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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 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 (b), 2 (c), 3 (d), 4 (b), 4 (d), 5 (b) (i), 5 (b) (ii), 5(d)) were
usually done well. These accounted for about one third of the marks in the component.

For the two questions involving hypothesis tests (Questions 3 (e) and 4 (c¢)) candidates demonstrated a
good understanding of the required structure. Hypotheses were stated, critical values were found, and
appropriate comparisons made with test statistics. Conclusions were then usually suitably non-assertive
and referred to the context of the question. To improve further, candidates should make sure that the
hypotheses are accurately expressed and fully in context.

Candidates did not perform as well on 'explain’ and ‘comment’ questions (Questions 3 (b), 3 (c), 4 (a), 4
(e), 4 (f), 5 (a), 5 (c) and 5 (d)). 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.

Candidates needed to realise how the mean and variance of a sum of independent random variables,
and of a multiple of a single random variable, could be applied in a practical context, (Question 5 (c), 5
(d)). Candidates needed to identify the questions where pure mathematical methods were required and
needed to employ them in unfamiliar contexts (Question 2 (c) and Question 6 (b) (ii)).

Candidates should be encouraged to write neatly. A number of responses to the ‘explain’ and ‘comment’
questions were challenging to read.

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

Candidates who did well on this paper

Candidates who did less well on this paper

generally: generally:
e could apply pure mathematical techniques in e carried out standard probability calculations
unfamiliar contexts but not always to the level of accuracy
required

¢ could apply expectation algebra in a practical
context e carried out basic test procedures reliably,

e had a good understanding of the underpinning possibly expressing their hypotheses

concepts of hypothesis testing

could describe and analyse data perceptively
with specific references to the data values
themselves

showed a good understanding of limitations
and assumptions associated with various
statistical processes.

incompletely or inaccurately

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

did not show sufficient working in ‘Show that
and ‘Determine’ questions.

OCR support

0

A review of the command words used in questions, and the expected level of written
response, is outlined in section 2b of the specification. A useful classroom poster, and student
version, is available on Teach Cambridge.
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Question 1 (a)

1 When a footballer takes a penalty kick the result is that either a goal is scored or a goal is not
scored.

It 1s known that, on average, a certain footballer scores a goal on 85% of penalty kicks. During
one practice session, the footballer decides to take penalty kicks until a goal 1s not scored. You
may assume that the outcome of each penalty kick that the footballer takes is independent of the
outcome of each other penalty kick.

The random variable representing the number of penalty kicks up to and including the first penalty
kick that does not result in a goal is denoted by X.

(a) State one further assumption that is necessary for X to be modelled by a Geometric
distribution. [1]

This question was answered correctly by most candidates, stating there was a constant probability of
scoring or of not scoring.

Some said attempts were independent, even though this assumption was given in the question. Some
made the mistake of saying the number of attempts was indefinite, or that X was random.

Question 1 (b)

For the remainder of this question you may assume that this assumption is valid.

(b) Find each of the following.
* E)
* Var(X) [2]

This question was answered correctly by most candidates. A few confused the probabilities, using

p = 0.85 rather than p = 0.15 and so were only given 1 mark out of 2.

Question 1 (¢)

(¢) Find the probability that the footballer takes exactly 3 penalty kicks. [2]

This question was answered correctly by most candidates. Again, a few confused the probabilities, using

p = 0.85 rather than p = 0.15 and so were only given 1 mark out of 2.
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Question 1 (d)
(d) Find the probability that the footballer takes at least 5 penalty kicks. [2]

This question was answered correctly by most candidates. Again, a few confused the probabilities, using
p = 0.85 rather than p = 0.15 and so were only given 1 mark out of 2.

Some calculated P(X>5) = 0.85° not P(X>4) = 0.85%. It is recommended that candidates deal with these
integer inequalities using a number line to avoid this kind of error.

Question 2 (a)
2 The sides of a fair 12-sided spinner are labelled 1, 2, ..., 12.

The spinner is spun and X is the random variable denoting the number on the side of the spinner
that it lands on.

(a) Suggest a suitable distribution to model X. You should state the value(s) of any parameter(s).

2]

This question was answered correctly by most candidates. Almost all used the word ‘Uniform’. Most then
went on to specify adequately the range of discrete values.

Question 2 (b)
(b) Find each of the following.
- E(X)
* Var(X) 2]

This question was answered correctly by most candidates.
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Question 2 (c)

You are given that E(X) is denoted by x and Var(X) is denoted by o?.

