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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 responses 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 Teach Cambridge.

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 Y432 series overview

This is the Statistics Minor option component of the MEI Further Mathematics course.
This component was accessible to most candidates, who typically attempted to answer all questions.

Questions involving calculations (Questions 1, 2 (a), 3 (c), 3 (d), 4 (a), 5 (c) and 7 (a)) were usually done
well. These accounted for about one-third of the marks in the component.

For the two questions involving hypothesis tests (Questions 5 (d) and 6 (b)) candidates demonstrated a
good understanding of the required structure. Hypotheses were stated, critical values were found, and
comparisons made with test statistics. Conclusions were then usually suitably non-assertive. To improve
further, candidates should make sure that the null hypothesis is chosen correctly and includes just the
right amount of detail. They should also take care in identifying the correct critical value.

Candidates did not perform as well on ’explain’ and ‘comment’ questions (Questions 2 (b), 2 (c), 4 (b)
and 6 (a)). Centres should continue to make sure that sufficient attention is given to these questions
when preparing candidates.

The conditions required for a probability distribution to be an appropriate model and the conditions for a
test to be valid need to be clearly understood and expressed in the context of the question (Questions 3
(a), 3 (b), 5 (a) (i), 5 (a) (i), 5 (a) (iii) and 5 (b)).

Candidates needed to be able to find the variance from a probability distribution table (Question 7) where
the probability was given algebraically, as well as summing independent variables to create a new
probability distribution table. Confidence with algebraic manipulation will help candidates with these
types of questions.

Useful information regarding sampling, bivariate data and modelling assumptions can be found in the
specification for this component.

Candidates should be encouraged to write neatly. Some responses to the ‘explain’, ‘comment’ and ‘state’
questions were challenging to read.

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

generally:

made appropriate and accurate use of
statistical and probability functions on their
calculator

consistently carried out calculations
accurately, giving answers to a sufficient
degree of accuracy

carried out tests accurately stating correct
hypotheses, identifying correct critical values,
and drawing non-assertive conclusions

used subject-specific terminology correctly

were able to state modelling assumptions
correctly within the context of the question

were confident in using algebra when problem
solving with probability distributions.

carried out standard calculations correctly but
did not always maintain sufficient accuracy in
their working

carried out basic test procedures reliably, but
expressed their hypotheses incompletely or
inaccurately

found it difficult to identify the key points in
‘explain’ and ‘comment’ questions

were less confident in using algebra when
problem solving with probability distributions.
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Question 1 (a)

1 A discrete random variable, X, has a Poisson distribution with mean 4.

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

This question was answered correctly by most candidates.

Question 1 (b)
(b) Find P(X = 3). 1]

This question was answered correctly by most candidates.

Question 1 (c)

(¢) Find P(X > 3). 2]

This question was answered correctly by most candidates. Candidates that did make mistakes generally
had included the X = 3 term.

Question 1 (d)

Another discrete random variable, ¥, which is independent of X, has a Poisson distribution with
mean 5.

(d) Find P(X+Y<9). 2]

This question was correctly answered by most candidates; candidates clearly understood that Po(9) was
needed to find this probability.
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Question 2 (a)

2 Inan experiment, the speed of an object, vms~ ', at time 7 seconds, is recorded at intervals of
10 seconds from 7= 0 to 7 = 80.

The summary statistics are as follows.
n=8, =280, Lr* = 14000, Lv = 876.28, Tv* = 133310.2, Ztv = 43190
A linear function of 7 is used as a model for v.

(a) By first determining the equation of an appropriate regression line, estimate the value of v
when 7 = 45. [3]

The approach that most candidates took in this question was generally successful, but in most cases the
final mark was not given due to candidates stating the final answer to three decimal places. The most
successful candidates also considered the degree of accuracy for their final answer, giving it to two or
three significant figures.

Assessment for learning

In this question, the accuracy of the final answer matters.

Centres can help candidates by drawing attention to the instructions on the front of the exam
paper:

¢ Where appropriate, your answer should be supported by working. Marks might be given for
using a correct method, even if your answer is wrong.

¢ Give your final answers to a degree of accuracy that is appropriate to the context.

Question 2 (b)

(b) Comment on the reliability of your estimate in part (a). [1]

Overall, this was a very well-answered question, with nearly all candidates responding with terms
‘reliable’ and ‘interpolation’. This was a marked improvement from previous years. Occasionally,
candidates calculated the product moment correlation coefficient, which allowed for a different response
about reliability.
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Question 2 (c)

(¢) Explain why in this scenario it would be inappropriate to use a value of v to estimate a value
of 7 using any regression line. [1]

Many candidates correctly stated that t was non-random. Many also incorrectly focused on the
dependence or independence of the variables (the relationship between the variables) rather than
addressing the method of data selection (recorded at ten-minute intervals).

Question 3 (a)

3 An archer fires arrows one by one at a target until an arrow hits the target. The number of arrows
fired up to and including the arrow that hits the target is denoted by X. The archer considers using
a geometric model for the distribution of X.

(a) State two assumptions required for such a model to be appropriate. [2]

Many candidates were able to identify one of the assumptions correctly, with correct use of the context.
Comments about probability were generally well-made, but many candidates referred to probability when
talking about independence. Successful candidates were able to get the second mark by stating ‘the
independence of the arrows hitting the target’, rather than the arrows being fired.

Exemplar 1

SN\ The  proboloilitu of bidbing the 4o Fieg
| -7 \)

an.CL. -I-u‘n-\._v —~e _4.‘M_Le_n_§:£_m_=~+
s
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This exemplar shows how the candidate was able to identify the probability assumption within the
context of the question to get 1 mark. For the second statement, the outcome of the shot has not been
defined fully. The outcome of each shot at hitting the target, or not, is independent of the outcome of
other attempts.

Assessment for learning

@ Centres can help candidates by giving them practice with identifying outcomes of trials within

a real-world context.
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Question 3 (b)

For the remainder of this question you may assume that a geometric model is appropriate for the
distribution of X.

The archer keeps records of the values of X. He collects a sample of these values and uses them to
estimate the variance of X.

(b) Give two features that the sample should have. [2]

Most candidates were able to answer that the sample should be large or random for one of the 2 marks.
Many stated that the sample should be ‘representative of the population’, which was also appropriate.

Question 3 (c)

The estimate of the variance of X calculated from the sample is 12.

(¢) Determine an estimate of the probability that when the archer fires a single arrow at the
target, the arrow hits the target. [3]

This was a successfully attempted question by nearly all candidates. Many also found the negative
probability, p = —;, and correctly identified that they needed to rule it out as a solution.

Question 3 (d)

(d) Use your answer to part (c) to write down an estimate of the expected number of arrows that
the archer must fire at the target up to and including the first arrow that hits the target. [1]

This was correctly answered by nearly all candidates.
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Question 4 (a) (i)
4  The discrete random variable, X, has a uniform distribution over the values {5, 6, ..., n}.
(a) In this question you must show detailed reasoning.
In part (a) you should assume that n = 24.

(i) Using the formula E(X) = 2x, p., determine the value of E(X) by direct calculation. [3]

Candidates answered this question very well. Most candidates recognised that they needed to show
sufficient workings to demonstrate the use of the expectation formula, rather than find the midpoint of 5
and 24. Errors were more likely when unnecessarily evaluating E(x) in terms of n before substituting a
value in or using the expectation formula to calculate E(X — 4).

Question 4 (a) (ii)

(i) Use the substitution ¥ = X—4 and the given formula in the formulae booklet to
determine Var(X). [2]

Most candidates were able to use the formula correctly. Some candidates did not mention Y at all, so
could only get a maximum of 1 mark for Var(X).

Question 4 (a) (iii)

(iii) Show that P(X > E(X)) = % [1]

This was a generally well-answered question, but it should be noted that a full justification is needed for
a ‘show’ question. Candidates must show that the given result is true by providing an explanation to
cover the argument.

Question 4 (b)
(b) A student states that P(X > E(X)) :% for all n = 24.

Explain whether the student is correct. (1]

Many candidates recognised that the student was incorrect when n is odd, which was enough for the
mark. There were generally a mix of responses from the candidates, with few deciding that a
counterexample such as when n = 25 would be a quick and easy way to explain their response, instead
most candidates wrote lengthy explanations to justify their response.
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Question 5 (a) (i)

5 Long-term data collected at a certain farm indicates that 30% of eggs that it produces are large and
the rest are categorised as medium.

Eggs are collected in batches of 4 and the number of large eggs in each batch, X, is recorded.
It is suggested that a binomial distribution might be appropriate to model X.

(a) (i) State two reasons, within the context of this question, why a binomial model might be
appropriate to model X (2]

There was a mixed response from candidates to this question. Some did not respond in the context of
the question; that is, not referring to the eggs correctly. References to the modelling assumptions were
often seen, as opposed to the reasons for believing that a binomial model might be appropriate, despite
Question 5 (a) (ii) then going on to ask for the assumptions.

Question 5 (a) (ii)

(ii) State two assumptions, within the context of this question, that must be made for a
binomial model to be appropriate to model X. You should not refer to the reasons given

in part (a)(i). [2]

Successful candidates were able to give the assumptions in context, such as by stating that ‘the size of
the eggs are independent’. Many candidates were able to correctly comment on a fixed probability in
context; however, many candidates incorrectly wrote about the probability of independence, like in
Question 3 (a).

Assessment for learning

Centres can help candidates by giving them practice with examples that help them identify the
trial within a real-world context.

Question 5 (a) (iii)

(iii) Write down the binomial distribution which might be a suitable model for the
distribution of X. [1]

This was correctly answered by nearly all candidates.
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Question 5 (b)

The farm manager investigates whether the distribution in part (a)(iii) is a good model for X.

(b) State one reason why taking data from a sample of 6 batches would not be appropriate to
carry out the investigation. [1]

Most candidates referred to the small sample size, but further explanation was needed of the implication
of such a small sample. Successful candidates correctly stated that a small sample size would not be
likely to represent the population or ‘6 batches is too small to draw conclusions about the population’.

Question 5 (c)

The farm manager takes a random sample of 100 batches. The results are summarised in
Table 5.1.

Table 5.1
X 0 1 2 =3
Frequency 31 36 30 3

Table 5.2, shows expected frequencies for the values of X in 100 batches, assuming that X has the
distribution from part (a)(iii). The table is incomplete.

Table 5.2
X 0 1 2 >3
Expected frequency 24.01

(¢) Complete the copy of Table 5.2 in the Printed Answer Booklet. Give the expected
frequencies to 2 decimal places. [2]

Most candidates answered this question correctly.

11 © OCR 2025
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Question 5 (d)

(d) Carry out a ° test, at the 5% significance level, for goodness of fit of the model in
part (a)(iii). [5]

Candidates often did not refer to the specific model, B(4, 0.3), in the hypothesis despite that being what
the hypothesis test is going on to test. Many candidates chose the incorrect critical value to compare
their test statistic to. There has been a clear improvement in candidates conclusions to the hypothesis
test compared to previous years, using ‘sufficient evidence to suggest that’ or ‘insufficient evidence to
suggest that'.

Candidates would usually be expected to refer to the original context in the conclusion. For example, in
this case referring to the eggs. In this question, marks were given for a conclusion that was not written in
context.
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Exemplar 2
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being allowed in this case), so they were given the final 2 marks.

