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Introduction 

Our examiners’ reports are produced to offer constructive feedback on candidates’ performance in the 

examinations. They provide useful guidance for future candidates.  

The reports will include a general commentary on candidates’ performance, identify technical aspects 

examined in the questions and highlight good performance and where performance could be improved. 

A selection of candidate answers is also provided. The reports will also explain aspects which caused 

difficulty and why the difficulties arose, whether through a lack of knowledge, poor examination 

technique, or any other identifiable and explainable reason. 

Where overall performance on a question/question part was considered good, with no particular areas to 

highlight, these questions have not been included in the report. 

A full copy of the question paper and the mark scheme can be downloaded from OCR. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Would you prefer a Word version?  

Did you know that you can save this PDF as a Word file using Acrobat Professional?  

Simply click on File > Export to and select Microsoft Word 

(If you have opened this PDF in your browser you will need to save it first. Simply right click anywhere on 
the page and select Save as . . . to save the PDF. Then open the PDF in Acrobat Professional.) 

If you do not have access to Acrobat Professional there are a number of free applications available that 
will also convert PDF to Word (search for PDF to Word converter). 
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Paper Y422/01 series overview 

Y422/01 (Statistics Major) is an optional examined component for GCE Further Mathematics B (MEI). 

The component provides two thirds of the total mark for the applied part of the course and includes the 

content of Y432 (Statistics Minor) together with various other topics. The component focuses on: 

• discrete random variables, including the Poisson, geometric and discrete uniform distributions 

• bivariate data, including Pearson’s product moment correlation coefficient, Spearman’s rank 

correlation coefficient and regression analysis 

• chi-squared tests for contingency tables and for goodness of fit 

• continuous random variables, including probability density and cumulative distribution functions, 

the Normal distribution and the continuous uniform distribution 

• statistical inference including confidence intervals and hypothesis tests, using the Central Limit 

Theorem if necessary 

• simulation.  

Candidates are expected to know the content of A Level Mathematics and the Core Pure mandatory 

paper for Further Mathematics (Y420). Candidates should have gained experience during their course of 

spreadsheets or other software to explore data sets and to conduct hypothesis tests and construct 

confidence intervals. They should also have had experience of using a spreadsheet to simulate a 

random variable. 

Most of the questions in Y422/01 are in context and many require interpretation in addition to 

understanding. Questions may also require candidates to comment about the modelling assumptions 

underlying their answers.  

In general candidates did well in questions involving calculations, but rather less well in questions 

requiring reasons or explanations. 

 

Candidates who did well on this paper 

generally: 

Candidates who did less well on this paper 

generally:  

• identified the correct hypothesis test to carry 
out and then used correct terminology and 
gave non-assertive conclusions 

• identified appropriate probability distributions 
to use 

• used calculators effectively to calculate 
probabilities, find the product moment 
correlation coefficient and to find means and 
standard deviations 

• applied their knowledge and understanding to 
new and unfamiliar contexts 

• chose appropriate levels of accuracy to give 
answers to and in particular gave probabilities 
as exact answers or to four decimal places. 

• correctly carried out calculations involving the 
geometric distribution 

• given summary statistics, correctly found a 
confidence interval 

• given summary statistics, correctly found the 
value of the product moment correlation 
coefficient 

• correctly carried out a chi-squared test on a 
contingency table. 
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Section A overview 

This section consists of more straightforward questions. Most questions in this section were very well 

answered apart from Question 1 (b) which required an explanation and Questions 1 (d) and 3 (d) which 

were more involved probability questions. 

 

Question 1 (a)  

This was correctly answered by almost all candidates. 

 

Question 1 (b)  

Most candidates scored 1 or 2 marks out of 3 in this part. For the binomial distribution, most mentioned 

independence and often constant probability but rather less included fixed number of trials, only 2 

outcomes and very few stated that the random variable is the number of successes. For the Poisson 

distribution the correct response of large number of trials and small probability was quite common, but 

many candidates instead wrongly stated that this distribution was suitable either because the mean and 

variance were similar or that there was a constant rate of occurrence. 

Exemplar 1 
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This exemplar shows a typical response, where the candidate has a suitable explanation for why a 

Poisson distribution is suitable, but has only 3 of the 5 possible statements for why a binomial distribution 

is suitable. It should be noted that only 4 of the 5 statements were required to gain both marks for the 

binomial distribution. 