20— )

(¢) Determine P(’T > 1). [3]

In successful attempts, candidates noted the command word ‘Determine’ in the question and set out
their working clearly, dealing with the modulus inequality correctly and obtaining numerical decimal
values before identifying the relevant integers. See Exemplar 1 below.

Another successful method was to set up a table of values for n =1 to 12 and calculate sufficient relevant
values from the left hand side of the original inequality to identify the correct set of integers.

Many candidates ignored the modulus sign and obtained a one-sided inequality only. Some calculated
the correct decimal values but concluded that X lay between them, not outside them. Some candidates
identified the correct integers to obtain the correct answer but did not show enough evidence of their
method.
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Exemplar 1
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This exemplar shows a clear method of dealing with the modulus inequality (losing the modulus on the
second line of working but regaining it on the third), then identifying the correct integers, leading to a fully

correct answer as a fraction.
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Question 3 (a)

3  The scatter diagram below illustrates data concerning average annual income per person, $x, and
average life expectancy, y years, for 45 randomly selected cities.
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(a) State whether neither variable, one variable or both variables can be considered to be random
in this situation. (1]

Most candidates answered correctly.

Question 3 (b)

A student 1s researching possible positive association between average annual income and average
life expectancy. The student decides that the data point labelled A on the scatter diagram is an
outlier.

(b) Describe the apparent relationship between average annual income and average life
expectancy for this data point relative to the rest of the data. [1]

Some candidates recognised what the question was asking and gave a convincing answer, comparing
A’s values to the rest of the data-points. Many commented inappropriately on the outlier as showing a
trend, or as showing a negative correlation, even though it was a single point. See Exemplar 2 below. A
few ignored what was asked and simply commented on the rest of the points as showing a positive
correlation.
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Exemplar 2
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The response in Exemplar 2 implies that A is part of a general trend, displaying a ‘negative correlation’,
rather than describing its qualities as a single data-point.

Question 3 (¢)

The data for point A is removed. The student now wishes to carry out a hypothesis test using the
product moment correlation coefficient for the remaining 44 data points to investigate whether
there is positive correlation between average annual income and average life expectancy.

(¢) Explain why this type of hypothesis test is appropriate in this situation. Justify your answer.

2]

Most candidates gave one of the conditions correctly, stating that the data-points, minus the outlier, were
elliptically distributed implying a possible bivariate normal distribution. Very few then went on to give the
other condition, that the data was random-on-random, despite the clue of part 3(a).

Question 3 (d)

The summary statistics for these 44 data points are as follows.
Sx=751120 3y =2397.1 Yx*= 14363849200 >1°=133014.63 Yxy=42465962

(d) Determine the value of the product moment correlation coefficient. (4]

Almost all candidates showed sufficient working and calculated the correct value. A few incorrectly used
n = 45 in their calculation losing a mark. A few showed no working at all for which they got no credit as
the question clearly said ‘Determine’.

10 © OCR 2024
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Question 3 (e)

(e) Carry out the test at the 1% significance level. [5]

Most candidates made a very good attempt at the test. They stated appropriate hypotheses either in
terms of rho or in words. In almost all cases they obtained a correct critical value followed by a correct
decision about Ho. Then most gave a suitable non-assertive conclusion. This seems to indicate an
improvement in candidate preparation over the last few years.

In their hypotheses, a few lost marks for omitting the word ‘population’ or for lack of context. There are
still a few whose conclusion was too assertive.

Some used the word ‘association’ instead of ‘correlation’ in both their written hypotheses and their
conclusion. It needs to be made clear that a test involving the correlation coefficient must be a test for
correlation, not anything else.

Question 4 (a)

4 A genetics researcher is investigating whether there is any association between natural hair colour
and natural eye colour. A random sample of 800 adults is selected. Each adult can categorise their
natural hair colour as blonde, brown, black or red and their natural eye colour as brown, blue or
green.

(a) Explain the benefit of using a random sample in this investigation. [1]

Most candidates realised that a random sample is not only unbiased but also has a purpose. Many said
that it could be used for ‘proper inferences’ which was acceptable. Some lost the mark for only saying
that it would be ‘representative’ or would ‘reduce bias’. Others lost it for saying ‘inferences can be made’
without any kind of validating word or expression about accuracy.
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Question 4 (b)

The data collected from the sample are summarised in Table 4.1.

