02 

Over 50 23.68 27.47 8.84 
 

B1 For hypotheses, at least one of which is in context. 

Allow hypotheses in terms of independence, in 

context. 

Do not allow “relationship” or “correlation” for 

“association” 

   B1 For at least one row/column of expected values 

correct (to 1 d.p.)  

Seen or implied by contributions 

   B1 All correct (to 2 d.p.). Accept fraction equivalents. 

Seen or implied by contributions 

    

 CONTRIB

’N 

0 to 4 5 to 9 10 or more 

Under 35 1.7404 0.0680 2.8880 

35 to 50 0.0499 0.0239 0.4076 

Over 50 2.4931 0.0101 5.7945 
 

M1 For valid attempt at (O-E)
2
/E 

Seen or implied by at least one correct  

contribution to 2 d.p.. Allow 5.80 for last cell. 

Condone values in a list. 

   A1 For all correct to 2 d.p. or better.  

Allow 5.80 for last cell. Condone values in a list. 

NB: These two marks cannot be implied by a 

correct final value of  X
 2
 

   X
 2
 = 13.48 B1 For answers rounding to 13.48. Do not penalize 

over-specification here.  

   Refer to 
2

4
 B1 For 4 degrees of freedom.  

   Critical value at 1% level = 13.28 B1 No further marks from here if incorrect. 

   13.48 > 13.28 so result is significant 

 

B1* For significant oe 

FT their test statistic 

   There is evidence to suggest that there is some association between age and 

working days lost  

 

 

E1dep* For non-assertive conclusion in context 

Allow conclusion in terms of independence 

FT their test statistic 

NB if H0 H1 reversed, or ‘correlation’ mentioned, 

do not award final E1 

    [10]  



4767 Mark Scheme June 2014 

15 

Question Answer Marks Guidance 

4 (ii)  The large contribution/contribution of 2.4931 implies that there are fewer 

employees than expected who lose 0 to 4 working days. 

The small contribution/contribution of 0.0101 implies that there are about as 

many as expected who lose 5 to 9 working days. 

E1 For correct interpretation with reference to 

contribution for 0 to 4 working days 

   E1 For correct interpretation with reference to 

contribution for 5 to 9 working days  

   The large contribution/contribution of 5.7945 implies that there are more 

employees than expected who lose more than 10 working days. 

E1 For correct interpretation with reference to 

contribution for more than 10 working days 

 

SC1 if all interpretations are correct but with no 

reference to contributions. i.e. max 1 out of 3 

    [3]  

4 (iii)  Critical value at 1% level = 9.21 B1* CAO for cv 

   7.08 < 9.21 so the result is not significant oe B1dep* For correct conclusion 

   There is insufficient evidence to suggest that there is an association between age 

and working days lost. 

E1dep* For non-assertive conclusion in context 

    [3]  

4 (iv)  Conclusion in (iii) is valid if only categorizing working days lost into ‘0 to 4’ 

and ‘5 or more’.   

 

However, if ‘5 or more’ is subdivided into ‘5 to 9’ and ‘10 or more’, this 

additional subdivision gives the data more precision and allows the relationship 

in part (i) to be revealed. 

E1 As written,  

or for explaining that combining/subdividing 

groups leads to a different result. 

   E1 For subdivision allows relationship to be revealed 

or gives more precision/sensitivity/detail. 

Allow subdivision gives “a more reliable test” but 

not “a more accurate test” 

 

For both to be awarded, wording must be clear. 

    [2]  
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    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice




