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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).

3 © OCR 2024




A Level Further Mathematics A - Y542/01 - Summer 2024 Examiners’ report

Paper 1 series overview

The overall standard of work on this paper was high. Candidates found much of it accessible, and most
were well prepared to deal with not only hypothesis tests but also probability questions involving
selections and arrangements. However, as in the past, there were weaknesses in answering questions
that require explaining and written communication, particularly those on modelling.

In general, candidates seemed to have enough time to complete the paper.
Most candidates were able to state hypotheses and conclusions to significance tests well.

Perhaps the weakest aspect of candidates’ performance was that many did not use language with
sufficient precision in mathematical contexts. Many did not use or interpret technical terms with sufficient
precision, but the issue goes wider than that. This is discussed in detail in several places in this report.
The precise use of language is fundamental in Statistics, and candidates need to be aware of the precise
meaning of what they write.

Candidates who did well on this paper Candidates who did less well on this paper

generally: generally:

e used technical terms precisely and correctly ¢ used technical terms imprecisely, as if they
were using the words in everyday speech

* read questions carefully ¢ read questions too hastily and jumped to

wrong conclusions about what they were

e gave modelling assumptions and conclusions
g 9 P asked to do

in terms of the context of the question
¢ gave modelling assumptions and conclusions
¢ fully understood the fact that ‘sample mean’ in terms of ‘events’

and ‘population mean’ are different things and

usually take different values e assumed that ‘sample mean’ and ‘population

mean’ are interchangeable

e appreciated that the central limit theorem e confused ‘the distribution of the sample mean’
refers to the distribution of the sample mean with ‘the distribution of the sample’

e understood and used the difference between e treated ‘sample mean’ and ‘expected value’ as
‘sample mean’ and ‘expected value’. if they were the same thing.

Misconception

@ It seems that many candidates do not truly understand the distinction between sample mean

and expected value. For example, in Question 5 (b) the issue was whether a sample mean
and a sample variance of 3.55 and 5.6475 indicated that a Poisson distribution was
unsuitable. Many candidates said that it was unsuitable because in a Poisson distribution, the
mean had to be equal to the variance. But this refers to the expected values, not to the
sample mean and variance. Even if the expected mean and variance are equal, you would
not expect the sample mean and variance to be exactly equal for any particular sample. The
issue is: if the sample mean and variance are close together (not equal), it is plausible that
the population mean and variance are equal (and ‘equal’ here does not mean ‘approximately
equal’) Likewise, in Question 8 (a) many candidates simply equated E(T) to the sample mean
as if they were the same thing.

It is possible that many such candidates, if asked to explain the difference, would be able to
give the answer, but under pressure they tend to fall back to their comfort zone, in which, it
seems, there is no difference between them.
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Question 1 (a)

1 A discrete random variable X has the following distribution, where a, » and ¢ are constants.

X 0 1 2 3

P(X =x) a b c 0.1

It is given that E(X) = 1.25 and Var(X) = 0.8875.

(a) Determine the values of @, b and c. [5]

Responses were almost always right, apart from those candidates who used Var(X) = E(X?) — E(X),
E(X?) + [E(X)]? or just E(X?).

Question 1 (b)
(b) The random variable Y is defined by Y= 7—-2X.

Write down the value of Var(Y). [1]

Responses were almost always right.

Question 1 (c)

(¢) Twenty independent observations of X are obtained. The number of those observations for
which X = 3 is denoted by 7.

Find the value of Var(7). 2]

Many candidates did not read the question carefully enough. Many wrote down the variance of the sum,
or the mean, of 20 observations of X, and did not use T at all. Those who identified the distribution of T
as binomial were usually successful.

5 © OCR 2024
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Question 2 (a)

2 Anewspaper article claimed that “taller dog owners have taller dogs as pets”. Alex investigated
this claim and obtained data from a random sample of 16 fellow students who owned exactly one
dog. The results are summarised as follows, where the height of the student, in cm, is denoted by
h and the height, in cm, of their dog is denoted by d.

n=16 Yh=2880 YXd=660 Xh>=519276 Xd*=230000 Xhd= 119425

(a) Calculate the value of Pearson’s product moment correlation coefficient for the data. [2]

Responses were almost always right, although 0.40086... should not be rounded to 0.4.

Question 2 (b)

(b) State what your answer tells you about a scatter diagram illustrating the data. 1]

Answers were often imprecise. The question required a description of the scatter diagram, so ‘weak
positive correlation’ was inadequate. ‘Points are widely scattered’ is also insufficient as it is only the
vertical scattering that matters. Stronger responses were similar to ‘points do not lie close to the line’.

Question 2 (c)

(¢) Use the data to test, at the 5% significance level, the claim of the newspaper article. [5]

Generally this part was well answered. It is best to state the hypotheses in terms of population
parameters, for example Ho: p = 0, H1: p > 0 and then to interpret p as the population correlation
coefficient between students’ and dogs’ heights. A few wrote H1: p > 1. The conclusions were generally
well expressed.

When defining p, ‘population product-moment correlation coefficient’ should not be abbreviated to
PPMCC, as this could simply mean 'Pearson’s PMCC’. ‘Population PMCC’ is acceptable.

6 © OCR 2024
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Question 2 (d)

(d) Explain whether the answer to part (a) would be likely to be different if the dogs’ weights had
been used instead of their heights. [1]

Many responses were imprecise, for example, ‘not different as weight is proportional to height’. Many
candidates used ‘different’ or ‘proportional’ in vague, informal terms (to mean ‘not very similar’ or
‘generally increasing’). Candidates need to realise the word ‘proportional’ is used in a precise way in
mathematics. Some seemed to claim that there was an exact linear relationship between height and
weight.

Exemplar 1

2d) iPMWWMMM&‘MWa
Gz (oediss oy e L‘Aa;%mh W

In this context, linear coding means that heights and weights are related by an exact formula of the form
w = a + bh, so that on a scatter diagram showing heights and weights, all the points lie exactly on a
straight line. However, this answer suggests that ‘linear coding’ means only an approximately increasing
relationship. Statements in this question needed to be precise.

The correct answer is that it is almost certain that the answer would be different, as it is extremely
unlikely that (for this sample) height and weight are related by an exact linear relationship. Obviously,
there is no exact relationship in the population as a whole; thinking in terms of scale factors, it might be
reasonable to suggest that there was some correlation between weight and (height)3, although of course
this too would be far from perfect.

Assessment for learning

This question would give good opportunities for discussion of the way in which words used in
common speech need to be used with far greater precision in mathematics.

7 © OCR 2024
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Question 3 (a)

3 Research suggests that the mean reading age of a child about to start secondary school is 10.75.
The reading ages, X years, of a random sample of 80 children who were about to start secondary
school in a particular district were measured, and the results are summarised as follows.

n=80 Yx=2893 Ix’=10267

(a) Test at the 5% significance level whether the mean reading age of children about to start
secondary school in this district is not 10.75. [10]

This intricate although routine question was generally well answered. Common errors included not
multiplying the sample variance by 80/79, omitting the factor of 80 in the variance of the sample mean,
and — particularly relevant in the context of this paper as a whole — confusing the roles of 10.75 and
11.1625. The null hypotheses requires that the sample mean X has the distribution N(10.75, 3.78/80),
and then the probability that X > 11.1625 is found. It is wrong to use N(11.1625, 3.78/80) and

P(< 10.75).

For the conclusion, a double negative is needed, for instance ‘there is insufficient evidence that the
mean reading age is not 10.75’. Most candidates were able to give this.

Question 3 (b)

(b) A student wrote: “Although we do not know that the distribution of X is normal, the central
limit theorem allows us to assume that it is, as the sample size is large.” This statement is
incorrect. Give a corrected version of the student’s statement. [1]

Many candidates, perhaps helped by previous examiner reports, were able to give the correct answer
that it is the sample mean (X), not X, that can be assumed to have a normal distribution. However, there
are still many candidates who did not understand this and who gave wrong answers.

Misconception

In most previous reports, attention has been drawn to widespread misunderstanding of the

O Central Limit Theorem. Many candidates think that they can assume that the distribution of X
(the ‘parent distribution’) is normal, but this is false. Others say that it can be assumed that
the sample is normally distributed, but the (expected) distribution of a random sample of
single items is the same as the distribution of the parent population. The bigger the sample,
the closer the distribution of the sample is expected to be to that of the parent population.

In this question there are two random variables: the value (X) of a single observation and the
mean (X) of a sample of 80 observations. These two random variables have different
distributions, and the one that can be assumed to have a normal distribution is the sample
mean X. No sample, however large, can turn a non-normal distribution into a normal one.

8 © OCR 2024
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Exemplar 2
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This appears to be a very widespread misunderstanding. Candidates need to distinguish the distribution
of a random sample of single items taken from the population from the distribution of the sample mean of
a random sample of size 80. A histogram of results from the first distribution will simply show the shape
of the parent distribution, and the larger the sample, the nearer to the shape of the parent distribution it is
likely to be — certainly not normal, unless the parent distribution is normal.

If by contrast you pick, say, 15 samples each of size 80, calculate the sample means of each of the 15
samples and plot those on a histogram, you should get something recognisably normal. (Note that it is
the size of each sample (here 80) that has to be large, and not the number of separate random samples
(here 15) obtained.)

Assessment for learning

The last two paragraphs suggest a valuable classroom demonstration on a spreadsheet to

@ show histograms of the two distributions. To get a good histogram it might be better to choose
more than 15 random samples but picking samples of size 25 from a continuous distribution
on (0, 1) works well. For the uniform distribution you can use interval widths of 0.1, and for the
distribution of sample means, interval widths of 0.02. The Excel syntax for selecting a random
number from a uniform distribution on (0, 1) is =RAND().

Question 4 (a)

4 (a) Write down the number of ways of choosing 5 objects from 12 distinct objects. [1]

Responses were almost always right.
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Question 4 (b)

(b) Each possible set of 5 different integers selected from the integers 1, 2, ..., 12 is obtained,
and for each set, the sum of the 5 integers is found. The sum § can take values between 15
and 50 inclusive. Part of the frequency distribution of S is shown in the following table,
together with the cumulative frequencies.

S 15 16 17 18 19 20 21 22 23
Frequency 1 1 2 3 5 7 10 13 17
Cumulative | 2 4 7 12 19 29 42 59
Frequency

Use these numbers to determine the critical region for a 1-tail Wilcoxon rank-sum test at the
2% significance level when m =5 and n=7. [2]

Candidates seemed to find this challenging. The question tested the specification item ‘understand the
basis of non-hypothesis tests’, and it was necessary to use the result from part (a). Most correct answers
used 0.02x792 = 15.84 and compared this with 12 and 19. (The principle is that if the null hypotheses is
true, all 792 orders are equally likely.) As there are only 12 different orders that produce a sum of 19 or
fewer, the probability of obtaining a total of 19 or fewer purely by chance is less than 2% (12/792 =
0.015...). Those who attempted to use a normal approximation or tables had not followed the instruction
in the question to ‘use these numbers’.

Question 4 (c)

(c) A student says that, for a Wilcoxon rank-sum test on samples of size m and n, where m and »
are large, the mean and variance of the test statistic R are 200 and 616% respectively.

Show that at least one of these values must be incorrect. [3]

This was generally well answered. Most could obtain the two relevant equations for m and n and
eliminate the common factor (m + n + 1) to get n = 18.5. All that was then needed was the comment that
n had to be an integer, so at least one of the values was impossible. There were some numerical errors

in working with 6163., some taking it to be 616 x g Some wasted time by finding m as well as n; once n
has been found not to be an integer, no more work is needed.

10 © OCR 2024
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Question 5 (a)

5 Some bird-watchers study the song of chaffinches in a particular wood. They investigate whether
the number, N, of separate bursts of song in a 5 minute period can be modelled by a Poisson
distribution. They assume that a burst of song can be considered as a single event, and that bursts
of song occur randomly.

(a) State two further assumptions needed for N to be well modelled by a Poisson distribution. [2]

As often in the past, questions about modelling assumptions were challenging to candidates. Candidates
struggle to distinguish between the conditions under which a Poisson distribution may be considered (the
random variable is the number of separate events that occur in a given time or space interval, and there
is no upper limit), and assumptions. Assumptions are usually in doubt; conditions are not in doubt and
should not be mentioned.

In the case of a Poisson distribution, the ‘independence’ assumption is usually quite well expressed, but
the other assumption seems widely misunderstood. Many candidates write down a learnt phrase in such
a way that they show it has no meaning for them. For instance, ‘bursts of song must occur at an average
constant rate’, or ‘there is an average frequency per time period’ are meaningless. Every year, the
answer ‘they must occur at a constant rate’ suggests that candidates may not appreciate the
randomness involved; ‘constant rate’ would mean exactly evenly spaced, with the same number in each
time interval, like a ticking clock. To show that this is not being over-critical, each year there are answers
such as ‘there must be the same number of bursts of song in each 5-minute interval’.

Finally, as frequently noted before, ‘singly’ is not an assumption for the Poisson distribution. There is no
reason why a Poisson distribution should be invalid just because some bursts of song overlap.

Assessment for learning

The following commonly-seen statements are inappropriate:
¢ ‘There must be the same number of bursts of song in each 5-minute interval’

e ‘Bursts of birdsong occur at a constant rate’
e ‘The probability of a burst occurring is constant’.

In a 5-minute period there can easily be more than one burst of song. A stronger response
would be ‘the probability in a sufficiently small time interval is constant’, but this begs the
question of what 'sufficiently small' means. Even for small intervals, the probability is
proportional to the length of the interval. The probability of an event in a single (small) time
interval is what is meant by the rate. Trying to give a precise statement in terms of probability
is complicated, which is why ‘the probability of an event occurring is constant’ is not an
acceptable answer. 'Constant average rate’ is a stronger response.

Some wrote, ‘Bursts of song occur at a constant, average rate’. The comma suggests that
‘average rate’ means ‘a rate that does not fluctuate much’, whereas these two words form a
technical term represented by the parameter A.

11 © OCR 2024
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Question 5 (b)

The bird-watchers record the value of N in each of 60 periods of 5 minutes. The mean and
variance of the results are 3.55 and 5.6475 respectively.

(b) Explain what this suggests about the validity of a Poisson distribution as a model in this
context. 12]

As stated above, this was another question that showed much confusion between sample and
population mean and variance. A very common answer was that for a Poisson distribution the mean and
variance had to be equal, but here they were not. A precise explanation might start, ‘As the expected
mean and variance of a Poisson distribution are equal, the sample mean and variance should be similar’.
It was sufficient to say that the mean and the variance were not close together.

Candidates need to give nuanced conclusions, and not ‘the Poisson distribution is not valid’, which is too
definite.

Exemplar 3
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This is the common incorrect answer from candidates who have not distinguished the expected values of
the mean and the variance from the mean and variance of a sample.
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Question 5 (c)

The complete results are shown in the table.

n 0 1 2 3 - 5 6 7 8 =9
Frequency 10 3 7 8 13 6 6 2 5 0

The bird-watchers carry out a ,752 goodness of fit test at the 5% significance level.

(c) State suitable hypotheses for the test. (1]

Most candidates gave almost correct hypotheses, but as explained in previous reports, the only fully
correct statement of the null hypothesis is that N (the number of bursts of birdsong) has a Poisson
distribution. On this occasion candidates could be given the mark for looser statements such as ‘the
Poisson distribution is a good model’, ‘data can be well modelled by...’, ‘data is consistent with Poisson’,
or ‘data follows/fits Poisson’ — but not ‘there is evidence that...’ (as statements about evidence belong
only in the conclusion). Nor is the answer ‘the data can be modelled by a Poisson distribution’ adequate
as anything can be modelled, by almost anything.

Further, it was important for candidates to appreciate that they are not testing for a distribution with a
specific parameter, such as Po(3.55). The question concerns a general Poisson distribution, with mean
estimated from the data. This of course affects the number of degrees of freedom, and hence the critical
value, in the test.

Question 5 (d)

(d) Determine the contribution to the test statistic for n = 3. 13]

Often well done, but some candidates tried to use the mean of 3.55 and 5.6475 as their value of A, which
is not the correct procedure. As the command word is ‘Determine’, working was needed, and not just a
value obtained from a calculator.

Question 5 (e)

(e) The total value of the test statistic, obtained by combining the cells for » < 1 and also for
n = 6,1s 9.202, correct to 4 significant figures.

Complete the goodness of fit test. [3]

A surprising number of candidates tried to work out the critical value for themselves, usually wrongly,
and sometimes adding in 9.202 as one of the terms. Such candidates lost time, but not marks. Many
used the wrong critical value, typically 11.07 or 7.815. For these critical values, however, they could be
given 2 of the 3 marks. A double negative is needed in the conclusion: ‘there is insufficient evidence that
the distribution is not Poisson’, or equivalent.

13 © OCR 2024
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Question 5 (f)
(f) It 1s known that chaffinches are more likely to sing in the presence of other chaffinches.

Explain whether this fact affects the validity of a Poisson model for V. [1]

Many candidates understood the right idea but expressed themselves poorly. Most knew that the
information in the question meant that bursts of song were not independent, and so the validity of the
Poisson model was reduced.

Candidates should contextualise their answers, and not refer merely to ‘events’.

Question 6 (a)

6 A bag contains 6 identical blue counters and 5 identical yellow counters.
(a) Three counters are selected at random, without replacement.

Find the probability that at least two of the counters are blue. [2]

This question was often answered very well. Over the years there has been a substantial improvement in
the standard of answers in a topic that is often considered hard. Candidates should in general be
encouraged to use "C, and "P- methods, and not multiplication of probabilities where it is all too easy to
omit crucial constants.

Responses were quite often right, especially from those who used (6C,x5 + 6C3) / "' Cs.

Question 6 (b)

All 11 counters are now arranged in a row in a random order.

(b) Find the probability that all the yellow counters are next to each other. [2]

Responses were often right. A common wrong answer was 7 / ''Ps rather than 7 / "1Cs.

Question 6 (c)

(¢) Find the probability that no yellow counter is next to another yellow counter. [3]

Most candidates could find the denominator of ''Cs but quite a few used a numerator of 1.

14 © OCR 2024




A Level Further Mathematics A - Y542/01 - Summer 2024 Examiners’ report

Question 6 (d)

(d) Find the probability that the counters are arranged in such a way that both of the following
conditions hold.

» Exactly three of the yellow counters are next to one another.

» Neither of the other two yellow counters is next to a yellow counter. [3]

This was quite challenging, but nevertheless many right answers were seen. The best plan was to draw
a diagram with six blue counters and seven spaces, one space between each counter and one at each
end. Then the set of three counters can be placed in seven ways, and the remaining two single counters
is 6C, ways.

The most common wrong answer was ’C, / ''Cs = 5/66. Presumably this came from simply selecting
three spaces where the yellow counters could go, without distinguishing which of the spaces was
occupied by three counters.

Question 6 (e)

(e) Explain whether the answer to part (d) would be different if the yellow counters were
numbered 1, 2, 3, 4 and 5, so that they are not identical. [1]

Some candidates saw that this would make no difference, either because numbering the counters makes
no difference to the conditions, or because both numerator and denominator are multiplied by the same
factor (5).

Question 7 (a) (i)

7  The coordinates of a set of 10 points are denoted by (x, y,) fori=1,2, ..., 10.
For a particular set of values of (x,, y,) and any constants @ and b it can be shown that

Ca— ) = 10011 - a—6b)’ 837, 139
S(y,—a—bx)* = 10(11-a—6b)* +126(b 42) +=
(a) (i) Explain why Z(y[.—(,:r—.f;vc[.)2 1s minimised by takingb:%andazu—éb_ [1]

This was not the standard question asking what is meant by ‘least squares’, although many candidates
answered it as if it were. A strong response would be that the squared terms on the right-hand side are
automatically minimised by setting them equal to 0.

15 © OCR 2024
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Question 7 (a) (ii)

(ii) Hence explain why the equation of the regression line of y on x for these points 1s given

by the corresponding values of @ and & (so that the equation is y = %x— %). (1]

Answering ‘because this minimises the expression’ merely repeats part (a) (i). It was necessary to
explain that it minimises the sum of the squared vertical distances from the points to the line. Many
candidates omitted to say ‘squared’.

Question 7 (b)

(b) State which of the following terms cannot apply to the variable X if the regression line of y
on x can be used for estimating values of Y.

Dependent Independent Controlled Response [1]

Perhaps because of the negative in the question, this part was answered less well. Y might be the
dependent or the response variable, so these are the ones that X cannot be.

Question 7 (c)

(¢) Use the regression line to estimate the value of y corresponding to x = 8. [1]

Reponses were almost always right.

Question 7 (d)
(d) State what must be true of the value x = 8 if the estimate in part (c) is to be reliable. [1]

Most knew that extrapolation had to be avoided, but there were many answers that were poorly
expressed. It is correct to say, ‘8 must be within the range of the xi values’ (and some candidates used
the even more accurate term 'domain’), but not that '8 must be one of the values in the data set’, or even
'the point must be on the line’, both of which were seen several times.

16 © OCR 2024
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Question 7 (e)

(e) Variables « and v are related to x and y by the following relationships.
u=2+4x v=8-—2

Show that the gradient of the regression line of v on # is very close to —1. [3]

This was often done well. It contrasts interestingly with the common question 'do these substitutions
change the equation of the regression line?’ which is often wrongly answered by saying ‘no, as this is
linear coding’. There were several successful methods: substituting the rearranged formulae into the
dv_dy dv du
du dx dy dx

equation of y on x; using what was effectively a chain rule or equivalents such as

b’ = Suv ! Suu = (Sxy x (—2%4)) | (Sxx x 42); or even finding two points on the y-on-x line, converting to u
and v and finding the equation of the new line.

Question 8 (a)

8 Arandom sample of 100 students were given a task and the time taken by each student to
complete the task was recorded. The maximum time allowed to complete the task was one minute
and all students completed the task within the maximum time. The times, 7" minutes, for the
random sample of students are summarised as follows.

n =100 2.1=61.88

A researcher proposes that 7" can be modelled by the continuous random variable with probability
density function

£(r) = ol 0y . 1,
0 otherwise,

where a is a positive constant.
(a) In this question you must show detailed reasoning.

By finding E(7") according to the researcher’s model, determine an approximation for the
value of a. Give your answer correct to 3 significant figures. [6]

This was a question where detailed reasoning was required. As explained above, therefore, it was
necessary for candidates to justify why they could equate the formula for E(T) to the sample mean. Only
a few made any comments at all, and so most were given only 5 marks out of 6. Valid comments
included ‘the sample mean is an unbiased estimate’, ‘take E(T) to be 0.6811’ or even use of the = sign.

Nevertheless, many candidates were able to obtain the correct value of «a. A few tried to find the median,
or did not use definite limits for the integral, and a common error was a = 0.6188 x (a+ 1) =
a=0.6188a + 1.

17 © OCR 2024




A Level Further Mathematics A - Y542/01 - Summer 2024 Examiners’ report

Question 8 (b)

Further information about the times taken for the sample of 100 students to complete the task is
given in the table.

Time ¢ 0<t<

VAN
~
A
(OST] 8]
w2
VAN
~
VAN

3| —

1
3
Frequency 18 37 45

(b) Using the value of  found in part (a), determine the extent to which the proposed model is a
good model. (Do not carry out a goodness of fit test.) [4]

This was generally answered well. The best strategy was to use the PDF to find the probabilities of being
in the three ranges, multiply them by 100 and compare with the data. Most candidates were able to say
that it is a good model because observed and expected frequencies were similar. Those who used the
cumulative distribution function were also often successful.
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