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About this booklet

This document has been produced to support mathematics teachers delivering the GCE
Mathematics specification.

This document looks at questions from the 9ST0-03 A level Statistics Paper 3: Statistics in
Practice Summer 2023 examination paper. It shows real student responses to these
questions, and how the examining team follow the mark schemes to demonstrate how the
students are awarded the marks. For the mark scheme notes and details of alternative
methods please see the full mark scheme for this question paper on our website.

For 2023, the approach all exam boards have taken to grading was to return to pre-pandemic
grading, while giving students protection against any impact of disruption. Results in summer
2023 therefore will be far more in line with summer exams that were sat in 2019, but lower
than in 2022, when grades awarded were based on a mid-point between 2019 and 2021
outcomes. For more information please read our ‘Understanding grade boundaries 2023’
document.

* The question level performance data is there to give an indication only of how students
performed, on each question, in the context of sitting the entire exam paper and is not an
indication of how students may perform sitting a question in isolation.



https://qualifications.pearson.com/en/qualifications/edexcel-a-levels/mathematics-2017.coursematerials.html#filterQuery=category:Pearson-UK:Category%2FExam-materials&filterQuery=category:Pearson-UK:Document-Type%2FMark-scheme&filterQuery=category:Pearson-UK:Exam-Series%2FJune-2023
https://qualifications.pearson.com/content/dam/pdf/Support/Post-results%20services/understanding-grade-boundaries-2023.pdf
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Navigate to a question
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( 21l performance | ( £ mesponsen |( P responses |( B mesponsec |
- Question 1 - Introduction |

requires students to be able to select a suitable model and there were 2 marks targeting that skill
here (one in part (b) and one in part (d)). The correct use of the notation is important here.

PR A
y.

I@ | Question 1 - Question

1. (a) State one disadvantage of using quota sampling compared with simple random sampling.
m
In a university 8% of students are members of the university dance club.

A 4

sample of 36 is taken from the university.

The variable X' the ber of these students who are bers of the dance club.

P

(b) Using a suitable model for X, find

Navigate to a specific part of this question

.

(1) P(XY=4)
i v 1GIEEEE
3
Only 40% of the university dance club members can dance the tango. 1 - Mark Scheme \ I
(c) S;ﬁ ‘:l:«.h ::nb;:ilily that a student is a member of the university dance club and can rFT— Maris | AO
i ) ntage: e.g. Not random; cannot use (reliably) for inferences Bl 1.1b
A random sample of 50 students is taken from the university. | M
correct use of] X ~B(36, 0.08) M1 3
(d) Find the probability that fewer than 3 of these students are members of the PX=4)=0.167381... awnfle] Al LIp
university dance club and can dance the tango. [P(X 27)=1-P(X <6)=] 0.022233... awrt 0.0222 | Al 11
@) 3) Q1
(Total for Question 1 is 7 marks) te club and dance tango) = 0.4x0.08 = 0.032 or % o - L \-
) @
those who can dance the Tango. Sight or use of]
T~B(50, M1 33 @
3 Advanced GCE in Mathematics - October 2021 Exemplar - IMAO-31 Paper 31 Statistics - © Pearson Education Ltd X “0.032")
Leve! Advarced GCE Mathematics Ctob» 20N E pla MAD P 3 SUstics arson Educat Ld 2022 ‘ (1) P(T«‘;‘ 2) "I 07“50’(‘5. awrt o7s< Al l.lb
)
(7 marks)
T Notes ,[I.[I.I].
(a) | BI for a suitable disadvantage: _,I
Allow (BI) Do NOT allow (B0) |,-:-|
Not random_or less random (o.¢.) Not representative A
Cannot use (reliably) for inferences Less accurate =
(More likely to be) biased Any comment based on time or cost B_
Any mention of skew c
Any mention of non-response
(b) | M1 for sight of B(36, 0.08) Allow in words: binomial with # = 36 and p = 0.08
may be implied by one correct answer to 2sf or sight of P(.X < 6) = 0.97776...1.¢.
awrt 0.98
Allow for 36C4 x0.08* x0.92" as this is "correct use”
()| 1" Al forawrt 0.167 NB An answer of just awrt 0.167 scores M1(=>)1* Al
(i) | 2* A1 for awrt 0.0222
(c) | B1 for 0.032 o.c. (Can allow for sight of 0.4x0.08)
(d) | M1 for sight of B(50, “0.032") fi their answer to (¢) provided it is a probability # 0.08
may be implied by correct answer
or sight of [P(T << 3)] = 0.924348. .1.c. awrt 0.924 or P(T < 2)aspartof | - (T <
2) calc.
Al for awrt 0.785
MR Allow MR of 50 (e.g. 30) provided clearly attempting P(7" < 2) and score M1AO
Level 3 Advanced GCE in Mathematics - October 2021 Exemplar - SMAO-31 Paper 31 Statistics - © Pearson Education Led 2022
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General Examiner Feedback

In general candidates made good attempts at the calculations in this paper. A common area for
improvement however is ensuring that explanations and assumptions for hypothesis tests and
confidence intervals need to be given in the context of the question rather than simply being stated in
general terms.
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Question 1

-[ @Question ][ @ Mark Scheme ]_

[ _[LI]J]_ Performance } [ @’ Response A } [ g Response B } [ g Response C }

Question 1 - Introduction

This question assesses content from the discrete random variable section of the specification as well
as requiring candidates to know and use the central limit theorem.

Questions such as (a) or (c) will be given full marks for final answers alone, however candidates were
given the answer to (b) and so had to communicate their working effectively in order to be awarded
the mark.

@ Question 1 - Question

1 In a video game you can mine blocks of coal. The yield of a block, when mined, is
determined randomly.

Mining a block of coal yields different numbers of pieces of coal, which follow the
distribution shown in Figure 1.

The probabilities, p, of yielding 2, 3 or 4 pieces are equal.

Pieces of coal 1 2 3 4
Probability 0.4 p p p
[Source: https://minecraft.fandom.com/wiki/Fortune]
Figure 1
(a) Find the value of p
1)
(b) Show the expected yield from mining one block of coal is 2.2 pieces of coal.
1)
(c) Find the variance of the yield from mining one block of coal.
)
(d) Find the probability that the yield of a block is one piece of coal, given that the
yield was an odd number of pieces of coal.
)
(e) State the central limit theorem.
®)
() Estimate the probability that, when 60 blocks of coal are mined, the average yield
per block is more than 2.25
)

(Total for Question 1 is 10 marks)
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@ Question 1 - Mark Scheme
Question Scheme Marks AO Notes
1(a) p=0.2 Bl 1.1
1(b) 1x04+2X o.ier;, X02+4x02| oo 11 | ac
1(c) var(X) = 1.36 B1 1.1
1(d) _ 04 M1 1.2
0.2+ 0.4
z Al 1.2
3
1(e) (Regard!ess of the distribution of X,) E1 13 > 30
when n is large...
the distribution of X is approximately E1 13
normal...
with mean equal to mean of X and
. _ var(X) El 1.3
variance = —=—
_ 1.
1 X~N (2.2,%) B1 1.2 Seen or used
P(X > 2.25) = 0.3699 Al 1.2 |awrt0.37
Total 10

- Question 1 - Examiner Comments

QI(a) to (d) of this question were generally well answered however many candidates were unable to
accurately show how to calculate the mean of a discrete random variable.

Ql(e) Very few candidates gained full marks in this part of the question with the majority only gaining
the mark for knowing that the central limit theorem was for use with large samples. Very few
candidates could state that the distribution of sample means was normally distributed and fewer still
stated the variance of the distribution of sample means.

QI1(f) Many candidates were able to make a good attempt at this question although there were some
who did not recognise the significance of finding the probability of an average value.

N 1w > (] E.@ @.g
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Question 1 - Performance

Mean Max Mean Edexcel averages: mean scored by candidates achieving grade:
score score % ALL A* A B C D E U
4.54 10 45 4.54 8.77 7.55 6.22 4.72 3.53 2.33 1.55
10
5 8.77
8 7.55
% 7 6.22
2 6
g g 4.72
T 4 3.53
2
5 3 2.33
2 1.55
1 1 »
0
A* A B C D E u

Grade
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g Question 1 - Response A

1

In a video game you can mine blocks of coal. The yield of a block, when mined, is
determined randomly.

Mining a block of coal yields different numbers of pieces of coal, which follow the
distribution shown in Figure 1.

The probabilities, p, of yielding 2, 3 or 4 pieces are equal.

Pieces of coal 1 2 3 4

Probability 04 p p P

[Source: hitps://minecraft.fandom.com/wiki/Fortune]
Figure 1
(a) Find the value of p
1-0.%=20¢ 0¢ = 0.7
B

(n

(b) Show the expected yield from mining one block of coal is 2.2 pieces of coal.
(n

(¢) Find the variance of the yield from mining one block of coal.
(1)

= | -

Ve o

Vol Z np(1=f S
iy 0,55 (1-0.85) = 0.9

Nol(= oW
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Question |1 continued

(d) Find the probability that the yield of a block is one piece of coal, given that the
yield was an odd number of pieces of coal.

1 06 )
X I3 (%, 085 )

_ Plx=1)"0s 044

(e) State the central limit theorem.

r 3)
. bt/ Uisi € theg/esshorS to W
l?? r«M@ﬁ% it | (§ ver f

;TLL Q’ﬁf/}o/ [{m HEofeM ' vﬁec{ vien He, J;\{C\ of
cn,)\/(-ﬁc‘r{-} [ore which wold ke (off thor 3o S0

vill feplode o

(f) Estimate the probability that, when 60 blocks of coal are mined, the average yield
per block is more than 2.25

¥~ N (G&f %ﬁ)
0 (x>1.25)= 0,368 (35)

(2)

N o > [ E.@ @.9

3 /10

Part (a)
B1: The candidate has correctly obtained the answer 0.2

Part (b)

B1: Although no “+” is present in the candidate’s solution, the intent was considered clear enough
to award the mark.

Part (c)

BO: This part of the question was not awarded the mark as 0.99 is not the variance. The student has

confused the formula for the variance of a binomial distribution with the variance of a discrete
random variable.
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Part (d)
MOAQO: There is no evidence of conditional probability or Bayes’ theorem being used here and the
answer is incorrect, so no marks were awarded.

Part (e)
EOEOEOQ: The first mark is not awarded here as the candidate has stated “insufficiently” large which
is incorrect. There is no reference to the distribution of sample means or the standard error.

Part (f)
B1AO: The first mark has been awarded here as the candidate has clearly tried to use the correct

distribution but using their variance from (c). Since the answer is not 0.37 however, they cannot
be awarded the A mark.
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g Question 1 - Response B

In a video game you can mine blocks of coal. The yield of a block, when mined, is
determined randomly.

Mining a block of coal yields different numbers of pieces of coal, which follow the
distribution shown in Figure 1.

The probabilities, p, of yielding 2, 3 or 4 pieces are equal.

Pieces of coal 1 2 I 3 4
Probability 04 p T P p
[Source: https://minecraft. fandom .com/wiki/Fortune]
Figure 1
(a) Find the value of p
~ (1
l—Oubt: OIB h'-.-b = On‘?—
(b) Show the expected yield from mining one block of coal is 2.2 pieces of coal.
(n
ft\e,\o\ =l vm Yiela
iﬂ‘ A -You mh
HX) = = 2.2
(¢) Find the variance of the }'icld from mining one block of coal.
(1)

NavX) = = 1.2

(d) Find the probability that the yield of
yield was an odd number of ; :c“ 00 ;cl::lcli 1s one piece of coal, given that the

0.440.2 = 6.6 P(x=F0dd)-0c"

P(X'-’—'J-/Qdab A %_%_ = 0.¢67

>
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(¢) State the central limit theorem.

The  Cenkval LSk Tk(cwm 6‘}@
\u

%O«MP e

(3)
nov m 4 CA
Peput ot ton “‘EM W% lowg “i”

Somple. o \m@e

6 /10

Part (a)
B1: No working is required here however it can be seen that the candidate has arrived at the correct
answer with correct working.

Part (b)

BO: This part of the question was not awarded the mark as although the student has some
understanding of expectation, the answer is given in the question so merely producing the
correct answer is not sufficient for the mark.

Part (c)
B1: The candidate has most likely used the statistical functions on their calculator to find this
answer as the answer was not given in the question.

Part (d)

MZ1AL: This part of the question was awarded both marks as the answer is correct and has not been
obtained by an incorrect method. Strictly the answer is two thirds not 0.667 but it is correct to
three significant figures and it is clear from the working what the candidate means.

Part (e)

E1E1EQ: The candidate obtains the first mark from recognising that the central limit theorem is
used when the sample is ‘large’.
The second mark in this explanation is given due to the candidate’s reference to the distribution
of the sample means however the final mark cannot be awarded as they have not stated the
change in standard deviation or variance.

Part (f)
BOAO: In this part of the question, the candidate was awarded no marks as neither of the two
distributions quoted are the distribution of the sample means X ~ N(Z 2, %) and the

answer is incorrect.
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g Question 1 - Response C

1 [Ina video game you can mine blocks of coal. The yield of a block, when mined, is
determined randomly.

Mining a block of coal yields different numbers of pieces of coal, which follow the
distribution shown in Figure 1.

The probabilities, p, of yielding 2, 3 or 4 picces are equal,

Pieces of coal 1 2 3 4

Probability 0.4 P p p

[Source: hetps://minecraft. fandom.com/wiki/Fortune)

Figure 1
(a) Find the value of p
(1)
~ \-04:z06. 06 =3 =07
(b) Show the expected yield from mining one block of coal is 2.2 pieces of coal.
(1)

(Lo Y @D 3Ri03) ¥(4r 03) = 22

(¢) Find the variance of the yield from mining one block of coal. %

E() =02 Hee) - Pro)iGhos) v3 1093 (\ raz)
<8A |

Vo )+ B 5B 2 632 2136

(d) Find the probability that the yield of a block is one piece of coal, given that the
yield was an odd number of pieces of coal.

) (2)
POV13) = 0%y = o
0% e :0 65169 <
(e) State the central limit theorem. M o

oy 3)
To e aumber in a samphe 5 e s n

meed fo hat o dytolbm aepled . For eeangl, o Bromwl
can B qppormftd fo ngmalvhen N s laga Dan [0

N o > [ E.@ @.9
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(f) Estimate the probability that, when 60 blocks of coal are mined, the average yield
per block is more than 2.25

05

X"’NC’A 3, r‘gg) , 10y 73.35) W’BM

0.37006%)

2)

8 /10

Part (a)
B1: No working is required here, however it can be seen that the candidate has arrived at the correct
answer with correct working.

Part (b)
B1: The answer is given here so it is important that candidates clearly communicate their working.

In this case the candidate is clearly multiplying the number of pieces of coal by their respective
probabilities and then adding up the results.

Part (c)
B1: The candidate has correctly worked this out by hand for the mark, it would be possible to
simply use a calculator to give the right answer and also get the mark thus saving some time.

Part (d)

M1AL1: Marks were awarded for a final answer of % or 0.667 and although the initial fraction given

here by the candidate could be read as % +0.2 , it’s clear from subsequent working what they

meant.

Part (e)
EL1EOEQ: This part of the question was only given the first mark as the student knows that the

central limit theorem applies to large samples however there is no reference to the distribution
of means or the standard error.

It is worth noting that the reference to binomial has been disregarded in this case as the
requirement for the first mark is only that the central limit theorem refers to large sample sizes.

Part (f)
B1A1: This part of the question was awarded both marks as the answer is correct and although X is

stated both in the distribution and in the probability calculation (rather than X ), it is clear
what the candidate has done.
\/1.36

J60

distribution bracket which is the standard deviation rather than the variance but as this has been
used correctly, it has not been penalised.

The other inaccuracy in this solution is that the candidate has quoted inside their

. . . . 1.
It is worth noting that mixed variances such as 1.36 were not awarded the marks and resulted

60

in incorrect final answers.

N 1w > (] E.@ @.g
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Question 2

-[ @Question ][ @ Mark Scheme ]_

[ Jlujl Performance } [ @ Response A } [ @’ Response B ] [ @’ Response C ]

Question 2 - Introduction

This question asked candidates to interpret and justify meaning from a series of diagrams. It is
important that candidates read these questions carefully and answer the question that is asked rather
than what they think is being asked. Many candidates lost marks in (c) or (d) because they criticised
the diagrams rather than trying to infer meaning from them.

@

Question 2 - Question

Brett runs a business based in the European Union (EU). He is planning on launching
a website to sell products online and is carrying out research to see if this is a
feasible idea.

He finds data on the online shopping habits of different age groups, shown in Figure 2.

Internet users who bought or ordered goods or services for private
use in the previous 12 months by age group, EU, 2010-2020

(%0 of internet users)

80
75
70
63
60
55 4

e

!
2010 2012

I I I I
2014 2016 2018 2020
— 1624 years -¥- 25-34 years ¥ 33—74 years

[Source: Eurosat]

Figure 2
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@ Question 2 - Question (Cont.)

Brett states that there has been an increase of more than 25 per cent in 55-74 year olds
who have made an online purchase in the previous 12 months between 2010 and 2020.

His working is shown below.

Difference: 57 — 45 =12
12

25 =0:267 (3s1)

=26.7%

Brett’s colleague, Elias, states that the increase is only 12 per cent.

(a) Briefly discuss Brett’s and Elias’s statements.

)
Figure 3 shows the percentage of people within European countries that used the
internet during 2020, and the percentage of people that used the internet to make an

online purchase during 2020. Q2
Percentage of internet use and online purchases, 2020 .
(% of Individuals aged 16 to 74)
FProportion of mdividmals wha: @
Used within the Last Furchased onlime withim
12 months the last 12 months
B =38 [5] @
Belgmam o3 EE]
Bulzaria 74 31
Czechia =38 72
Drenmark o E0
Grermanry o5 83
Estomia o0 [
Treland EE B ||| ”
Greecs Ta 46
Spain E &3 j
Framce a1 Th |.......... I
Croatia 20 35 —
Italy =31 44
Cypros a1 47 A
Latwia o0 56
Lrthoamia 24 54 5
Lumembourg o T
Hun gary =14 &0 C
Maka BT BT -
Metherlands o5 -1
Aurstria 50 13
Poland g5 &1
Partazal 70 61
Flomamia B3 5
Showenia =3 [-E]
Showvakia a1 52
Finland a7 TH
Swedsn o7 =4
Iceland o 83
Morway o8 5
Switzerland a7 B0
Mootensgro T 23
MNorth Macedonia =4 34
Serbia Ta 38
Turkey B 33
Bosnia and Herzezowvina 74 28
Elozono a7 44
Figure 3
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(b) Considering the information in Figure 3 only, suggest a country to Brett that would
be useful to advertise in.

Explain your answer.
)
(c) Explain why Brett should not make his decision on where to advertise only using
the information in Figure 3.

You should make three separate comments.
®3)

Also available is data on employment status, which is included with some additional
data in Figure 4.

Internet users who bought or ordered goods or services
for private use in the previous 12 months, EUY, 2020

(%6 of mndrviduals who used the mternet in the previous 12
months)

Total —

Male | ]

Female | 1

1624 years |
2534 years
3544 vears
45-54 years
3564 years
6574 vears

Low education |

Medmum education 1 I
High education |

i~ > [y é.@ @.g

Emplovees, self-employed |
Students
Petired. other inactive

Unemployed

1 T T T T T T T T T >
0 10 20 30 40 350 60 70 80 90 100

Figure 4

(d) Make three comments on the data in Figure 4.
®)
(Total for Question 2 is 10 marks)
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@ Question 2 - Mark Scheme

Question Scheme Marks AO | Notes
2(a) Possible comments
(not exhaustive)

Elias is just looking at the difference
of the percentage points.

Brett expresses the difference in the
percentage points as a percentage.

Both the calculations are correct.

Q2
Brett’s statement may be misleading. or @
Elias’s statement is easier to @
understand.
El, E1 3.1a, | E1 for each sensible comment .
3.1a
2(b) Most likely answers: B1 2.1a | Accept other countries above
e Denmark EU average in both categories [ _ﬁl
e Germany e Belgium —
e Luxembourg e Estonia A
e Netherlands e lreland _
e Sweden e France B
e Norway e Finland C
e Switzerland e |celand =
This country would be useful to El 2.1b | SC Malta shows all people
advertise in, as a high percentage of using internet have purchased
the population use the internet and online B1E1

have made a recent online purchase.
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2(c) Possible explanations
(not exhaustive)

The population of a chosen country
could be very small, with not many
customers to advertise to.

Advertising costs could vary greatly
by country.

It may not be practical to ship his
products to all countries.

His products may not be popular in
every country.

Q2
Pandemic might change habits .
E1l,E1, | 3.1a, | E1 foreach sensible
El 3.1a, | explanation (max E3) @
3.1a
2(d) Possible comments .
(not exhaustive) H
The percentage of the population who _j
have used the internet in the last 12 |x|
months... A
Age category B
C
...is roughly the same for males and or slightly higher for males.
females.
...1s highest in the 25-34 age or lowest in the 65-74
category. category.

...decreases with age after the
25-34 age category.
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Education category

...1s highest in the ‘High education’ or lowest in the ‘Low
category. education’ category.

...increases with level of education.

Employment category

...1s highest for employed people or lowest for retired people.
[and students].

El, E1, 1.1, E1 for each sensible

El 1.1, | explanation (max E3)
1.1
Total 10

- Question 2 - Examiner Comments

Q2(a) Many candidates were able to give good answers here recognising the difference between
percentage point increase and percentage change of an amount. Candidates who did not obtain full
marks in this question often only made a comment about one of the calculations and observed that
the other one was incorrect.

Q2(b) to (d) were the best answered questions on the paper with many candidates able to identify
features and good analyses from figures 3 and 4. Common errors observed were from candidates who
criticised the representation of the data in figure 4 rather than commenting on the data displayed. In
addition, candidates lost marks because they gave more than 3 reasons when only asked for 3, some
of which were incorrect.

=N g.@ @.Q
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‘Question 2 - Performance

Mean Max Mean Edexcel averages: mean scored by candidates achieving grade:
score score % ALL A* A B C D E )
6.76 10 68 6.76 9.38 8.20 7.29 7.05 6.35 5.80 4,71
10 9.38
9 8.2
. 729 7.05
g 7 6.35 i
e 6 :
‘%‘} B 4.71
£ 4
x
L 3
2
1
0
A* A B C D E u

Grade

NN g.@ @.Q
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Question 2 - Response A

N

Brett states that there has been an increase of more than 25 per cent in $5-74 year olds
who have made an online purchase in the previous 12 months between 2010 and 2020.

His working is shown below.

Difference: 57 -45 =12

12
25" 0.267 (3sf.)

=26.7%

Brett’s colleague, Elias, states that the increase is only 12 per cent.

(a) Briefly discuss Brett's and Elias’s statements,

)
Bodn. Bttt S  areny  4ac A YSernce.
o (3— . Meant i.[‘ Aaf  increaled
P (2o MalMAy L[18L Statemenr
atlraX

(b) Considering the information in Figure 3 only, suggest a country to Brett that would
be useful to advertise in.

Explain your answer.
(2)
Deamurh aS 9%  ale yne  (ntarnat
Aol £94 of- 7 eenn frdde,  vpmepcingl—
A purChade.  ocltoin  tou (et (2= A

NN é.@ @.Q
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(c) Explain why Brett should not make his decision on where to advertise only using
the information in Figure 3.

You should make three separate comments.
3)

difforint  Countries it “y pofe  digecens

_prodacts
Sone Coantr/d e VT Y PR
lngerpant _____Fo - #D Shopeny and. U ~erfu_

Tars (S A (wrge  _pint  Jtome S (A
A} L monyaS = So  fre  A%fy  Coubh  se
an lepling Hre.

Not+  a«ll Cowririk) *ey May Axr— Aeline y
Sl Y e

(d) Make three comments on the data in Figure 4.
(3)

Teo  burS &8 il ard. Jemdh X of A
wpp  to oty (oo
TAeter U dijo M v m W‘(

The burS  are «lfo  (arger  prun—
Fhe. fareC

NN g.@ @.8

The  tatef (5  Rf epen  (00)

3 /10

Part (a)

E1EO: This candidate was awarded one of the two available marks for this question as they have
correctly identified that 12% has come from the difference between the two percentages in 2010
and 2020 however, they haven’t made a correct statement about the 26.7% being a percentage
change from the number in 2010 and 2020.
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Part(b)
B1E1: This candidate was given both marks as they have correctly identified Denmark and have
justified it by quoting the high numbers for both usage and purchase.

Part (c)
EOEOEOQ: This candidate was not awarded any marks for this question.
e “Different countries may prefer different products” was not considered sufficient to award
the mark for “Brett’s product may not be suitable” in different countries.
e “Some countries may only use the internet to do shopping and vice-versa” was not relevant
to the data
e “there is a large time frame as it is 12 months so the data could be unrepresentative” was a
contradictory statement. Candidates were allowed to write that 12 months was not enough
data to see how shopping trends changed but in this case the candidate has said that it is a
big sample and that’s not good which is false.
e ‘“not all countries may have delivery services” was considered not relevant as all countries
have had some internet shopping.

It is worth noting that this candidate has given four reasons when only three have been asked for. If
a candidate gives three correct reasons and one or more incorrect one, then they will be awarded a
maximum of 2 marks in this question.

Part (d)

EOEOEOQ: All of these comments are criticising the representation of this data. The question does
not ask for critique of this and instead asks for candidates to comment on the data itself, so these
responses are awarded no marks.

=N g.@ @.Q
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g Question 2 - Response B

Brett states that there has been an increase of more than 25 per cent in 55-74 year olds
who have made an online purchase in the previous 12 months between 2010 and 2020.

His working is shown below.
Difference: 57 - 45 =12
12
i 0.267 (3s.f)
=26.7%
Brett’s colleague, Elias, states that the increase is only 12 per cent,

(a) Briefly discuss Brett's and Elias’s statements.
12 %, . o5 We [ WOkN J 2. SV
W

(b) Considering the information in Figure 3 only, suggest a country to Brett that would
be useful to advertise in.

Explain your answer.

Denseek , 0 1% UAR Ty WL pog

NN é.@ @.8
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(c) Explain why Brett should not make his decision on where to advertise only using
the information in Figure 3.

You should make three separate comments,

|
NN é.@ @.8

e o

5 /10

Part (a)
EOEO: No marks were awarded for this part of the question as there is no obvious understanding of
how the Brett has arrived at 26.7%. The statement about Elias is incorrect.
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Part (b)
B1E1: The candidate has correctly identified Denmark and justified it with the two percentages.
Another common answer was “Montenegro” which was underneath the EU average for both

“users” and “purchasers” and therefore could not be awarded any marks in this part of the
question.

Part (c)
E1E1EO:
e “The price of advertising” was considered worthy of a mark as this is on the mark scheme.
e “A country with predominantly more old people” was not considered worthy of a mark
because it doesn’t refer directly to the possible type of product Brett might be selling or the
fact that the data only shows 16-74 year olds.

e “A country with a bigger population” was considered worthy of a mark as comments about
population size rather than proportion were being awarded marks.

Part(d)
E1EOEO:
e “the axis are unclear” is not awarded a mark as that is a comment about how the data is
displayed rather than the data itself
e “Data is incorrect” is not awarded a mark as the statement is wrong, the candidate has
misunderstood that it is 75% of females have purchased rather than 75% of users of the
internet are female
e “Majority of people who used the internet had high education” was awarded a mark because
it is a valid comment about the data. It was decided that “users” was sufficient rather than
“users who purchased items from the internet”

=N g.@ @.Q
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‘Question 2 - Response C

Brett states that there has been an increase of more than 25 per cent in 55-74 year olds
who have made an online purchase in the previous 12 months between 2010 and 2020,

His working is shown below.

Difference: 57 -45 =12

12 0267 (3sf)

45
=26.7%

Brett's colleague, Elias, states that the increase is only 12 per cent,

(a) Briefly discuss Brett’s and Elias’s statements.

& ® BIRFY
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2)

(b) Considering the information in Figure 3 only, suggest a country to Brett that would
be useful to advertise in.

Explain your answer.

)
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(c) Explain why Brett should not make his decision on where to advertise only using
the information in Figure 3.

You should make three separate comments.
(3)
2 The pickure does not  Stoxe ound POPUIAAIE N NAUMDERS
80 Dkl connot RnNnow how mcuud pPeopl. Oure
ou:va.uxa bundf\(a UFF G and umna the \nernik.
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prreange ,

(d) Make three comments on the data in Figure 4.

3)
> people n rwah eceation  oue. mord. Uk G be. arour

d-onluna “as nowt a Nee aéhnncoacorfl

) S Cum pared. how D wnOdAL gducatron

- mgofﬂﬁm ChL LOWNAE an\;n’ PUcnege B
CS-74 Yea Mds. Wwaon (3 Yoot ower §O/.

> mMore molLy purmax Tuns — ONUN  fhan pemaded. |
WA poranjasof- Just yncux @i/,

| Alm LN é.@ @.Q

10 /10

Part (a)

EL1E1: This part of the question was awarded both marks.
Comments about which person was correct was disregarded so long as the understanding about
the methods was clear.
The candidate in this response can see that the 26.7% has arisen from a percentage change from
the original amount whereas the 12% has arisen as the difference between the two percentages —

S0 a percentage point rise — and therefore has been awarded both marks.
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Part (b)

B1E1: This part of the question was awarded both marks. Malta was included in the mark scheme
as a special case as it is reasonable to advertise here since everyone using the internet appears to
use it to purchase items as both percentages are the same.

Part(c)

E1E1E1: All three marks were awarded here as the candidate has made valid comments about:
proportion versus absolute number of people; the type of product being sold not necessarily
being appropriate for the population of any country and the total number of purchases in the
country rather than just the population size.

Part (d)
E1E1E1: All three marks were awarded for this part as the candidate has made valid comments
about three distinct areas of the data.

=N g.@ @.Q
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-[ @Question ][ @ Mark Scheme ]_

[ _[LI]J]_ Performance } [ @’ Response A } [ g Response B } [ g Response C }

Question 3 - Introduction

This question was a fairly standard two factor analysis of variance. Many candidates demonstrated a
lack of accuracy in their calculations, those seemingly using graphical calculators were generally very
good. This question also required candidates to demonstrate their understanding of blocking factors,
many of whom struggled to identify and carry out the second F test.

@ Question 3 - Question

3 Upulani works for a lawnmower manufacturing company.
The company is considering several new batteries to use in a cordless lawnmower.

Upulani measures the lifespan of a random sample of batteries made from four different
materials at three different operating temperatures (15°C, 40°C and 65°C).

A longer battery lifespan is more desirable.

She records the lifespan of each battery in hours. Her results are shown in Figure 5.

Temperature

15°C 40°C 65°C | Total

A 10.5 6.9 22 196

Material B 10.0 6.6 21 18.7
C 13.7 9.0 29 256

D 12.8 85 28 241

Total 47 31 10 88
Figure 5

The data produced the following summary statistic

> > xi=8317
i

Upulani claims that there is a difference between average battery lifespan for the four
different materials.

(a) Name the technique Upulani should use to carry out this test.

)
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@ Question 3 - Question (Cont.)

(b) State two necessary assumptions to carry out such a test.

