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About this booklet

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

This document looks at questions from the 9ST0-01 A level Statistics Paper 1: Data and
Probability 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
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Question 1

Navigate to a question

| [ . ——
( 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

This paper was accessible to all candidates.
Based on their performance on this paper, candidates should be advised to:

e give explanation answers within the context of the question

e show full working on questions requiring calculations

e use bullet points when answering questions requesting multiple reasons
e cnsure they are answering the exact question asked

e attempt the whole question, even if they have not managed earlier parts
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Question 1

-

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

)

Question 1 - Question

Yin is the manager of a busy fast-food restaurant. He wants to get customer feedback on
the quality of the service at the restaurant.

Three different sampling methods are considered by Yin.

Method 1
A staff member stands at the main exit to survey customers as they leave the restaurant.

(a) For Method 1, give
(i) one advantage,

1)
1)

(ii) one disadvantage.

Method 2

An internet link to the survey is printed on the back of customer receipts.
(b) For Method 2, give

(i) one advantage,

1)
1)

(ii) one disadvantage.

Method 3
Customers are asked for their email address when they pay their bill, and a survey is
emailed to them afterwards.

(c) For Method 3, give
(i) one advantage,

1)
(ii). one disadvantage.

1)

Yin would like the survey to be ongoing. He wants to minimise expense to himself and
inconvenience to customers.

(d) Select which one of the three methods, 1, 2 or 3, you would recommend for Yin to use.

Briefly explain your selection.

1)

Yin would like the response rate to this survey to be as high as possible.

(e) Make two suggestions for Yin to improve the response rate of his survey.
)

(Total for Question 1 is 9 marks)
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@ Question 1 - Mark Scheme

Question

Scheme

Marks

AO

Notes

1(a)()

Advantages (not exhaustive)
The response rate is likely to be good.

Customers will be able to feed back as
soon as the meal is finished.

El

3.1a

Quick feedback

Any sensible advantage

1(a)(ii)

Disadvantages (not exhaustive)

It will be expensive to pay a staff
member to be there permanently.

The restaurant may not have the layout
to station someone at the exit.

Only asks customers using the main
exit

Customers may not like being accosted
on the way out.

Customers may overhear and repeat
each other’s answers

El

3.1a

Any sensible disadvantage

1(b)(7)

Advantages (not exhaustive)
They are contacting everyone.

There will be minimal ongoing costs
after the initial start-up.

Provides online data in an easy to use
form

El

3.1a

or relatively cheap

Any sensible advantage

A o > [ g.@ ® o
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Question

Scheme

Marks

AO

Notes

1(b)(ii)

Disadvantages (not exhaustive)
The response rate is likely to be low

Lots of customers do not take receipts
away.

Lots of customers do not look at the
back of receipts.

Customers may not have access to the
internet

Only the person who pays will have
the receipt and therefore the survey

El

3.1a

oe

Any sensible disadvantage

1(c)(0)

Advantages (not exhaustive)

The company may be able to contact
the customers in the future for
feedback or marketing purposes.
Quick to get the survey out.

Very cheap.

Easy to set up.

Provides online data in an easy to use
form

El

3.1a

Any sensible advantage

1(c)(ii)

Disadvantages (not exhaustive)

Lots of customers may not want to
give their email addresses.

Asking for email addresses may make
customers unhappy.

There may be data protection issues.

It will take longer to take orders in the
restaurant.

Only the person who pays will have
the receipt and therefore the survey

El

3.1a

or GDPR oe

Any sensible disadvantage

A o > [ g.@ ® o
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Question Scheme Marks AO Notes
1(d) Method 2, as it is both cheap and
inconvenient to customers as you
aren’t asked for your email address
Method 3, is cheap, and not
inconvenient to customers as you can’t
lose your receipt
Method 2 or 3 must be
chosen as these minimise
El 2.1b | expense, and a comment
must also be made about
inconvenience
1(e) Possible suggestions
(not exhaustive)
Offer some free food if people take the
survey.
Enter survey-takers into a prize draw.
Make sure the survey is clear and
concise.
Tell customers that the survey will
only take 2 minutes.
Send survey multiple times
E1 for each sensible
E1 E1 3;-113" suggestion (max E2)
’ Jla
Not dep on (d)
Total 9

A o > [ g.@ ® o




[ Skip to Main Contents ]

o DN EN RN RO
Question 1 - Examiner Comments

This question served as a straightforward introduction to the paper, with at least one of the three
methods accessible to all candidates. Part (d) required candidates to refer to both minimising expense
and minimising inconvenience to customers. Candidates generally lost marks for either only referring
to one of these or failing to realise there was a cost associated to a staff member waiting by a door.
For questions such as (e) it is important to make sure that candidates are answering the exact question
asked. For example, in this case a large sample of people to complete the survey would result in a
large sample and more responses, but this does not impact response rate.

nllll | Question 1 - Performance

Mean Max Mean Edexcel averages: mean scored by candidates achieving grade:
score score % ALL A* A B C D E U
6.90 9 77 6.90 7.77 6.97 7.13 6.90 6.70 6.86 6.55
8
7.77
7.8
7.6
v 74
S 7.13
i 72 6.97
s 7 6.9 6.86
2 68 6.7
S 66 6.55
()
B 64
6.2
6
5.8
A* A B C D E u
Grade

*Note: As the data presented is real candidate performance data the averages will not necessarily
follow a linear pattern.

Q1

N o > [ g.@ e
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g Question 1 - Response A

(a) For Method 1, give

(i) onme advantage,

(1)
(endent .
(ii) one disadvantage. p
)
New random | pereaially Lrodes -
(b) For Method 2, give
(i) one advantage,
(1)
(onvta. eat ;
(i) one disadvantage.
(1
Opt 'n, Chunge  pecple oen T rehpens
(c) For Method 3, give
(i) one advantage,
(1)
(commear
(ii) ome disadvantage.
1

e f’ﬁ% nel _r'bﬁ_llvw"

N o > [ g.@ e
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(d) Select which one of the three methods, 1, 2 ot 3, you would recommend for Yin to use.

Briefly explain your selection.

(1
Method -3 Welih bc beklee &i 3 gnpgres  cuglemes erc wr.? ™
ﬁ"?.bj.. mcﬁln) o ray ke pee m%f Chen re retpanc.
(¢) Make two suggestions for Yin to improve the response rate of his survey.
@)
i . Larploh "l Mer ropa
Add e inenive Ve ..rrunjedc.zu vej fueh of  @n er  pr2e Arew,

Send e .ﬁ.arvcj Oliple Krd (B Lo it Ghey har ctilucd b in ek they f?d'

> ﬂ?w

4 /9

Part (a)

EO: This answer is too vague to quality as an advantage. There is no contextual explanation of
why this would be convenient.

E1: This is a minimal acceptable explanation for a disadvantage.

Part (b)

EO: As above, this answer is too vague to quality as an advantage. There is no contextual
explanation of why this would be convenient.

E1: Another minimal acceptable explanation, specific to this method.

Part (c)

EOQ: As above, this answer is too vague to quality as an advantage. There is no contextual
explanation of why this would be convenient.

EO: No contextual explanation as to why they won’t respond, e.g. not checking email or spam
filter etc.

Part (d)

EOQ: While it is true that method 3 makes the customers aware of the survey this does not answer
the question. Yin wishes to minimise expense and inconvenience, and neither is referred to.

Part (e)
E1l: Reasonable suggestion of incentive.
E1: Reasonable suggestion of multiple emails as reminder.

N o > [ g.@ e
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[E-Zf Question 1 - Response B

(a) For Method 1, give
(i) one advantage,

(1)
Quicw _EO  Corty owe . )
(ii) ome disadvantage.
(1)
MGy e Das oS pecp@  usudlny Qo Qs :
O COoony B EscOu@ies ) N
(b) For Method 2, give
(i) ome advantage,
(1)
(=T T LG e T \os%e,c AL o O
A Sa N aTa o S ; .
(ii) onme disadvantage.
(1)

SOOAR.  aekOLaed  SaGu OG- e feQESeck-
ORNVE S OCh Suenpne  INo WSS
ODNE.  restucants Wil howe G oo\

QACice o aess e Lo usdn/ MO nCx
See ok,

(¢) For Method 3, give

(i) ome advantage,

1)
Chea p o Cacry  cnac

(ii) one disadvantage.
(1)

»%(\C:&"ﬁ_g'\f_ EmMmcal . =2 N e One ey,

N o > [ g.@ ® o
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(d) Select which one of the three methods, 1, 2 or 3, you would recommend for Yin to use.

Briefly explain your selection.

SMetnecll as
(e o falae
SOLONOAE ONLACKH W.i_c,hf_r Q«'\u'& ""‘"Q"\Cﬁ o

(e) Make two suggestions for Yin to improve the response rate of his survey.
(2)
Dimnpe, Unclescanclase  quesacns to \oe
WUSECL N NS Sucvedy.

Tawnwe ﬁc: \c(ger (s ala) .'5 m‘m%. k:,ﬁ c:cn:rs
ol oS People nawe mﬁadokgs
anct  wall gee  \oored OAAICTA\ Y.

Q1
Part (a)
E1: This mark is awarded as the feedback is instant which makes the whole process of surveying
quicker.

E1: This is a good contextual disadvantage.

Part (b)

EO: A large sample may be obtained with any method, so this is not an advantage of this method.
E1: Good contextual explanation for disadvantage.

Part (c)
E1: This is an advantage over method 1 so is acceptable.
E1: Good contextual explanation for disadvantage.

YN &.@ O

Part (d)
EO: Method 1 would not be cheap, so the student is incorrect about cost, and they do not address
inconvenience.

Part (e)

E1: Reasonable suggestion of simple questions

E1: Reasonable suggestion of survey being short. This is very similar to the previous suggestion,
but just different enough.
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[E-Zf Question 1 - Response C

(a) For Method 1, give
(i) ome advantage,

(1)
fosy to admuniSter. R —
(ii) one disadvantage.

1)

fswelS Moy be (ushed 05 they waat to Lane -

(b) For Method 2, give
(i) ome advantage,

1)
Gives M5 (wstomerS [Feedom £o ONSwer ﬂas_u\o/y
W honen e thoy Wont . I .

(ii) one disadvantage.

Mot all CustomerS wdl wWants Co go om th Swrvey

O thin 0l
Hy o9 throw W‘v‘*‘ﬂg e Fecelt. (cceipts

(c) For Method 3, give

(i) ome advantage,

(1)
_ ot o foSief to Sepd Swue;,_
= QME___@M ab once Uns€ead B uncwu{wﬂ;; Soitis
fame - gancient - S

(ii) one disadvantage.

, (1)
_NOt enveryone wil give oub thar email address os &

Mkt be a SCoum .

0 oo > R &.@ > |o
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(d) Select which one of the three methods, 1, 2 or 3, you would recommend for Yin to use.

Briefly explain your selection.

o o m
Mfﬂ)oi 2" This U5 becavse  emad’s are free to Send
to Mg cistomess and there 15 NO (USh or the Custemers
to complde the Survey Straight oanvas, .

(e) Make two suggestions for Yin to improve the response rate of his survey.

. (2)
—He Cowld add an nCentiVe Zor those Customess o
Completed the Suqveny SUCh 08 discounts aar thoir Dekt

- He Cowld makee physi cal. Cofies g thSuryeys and lane
them ony b (Ustomec's tablg te 2dl out whilst \waiking or thar Rod. -

(Total for Question 1 is 9 marks)

9 /9

Part (a)
E1: This answer is sufficient when only one method has been provided.
E1: Good explanation for disadvantage in context.

Part (b)
E1: An advantage which applies specifically to this method.
E1: A disadvantage which applies specifically to this method.

Part (c)
E1: An advantage which applies specifically to this method.
E1: A disadvantage which applies specifically to this method.

Part (d)
E1: The answer refers directly to cost and indirectly to inconvenience.

Part (e)
E1: Reasonable suggestion.
E1: Reasonable suggestion.

Q1

N o > [ g.@ e
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Question 2

&

&

p
Jlujl Performance ] [ @ Response A } [ g Response B ] [ g Response C ]

)

‘Question 2 - Question

A graph was shown in an article about Summer Olympic teams in The Economist
in July 2021

A section of the graph is shown in Figure 1.

Home advantage
Share of Olympic medals won. top three teams at each games, %

Hoat nation

80
Bulgaria
60
Avsteali E. Germany ‘
) Japan Romania
40
20
0

I T I T I T T T I ' I ' I | T I T I

44 52 &0 68 76 84 92 2000 08 2020
forecast

*United Team of Germany T Unified Team (Soviet Union)
F Russian Olympic Committee

Figure 1

(a) Estimate the highest proportion of medals won by a single nation in one Summer
Olympic Games.

1)
(b) State how many Summer Olympic Games saw the host nation score more medals
than any other team.

1)
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@ Question 2 - Question (Cont.)

In the original article, the graph in Figure 1 was printed in colour.

(c) Explain how colour could be used to make the graph clearer and easier

(d) State four criticisms, other than the lack of colour, of the graph.

to understand.

M)

(4)

(Total for Question 2 is 7 marks)

@ Question 2 - Mark Scheme

Question Scheme Marks AO Notes
2(a) 33% B1 1.1 | awfw 30~35%
2(b) 3 B1 1.1
2(c) The nations could be colour-coded.
A key could be added
El 1.1 | Any sensible suggestion
2(d) Possible criticisms

(not exhaustive)

There is no key/legend (rather than
having nation labels on the graph).

No consistent labelling on time (x) axis
(e.g., every other Olympics).

No label on (x) axis.
No label on (y) axis

There is no line for the proportion (y)
axis.

No (y) axis on the left side.

Use of {{% symbols with no
explanation

No source

i~ > [ E.@ Ol
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Question Scheme Marks AO Notes
y-axis goes
3.1a,
E1l,E1, | 3.1a, | E1 foreach sensible criticism
El, E1 3,1a, | (max E4)
3.1a

Total

- ‘Question 2 - Examiner Comments

This question was well attempted by candidates, and in general they were able to perform well. In (¢)
many candidates did not explain how colour would make the graph easier to understand, such as by
giving each country a different colour, and merely restated that it would make the graph easier to

understand.

(d) was well accessed with candidates able to give a range of criticisms. Candidates are reminded that
in questions where they are required to give a number of criticisms, such as (d), they are advised to
use bullet points, and to be careful not to repeat the same point with different wording.

nll Question 2 - Performance

Grade

Mean Max Mean Edexcel averages: mean scored by candidates achieving grade:
score score % ALL A* A B C D E U
4.19 7 60 4.19 5.01 4.99 4.66 4.29 3.83 3.64 3.33
6
5.01 4.99
5 4.66
4.29
(O]
S 4 o 3.64
@ 3.33
=
S 3
p
E
5 2
f
1
0
A* A B C D E u

i~ > [ E.@ Ol
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g Question 2 - Response A

(a) Estimate the highest proportion of medals won by a single nation in one Summer

Olympic Games.
-l

)]

(b) State how many Summer Olympic Games saw the host nation score more medals

than any other team.