Table 4.1
Hair Colour
Observed frequency Blonde | Brown | Black Red Total
E Brown 47 153 196 36 432
ye Blue 61 78 115 26 280
Colour
Green 19 22 31 16 88
Total 127 | 253 | 342 78 800

The researcher decides to carry out a chi-squared test.

(b) Determine the expected frequencies for each eye colour in the blonde hair category. (2]

Almost all candidates showed appropriate working for at least one calculation and then found all the
correct answers to 2 decimal places. A few showed no working. In this case the marks were earned only
if all three values were exactly correct. Given that they were asked to ‘determine’ the values, this was
generous and may not be repeated in future papers.

Question 4 (c)

You are given that the test statistic is 28.62 to 2 decimal places.

(¢) Carry out the chi-squared test at the 10% significance level. [5]

Most candidates made a good attempt at the test. They stated appropriate hypotheses in words. In
almost all cases they then calculated the correct number of degrees of freedom followed by the correct
critical value. They made the comparison with the given value and reached a correct decision about Ho.
Then most gave a suitable non-assertive conclusion. Again, this seems to indicate an improvement in
candidate preparation over the last few years.

In their hypotheses, a few lost marks for lack of context. There are still a few whose conclusion was too
assertive. A few used the word ‘correlation’ instead of ‘association’ in the conclusion. This and a similar
error in 3(e) indicate that some candidates are confusing the two.

12 © OCR 2024
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Question 4 (d)

Table 4.2 shows the chi-squared contributions for some of the categories. The contributions for
the categories relating to green eye colour have been deliberately omitted.

Table 4.2
Chi-squared ' Hair Colour
contributions Blonde | Brown | Black Red
C Brown 6.791 1.964 0.694 0.889
ye Blue 6.162 1.257 0.185 0.062
Colour
reen
(d) Calculate the chi-squared contribution for the green eye and blonde hair category. (1]

Almost all candidates made the correct calculation. A few lost the mark for writing their answer to 4
decimal places when clearly the other values in Table 4.2 are given to 3 decimal places. Candidates
need to remember that the appropriate level of accuracy is required.

Question 4 (e)

(e) With reference to the values in Table 4.2, discuss what the data suggest about brown eye
colour and blue eye colour for people with blonde hair. [2]

Many candidates referred to the chi-squared contributions in Table 4.2 and commented that their
magnitude suggested a significant difference between observed and expected frequencies for brown and
blue eyes. This was sufficient for the first mark, even when the values of the contributions were not
quoted. Very few candidates then went on to quote and compare observed and expected frequencies for
the two eye colours, which was required for the second mark.

Some candidates lost the first mark for stating that there were more brown eyes than expected. A few
did not refer to Table 4.2 at all but only compared frequencies thus receiving no credit.

Candidates sometimes wrote at length, without supporting their statements with quoted values and to
little effect.

Exemplar 3 below is a typical response to this part. It gains the first mark for mentioning and quoting the
contributions and saying they imply a significant difference between observed and expected frequencies,
and the inequalities mentioned are the right way round, but those frequencies are not quoted to provide
evidence. The candidate has written at some length but only received 1 mark out of 2.
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Exemplar 3
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Assessment for learning

Comments analysing or describing data need to be succinct and structured. Every point that
is made should be supported by quoting values or facts drawn directly from the data.

Question 4 (f)

(f) A different researcher, carrying out the same investigation, independently takes a different
random sample of size 800 and performs the same hypothesis test, but at the 1% significance
level, reaching the same conclusion as the original test.

By comparing only the significance level of the two tests, specify which test, the one at the
10% significance level or the one at the 1% significance level, provides stronger evidence for
the conclusion. Justify your answer. [1]

Many candidates answered this successfully, referring correctly to the percentages as the chance that Ho
is rejected when true, or as the chance of a false positive, and so comparing them.

Many candidates showed a lack of understanding of the significance level, simply saying that the lower
percentage meant a stronger test or was harder to achieve. Some said that the percentage was the
chance of rejecting the wrong hypothesis but did not specify which hypothesis.
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Question 5 (a)

5  Over a long period of time, it is found that the mean number of mistakes made by a certain player
when playing a particular piece of music is 5.

The number of mistakes that the player makes when playing the piece is denoted by the random
variable Y.

(a) State two assumptions necessary for ¥ to be modelled by a Poisson distribution. [2]

Many candidates answered successfully with some context for both marks. Most got at least one
assumption correct, often quoting the acceptable phrase ‘mistakes occur at a constant average rate’.
There is still a problem with phrasing the condition of independence. Candidates need to say, ‘mistakes
occur independently’ or ‘the event a mistake happens is independent of another mistake happening’, and
should avoid the error of saying the ‘number of mistakes is independent’.