For this exemplar, the candidate was given 3 out of 5 marks. The hypothesis does not refer to the
specific model, so they were not given the first mark. They calculated the correct test statistic, so they
were given the first M1 mark. They chose the wrong critical value to compare to. Follow-through marks
could then be given for the conclusion, which is non-assertive (and the lack of reference to the eggs

13

© OCR 2025




OCR Level 3 Advanced GCE in Further Mathematics B (MEI) - Y432/01 - Summer 2025 Examiners’ report

Question 6 (a)

6 A factory discharges very low concentrations of an inert chemical through an outfall into a nearby
body of water.

The concentration of the chemical is measured by sensors at seven known locations at fixed
distances from the outfall. Each measurement is known to be affected by various environmental
factors. None of these factors are measured or noted.

The manager of the factory needs to assess the relationship between the concentration of the
chemical at each sensor and the distance of the sensor from the outfall.

The manager can carry out a hypothesis test either for any correlation or for any association
between the concentration of the chemical at the sensor and the distance of the sensor from the
outfall.

(a) Explain why the manager should carry out a test for association rather than one for
correlation. [1]

Candidates attempted a variety of approaches to answer this question. Successful candidates stated it
was not random-on-random or that there might not be an underlying ‘bivariate normal population’. Some
candidates wrote about factors at sensors but often didn’t mention that it could be different effects on
each sensor which would affect any correlation.

14 © OCR 2025
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Question 6 (b)

Examiners’ report

The concentration of the chemical at each sensor and the distance of each sensor from the outfall,
both in arbitrary units, for a particular day after the chemical has been discharged are given in the

table below.
Sensor A B C D E F G
Distance from outfall (arbitrary units) 1.2 6.6 8.9 110 | 156 | 232 | 305
Concentration of chemical (arb. units) | 621 459 | 498 610 222 | 453 420

(b) In this question you must show detailed reasoning.

Carry out the appropriate test for association at the 5% significance level. A copy of the table,
with spare, empty rows, is given in the Printed Answer Booklet to help with any calculations.

8]

Most candidates were very good at stating their hypothesis, although many did not state ‘in the

population’ at least once, as was required. When calculating Spearman’s rank correlation coefficient,
some candidates had incorrectly calculated other test statistics such as the chi-squared value or the

PMCC.

It was common to see well-formed, non-assertive conclusions for this hypothesis test.

Question 7 (a)

7  The probability function of the discrete random variable, X, is shown in the table. You are given

that a, 3 and y are constants.

X -1

P(X = x) o

(a) Find E(X) in terms of @ and y.

[1]

Most candidates answered this question correctly.

15
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Question 7 (b)
(b) Find Var(X) in terms of o and y. [2]

This question was generally well-answered. Most candidates expanded the brackets, even though this
wasn’t necessary.

Question 7 (c)

The random variable ¥ is defined by W = X, + X, where X, and X, are independent random
variables each representing an observation of X.

(¢) Determine the probability distribution of /¥ in terms of a, B and y. Your answer should be
entered in the empty table in the Printed Answer Booklet. You should not need all of the
columns. (4]

Most candidates found the five possible options of W. The header column was a common place where
candidates did not gain marks. When stating the headers, candidates replaced the W with an X which
had already been defined within the question so was not correct.

Question 7 (d)

(d) By forming an expression for E(/) from the table found in (¢) and then eliminating 3, show

that E(W) = 2E (X). [4]

This question was quite well-answered, with most candidates able to take their previous answer from
part (c¢) to find their E(W). Successful candidates realised that to eliminate 8 they needed to use the sum
of the probabilities, i.e. thata + § +y = 1.
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Exemplar 3
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This exemplar shows a clear method for the required result. The cancellation of terms is clear. There are
no errors within the working, and there is sufficient working to convincingly demonstrate the required
result.

Question 7 (e)

(¢) Inthe case where @ = 0.1 and 8= 0.7, find P(W = 0|x, = 1). 1]

Successful candidates realised that W = 0 and X; = 1 are not independent events and were able to
obtain the answer with ease. Others were able to obtain the answer through longer methods, although
mistakes were more common with these methods.
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