 

Question 1 (c)  

This was very well answered with most candidates using the correct distribution, although some thought 

that P(𝑋 > 10) = 1 − P(𝑋 ≤ 9). 

 

Question 1 (d)  

Candidates found this part more demanding, with most either producing an entirely correct response, or 

something that gained no credit at all. Of the latter candidates, some had little idea of how to start the 

question and others used a wrong distribution, usually B(50, 20/1296) 
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Question 2 (a)  

This was almost always correctly answered, except that many candidates gave their answers to too 

great a degree of precision, usually giving the answer for the estimate for 5° C as 1054.04. Candidates 

should realise that estimates should not be too precise. 

 

Question 2 (b)  

A score of 2 marks out of 3 was by far the most common here. Candidates usually mentioned 

interpolation and extrapolation, but relatively few mentioned the value of r2 or the closeness of the points 

to the line. In future such candidates may only gain 1 mark out of 3 rather than the 2 marks that they 

gained on this occasion. 
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Question 3 (a)  

This was usually answered correctly. 

 

Question 3 (b)  

This was again usually answered correctly. 

 

Question 3 (c) 

Almost all candidates answered this correctly. 

 

Question 3 (d)  

Candidates found this part more challenging, since they had to first use a binomial distribution to find the 

probability of 4 successes in 9 serves and then multiply by the probability of success in one serve. Many 

simply had 0.455 × 0.555, although sometimes there was a wrong coefficient added. 
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Question 3 (e)  

Despite the more involved nature of this question, it was usually answered correctly. A few candidates 

had a correct equation for p but made an error in solving it. 
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Section B overview 

This section consists of less of the straightforward questions, with more problem solving and 

interpretation. Questions 4, 5, 6, 9 and 10 (apart from 10 (f)) were generally very well answered, 

whereas Questions 7, 8 and 11 were found to be the more challenging.  

 

Question 4 (a)  

This question on the Normal distribution was usually answered correctly. The main error was to use a 

variance of 102 × 0.032 rather than 10 × 0.032.  

 

Question 4 (b)  

This question on the Normal distribution was also usually answered correctly. The main error was the 

reverse of that in part (a) using a variance of 10 × 0.032 rather than 102 × 0.032.  

 

Question 4 (c)  

Candidates on the whole did better in this part than in the first two parts of the question, with most 

gaining full marks. Almost all found the mean correctly and the main error was in finding the variance, 

sometimes simply using 0.032 or alternatively 32 × 0.032 rather than the correct 3 × 0.032. 
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Question 4 (d)  

This part was slightly more difficult than the previous parts since it involved the difference of two Normal 

distributions. Most candidates coped very well with this part also. Almost all found the correct mean of 

±0.08, but rather more had problems in finding the variance, with a variety of errors seen. In this part 

candidates who tried to subtract the two variances rather than add them should have realised that this 

was wrong since the result would have been zero. 

 

Question 5 (a)  

This part was very well answered. The main errors seen were to make a mistake in finding the variance, 

often using a denominator of 40 rather than 39, or to use 1.645 rather than 1.96. A few candidates used 

the wrong formula, usually simply using the standard deviation rather than the standard error. 

 

Question 5 (b)  

Most candidates stated that 20 was in the interval although some made a statement that was too 

assertive. However, the second statement was often either incorrect or not clear enough. 
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Question 5 (c)  

There were not many fully correct answers to this part. Many candidates realised that the confidence 

interval could not be formed in the same way as that with 40 people. Some simply said that it was not 

possible to construct a confidence interval. Others said that the t distribution should be used, but some of 

these made no mention of the requirement that the parent population should be Normally distributed. 

Few made a correct statement about using the t distribution and also stated that otherwise a confidence 

interval could not be formed. 

 

Question 5 (d)  

This very straightforward part was almost always answered correctly. 
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Question 5 (e)  

This part produced a very similar response to part (b), although rather less stated that 20 was still in the 

interval than in the previous part. However rather more commented correctly about the lower variance. 

Any comment suggesting less spread was acceptable. 

 

Question 6 (a)  

This is a standard question and it was well done. Candidates should be advised however that a 

statement such as ‘The data is bivariate Normal’ is not correct. A statement such as ‘The underlying 

population can be assumed to have a bivariate Normal distribution’, is what is required. 
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Question 6 (b)  

This was very well answered. 