)
(c) Carry out a hypothesis test to investigate Upulani’s claim.
You may find it helpful to use the table provided.
(11)
Source Sums of squares Degrees of Mean square F ratio
freedom
Rows
Columns
Error
Total
(d) Following your analysis in (c), make a recommendation to the lawnmower company.
1)
(e) Complete a further analysis to determine whether the blocking factor was effective.
(4)

(Total for Question 3 is 20 marks)

@ Question 3 - Mark Scheme

=N g.@ @.8

Question Scheme Marks AO Notes
3(a) Two-factor... B1 1.3

ANOVA Bl 1.3
3(b) Possible assumptions

Lifespans are normally distributed Context needed

The distributions from which the
samples are taken have equal
variances

There is no interaction between the
factors (no reason to believe any
particular material works any better or
worse at any particular temperature.
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Question Scheme Marks AO Notes
BLBL | > | Max 2 marks
3.1a
Ho: pa= pB =pc =pio B1
3(c) Hi: At least two means differ 2.1a | oe
T? 882 M1
= 2 _ - 1.3 | PI
SSr =32X% X{j — 831.7 v
= 186.36 ... SS Total
awrt 186.4
2 2
55, =5 T M1 13 | PI
n; mn .
19.62 18.72 25.62 SS between materials
SSR=3 13 3
2412 88?2
3 12
=11.34
2 2
ss, =z ot M1 13 | Pl
m; mn
472 312 102 882 SS between temperatures
Se=Zg vttty 1
=172.16 ...
SSg =186.37-11.34-172.17 M1dep
- 1.3 | PI
=2.86
Dep previous two Ms (not
negative)
Source | Sums of Degrees of Mean F ratio
Squares freedom square
Rows 11.34 3 3.78 7.93
Columns 172.17 2 86.083 180.59
Error 2.86 6 0.4767
Total 186.37 11
Bl df correct, 3 and 6
1.3
M1 1.3 Pl
MS=SS/df for between
materials and error
3.78
_ — 703 Al 13 |awrt 7.93
0.4767 or
p =0.0165
awfw 0.016 ~ 0.017

=N g.@ @.8
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Question Scheme Marks AO Notes
Correct table implies all
previous marks
Critical value F3 4(0.05) = 4.757 Bl 13
7.93 > cv so reject Ho M1 21b | OR
p=0.0165<0.05
PLUS correct conclusion
There is significant evidence to Eldep | 2.1a | Conclusion in context
suggest at least two average battery Condone “difference
lifetimes differ for the four materials e
between average lifetimes
used.
Dep on correct cv and ts
(p-value and sig) Q3
3(d) It is recommended material C or D is B1 2 1a Condone just material C or
used ' material D recommended
SC if Ho not rejected then @
“it doesn’t matter so pick
the cheapest” @
3(e) Identification of temperatures as the B1 13 Pl
blocking factor '
F test for difference between M1 13 For attempting F test
temperatures gives F =180.6 which is ' between temperatures
highly significant I]””
(5% cv =5.143)
Al 13 awrt 181 |x|
Condone for M1 A
MS between temperatures B
(86.083) is the largest (ie -
temperatures are the C
largest source of variation _
in lifespans)
or
uses only the totals/means
for each temperature
or
p=4.36 X 10~°
So there seems to be a difference Eldep | 3.1a | Dep some analysis
between at least two average lifespans completed
for the three temperatures
or
Blocking factor was effective
Total 20
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- ‘Question 3 - Examiner Comments

Q3(a) Most candidates were able to identify this as analysis of variance however many didn’t state
“two factor” and therefore only obtained one mark.

Q3(b) Whilst many candidates knew the assumptions required to carry out an ANOVA test, the vast
majority were not able to give the assumptions in the context of the question and therefore were not
awarded full marks.

Q3(c) Many candidates were able to accurately carry out the hypothesis test however the most
common errors were around stating the hypotheses and finding the correct critical value.

Q3(d) was generally well answered and credit was given to comments from candidates who
incorrectly did not reject Ho in (c) for practical suggestions about which material should be chosen.

Q3(e) This part of the question was poorly answered by many candidates with many responses left

blank. Many candidates correctly identified temperature as the blocking factor but then did not make Q3
use of the F-ratio already calculated in (c) to make a decision about whether it was effective or not. .
nllll | Question 3 - Performance @
Mean Max Mean Edexcel averages: mean scored by candidates achieving grade: @
score score % ALL A* A B C D E U
11.93 20 60 11.93 | 19.01 | 17.73 | 15.69 | 12.80 | 10.42 6.89 2.29
20  19.01 J].”Jl
" 17.73
15.69 J
16 |m|
% 14 12.8 A
:nc“ 12 10.42 B
2 10 -
=
T 8 6.89 C
x
5 6
4 2.29
2
: []
A* A B € D E u
Grade
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g ‘Question 3 - Response A

(a) Name the technique Upulani should use to carry out this test.
2)

Onpcal - Dok [iveihes) -

(b) State two necessary assumptions to carry out such a test.

- LN (e YO 1o be \VX&MO\
wﬁ"ﬁwlw“
i

(c) Carry out a hypothesis test to investigate Upulani’s claim.
You may find it helpful to use the table provided.

O
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Source .S;:‘::.f m“ Mean square | F nd(r-\

Rows 30 + 7 8% 54132 NJ4

Columns (726 + 3% + & 5 ,51;17—%0;' Eﬂl -12082

Error 286 - / 4 Z? 0475 ;
Total m £4 |
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(d) Following your analysis in (c), make a recommendation to the lawnmower company.

(1)
4,, YA_12e kel tolds owrall ol 7y
ﬂm@/d/& al /6T 09%”’0 Noke’ e W
[aF  [Fe /aﬁe/

(e) (omplctc a funhcr analysis to determine whether the blocking factor was effective.
(4)
ps 4@% & ﬂL@W it s mé/ =
/
//a&' /éa%/' EfFecti /1 . .

mb\kwx\\ﬁ) \ Ao é%/r’w/ o/ /ze m{/&z {”
lqy 5//&:2‘/45 . y

Wi ot \smg& FocrarS eff«woqs; fi m;/
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Part (a)
BOBO: The candidate has given neither of the correct statements for these marks.

Part (b)
B1BO0: A single mark is awarded for a correct assumption, however this not given in context as
in this case.

Part (c)

B1IM1M1M1M1BOM1AOBOMI1EOQ: The candidate has switched the degrees of freedom for
rows and columns and, although the method is correct, has lost the B mark for the degrees of
freedom, the A mark for the correct F ratio and the B mark for the correct critical value.
They were able to be awarded the method for a correct comparison and statement of “reject
HO” but not the final E as this is dependent on a correct critical value and test statistic.
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Part (d)
E1: The candidate correctly identifies that C (or D or both) should be recommended.

Part (e)

B1M1AOE1: Whilst there are no calculations in this part of the question, the candidate has
correctly identified temperature as the blocking factor and stated that the F value is very high.
Candidates should be comparing test statistics to critical values to make this conclusion; in
this case it was decided that candidates would be given credit for stating that the test would be
rejected at “any sensible level of significance” without specifically stating any critical value.

=N g.@ @.8
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g ‘Question 3 - Response B

(a) Name the technique Upulani should use to carry out this test.

ANOV A

(2)

(b) State two necessary assumptions to carry out such a test.

[ b { Ns e A e/
Ry ek
A\ bokkeries one neys.

(c) Carry out a hypothesis test to investigate Upulani's claim.
You may find it helpful to use the table provided.

(1)

e[S [ s
roms Vit d 3 3. 778 0.04%q
comns | 17216 2 | 40 0g |
Error 2.%¢ 2 |

Total 14¢.36 7
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Question 3 continued

(d) Following your analysis in (¢), make a recommendation to the lawnmower company.

1 wovv‘d/w’“mno/ é’fféécry ['Ovsm'cé
hows {le lengest mean |lgessan

(e) Complete a further analysis to determine whether the blocking factor was effective.
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Part (a)
BOB1: The candidate correctly stated ANOVA for the second B mark but did not identify the test as
“two factor”.

Part (b)
BOBO: The assumption that the candidate has tried for is that there is no interaction between the
factors, but it was not sufficiently explained so did not earn the mark.

NN g.@ @.8
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Part (c)

BIM1M1M1M1BOM1AOBOMOEO: Candidates should be giving the hypotheses as “means”
rather than “averages” however this was condoned, so the hypotheses were given the marks.
The calculations for the sum of squares were all correct but then the degrees of freedom were
incorrect, the candidate then used a correct method for mean square but the final F value was
incorrect so the A mark could not be awarded.

The correct critical value was not found however if the comparison had been done correctly for
an incorrect critical value, that is correctly rejecting HO or not, then the final method mark could
be awarded. In this instance the candidate incorrectly said that their test statistic being less than a
critical value meant that the null hypothesis would be rejected.

The final explanation mark is dependent on having the correct test statistic and critical value.

Part (d)

E1: The candidate correctly identifies that C (or D or both) should be recommended. Candidates
who had incorrectly not rejected HO in (c) could be given credit here if they said that the
decision about which material should be used should be based on another factor such as cost.

Part (e)
BOMOAOEDO: The candidate does not identify the temperature as a blocking factor and gives no
working worthy of credit.

=N g.@ @.8
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‘Question 3 - Response C

(a) Name the technique Upulani should use to carry out this test.
ANOVaL ( Bmks-s»s ok  yanodCe

(o Lok )

(b) State two necessary assumptions to carry out such a test,

2)

2)

Question 3 continued
(c) Carry out a hypothesis test to investigate Upulani’s claim.

You may find it helpful to use the table provided.
(11)
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Juestion 3 continued

(d) Following your analysis in (¢), make a recommendation to the lawnmower company.
L))

ove. \embearwe e\ ondhuse okl C
Qs \/\«oj oke 0N Mag ofhesk caanS

(¢) Complete a further analysis to determine whether the blocking factor was effective.
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DR - 0O - 166
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Part (a)
B1B1: Marks are awarded here for each of “ANOVA” and “two factor” independently of each
other. “Two way” was also allowed.

Part (b)

BOBO: This was not attempted by the candidate here however it is worth noting that many
candidates knew the assumptions but did not put them in context; thereby losing one of the
marks. Candidates writing one conclusion without context were awarded the first B mark.
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Part (c)

BIM1IM1M1M1B1M1A1B1MI1EL: The hypotheses here are not strictly correct but would be
allowed the mark. The mark scheme states “at least two means differ” and candidates should be
encouraged to write that as the most efficient way of getting the mark.

This candidate has used the p-value to compare which is fine, many students chose to use a
critical value method.

Although conclusions for both factors were given here, it is clear which one is for materials, and
which is for temperature and therefore the candidate was not penalised.

Part (d)

E1: The candidate correctly identifies that C (or D or both) should be recommended. Candidates
who had incorrectly not rejected HO in (c) could be given credit here if they said that the decision
about which material should be used should be based on another factor such as cost.

Part (e)

BOMOAOEDO: This candidate has not identified temperature as the blocking factor and whilst they
have correctly compared and concluded about the temperature in (c), they could not be awarded
the marks here because this did not show any understanding about blocking factors.

=N g.@ @.8
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[ _[LI]J]_ Performance } [ @’ Response A } [ g Response B } [ g Response C }

- ‘Question 4 - Introduction

In this question the E marks for the justification of answers were dependent on having the correct
model and correct assumptions that didn’t directly lead to the model in question were not given credit.