(c) Explain how colour could be used to make the graph clearer and easier
to understand.

. )
P WOWA mole  eaun  bor Slkeund\
ot ol and easSitr ko kAl

e Alfperenle

(1)

(d) State four criticisms, other than the lack of colour, of the graph.
)

The K -0xiS \S No comstsw as ik

Joures yawps  prom . A00% - 2070 .

Tare 35 no RPZ S

not o\ bwsS ot \oblgi mam -
L) QK Lof\ﬁm‘irﬁ o R

CONY ogr QLUMTAL  pertent ;romf]J_M 9 ax’s

3 /7

LN E.@ Olts
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Part (a)
BO: Not within range of 30-35

Part (b)
BO: Incorrect value.

Part (c)
EO: No explanation of how colour makes it easier to tell the difference.

Part (d)

E1: Jump from 2008-2020 is a different size to others.

E1: Lack of labels on bars (this is the third comment the candidate makes).

E1: Difficult to read the y-axis (this is the fourth comment the candidate makes).
EO: There is a title, but the candidate states there is not.

i~ > [ E.@ Ol
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g Question 2 - Response B

(a) Estimate the highest proportion of medals won by a single nation in one Summer

Olympic Games.
(1)
(b) State how many Summer Olympic Games saw the host nation score more medals
than any other team.
(1)
(c) Explain how colour could be used to make the graph clearer and easier
to understand.
(1)

Caln nokian  conld wove € ne
N Spe i C ghx cAouwr 30
s o_cl,iw +Q - ‘E&LLU\.Q CLLHerenCe

(d) State four criticisms, other th.an the ]nck of colour, -;Jf t;he graph
. (4)
TM X and Y cxied need
De (o bhells

‘C;CLC,‘(\ Y\i;k_tl_m Snowld o
v\kﬁ ~»e,u \f\mc::uc Lotur
W*CML S

Part (a)
BO: No answer given.

Part (b)
BO: No answer given.

Part (c)
E1: Explains how colour is used by each nation having their own colour.

Part (d)

E1: x-axis not labelled.
E1: y-axis not labelled.
E1l: Lack of key.

EO: No fourth point made.

i~ > [ E.@ Ol
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g Question 2 - Response C

(a) Estimate the highest proportion of medals won by a single nation in one Summer
Olympic Games.

1
32 (1)
e mMedas
(b) State how many Summer Olympic Games saw the host nation score more medals
than any other team.
(1)
A8
(c) Explain how colour could be used to make the graph clearer and easier
to understand,
_ (1)
te oosld  he ot Eaner~ (o See  the  diferen (.
ymedcid 5 and cherelere taAcd he clears—~ o
{ota| Nomber— o medals [V ial .
(d) State four criticisms, other than the lack of colour, of the graph.
(4)

rAhe X an y _axis  ave  mok  loabelted.
* Mo Tiwe  Jor  ghe geph

v e {tree dofes  dont g9 lu.;d- bhe same ot the end.

, Uo f(ej‘

5 77

i~ i > [y E.@ Olts

Part (a)
B1: Falls between 30-35 inclusive.

Part (b)
BO: Incorrect value.

Part (c)
EOQ: Simply repeats the question; doesn’t explain how colour helps to distinguish.

Part (d)

E1: x-axis not labelled.

E1: y-axis not labelled.

E1: Gaps in dates are irregular.

E1: No key.

Note there is no penalty here for the incorrect “No title” as the candidate has not been hedging their
bets by e.g., giving more answers than required, they simply didn’t realise their first response was

worth two marks.
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@ Question 3 - Question

3 Many websites allow various filters, such as product features, to be applied to searches
by online shoppers.

In November 2021, the Currys website had 400 models of television for sale.

Three different filters for televisions were considered. They are described below.

8K resolution (R) A very high-resolution screen with many pixels.
This technology is fairly new and relatively expensive.

Screen size > 75" (S) The screen size is at least 75 inches.
Generally a larger screen is more expensive.

Voice control (V) The television can be controlled using voice commands.
This technology is fairly new.

The three filters were applied singly and in combination with other filters. The number
of models of television found on the website after these filters were applied can be
seen in Figure 2.

Filter applied to

Models of
8K resolution (R) Screen size = 73" (8) Voice control (V) television
Y 16
Y 74
v 304
v vy 9
Y v 16
v v 69
v vy v 9

(Date source: www.crrys.co.uk, accessed 25/11/2021)

Figure 2
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@ Question 3 - Question (Cont.)

(a) Use the data in Figure 2 to complete the Venn diagram frequencies below.

You are reminded that there are 400 models in total.