 

Question 6 (c)  

The majority of candidates gained at least 4 marks out of 5, with the most common error being the 

omission of the definition of the correlation coefficient ρ, not mentioning ‘population’ in the definition or 

the definition not being in context. Candidates who gave the hypotheses in words rarely scored any 

marks as again ‘population’ was not usually mentioned. A few candidates had the wrong critical value, 

but almost all knew whether or not the null hypothesis should be rejected, whether from correct values or 

on follow through from their incorrect values. Most gave a non-assertive conclusion. 

Assessment for learning 

 

In questions involving hypothesis testing, the hypotheses should always mention the 
population. If a parametric test is being carried out, the parameter (in this case ρ) should be 
defined as the population parameter. Thus the definition of ρ should be ‘ρ is the population 
product moment correlation coefficient between download speed and upload speed’. In the 
case of non-parametric tests, the hypotheses are usually given in words, but they must again 
include the word ‘population’. 

The conclusions in such tests should always be given in context. In this case ‘There is 
insufficient evidence to suggest that there is correlation between download speed and upload 
speed in the population’, rather than just ‘There is insufficient evidence to suggest that there 
is correlation.  

The conclusions should have an element of doubt. A statement such as ‘There is insufficient 
evidence to suggest that there is correlation, and so download speed and upload speed are 
not correlated’ is too assertive. Such a statement would not be credited with the mark for the 
conclusion due to the final part of the sentence.  
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Question 6 (d)  

Less than half of candidates gave a correct response with many simply stating that the conditions for a 

test based on the product moment correlation coefficient would not hold. 

 

Question 7 (a)  
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All that was required in this part was to state that the p-value was not very low and the plot was 

approximately linear which both suggested that the parent population is Normally distributed. Thus the 

t distribution should be used. It is surprising therefore that under half of the candidature scored full 

marks. Many either mentioned the p-value or the straightness but not both. A number of candidates 

thought that Wilcoxon test should be used, sometimes thinking the distribution was Normal and 

sometimes not. Some candidates stated that as the p-value was more than 0.05 a Wilcoxon test should 

be used. There was no credit available in part (b) for the use of a Wilcoxon test. This is a standard 

question and there have been similar questions in a practice paper and in June 2019 and June 2022. 

The examiners’ report made clear on both occasions that no marks could be given for the test itself if the 

wrong test was chosen.  

 

Question 7 (b)  

This question was well done (apart from those candidates who thought that a Wilcoxon test should be 

used). As with Question 6 (c), some candidates made similar errors in stating the hypotheses. Almost all 

found the sample mean and sample standard deviation correctly, and most then correctly found the test 

statistic. Some candidates used the wrong critical value, often correctly based on a t distribution with 11 

degrees of freedom, although sometimes 10 or 12. Most then compared their test statistic to their critical 

value and came to the correct conclusion. 

 

Question 8 (a)  

This question, which was expected to be very straightforward, proved rather difficult with under a quarter 

of candidates gaining both marks. Many did not read the question properly and used a discrete uniform 

distribution, for which no marks were available. Those who did use the correct distribution often omitted 

the 2 ways in which the events could take place. 
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Question 8 (b)  

The majority of candidates correctly answered this apparently simple question, with 
5

11
 and 

6

11
 being the 

most common wrong responses. 

 

Question 8 (c)  
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Once again the majority of candidates had both answers correct. The most common wrong method was 

to use the uniform distribution to try to answer the question, usually getting answers of 0.5 and 0.05. As 

mentioned in the Paper Y422/01 series overview candidates should have had experience of using a 

spreadsheet to simulate a random variable. The responses to this question part would suggest that 

some have not had sufficient experience. 