@

Question 4 - Question

Anna is a statistician. She is employed to advise companies on suitable statistical
models to use in a variety of scenarios.

Recently, she has been asked to model three scenarios.
(a) For each of the following scenarios, explain which model you would expect Anna to
use, and justify your answers.

(i) The number of days in January on which it snows,

)
(ii) The number of patients attending A&E between 9pm and 10pm on a
Monday evening,
)
(iii) The amount of time between successive visits to a company’s website.
®3)
(b) For one of the scenarios in (a), give a reason, in context, why the distribution you
suggested may not be appropriate to model the situation.
Clearly state which model you are referring to.
1)

(Total for Question 4 is 8 marks)
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@ Question 4 - Mark Scheme

Question Scheme Marks AO Notes

4(a)(i) Binomial distribution Bl 2.1b

(The number of days fixed, and) the
probability of snow is likely to be El 2.1b
similar in all days of January

4(a)(ii) Poisson distribution Bl 2.1b

The visitors could be reasonably
expected to come with a constant El 2.1b
average rate

4(a)(iii) Exponential distribution Bl 2.1b

Visits to a website are likely to occur
at a constant average rate and
therefore follow a Poisson
distribution

El 2.1b

The time between consecutive
Poisson events follows the El 2.1b
exponential distribution

Bl E

4(b) Binomial model

Unlikely to be independent if it snows
on one day to the next as it may be
more likely to snow in periods of cold
weather

Poisson model

If two people are involved in an
accident together they will not attend
independently

N e > [ | &

Exponential model

Visitors are unlikely to visit at a
constant rate across the whole day

If something goes viral on the website
clicks are unlikely to be independent

) List not exhaustive
Any sensible reason attached to .
model Eldep | 3.1a | pep on student using correct

model in (a)

Total 8




[ Skip to Main Contents ]

oo IR N RN

‘Question 4 - Examiner Comments

This proved to be the most challenging of the questions for many candidates and in many cases even
where candidates were able to correctly identify the right models for each scenario, they were unable
to articulate the reasons for their choice.

nllll | Question 4 - Performance

Mean Max Mean Edexcel averages: mean scored by candidates achieving grade:
score score % ALL A* A B C D E U
2.93 8 37 2.93 6.38 4.80 4.10 2.90 2.34 1.64 0.62
7 638
6 Q4
@ g 4.8
3 41
8 .
c 4
8
p 2.9
@ 3 2.34 @
x
T 2 1.64
1 I 0.62
0 ]
A* A B C D E u
Grade
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[;Zﬁ ‘Question 4 - Response A

4 Anna is a statistician. She is employed to advise companies on suitable statistical
models to use in a variety of scenarios.

Recently, she has been asked to model three scenarios.

(a) For each of the following scenarios, explain which model you would expect Anna to
use, and justify your answers.

The Chi- —3) medel. ‘L.uamt

(ii) The number of patients attending A&E between 9pm and 10pm on a
Monday evening,

Cand ﬂu}ﬁ“ ‘Mﬁ&“ i o ‘5;
(m) The amount of time between successive visits to a company’s website.

m%

Bl E

(3)

N e > [y |
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Question 4 continued

(b) For eme of the scenarios in (a), give a reason, in context, why the distribution you
suggested may mot be appropriate to model the situation.

Clearly state which model you are referring to.

2 /8

Part (a)(i)
BOEO: The candidate did not identify the correct model and so could not be awarded either mark.

Bl E

Part (a)(ii)
B1EO: The candidate has correctly identified Poisson distribution but there is no justification in
context.

Part (a)(iii)
B1EOEQ: This is the same as (a)(ii) where there is no justification in the context of the question

Part (b)
EO: The mark was not awarded here because there is no explanation why patients may not arrive at
A and E independently.

N e > [y |
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[;;ﬁ ‘Question 4 - Response B

4 Anna is a statistician. She is employed to advise companies on suitable statistical
models to use in a variety of scenarios.

Recently, she has been asked to model three scenarios.

(a) For each of the following scenarios, explain which model you would expect Anna to
use, and justify your answers.

(i) The number of days in January on which it snows,

Ww ey L
condom oy 2 ouliomin, gt v 0

Lixegl e rumber o) diag s

(ii) The number of patients attending A&E between 9pm and 10pm on a
Monday evening,

)

Bl E

. 2)
low P Ejé’
(i) The amount of time between successive visits to a company’s website. A
3) B
2eponentid C

bivgbedwrtes, exenks
ndogendant
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(b) For one of the scenarios in (a), give a reason, in context, why the distribution you
suggested may not be appropriate to model the situation.

Clearly state which model you are referring to.

4 /8

Part (a)(i) - BLEO

Part (a)(ii) - BIEO

Part (a)(iii)

B1EOEQO: In the first three parts of the question the candidate has correctly identified each of the
models but has given no context to the justifications so could not be awarded any of the E marks.

Part (b)
E1: This is a good example of a correct answer to this question.

Bl E

N e > [ | &
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[zzf Question 4 - Response C

4 Anna is a statistician. She is employed to advise companies on suitable statistical
models to use in a variety of scenarios.

Recently, she has been asked to model three scenarios.

(a) For each of the following scenarios, explain which model you would expect Anna to
use, and justify your answers.

(i) The number of days in January on which it snows,
(2)

Vrosmial — Teged (umb@ OF &iats- '3?1.@!@51:._

'ﬁa.nwu' —Laon be  wSed G asset  Vrevidiay
,Cm LS Fandiferndaont Ko one  onadltl ond.

\*&L_ﬂ._ !&.’&a(. Prpméb@ o2&  Sncring .

Monday evening,

a,&!ndwt @ Cc:zawn M@a V¥ 2 Lot 3 Ldkely
aspel oS wma'_-.& Sonn cre  onatbe— LA,
(oule 245 be aua_l?a‘.u(!ar _Haesses durtng be Nigik.

(iii) The amount of time between successive visits to a company’s website.

3)
ExPoncnbial  diskihuacon ot bp  Dado bade
Condinpes. WebSue VsiLS Ll b Occr: aé
C  CanStak  patrnagt (bt and Covta. bl Zadfemdat
Sm  ON _ CroMr.
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(b) For one of the scenarios in (a), give a reason, in context, why the distribution you
suggested may mot be appropriate to model the situation.

Clearly state which model you are referring to.

(1)
For  Aunber o [PRLGlnds abMincding A LB, s
UM 6@ hei Lo podern . Moodlelia by

VoLSSa oldbribubion aS  Peofde ore endivead, e
abnt Singy in bupn  tanioy it Aoerob by te
Copdidten b [bdsan as ALe 3 b..&

7 /8

Part (a)(i)
B1E1: The candidate has correctly identified the binomial distribution and that the probability for
snow remained constant.

Part (a)(ii)
B1E1 The candidate has correctly identified the Poisson distribution and the need for a constant
average rate of patients.

Bl E

Part (a)(iii)
B1E1EO: The candidate did not gain the second E mark in this question as they did not state that
the times between patients arriving needed to for a Poisson distribution.

Part (b)

E1: The reason that people are unlikely to attend singly as A and E is busy as about the bare
minimum for this mark. Candidates were not given the mark for simply stating that an
assumption was unlikely be true, they needed to give a reason why the assumption was unlikely
to be true.

N e > [ | &
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Question 5

-[ @Question ][ @ Mark Scheme ]_

[ _[LI]J]_ Performance } [ @’ Response A } [ g Response B } [ g Response C }

Question 5 - Introduction

This question required students to understand a section of the bivariate data topic and give most of
the responses within the context of the question.

@ Question 5 - Question

5 Anja is investigating ‘Speedcubing’, a competition in which participants attempt to
solve puzzle cubes in the fastest time possible.

One category in Speedcubing is ‘Individual time’. Individual time considers the time
taken to solve a single scramble of a cube puzzle.

Another category, ‘Average time’, considers the average time taken when solving 5
different scrambles of the same cube puzzle.

Anja finds the results from one Speedcubing competition.

For a random sample of participants in this competition, Anja calculates the least
squares regression line between Individual time, x seconds, and Average time,
y seconds in the formy = a + bx

(a) Explain why Anja should expect her value of b to be positive.

1)

Anja’s regression line has equation y = —0.374 + 1.564x
[Source: https://www.worldcubeassociation.org/]

(b) Estimate the Average time for a competitor with an Individual time of 9 seconds.

)
(c) Explain why there is no sensible interpretation of the value of —0.374 in

Anja’s model.

1)
(d) Interpret the value of 1.564 in context.

1)
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@ Question 5 - Question (Cont.)

Anja finds a database of results of all Speedcubing competitions.

Each competitor has a unique ID, so that if there are two competitors with the same
name they can identify the times.

Records containing the competitors and their unique IDs are listed in one table, and a
competitor’s best times in the Individual time category are listed in another table, also
with their unique ID.

(e) Explain how Anja could obtain a list of best times, from her database, with each
time shown beside the competitor’s name instead of their unique ID.

@)

(Total for Question 5 is 8 marks)

@ Question 5 - Mark Scheme

Question Scheme Marks AO Notes
5(a) As participants who have a slower
individual time will probably have a El 2.1a

slower average time

Bl g

5(b) -0.374 + (1.564 x 9) M1 1.2 | PI
y = 13.70 seconds Al 1.2
5(c) It is impossible to have an individual

time of 0 seconds.

It is impossible to have a negative
average time.

N e > [ | &

El 2.1a | Either
5(d) When a competitor’s individual time
increases by 1 second their average El 2.1a
time increases by 1.564 seconds.
5(e) Query the database to produce a report El 1.1
Join the tables together El 11
Using the unique ID El 11

It is possible to see a SQL query here, e.g.

SELECT firstName, surname, uniquelD, bestTime FROM competitors, times WHERE
competitors.uniquelD = times.uniquelD

Or a similar version with INNER JOIN
Sight of a SQL statement should be awarded the first mark.
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A sensible INNER JOIN or WHERE statement would award the second and third if unique ID field was
mentioned.

Total 8

- ‘Question 5 - Examiner Comments

Q5(a) to (d) were well answered by many candidates although some candidates struggled to give an
interpretation for the gradient in the context of the question.

Q5(e) This part of the question proved very challenging for many candidates. Many candidates tried
to circumvent the use of a database by describing how a spreadsheet could be used to solve the
problem or did not read the question fully and described how a list of fastest times could be found
from a list of all times.

n|‘|_ Question 5 - Performance

Bl g

Mean Max Mean Edexcel averages: mean scored by candidates achieving grade:
score score % ALL A* A B C D E U
3.63 8 45 3.63 7.63 5.62 4.62 3.69 2.82 2.62 1.57
8 7.63
7
6 5.62
g atl
A s 4.62
{ =
g 4 3.69 |..._.-j |
E e
o 2.82
% 3 2.62 A
8 2 1.57 B
1 I C
0
A* A B C D E U
Grade
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[zzf Question 5 - Response A

(a) Explain why Anja should expect her value of b to be positive.