(6)
z
Q3
4 @
One model of television is selected at random from those listed on the website. .
(b) Find the probability that the television I]
(i)  has 8K resolution
(1) Ef
(i)  has a screen size smaller than 75 inches and voice control =
) A
(iii)  will not be displayed if any of the filters are applied B
(1) D
(iv) has 8K resolution, given that the screen size is at least 75 inches. C
) =
Three events are defined as follows:
R The television has 8K resolution
S The television has a screen size of at least 75 inches
\Y The television has voice control
(c) Show that R and S are not statistically independent.
You should provide numerical justification.
)
(d) Suggest a reason, in context, why R and S are not likely to be independent.
1)

(Total for Question 3 is 15 marks)
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@ Question 3 - Mark Scheme

Question Scheme Marks AO Notes
3(a)
Bl 11 cao
Cellsadd to 9
M1 1.1
or
Cells add to 16

i~ > [ E.@ Ol
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Question Scheme Marks AO Notes

or
Cells add to 69

Al 1.1 All three correct

Cells add to 16

M1 11

R
or
Cells add to 74

i~ > [ E.@ Ol
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Question Scheme Marks AO Notes

or
Cells add to 304

Al 1.1 All three correct

Bl 11 cao

Fully correct diagram

[scores full marks]

i~ > [ E.@ Ol
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Question

Scheme

Marks

AO

Notes

SC

! ¢eg

400

Scores max
B1M1A0OM1AO0BO

Remove 1 mark for each
small slip

3(b)(7)

P(R) = 16 _1 = 0.04
400 25

Bl

1.2

Any of these, oe

Condone SC

20 _1_p125
400 8

or

20 _ 0.0557
897

3(b)(ii)

P(S' N V)

74228
400

M1

1.2

PI
P(S' N V)

or
correct numerator seen

Condone SC
16 + 304

=23 -2 _ (588 (3sf)
400 80

Al

1.2

awfw 0.587~0.588

Condone SC
320 4
—=-=0.8
400 5

or
320

— = 0.357
897

3(b)(iii)

P(R'NS' NV
2L = 0.228 (3sf)

T 400

Bl

1.2

awfw 0.227~0.228

Condone SC

299 _ 0.446
897

3(b)(iv)

P(R|S)

_9_
= ~ = 0.122 (3sf)

M1

1.2

Pl

Numerator or denominator
correct

or correct use of
P(RNS)

P(RIS) = =5

i~ i > [y E.@ Ol
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Al 1.2 Fully correct
Condone SC
22 —0.112
161
3(c) P(R) = 0.04 M1 21b | PI
P(R|S) = 0.122 oe
P(R) and P(R|S) considered
P(R) # P(R|S) Al 2.1b | Correct comparison and
so R and S are not statistically conclusion.
independent.
Alternative
74 37
P(S) =—=-——=10.185 (M) Pl
400 200 Attempt at finding P(R N S)
9 and P(R) x P(S)
P(RNS) = 700 = 0.0225
P(R) X P(S) #P(RNYS) (A1ft) Correct comparison and
so R and S are not statistically conclusian.
independent. Dep on correct calculations in
M1
ft their (a) and (b)(i)
3(d) Possible reasons (not exhaustive)
Larger screens have more space
for pixels.
More pixels need a larger screen
to fit.
More expensive televisions are
more likely to have bigger screens
and higher resolution.

El 2.1a | Any sensible reason
linking higher resolution
and larger screen

Total 15

i~ > [ E.@ Ol
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- ‘Question 3 - Examiner Comments

This was a relatively standard Venn diagram question. Candidates are reminded to show full working.

For example, if a candidate has filled out the diagram incorrectly in (a) they still received method
marks in (c) for showing full working including the use of formula, but not for simply writing down

an answer with the values from their diagram.

Parts (d) and (e) were answered well, with candidates who lost marks in (d) generally doing so for

not writing a conclusion referring to the independence of the events.

alll

Question 3 - Performance

Grade

Mean Max Mean Edexcel averages: mean scored by candidates achieving grade:
score score % ALL A* A B C D E U
10.49 15 70 1049 | 1452 | 13.98 | 13.02 | 11.20 | 8.89 7.39 6.09
16
14.52 —
14 13.02
o 12 113
o
A 10 8.89
{ =
o g3 7.39
= 6.09
g 6
Q
o
w4
2
0
A* A B C D E u

i~ > [ E.@ Ol
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[;Zﬁ ‘Question 3 - Response A

(a) Use the data in Figure 2 to complete the Venn diagram frequencies below.

You are reminded that there are 400 models in total.

(6)
& D‘ Y
/\olo:aw"
re Y ML
‘o | sublrack
Shm"d Uqw -
(b) Find the probability that the television
(i) has 8K resolution
(1)
Yoo s
(ii) has a screen size smaller than 75 inches and voice control
- (2)
26 % Jor. = 0.6/19¢% TR
%00 %00
(iii) will not be displayed if any of the filters are applied
(1)

e

n 1w > [y E.@ Ol
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(iv) has 8K resolution, given that the screen size is at least 75 inches.

o oy N

(2)

Yoo “as Wil 0 &7 6 A ?
Gd0O | FY -
Three events are defined as follows: e O . 17— 6 |
R The television has 8K resolution 2 Ayopsr,

(c) Show that R and § are"not statistically independent.