Question 5 (b) (i)

For the remainder of this question you may assume that ¥ can be modelled by a Poisson
distribution.

(b) (i) Find the probability that the player makes exactly 3 mistakes when playing the piece. [1]

This question was answered correctly by most candidates.

Question 5 (b) (ii)

(ii) Find the probability that the player makes fewer than 3 mistakes when playing the piece.
[1]

This question was answered correctly by most candidates.

Question 5 (b) (iii)

(iii) Find the probability that the player makes fewer than 6 mistakes in total when playing
the piece twice, assuming that the performances are independent. [2]

This question was answered correctly by most candidates.

Some candidates realised that the combined distribution was Po(10) but found the wrong probability for
1 mark out of 2. A few multiplied two probabilities obtained from Po(5) for no marks.
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Question 5 (¢)

In a recording studio, the player plays the piece once in the morning and once in the afternoon
each day for one week (7 days). It can be assumed that all the performances are independent of
each other.

The performances are recorded onto two CDs, one for each of two critics, A and B, to review. The
critics are interested in the total number of mistakes made by the player per day. Unfortunately,
there is a recording error in one of the CDs; on this CD, every piece that is supposed to be an
afternoon recording is in fact just a repeat of that morning’s recording.

The random variables M, and M, represent the total number of mistakes per day for the correctly
recorded CD and for the wrongly recorded CD respectively.

(¢) By considering the values of E(M, ) and E(M,) explain why it is not possible to use the
mean number of mistakes per day on the CDs to determine which critic received the wrongly
recorded CD. [2]

Very few candidates carried out the required expectation algebra to show that the expected value of
Yam+Ypm Was the same as that of 2Yau. Many wrote at some length arguing that it was obvious that both
values were 10 which gained no credit.

Question 5 (d)

Each critic counts the total number of mistakes made per day, for each of the 7 days of recordings
on their CD. Summary data for this is given below.

CriticA:  n=7, Xx,=70, Xxs =812
Critic B:  n=7, Zxy=72, Xxj =800

(d) By considering the values of Var(M,) and Var(M,) determine which critic is likely to have
received the wrongly recorded CD. [4]

Very few candidates used expectation algebra to show that Var(Yaw+Yem) was 10 and Var(2Yav) was 20.
Most started by trying to calculate the variance of the given data values, either 0,2 or 0,.12. Many were
given the M1 mark for a correct attempt at this, but a surprising number seemed to have forgotten how to
calculate a variance from summary data. Then many lost the last mark for being unable to identify the
right person with a correct reason. A lot of students thought that the wrong disc with a repeated value
would have a lower variance not a higher one.

16 © OCR 2024
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Question 6 (a)

6  The probability distribution of a discrete random variable, X, is shown in the table below.

X 0 1 2
PX=x) |[1—a—5b a b
(a) Find E(X) in terms of @ and 5. [1]

Almost all candidates answered correctly.

Question 6 (b) (i)

(b) (i) Inthe case where E(X) = a+ 0.4, find an expression for Var(X) in terms of a. [3]

Almost all candidates correctly found the value of b, then most went on to find the correct quadratic in a.

Question 6 (b) (ii)

(i) In this case, show that the greatest possible value of Var(X) is 0.65. You must state the
associated value of a. [2]

Many candidates used a valid method here, many differentiating and solving equal to zero, some
completing the square. Some candidates did not know how to proceed and simply equated their
quadratic to 0.65 to solve for a. This received no credit as they had not shown that 0.65 was the
maximum value of Var(X).

Question 6 (c) (i)
(¢) You are now given instead that E(X) 1s not known.

(i) State the least possible value of Var(X). [1]

Most candidates realised with little working that the minimum value was 0.

A few unsuccessfully attempted an algebraic approach, obtaining complicated expressions in terms of a
and b. A noticeable number of candidates did not attempt an answer.
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Question 6 (c) (ii)

(i) Give all possible pairs of values of @ and b which give the least possible value of Var(X)
stated in part (c)(i). [2]

Many candidates realised that if X takes a single value with a probability of 1 then its variance is 0. They
then found at least one correct pair of values of a, b to achieve this. Some candidates were exhaustive in
their approach and successfully found all three pairs of values. Again, this was a question part that some
candidates did not attempt.
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