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General 

Candidates were generally well prepared for this paper with strong statistical knowledge often 

displayed. In order to earn full marks, candidates must show all stages of their working, 

particularly when the answer is given as was the case in 3(c)(i), 4(a)(b)(c) and 6(d). When 

working with their calculators, it is vital that candidates make clear which distribution they are 

using and what probability they are attempting. This will ensure access to method marks when 

there are slips in accuracy. Questions 6(b) and 6(c) were often left blank showing that 

candidates need to enhance their work on understanding statistical vocabulary associated with 

sampling.  

 

Comments on the individual questions 

Question 1 

Question 1 provided a solid start to the paper for a majority of the candidates. 

 

Part (a) was answered well. A common error was to write down ‘binomial’ on its own which 

was not sufficient. 

 

In part (b) many candidates earned the mark by writing answers in context. Answers which did 

not contain sufficient context or those restating facts given in the question (such as ‘there are 

only 2 outcomes’) did not score here. 

 

Most answered (c)(i) correctly but a common error was writing their expression as 

. In (c)(ii) it was possible to use either B(30, 0.05) or B(30, 0.95) with the 

probabilities P(X  ≥ 3) and P(X ≤ 27) respectively. This resulted in confusion for some as a 

number of candidates attempted P(X ≥ 3) with the distribution B(30, 0.95). Some candidates 

incorrectly used P(X ≥ 3) = 1 – P(X ≤ 3). 

 

Most candidates made it clear that they were using a Poisson approximation in part (d) although 

a few used a Normal approximation and some failed to make it clear which distribution they 

were using. The method mark was usually obtained with P(A ≤ n – 1) < 0.2 although the answer 

was sometimes given as n = 4, presumably because they had misread 0.2 as 0.02. 

 

The hypotheses were usually correctly stated in part (e) with only a few candidates forgetting 

to use p and almost all getting the inequality in H1 correct. Many candidates went on to 

calculate the correct probability but a common error was to find 1 – P(X ≤ 4) or P(X = 4). 

Another error made by the candidates was to find P(X ≥ 27) rather than P(X ≤ 27). Those who 

obtained the probability of 0.0341 correctly compared it with 0.05 and gave a correct 

conclusion. The contextual statement was usually present and with sufficient clarity and detail 

to gain the final mark. Occasionally a 2-tailed test was attempted but these often did not 

compare their probability with 0.025.   
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Question 2 

 

Question 2 provided a good source of marks for candidates at all levels.  

 

A large proportion of candidates scored both marks in part (a).  The rare incorrect methods 

included F(3.5) and 1 – F(2.5). A less serious error involved unsuitable rounding to 0.029, or 

extremely rarely, 0.03. A few candidates obtained the correct answer by the inefficient method 

of first differentiating to find f(x), and then integrating with limits to obtain the required 

probability. 

 

Full marks were obtained in part (b) by a majority of candidates who achieved the attention to 

detail required for accurate use of the formula for a Binomial probability. The most serious 

difficulty concerned the phrase: “more than one”. It was not uncommon to see the incorrect 

method 1 – P(X = 0). Some, using their calculator, did not make their method clear and lost all 

three marks. 

 

A substantial number of candidates demonstrated a sound understanding of the underlying 

principles in part (c), which led to many clear, accurate and concise solutions scoring full 

marks. 

 

The most significant difficulty in part (c) was the failure to differentiate the cumulative 

distribution function in order to obtain the probability density function. As a result, the incorrect 

method ∫ 𝑤2F(𝑤)𝑑𝑤 was often seen. 

 

 A few candidates failed to follow the instruction in part (c) of the question: “use algebraic 

integration ...” and were unable to access the second method mark in this part. Sometimes 

incorrect integration was seen followed by a correct answer, likely obtained by a calculator. 

 

Question 3 

 

Part (c) of this question discriminated the most able candidates, but all were able to access 

marks here and make some good progress. 

 

Almost all candidates were successful in part (a) although some sophisticated methods such as 

1 − (𝑃(𝑋 ≤ 4) − 𝑃(𝑋 ≤ 3))and 1 − 𝑃(𝑋 ≤ 4) + 𝑃(𝑋 ≤ 3) were seen. 

Part (b) was generally well done, with many responses achieving full marks. Some candidates 

were able to obtain partial credit in (b) by using an incorrect answer from (a). However, this 

was only possible if full working were shown, in particular a detailed expression for the 

Binomial probability. Some lack of accuracy resulted by those candidates who prematurely 

rounded their answer to part (a). 

 

The overall response to (c)(i) was satisfactory. All five marks were indeed scored by many 

candidates who displayed attention to detail throughout. Perhaps the most serious problem 

occurred at the outset: the failure to identify the correct Normal distribution. A relatively small 

number of scripts included a sign error in the Standardisation equation. It is interesting to note 

that the correct continuity correction was used by the vast majority of candidates. 

 

Many different versions of algebraic manipulation were seen in the final step from the    

standardisation equation to the printed answer. Some excellent solutions clearly and 



confidently distinguished between arithmetical operations (specifically multiplication and 

division) that occur outside or inside a square root sign. 

 

Candidates were required to solve a quadratic equation in part (c)(ii). This may sound like a 

routine operation, but an extraordinary range of responses were in evidence. One issue was that 

this is a 'disguised' quadratic. It appears that a few candidates failed to recognise this and made 

no attempt to solve the equation. Some candidates simply used the quadratic formula to solve 

for √𝑛, but then failed to square this answer to obtain the final answer.  