You should provide numerical justification.

(2)
Goe Qo o
2 S5z=a3y P @rnsi=a L
. %00 Y00

Ouwer So - ot Juk ik [ are ¢ Tus
Wis  infe a ™ thon e hiacon e Toe

(’ e Qount:& h i ..J)yamh gfrw e /::a{ ﬁ*a
. a Mﬁh - Lll? _ _ Y. a e, e
PJN g 3 o far 2 b of “ihem n 7 ,&m&fo}.

(d) Suggest a reason, in context, why R and S are not likely to be independent.
1)

(Total for Question 3 is 15 marks)

Shy m&(ﬁyﬁw as beYh Ot glakd

6 /15

Part (a)

B1: Awarded as special case.

M1: Awarded as special case.

AO0: Not awarded in special case.

MO: Not awarded for special case as slip on value of 400.
AO0: Not awarded in special case.

BO: Not awarded in special case.

i~ > [ E.@ ol
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Part (b)

B1: Correct value.

MO: Incorrect value and not correct for values on their diagram.
AQ: Incorrect value.

BO: Incorrect value.

M1: Correct answer implies correct method, and 4 seen.

Al: Correct answer.

Part (c)
MO: While P(R), P(S) and P(RNS) are considered, P(R) and P(S) are not multiplied.
AO0: No comparison and conclusion.

Part (d)
E1: Contextual reason of expensive features given.

i~ > [ E.@ Ol
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g Question 3 - Response B

(a) Use the data in Figure 2 to complete the Venn diagram frequencies below.

You are reminded that there are 400 models in total.
—r

R23K =
32752
Vz Vo

(b) Find the probability that the television
(i) has 8K resolution

CPEQL PR)- \& =00t

(ii) has a screen size smaller than 75 inches and voice control

- P(NNS)z 226 - 05565
) TH

(iii) will not be displayed if any of the filters are applied

(V M’AR’) - ma 0.15
o R LPOU

(iv) has 8K resolution, given that the screen size is at least 75 inches.

PR B :‘%Er%? =0

T=4oo ©

R=216&y
b ol i
VvV Z0%

2164 4 +71 40
v 5 =300

8))

)

(1)

@

n 1w > [y E.@ >0




[ Skip to Main Contents ]

B )06

Three events are defined as follows:

R The television has 8K resolution
S The television has a screen size of at least 75 inches
V The television has voice control

(c¢) Show that R and S are not statistically independent.

You should provide numerical justification.

2)
PRNAS)=0O PRY=6 x PCSHT% .
G400 %00 S3v0)
O %Y 0.0674 N
(d) Suggest a reason, in context, why R and S are not likely to be independent. "

Recouss ‘\'\r\m.jvﬁ both Q»\cm&w

9 /15

Part (a)
B1: Central cell is 9

M1A1: All three values of 0, 7 & 60 correct.
M1: Totals for R and S are correct (but not V)
AO: V incorrect.

BO: 91 incorrect.

Part (b)

B1: Correct value.
M1: Correct value from their diagram (219+7)

AQ: Incorrect answer, and P(S) is not stated as %

BO: Incorrect value.

i~ > [ E.@ Ol

M1: Correct answer implies correct method, and 74 seen.

Al: Correct answer.

Part (c)
M1: While (RNS) is calculated incorrectly, P(R) and P(S) are multiplied and compared to this.
AO0: No conclusion.

Part (d)
E1: Contextual reason of expensive features given.
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[E-Zf ‘Question 3 - Response C

(a) Use the data in Figure 2 to complete the Venn diagram frequencies below.

You are reminded that there are 400 models in total.
(6)

(b) Find the probability that the television
(i) has 8K resolution

6 - 0.04 - Y
400

(ii) has a screen size smaller than 75 inches and voice control

P(s'avl = % - 0.01FS

n 1w > [y E.@ >0

(2)

(iii) will not be displayed if any of the filters are applied

a - 0.0
400
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(iv) has 8K resolution, given that the screen size is at least 75 inches.

2)
pP(ris): P(RaS) - O
o @(3) 19460 o
0. 18S B S HMHuoe
(c) Show that R and S are not statistically independent.
You should provide numerical justification.
(2)

it inolependient  PlRas) - P(R) xPIS) T

ptensi= 0 Ple:2E P(SI-0.18S

. 0.04x01%8:= 0.00Ft4 3O
. NQOE . hlependent

(d) Suggest a reason, in context, why R and S are not likely to be independent.

A televisions  with %K (8S0WHon
ool kel s nowe  spQuLer
- sgeens o o

11 /15

Part (a)

B1: Central cell is 9

M1AL1: All three values of 0, 7 & 60 correct.
M1AL1: All three totals correct.

B1: 91 correct.