(1)
Toare (ant. e a o ve aumount o)
?cu £ ong e t™vma a (e U VI B
/\r\n, mmw o€ _plov hot\
§ Aents . .
S wndaw
Anja’s regression line has equation y =-0.374+1. 564x4- sec.
M'&S‘v [Source: https://www.worldcubeassociation.org/]
(b) Estimate the Average time for a competitor with an Individual time of 9 seconds.
(2)

T -0.334 ¥1-56M xa (%)

= 12,3102 \3.% sewad

(c) Explain why there is no sensible interpretation of the value of ~0.374 in
Anja’s model.

Bl g

ol wndL duzmu wd 'cuy\a. W%‘XCLLLL
(d) Interpret the value of 1.564 in context.

(1)
WS tNe tnduincddad nae |, Nous muudn

& SQM u_P \p\,j .

(e) Explain how Anja could obtain a list of best times, from her database, with each
time shown beside the competitor's name instead of their unique ID.

3)
She Coudd ‘twvxon m\:ja* Lowent
tan aaty) (wu.m\x chAmba mmmw,
Lo bov‘u:aM ? \Jd\ruch RUNTSIVV L. S U% e B
UNa e S of e tncdiwvigduads
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3/8

Part (a)
EOQ: This was the most common incorrect answer to this question where candidates did not
understand the meaning of the gradient of the line in the context of the question.

Part (b)
M1A1: Although the “X” is still present in the substitution, the candidate’s intent is clear and the
answer is correct.

Part (c)
E1: Again this is a good answer to this question.

Part (d)

EO: The candidate probably understands that they are trying to describe the gradient of the line but
needs to state that it is the amount the average time goes up by for each extra second of
individual time.

Part (e)
EOEOEOQ: Again this candidate has tried to sort the data as though it was in a spreadsheet and has
been awarded no marks.

Bl g

N e > [ | &
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[;Zﬁ ‘Question 5 - Response B

(a) Explain why Anja should expect her value of b to be positive. 1
1)

Beconr  overisy fime il Ms 8 ga@hrinandst

as  10dvudal E'me goes p.

Anja’s regression line has equation y =-0.374+ 1.564x
[Source: https://www.worldcubeassociation.org/]

itor with an Individual time of 9 seconds.

) N

(b) Estimate the Average time for

(2)

(c) Explain why there is no sensible interpretation of the value of -<0.374 in
Anja’s model.

”MA (1
Bt wth  both  fuclos k)efnrﬁ b e ,w)m HF
W inforce o al O geconds Cthe Individua) b
ot e some P be  -O3H.

Bl g

(d) Interpret the value of 1,564 in context.
(1

N e > [y |

t56 s the  amdm} of lim, meani h
Hime  jndiw dunl J Bme e averuge n‘[,‘,:s y;f)‘)c S ncfeust
by I'564.

(e) E:prlain how Anja could obtain a list of best times, from her database, with each
time shown beside the competitor’s name instead of their unique ID.

B -Gller ) hio
£ L 'y~

3




[ Skip to Main Contents ]

oo IR N RN

4 /8

Part (a)
E1: This was considered an acceptable answer to this question.

Part (b)
MZ1AQ: Despite the fact that the candidate crossed out their working, it is possible to see the correct
substitution but not a correct answer so the M mark was awarded.

Part (c)
E1: This was about the bare minimum for this mark although it would have been better for the
candidate to say that any negative time did not make sense.

Part (d)
E1: This answer is a good answer for this part of the question.

Part (e)
EOEOEQ: The candidate here has confused the question, thinking that the tables are in a spreadsheet
so that they can be sorted which was not awarded any marks.

Bl g

N e > [ | &
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[;Zﬁ ‘Question 5 - Response C

(a) Explain why Anja should expect her value of b to be positive.
(1)

l{M*‘h}\ t e o sfnkwb\n- motogts |, Hhe W‘et.ﬁww"&hu
«Luul&.jghqa&f(m«b‘umfhwmprkﬁ fo nearie .

Anja’s regression line has equation y =-0.374 +1.564x
[Source: https://www.worldcubeassociation.org/]

(b) Estimate the Average time for a competitor with an Individual time of 9 seconds.

(2)
M-Qﬁg M: ~031¢ + 1.56¥ Q= 13,102 M Q5
owarmge T, = 13,7102 Gauends
(c) Explain why there is no sensible interpretation of the value of -0.374 in
Anja’s model.

T tolen . siu;sw-bh..ff wioe parle st I-:.Mr Haan 2000,

(d) Interpret the value of 1.564 in context.
(1)
For every semd ol o simle scommble o a whe puasle, de o
bt dlen il o [5WY hen idving 5 A-xfu..t wmmbls of dha Some cube

purke
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(e) Explain how Anja could obtain a list of best times, from her database, with each
time shown beside the competitor’s name instead of their unique ID.

Q to \om thase tive tables te  competitors’ waque 1Ds.
&Ff\ﬁe cuu\t.s of ul.i»'u:rndftr wn'; :‘%kk&lu\ tome

On ot 3

‘-] shavi a-\'dﬂir fs ot ond  chartast  mdindasl dume .

(3)

ST Tt it

8 /8

Part(a)
El: This is a well explained description of why the gradient of the line should be positive.

Part (b)
MZ1AL: This calculation has been performed accurately and answers given to more than 3
significant figures were ok.

Bl g

Part (c)
E1: This was the most common correct answer to this question.

Part (d)

El: It would be preferable for the candidate to have said that “for every second extra to solve a
single ... the average time taken would be 1.564 extra ...” but the candidate’s intent was
considered clear enough for the mark.

Part (e)

E1E1EL: All the marks for this question were awarded from the first sentence in this solution.
Many candidates attempted to explain how they would sort the data but this was not required
for the question.

N e > [ | &
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Question 6

-[ @Question ][ @ Mark Scheme ]_

[ _[LI]J]_ Performance } [ @’ Response A } [ g Response B } [ g Response C }

‘Question 6 - Introduction

This was the largest question on the paper and required candidates to demonstrate their knowledge of
a wide range of different topics. Candidate needed to be able to explain different aspects of modelling
and hypothesis testing in the context of the question as well as carry out various calculations
accurately.

@ Question 6 - Question

6 In field hockey, some fouls result in the awarding of a penalty corner. A player then has
the opportunity to score a goal from the penalty corner.

A study of 84 games in the 1998 Field Hockey World Cup found that

* the mean number of penalty corners awarded per game was 2.976
+ the standard deviation of penalty corners awarded per game was 0.98
* 114 penalty corners resulted in a goal, and 136 did not.

[Source: https://www.researchgate.net/figure/Data-of-
successfulpenalty-corners_thl2_233698670]

Douglas plays for a field hockey team.

Sam, a sports data analyst, decides to analyse the average number of penalty corners
awarded per game for Douglas’s team.

Sam studies data from a random sample of 15 games played by Douglas’s team over the
last three years.

Sam found that

+ the mean number of penalty corners awarded per game was 3.25
+ s=12

(a) Making any necessary assumptions, calculate a 95% confidence interval for the
mean number of penalty corners awarded per game for Douglas’s team.

®3)
(b) State the necessary distributional assumption required for the confidence interval
found in (a) to be valid.
1)
(c) By making reference to the confidence interval found in (a), comment on the claim
that, over the last three years, the number of penalty corners awarded to Douglas’s
team per game, on average, differs to that awarded to teams at the 1998 Field
Hockey World Cup.
)
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@ Question 6 - Question (Cont.)

Douglas believes that a lower proportion of penalty corners that his team is awarded
result in goals compared to that for teams playing in the 1998 Field Hockey World Cup.

Last year, his team was awarded 35 penalty corners resulting in 7 goals.
Douglas decides to test the following hypotheses:

Ho: m1=0.456
Hi: 1 <0.456
(d) Show how Douglas obtained the value of 0.456 for his hypothesis test.
1)
(e) Explain why the critical region for Douglas’s test is X < 10, where X represents the
number of goals scored from 35 penalty corners.
)
(f) Complete Douglas’s hypothesis test.
) Q6
(g) Give one advantage of using a critical region instead of a p-value when carrying out
hypothesis tests.
1
(h) Describe, in context, the meaning of a Type I error for Douglas’s test.
)
(i) Write down the exact probability that Douglas makes a Type | error when carrying
out his test. I
1)
(j) If the probability that, for Douglas’s team, a penalty corner results in a goal is
actually 0.15, find the power of his test. J]_|]J1
®)
(k) State two necessary assumptions that you made when selecting the distribution to g
use in (e). =
You should explain whether you believe each to be valid or not. A
(4) B
During the 1998 Field Hockey World Cup, specialist penalty corner players were s
brought on to substitute for other players when a penalty corner was awarded. g
In 1999, a new rule was introduced that specialist penalty corner players could not be
brought on, unless a player was injured.
() Explain how this information may affect the validity of the conclusion you made
in (f).
)

(Total Marks for Question 6 is 24 marks)
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@ Question 6 - Mark Scheme

Question Scheme Marks AO Notes
6(a) (i =325 s=12 n=15)
Pl
1.2
. Use of N
3.25+2.1448 x — M1 1.3
V15
Pl
1.3
B1 t14 = 2.14(5) or z=1.96 used
awrt

SC (2.64, 3.86) if z=1.96
used scores M1B1A0

Q6
Cl=(2.59, 3.91) Al 1.3
SC 15 df used
t=2131
(2.58, 3.91)
M1B1A0
6(b) Number o_f penalty corners awarded E1 21a | Context required
per game is normally distributed.
o) 2.976 is within the CI. . Bift | 2.1p | O€comparisonof 2.976 with il
their CI
...so there is not enough evidence to o6 |¥ I
suggest Douglas’ team were awarded a
different number of penalties per Eldep 2.1a | Dep on previous B1 A
game, on average, than those awarded B
at the 1998 Field Hockey World Cup. =
C
6(d) 2 — 0456 B1 21a | AG =
114+136
6(e) Because P(X < 10) = 0.03024 and E1 13
0.03024 < 0.05 '
But P(X < 11) = 0.06361 and is E1 13
0.06361 > 0.05 '
6(f) Ho: m = 0.456 Not needed, given before (d)
Hi 7 < 0.456 but may be seen
7< 10, Reject Ho M1 2.1b | Or 0.00149 < 0.05




oo IR N RN

[ Skip to Main Contents ]

Question Scheme Marks AO Notes
Evidence to support Douglas’s belief
(his team score fewer goals from Eldep 2.1a | Dependent on M1
penalty corners than expected)
6(g) You can test the same hypotheses
L T - El 1.3
again without further calculation
6(h) Explanation mark
HO 1S rejected 1n error so... El 1.3 |mp||ed by correct Contextual
answer
...concluding, for his team, penalty
corners resulted in fewer goals than
expected when actually they result in El 2.1a | Context mark
at least as many as expected.
6(i ft their (e
0 0.03024 Alft | 13 ) Q6
awrt 0.03
6(j) X~B(35,0.15) M1 2.1a
P(X>10)=0.01098 Al 19 SC P(X=>10)=0.0292 scores .
M1A1A0
Power = 1-0.01098=0.98902 Al 1.2 | awrt0.99 —
6(K) Constant probability .
) ] ] El 3.1a | Constant probability
is unlikely to be valid because... J]_|]J1
...different players may have different j
chance of scoring and it’s unlikely the |$ |
same player is always involved. A
...different teams may be better at o
defending B
El 2.1a | Any sensible reason g
Independence
] ] ] El 3.1a | Independence
is unlikely to be valid because...
...decisions of tactics for taking a
penalty corner may be impacted by the
previous penalty corners.
...confidence and form may be
impacted by scoring/missing previous
penalty corner.
El 2.1a | Any sensible reason
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Question Scheme Marks AO Notes

6(1) Douglas’s team might not have
specialist corner takers.

or

Data from the 1998 Field Hockey El 3.1b
World Cup predates the change in rule oe
but Douglas’s team’s data is after the
rule change.