 

A substantial number of candidates earned full marks in part (d) stating their hypotheses clearly 

with correct notation. Only a relatively small number of candidates failed to use the correct 

Poisson distribution or failed to identify correctly the event “15 or more fleas”. The latter was 

the most serious error leading to a loss of marks. Almost all candidates provided a final 

conclusion with appropriate context. 

 

Question 4 

 

On the whole, candidates dealt well with the demands of the algebraic integration involved in 

this question.  

Part (a) was generally well done with a clear layout and sufficient working shown to establish 

the proof. Candidates almost always multiplied out the brackets before integrating. Only a 

few attempted to integrate 'by inspection'. Those that did often omitted the minus sign outside 

the bracket. It was encouraging most of the candidates integrated correctly. However, some 

integrated with respect to both the variable a and x, for example, writing down

. 

 

Part (b) was also well answered by the majority of the candidates. As above, the candidates 

showed a clear layout and sufficient working shown to establish the proof. Many candidates 

used the given information that E(X) = 1.5 and correctly multiplied xf(x) prior to integrating, 

but often an elementary algebraic error prevented candidates from reaching a correct equation. 

There were again problems regarding the variable of integration. Some failed to show the 

substitution of the limits leaving out an important step to ‘show’ the given answer. 

There was a somewhat mixed response to part (c). Sometimes it was very well done with 

candidates clearly well versed in solving this type of problem. The majority could work out the 

correct expression for F(x). Successful candidates went on to work out F(1.15) and F(1.25) 

were able to explain why this showed that the median was 1.2 to 1 decimal place. Some used 

their calculator to solve F(m) = 0.5 and were also able to explain correctly why m = 1.2377… 

meant that the median rounded to 1.2. However, many who used their calculator did not 

consider writing down a more accurate solution than 1.2 losing the final mark. Quite a few 

merely asserted that F(x) = 0.5 implied that the median was 1.2 There were some elegant 

solutions seen using F(x) = 1 - 
(6−𝑥)3

216
 leading to an exact value for the median of 6 - 3√4

3
.    

Some candidates simply evaluatedF(1.2)to give an answer just below 0.5. But this is not 

enough to demonstrate that the median is in fact 1.2. 
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Question 5 

This proved to be one of the most demanding questions on the paper with the most able 

candidates persevering and making good progress. 

Most candidates not only recognised that a Uniform/Rectangular distribution applies in part (a) 

but were also able to use it effectively. Other candidates decided that a Poisson distribution was 

appropriate. There were yet others who used a distribution with incorrect parameters, the most 

common being U[1.5, 3]. 

 

Part (b) was generally well done with sufficient working shown to establish the proof. Many 

wrote down that CB = 3 − W and then used Pythagoras’ theorem correctly to lead to the given 

result.   

There was a mixed response to part (c). Some candidates mixed up the variable X and W. A 

common error was to work out E(W2) = and then using this value in the 

equation leading to an incorrect answer. Some candidates wrongly 

used E(W2) = [E(W)]2 Some candidates assumed that X2 itself had a uniform distribution. A 

small minority of candidates used the alternative method of integration and had an equal 

success rate. 

 

(d) Generally, the most able candidates could gain full marks. Many did get to the stage 

and then worked out that W = 1 and W = 2 thus gaining 2 

marks. Some obtained 1 < W < 2 as the solution to the inequality or W > 2 and W > 1. Many 

were not able to earn the final 2 marks as they did not know that they had to add the probabilities 

of P(W > 2) and P(W < 1) to obtain the correct answer. Some candidates multiplied the 

probabilities rather than adding them. Some blank scripts were seen for part (d). Other 

candidates were unable to make any progress beyond P(𝑋2 > 5) = 1 − P(𝑋2 ≤ 5). 
 

Question 6 

 

Part (d) was one of the more demanding parts of the paper, but there were a significant number 

of candidates who did not make any attempt at parts (b) and (c) despite these being standard 

definitions.  

 

Part (a) was the most successful of the first three parts, followed by (c). A lack of detail meant 

the mark in part (b) was often not scored. A sampling frame must include all sampling units, in 

this case youth club members. Many tried to restate textbook definitions rather than to try and 

engage with the context of this question.  

 

 

There were three unknowns in part (d). The two pieces of information printed in the question 

lead to the equations 2 25

64
p =  and 

1
2

16
qr =   

A third equation was therefore required. It was expected that candidates would apply the 

principle that the sum of probabilities is equal to 1 to the sentence in the question: “Each ball 

is numbered 20, 50 or 70” and realise therefore that 𝑝 + 𝑞 + 𝑟 = 1. This approach lead to two 

( )
2

3 0 9 3

12 12 4

−
= =

2 2E( ) Var( ) [E( )]W W W= +

( )22( ) 2 6 4 0P 5 P WX W= − + 



equations in q and r:  𝑞 + 𝑟 =
3

8
 and 𝑞𝑟 =

1

32
. Candidates obtained and then solved a quadratic 

equation of the form 𝑞2 −
3

8
𝑞 +

1

32
= 0or 32q2 − 12q + 1 = 0. 

 

A rather more complicated solution saw candidates apply the principle of total probability to 

the 'sampling distribution of M'. This was a fairly common approach. This is indeed a valid, 

alternative method that led to the correct final answer. However, a substantial amount of 

additional work was required using this method. Instead of one of the two equations above in 

q and r, one possible outcome is the complicated equation printed in the mark scheme, featuring 

unknowns in 𝑞,𝑞2,𝑟,and𝑟2. Solving simultaneous equations, with this as one of the pair was 

significantly more challenging as it leads to a quartic equation, typically 

4 3 25 35 5 1
0

4 64 128 1024
q q q q+ − + + =   

Most used the given answer to verify that q = ¼ and then went on to complete the solution. 
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