Part (b)

B1: Correct value.
MO: Incorrect value.
AO: Incorrect answer.
B1: Correct value.

M1: Correct denominator of % seen.

Al: Correct answer seen — this qualifies as attempting again and trying.

Part (c)
M1: While (RNS) is calculated incorrectly, P(R) and P(S) are multiplied and compared to this.
AO0: Concludes but values incorrect.

Part (d)
EQ: This is the reverse of the answer and not backed by the data.

i~ > [ E.@ ol




[ Skip to Main Contents ]

oo | ERENER] KN [ED
Question 4

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

-

@ Question 4 - Question

4 A video game is being created by a game developer. In the game, zombies are spawned
into the game at random (a zombie will appear in the game at random).

Zombies are spawned one at a time.

In Version 1 of the game, the time between spawns (in seconds) follows the probability
distribution in Figure 3.

&

Probability
density
(per second)

e
I T Ll

T
0 5 10 15 20

Time (seconds)

(a) Write down the value of x

1)
Ahmed is playing Version 1 of the game, and a zombie has just spawned into the game.
(b) Calculate
(i) the probability that no zombies will spawn in the next 10 seconds,
1
(ii) the probability that each of the next three zombies will spawn more than 10
seconds after the last.
_ _ _ _ )
In Version 2 of the game, the time between spawns (in seconds) follows the exponential
distribution with mean 5 seconds.
Zara is playing Version 2 of the game, and a zombie has just spawned into the game.
(c) Calculate the probability that
(i)  atleast one zombie will spawn in the next 5 seconds,
®)
(i) no zombies will spawn in the next 10 seconds,
)
(iii)  no more than 10 zombies will spawn in the next minute.
(4)
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@ Question 4 - Question (Cont.)

The game developer decides that the probability found in (c)(iii) is too low.

She decides the probability that no more than 10 zombies will spawn within a minute of
another zombie should be as close to 0.95 as possible, but no less than 0.95

(d) Using this information, find, to the nearest integer, the average number of zombies

that will spawn in the next minute.
You may use trial and improvement.

@)

(e) Using your answer to (d) state the new mean value for the exponential

distribution in (c)

@)

(Total for Question 4 is 15 marks)

@ Question 4 - Mark Scheme

Q4
Question Scheme Marks AO Notes @
4@) x= 1_15 B1 11 | orawrt0.067 @
4(b)(i) P(X > 10) .
=P(10 < X < 15) |]|||
| - =
=5x—== Bl 11 =
15 3 or awrt 0.33
A
4(b)(ii 3 PI
(b)i) (l) M1 1.2 o B
3 Their (i) cubed
C
oe
= — Al 1.2
27 or awrt 0.037
4(c)(i) [X = Number of Zombies spawning in
the next 5 seconds]
[X~Po(1)]
A=1 Bl 1.2
PX=1)=1-PX =0) M1 1.2 | PI
= 0.632 (3sf) Al 1.2 | awrt
Alternative
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Question Scheme Marks AO Notes
[X = Time before next zombie spawn
(seconds)]
[X~Exp(1)]
1
1= == 0.2 (B1) oe
PI
Correct use of exponential
formula
_ 1 _ ,—02x5
PX=5)=1-e (M1) or 0.368 seen
Condone A =5
Condone one small slip
= 0.632 (3sf) (A1)
4
4(c)(ii) X~Po(2) Q
M1 1.2 | PI @
P(X =0)
= (.135 (3sf) Al 1.2 | awrt @
Alternative .
P(X >10) =1—-P(X < 10)
=1- (1 _ e—O.ZXlO) _[L[lJ]_
= ¢—0.2x10 (Ml) Pl |j|
= 0.135 (3sf) (A1) A
4(c)(iii) [Y = Number of zombies spawning in 5
the next minute (60 seconds)] C
PI
Y~Po(2) Bl 2.1b | poisson distribution stated or
clearly used
Mean: 4 =60x 0.2 =12 Bl 1.2 Pl
PI
P(Y <10) M1 1.2 | Attempt to find this
probability
= 0.347 (3sf) Al 1.2 | awrt
4(d) From tables or calculator, B1 12

use A = 6 [per minute]
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Question Scheme Marks AO Notes
4(e) Exponential mean = = minute _ _
6 B1 1.2 | Orequivalent in seconds
Total 15

- Question 4 - Examiner Comments

Parts (a) and (b) were well answered in general, although some candidates mistakenly gave the answer
a zombie would spawn in the next 10 seconds instead for (b)(i).

Candidates had a choice of the Poisson or exponential distribution for (c)(i) and (c)(ii) with most
choosing to use the exponential distribution. Relatively few candidates answered (c)(ii) correctly.

Part (c)(iii) was more accessible to some than the preceding parts, but some candidates who had not
been able to access (c¢)(ii) chose not to continue with the question. These candidates missed out on
some relatively straightforward method marks in (c)(iii)

Parts (d) and (e) were good at discriminating between candidates due to the difficulty of the question.
Candidates were expected to use trial and improvement, as mentioned in the notes, rather than to use
logarithms although this was a valid method.