So the conclusion may not be valid
because Douglas’s team’s record of
scoring from penalties is not being
compared with the same circumstances El 3.1b
(in terms of specialist players being
able to try to score goals from
penalties).

Total 24

Question 6 - Examiner Comments

Q6(a) was well attempted by most candidates however common errors observed were from candidates
using values from the normal distribution rather than the t-distribution as well as many candidates
using one-tailed values rather than two tailed ones.

Bl g

Q6(b) was poorly answered by most candidates, many of whom knew that the distributional
assumption was that the data needed to be normally distributed but could not put this in the context
of the question.

Q6(c) The most common error in this part of the question was that candidates concluded too definitely.
Candidates should be reminded that conclusions from confidence intervals, much like for hypothesis
tests, most not be too certain as confidence intervals only provide evidence about the parameters of
populations.

N e > [ | &

Q6(d) was well answered by the majority of candidates.

Q6(e) Some candidates were able to give a well-reasoned argument to answer this question but many
could not identify what they needed to do in order to show that X < 10 was the critical region. Some
candidates attempted to use the inverse function on their calculators but very few of these were then
able to write the notation or argument to show the correct critical region.

Qo6(f) This question in general was well answered however many candidates misunderstood the
question and tried to use a test statistic of 10 rather than 7. Many candidates used a p-value in this
part of the question which was perfectly suitable if more time consuming than directly comparing the
test statistic and critical value.

Q6(g) Very few candidates were able to articulate that a critical value allowed repeated tests to be
carried out without need for a p-value calculation.
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Q6(h) This part was generally well answered with the most common loss of marks being due to a lack
of context within their explanations.

Q6(1) Although some candidates were able to show the critical region of X < 10 accurately in (e)
many could not interpret their values as the probability of a type I error with the most common wrong
answer being 0.05.

Q6(j) Pleasingly many candidates were able to give full solutions for this part of the question however
some candidates confused the probability of a type II error with the power of the test.

Q6(k) Many candidates were not able to identify the requirements for a binomial distribution here
with a common error being that candidate had not read the question fully and commented on the use
of a normal distribution in (a).

Q6(1) This was generally well answered by candidates who were able to identify that since the
conditions for scoring had changed, the conclusion was no longer valid.

ﬂ_ﬂﬂ Question 6 - Performance Q6
Mean Max Mean Edexcel averages: mean scored by candidates achieving grade:
score score % ALL A* A B C D E U
9.84 24 41 9.84 | 21.27 | 19.13 | 14.71 | 10.11 | 6.60 3.76 1.71
21.27
20 19.13
(0]
§ 35 14.71 |]| ”
{ =
s 10.11 |%__f |
[ 10 —
) 6.6 A
3 A
5 3.76 B
1.71 E
0 = -
A* A B . D E U
Grade
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g ‘Question 6 - Response A
(a) Making any necessary assumptions, calculate a %&r\rﬂ for the
mean number of penalty corners awarded per game for § team.

Rzt L= 1 7¢5

3)

/A=325
s e [ 2
o O O - 3 =

/7: &
325 2/ 76/.?/J,_)

(2 704 , 23. 776) (s4p) >

(b) State the necessary distributional assumption required for the confidence interval
found in (a) to be valid.

oMﬁmX{y dusinbafod
(c) By making reference to the confidence interval found in (a), comment on the claim
that, over the last three years, the number of penalty comers awarded 10 Douglas’s

team per game, on average, differs to that awarded to teams at the 1998 Field
Hockey World Cup.

—

=
—_—
-

(1

Bl g

2)
Ao mean Pusomber q,c Sy Corgrr awraded
fer gome owoas 7 ;. WAICh /Qtyf i 1t
ﬂ_ca%&dcace_mmé_ﬁ%_fﬁz: ,
2 o er Jthan 2"‘76mﬂ-eydc
5o e clewmn w Ml.e

N e > [y |




[ Skip to Main Contents ]

e ) )

Douglas believes that a lower proportion of penalty corners that his team is awarded
result in goals compared 1o thut-for-teams playing in the 1998 Field Hockey World Cup.

Last year, his team was awarded 35 penalty comers resulting in 7 goals.
Douglas decides to test the following hypotheses:

H,: x = 0.456
Hy: x < 0.456
(d) Show how Douglas obtained the value of 0.456 for his hypothesis test.
(1)
"7 = _0.4956 o
(tt9+136) S —

(e) Explain why the critical region for Douglas's test is X <10, where X represents the
number of goals scored from 35 penalty comers.

AAEL 35, 0.2) o

2

(f) Complete Douglas’s hypothesis test. A
, o . 2) —

28 6 B

< = : eI £ O -GS =2

= S o re £

X %ﬂ’/ SN Cr/frca cRPron T oSNNIy,
TS 0. —— |

= ~e_/ec_/~ (o , Thar@Q s5 o9
S gn, flant exvicdence to ﬁ?&o’f Hof a lowrer
. o e
Iy s T st < 7y ow
(g) Give one advantagé of using a critical region instead of a p-value when carrying out A

hypothesis tests.
(1)

Crfrcal ons  cas Show whore Heo Ten-
SFAF1 117 ¢C /ay/, mere acceedle.
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(h) Describe, in context, the meaning of a Type I error for Douglas’s test.

2)
A T [ eror (. Ghere fro Fprke——is- o =
O .H5¢  ir /“gf’ated MLM/}HQCW
ULl .

(i) Write down the exact probability that Douglas makes a Type | error when carrying

out his test.
(1)
o5 P/Tyipe fesrror) T O S R
Q6
(j) If the probability that, for Douglas’s team, a penalty corner results in a goal is
actually 0.15, find the power of his test.
Apeoence N
79
o () =0 A
o B
D - BSE x /00 T €5.£.~ C
N = 3%
/) ‘\_Q___[L G
lavisr = ~9999%7
ppur__ > 7 .




®

Skip to Main Contents }

... |EE BN

(k) State two necessary assumptions that you made when selecting the distribution to
use in (e).

You should explain whether you believe each to be valid or not.

Assume d  emeal Cach ﬁoa/ s

—tndbpendent of one anorier,

-/1-1;: /S not vadd —ar = per
be CaAAJ‘eo( b—y 9oalf d < n

jﬁyw&
HSSMUZ VY frae Ot come. Ve il
o

0]

During the 1998 Field Hockey World Cup, specialist penalty comer players were
brought on to substitute for other players when a penalty comer was awarded.

In 1999, a new rule was introduced that specialist penalty corner players could not be
brought on, unless a player was injured.

(1) Explain how this information may affect the validity of the conclusion you made
in ().

Bl g

(2)
Some gocu/s afj not o Sscored
by /r)/uc»ed /D S So feore may
é{ 002'—4/(_2_ o :uf/)ort o.
Va_/x..ﬁ;igva_ﬂu.mad all FOALL wRret
e S Ala s gt alprid
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Part (a)
M1BO0AO: The candidate has used the value for a 90% confidence interval rather than for a 95%
confidence interval so only scores the first M mark for a correct standard error.

Part (b)
EO: There is no context in this answer so it cannot be awarded a mark.
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Part (c)
B1EO: The candidate has correctly stated that the mean lies in the confidence interval however they
have concluded incorrectly so have only been awarded the B mark.

Part (d)
B1: This answer was exactly as the mark scheme required.

Part (e)
EOEOQ: The candidate’s response to this question uses the wrong binomial distribution and could not
be awarded any marks.

Part (f)
MOEO: The candidate has confused the null hypothesis value with the significance level and
although they have concluded correctly from here could not be awarded the mark.

Part (9)
EOQ: This was a common wrong answer to this question. Critical regions are no more accurate than
p-values.

Part (h)
E1EO0: There was no context in this answer so it could not be awarded the second mark.

Part (i)
AO0: Only answers of 0.0302 or a correct follow through from a probability in (e) could be awarded
a mark in this part of the question.

Bl g

Part (j)
MOAOAO: There is no work of any merit in this part of the question.

Part (k)

EOEOE1EQ: Two outcomes is a requirement of the binomial distribution but it could not be given as
an answer in this part of the question as it is not an assumption: a penalty can either be scored or
not. The third mark was awarded as the candidate was given the benefit of the doubt that they
had identified that the penalties needed to be independent of each other however they have
misunderstood the context and their reasoning was incorrect.

N e > [ | &

Part (1)

E1EO: This was considered to be an incomplete explanation about why the test is less valid. Ideally
candidates would have stated that the conditions were not the same in each of the two situations
being compared and this reduced the validity.




®

Skip to Main Contents }

... |EE BN

g ‘Question 6 - Response B

(a) Making any necessary assumptions, calculate a 95% confidence interval for the
mean number of penalty corners awarded per game for Douglas’s team.

- < 3)
_rh*: &T‘Z.hd?t—

R V.
2.25x 1.9594 ~ 5

- (_2.64—3., 2.857)

(b) State the necessary distributional assumption required for the confidence interval
found in (a) to be valid. ”

604»\5 (l_o}m A0S l—:,JLu\ T O nw‘,l!:
--.'H- L‘VJ(:.BL Pe@'v_\a} Fr :

(¢) By making reference to the confidence interval found in (a), comment on the claim
that, over the last three years, the number of penalty corers awarded to Douglas’s
team per game, on average, differs to that awarded to tcams at the 1998 Field
Hockey World Cup.