 

Question 8 (d)  

Although a minority of the candidature gained no credit, almost half gained at least 6 marks out of the 7 

available. Of these latter, the main error of those who did not get full marks, was to simply state that 

Var(X)=
25

3
 without any explanation. This was a question where candidates were told to show detailed 

reasoning and so an explanation of Var(X) = 
1

12
(10-0)2 was required. For those who gained less than 6 

marks, there was a wide variety of errors, but many realised that they had to use Var(Y) = Var(T)/100 

and also to use the central limit theorem. Some tried to include a continuity correction but of course this 

was wrong since the original uniform distribution was already continuous. A few candidates tried to use 

the distribution of the total of 100 independent values of T, and find P(Total >2600) using N(2500, 
12500

3
 ), 

but most of these made errors, usually in finding the variance.. 
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Question 9 (a)  

This question was generally well done, with most candidates getting at least 8 marks out of 10. For those 

who did not gain full credit there was a wide variety of errors including: having an over-assertive final 

conclusion, using the wrong critical value (although almost always with the correct number of degrees of 

freedom), making a mistake in calculating the test statistic, not showing working when finding the test 

statistic, giving the hypotheses the wrong way around and very occasionally stating them in terms of 

correlation instead of association. 

 

Question 9 (b)  

Approximately half of candidates gained the 1 mark available here for a comment such as ‘The cyclist 

may have been more predisposed to estimating locally registered cars passing with at least 1.5 m 

distance’. Those who did not gain the mark usually made a comment about estimates not being 

accurate, but this comment would not have necessarily led to bias since it would have affected all cars 

equally.  
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Question 10 (a)  

Almost all candidates integrated correctly to find an expression for F(x), but many then some simply 

stopped there, without any mention of a constant of integration, or simply had ‘+ c’ at the end of their 

expression. Of those who did try to find the constant of integration, most were successful although some 

did not give the final full answer. Most successful candidates integrated between 1 and x, but some 

correctly found the constant by using F(2) = 1. 

Exemplar 2 

In this exemplar the candidate has correctly integrated f(x) but then has not included a constant, nor 

have they integrated with limits. The candidate did know that the F(x) = 0 for 𝑥 < 1 and F(x) = 1 for 𝑥 > 2 

but there was no credit for this unless a constant of integration was included.  
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Question 10 (b)  

This was generally very well done, with many candidates using F(2) = 1 to find a. An alternative method, 

which could get full marks even if their F(x) had no constant, was to use F(2) - F(1) = 1. 

 

Question 10 (c)  

This question was generally well answered, and candidates who had an incorrect expression for F(x) 

could still get a method mark. Candidates almost universally showed adequate working. 

 

Question 10 (d)  

Many candidates unfortunately simply used a calculator to solve the equation to several decimal places 

to try to verify the statement. This approach was not satisfactory. Those who realised what they had to 

do were almost always successful, with most evaluating the given expression at 1.735 and 1.745 to 

show a change of sign, with only a few using the main method in the mark scheme of evaluating 

F(1.735) and F(1.745). 

 

Question 10 (e)  

Only half of the candidature scored full marks here, although many who only gained the first mark simply 

made an error in integrating. This was a ‘Find’ question, so candidates could simply use a calculator to 

carry out the integration, but good practice is to state the integration to be done, especially since many of 

the numerical values required can only be FT if seen in the working.  
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Question 10 (f)  

This question was not successfully answered with most candidates getting either 0 or 1 mark. The most 

common method to find the mode was to first differentiate and solve f’(x) = 0. The solutions to this 

equation, x = ± 0.639, were not in the domain of f(x) and so it should have been realised that neither of 

these was the mode, but many stated that the mode was 0.639. Some candidates did realise that 0.639 

was not correct, but then simply stated that the mode was 2 without any further explanation. Since the 

question requires the mode to be ‘determined’ rather than ‘found’, more working was required and this 

was rarely seen. Only a very few gave a full explanation of why the mode is equal to 2. 

 

Question 11 (a)  

The majority of candidates gained full credit on this part. Most of the rest scored 0, either by omitting the 

question altogether or by including n and so giving answers E(X) = np and Var(X) = np(1-p). 

 

Question 11 (b)  

This question was the most difficult on the paper, with only a small number of candidates getting full 

credit and around half gaining no marks at all. Of those who had partial marks, many correctly used the 

given value of p = 0.2 to find the expectation and variance with the formulae in part (a). Some of these 

then clearly stated that E(Y) = 50 × E(X) and Var(Y) = 50 × Var(X) and so gained SC marks. Those 

candidates who simply used the formulae E(X) = np and Var(X) = npq did not get any credit. Only a few 

stated that Y = X1+X2+…+X50, as in the mark scheme. 
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