2)
Q‘]G s ingida LL~ Co-v\‘:qu.nt.l. I\\—vvoi
LA ﬁ’ H'\“&k "L\l. MW&Q
Aqupcr P @mo;};a cerners  aamacded  has
C.\\OA“LCL s VWM 000000000000
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Douglas believes that a lower proportion of penalty comers that his team is awarded
result in goals compared to that for teams playing in the 1998 Field Hockey World Cup.

Last year, his team was awarded 35 penalty corners resulting in 7 goals,

Douglas decides to test the following hypotheses:

H;: == 0.456
Hy: m <0.456
(d) Show how Douglas obtained the value of 0.456 for his hypothesis test.
(1)
-+ 13¢ = 2606 _Mlj corness
1% 20 - @ese)
(e) Explain why the critical region for Douglas’s test is X' <10, where X represents the Q6
number of goals scored from 35 penalty comers k.Jlu)" | s
X €\0 5'" da Hae
?_(9_‘0«.\04\:\:) ) (‘-’ 7\0 LA‘CL\ c (P l( LS Suunnn
s kis $tar ;,rc.mce_ level
Yxgio) = Ol4e « oluue 107
fxgtt) = 0.075

|
|
N W > ﬂ‘}] E

(f) Complete Douglas’s hypothesis test.

-|‘k6<OL e 0

S( "‘o Showy % c

)

o , S
Commers *‘o o..U' Coff\m
LoraL (g:zs
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(g) Give one advantage of using a critical region instead of a p-value when carrying out
hypothesis tests.

(n
\.m CQ-Q:' k?[Amica_L Dcw AMans 2 hauve
O C;%"UML KQ—D{&V\ .
(h) Describe, in context, the meaning of a Type I error for Douglas’s test.
2)

Re\yc—"t"\s Ho . when - H;,,,L’.-,,,_.Etsasm !

S | P, A | L\ g
, 5‘-91';3 is \fssr e ?OQ_’S‘Y.“WLA i 5

S I\o\'

(i) Write down the exact probability that Douglas makes a Type I error when carrying

Bl g

out his test.
. (n
V4 6/
(j) If the probability that, for Douglas’s team, a penalty corner results in a goal is J]_HJ
actually 0.15, find the power of his test. ~
@ 7
\/r‘w' - daqqq A
_ oNem= 35 € (x €\0) -0.024 B
@ = 0.8 o g

\- 0.0za = 0.97\

%‘\’(Tarez I
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(k) State two necessary assumptions that you made when selecting the distribution to
use in ().

You should explain whether you believe each to be valid or not.
4)

= A-Ojros wWo.s \Y‘O\-«\t{f\ Qr:rn/\ . (‘Ou\(*o*\
SO.M_@\& w\uc\v\ \ he\nu;c. bo be Vt&L«.:L

- \>:uo—r&r.-\'r. M&, H~¢— &\'Lnr Score
or \’ko.:) CLo-v\k SO \’Lg’s

V&\;C .

During the 1998 Field Hockey World Cup, specialist penalty corner players were
brought on to substitute for other players when a penalty comner was awarded.

In 1999, a new rule was introduced that specialist penalty comer players could not be
brought on, unless a player was injured.

(1) Explain how this information may affect the validity of the conclusion you made

in (f).
2)

T wedd sadke F iavalid o v ceudd
Mean Qosc}* \'M laaa less chance op Scor.',\:)
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Part (a)
M1B1AO0: This answer was covered by the special case in the mark scheme. The candidate has

incorrectly calculated a z confidence interval rather than a t confidence interval and was awarded

the first 2 marks.

Part (b)
EQ: There is no context in this explanation so it cannot be awarded a mark.

Part (c)
B1E1: Although no technical language was used for the conclusion here, it was considered that the
candidate had shown sufficient “uncertainty’ about their conclusion to award the E mark.

Bl g

N e > [y |
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Part (d)
B1: This a better response than the student response C.

Part (e)

EOEO: Neither mark was awarded here as although the candidate had attempted to calculate both
P(X <10) and P(X < 11), the probabilities were wrong and so was the reasoning about why it was
X <10 1t’s “above 10%”.

Part (f)

MOEQO: The candidate, like many, has used their value from (e) to complete the hypothesis test
showing a misunderstanding between the test statistic, 7, and the critical value, 10 and could not
be awarded any marks.

Part ()
EO: The candidate has not understood the repeatability of critical regions.

Part (h)
E1E1: This answer is essentially exactly what the mark scheme is looking for.

Part (i)
Al: Although this is incorrect, candidates were given marks if they correctly followed through from
their value in (e).

Part (j)

M1A1AO0: Although the candidate has stated P(X > 10) they have clearly calculated
P(X < 10) and have the correct answer for this so they were awarded the first two marks as per
the special case in the mark scheme.

Bl g

Part (k)
EOEOEOEOQ: Although it is required that the sample is random, this is not an assumption in this
scenario as we are told that it is random in the question so it cannot be awarded a mark.

Part (1)

E1EO: This was considered to be an incomplete explanation about why the test is less valid. Ideally
candidates would have stated that the conditions were not the same in each of the two situations
being compared and this reduced the validity.

N e > [ | &
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g ‘Question 6 - Response C

(a) Making any necessary assumptions, calculate a 95% confidence interval for the
mean number of penalty corners awarded per game for Douglas’s team.

x T
- L= AN
*L Slﬁ*ime“‘f%;

(259, 3- Q1)

(b) State the necessary distributional assumption required for the confidence interval
found in (a) to be valid.

(3)

(1)

oSS uuLy A0 COMAL) yrom a

A0 MAL A St DUD O
Question 6 continued

(c) By making reference to the confidence interval found in (a), comment on the claim
that, over the last three years, the number of penalty comers awarded to Douglas’s

team per game, on average, differs to that awarded to teams at the 1998 Field
Hockey World Cup.

- = - 2
- oy _
e 2 G761 Gbx SRk

= (277, 3 19)

0 Ul S N Side cNe cO/\)iotlNe
ANk uvad JOr ciOUL 1 -
A AALL (O O] @W g
Lot Oy i
PAOGIIAY, (R Qs OO M‘*Q i
Douglas believes that a lower proportion of pemltv corners that his team is awarded .
muh in goals compared to that for teams playing in the 1998 Field Hockey World Cup. n
Last year, his team was awarded 35 penalty comners resulting in 7 goals. W30

N2

(2)

Bl g

N e > [y |
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Douglas decides to test the following hypotheses:
Hy: n = 0.456
Hy: x <0.456

(d) Show how Douglas obtained the value of 0.456 for his hypothesis test.

(1)
A = 6O ush

(¢) Explain why the critical region for Douglas’s test is X <10, where X represents the
number of goals scored from 35 penalty comers.
()

AP (38, O-usk)
Px e 2 ) = 2008
: p’(x £10) oSl = O- 0302
3) ?j}\ you do x<ll= 0-0b26
O AKS

O WSS tnian o0-08

Bl g

¢ \O S
(f) Complete Doughg hypotha: test. @ J]J]J
Ho: p = 0O-ns —
O~ gLQq% O 00wl <« £
R B 0. Tl 6 T A
x~b (35, g-usb) | 3
POx- ‘7) = 0O-0pige . SGRLLEHA c
AN O SNOW B\ qu =

e B A e il S

(g) Give one advantage of using a critical region instead of a p-value when carrying out POQJj
hypothesis tests. - :3;'5‘
Qs el MegioNd Ot MO e it

QLY Oxe WQMK\Q&@M
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(h) Describe, in context, the meaning of a Type I error for Douglas’s test.

(2)
e A roc By DYUre Jou
i HO oNA O\) WAG! .
$O AN N oL m
yuure U\ ._
\O DfGPO)hOﬂ
O ey UAN Cfoau
WO Ul A
(u)andownthccxnctprob.bulnymatbouglumakesaTypelmwbenanvutg
out his test.
()
O OSW o o
(i) If the probability that, for Douglnst;m, a penalty corner results in l;od—is
actually 0.15, find the power of his test.
3)
¥Ap (35, 0:18) —
| p(‘(‘IO) - 099 -
poOwtr - 6-Q89q o
(k) State twe necessary assumptions that you made when selecting the distribution to
use in (e). O
You should explain whether you believe each to be valid or not. ®

oo ([
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(1) Explain how this information may affect the validity of the conclusion you made
in (f).

pleouade ) vruly (OULA SUD
LOMAYS m)qtm vo O d H’%
WO ODVICW UL (O Y0P

\)s\w\ SpQUCLLUT AVRE S WIaTHAY Ve

P S DLU )) WAl QLD Lxed

pg,jg@% /\a&&r SR AT é:@'sf\l2 S0tk

2)

(Total Marks for Ques (L 24 marks)

18 /24

Part (a)
M1B1ALl: The candidate correctly identified this as a t distribution confidence interval and
accurately carried it out.

Part (b)
EO: The candidate was not awarded the mark for this question as there is no context in their answer.

Part (c)

B1E1: Although the candidate had unnecessarily calculated another confidence interval, they have
been given the benefit of the doubt that they had correctly identified that the mean is within the
original confidence interval and concluded in a non-definite way. Many candidates lost the E
mark here where they concluded very certainly.

Bl g

Part (d)

B1: This is just about the bare minimum for this mark. This question requires candidates to “show
that” 0.456 is the proportion and ideally should demonstrate each step otherwise they risk
losing the mark. Here the ideal answer would show where 114 had come from.

Part (e)
EL1E1: This is well answered by the candidate who has stated the probabilities for both X <10 and
X<I11

N e > [ | &

Part (f)
M1EL: The candidate has used a p-value method here which is perfectly ok for the marks.

Part (g)
EOQ: This was a common wrong answer to this question. Critical regions are no more accurate than
p-values.

Part (h)
E1E1: The candidate has correctly defined a Type I error. It is worth noting that the context of this
question was marked very leniently due to the double null hypothesis in the question.
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Part (i)
AO0: This was a common wrong answer to this question. The candidate has simply stated the
significance level which would be correct for a continuous distribution.

Part (j)

M1A1A1: Typically candidates work out P(Type Il error) and then find 1 — P(Type Il error) to
calculate power but this answer is correct with no incorrect working so the candidate was
awarded all of the marks.

Part (k)

E1E1EOEOQ: The first mark here is awarded as the candidate has correctly identified that the
probability needs to be assumed to be constant in order to carry out the hypothesis test. Their
explanation about this assumption’s validity is more about the independence of the penalties
however this was considered sufficient for the second mark as the candidate has tied it to the
probability. The comment about there being a fixed number of trials cannot be awarded a mark
as this is not an assumption at this point, it is given as true in the question.

Part (1)

E1EO: This answer was considered to be a reasonable attempt to explain the change in validity of
the hypothesis test. Ideally candidates would have stated that the conditions were not the same in
each of the two situations being compared and this reduced the validity.

Bl g

N e > [ | &