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
4.69 15 31 469 | 14.13 | 10.32 | 6.60 4.40 3.29 1.86 0.95
16
14.13
14
2
S ! 10.32
A 10
©
s 8 6.6
8 6
x 4.4
2 a4 3.29
1.86
2 I I 0.95
: i =
A* A B € D E U
Grade

i~ > [ E.@ &0
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g ‘Question 4 - Response A

a) Write down the value of x

(1)
Lr a s,
< (O RAOI VA .
Ahmed is playing Version 1 of the game, and a zombie has just spawned into the game.
b) Calculate
(i) the probability that no zombies will spawn in the next 10 seconds,
7 (1)
lorp - 2 -4 el
(ii) the probability that each of the next three zombies will spawn more than 10
seconds after the last.
2)

)/r\&( :5 J 1/\5)
. Plx=3) =003

N E.@ )R
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(¢) Calculate the probability that

(i) at least one zombie will spawn in the next 5 seconds,

Mes N
Pl(x =1)

"

(ii) no zombies will spawn in the next 10 seconds,

éﬂ PCx 40) /g'Olb

@\&*o (353

(iii) no more than 10 zombies will spawn in the next minute.

Pl ¥ »210) S0k 2.4

[,-ez.t..w't : OdOQb

(d) Using this information, find, to the nearest integer, the average number of zombies

that will spawn in the next minute.

You may use trial and improvement.

(e) Using your answer to (d) state the new mean value for the exponential
distribution in (c)

3)

@

NN E.@ ore
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8 /15

Part (a)
B1: Correct value.

Part (b)
B1: Correct value.
MZ1AL: Correct answer using binomial method.

Part (c)

B1M1AO: Uses exponential distribution with 0.368 seen but incorrect answer.
MZ1AL: Correct value and working for exponential method.

MOBO: Poisson distribution not seen.

MOAO: Incorrect calculation.

Part (d)
BO: Incorrect value.

Part (e)
BO: Incorrect value.

i~ > [ E.@ &0
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g ‘Question 4 - Response B

(a) Write down the value of x

Ahmed is playing Version 1 of the game, and a zombie has just spawned into the game.
(b) Calculate

(i) the probability that no zombies will spawn in the next 10 seconds,

®rocer "

(ii) the probability that each of the next three zombies will spawn more than 10
seconds after the last.

o

|

i

|

|

|

i
|n|w|>®é.@ &0
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(c) Calculate the probability that

(i) at least one zombie will spawn in the next 5 seconds,

3)
o) gf:.o 3y

s | ErE3¢C

Xafols) o

(ii) no zombies will spawn in the next 10 seconds,

_'ch_?_: D

(iii) no more than 10 zombies will spawn in the next minute.

@

AL =L S

_1=—o0oB31=068L53

(d) Using this information, find, to the nearest integer, the average number of zombies
that will spawn in the next minute.

You may use trial and improvement.

(1)
1"

(e) Using your answer to (d) state the new mean value for the exponential
distribution in (c)
1))

8 /15
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Part (a)
BO: Incorrect value.

Part (b)
BO: Incorrect value.
MOAQO: Left blank.

Part (c)

B1M1AL1: Correct value and working for Poisson method.
MZ1AL1: Correct value and working for Poisson method.
M1B1: Use of Poisson with 12

M1: Correctly calculates with 10

AQ: Incorrect final answer.

Part (d)
BO: Incorrect value.

Part (e)
BO: Incorrect value.

[ Skip to Main Contents ]
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g Question 4 - Response C

(a) Write down the value of x

/L— ¢))
(§ A
Ahmed is playing Version 1 of the game, and a zombie has just spawned into the game.
(b) Calculate
(i) the probability that no zombies will spawn in the next 10 seconds,
1
D ) |
PC~to -
o (S _
(ii) the probability that each of the next three zombies will spawn more than 10
seconds after the last.
()

S L e
s 1 XI5 = gy

i~ i > [y E.@ &0
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(¢) Calculate the probability that

(i) at least one zombie will spawn in “,’e next 5 seconds,

(iii) no more than 10 zombies will spawn in the next minute.

5 P @)
(d) Using this information, find, to the nearest integer, the average number of zombies
that will spawn in the next minute.
You may use trial and improvement.
(1

kY POole) P(rs10)=0-%S7zy .
VP (B  PCyEe) | — o 208

et

(e) Using your answer to (d) state the new mean value for the exponential
distribution in (c)

(D
l —
ﬂé* EEPE E 7, - _
O = (0 teeere

NN E.@ Ol
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Part (a)
B1: Correct value.

Part (b)
B1: Correct value.
M21AZ1: Correct value and method.

Part (c)

B1M1AL1: Correct value and working for exponential method.
MZ1AL: Correct value and working for exponential method.
M1B1: Use of Poisson with 12

MZ1AL: Correctly calculates.

Part (d)
B1: Correct value.

Part (e)
B1: Correct value in seconds.

[ Skip to Main Contents ]
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- ‘Question 5 - Question

5 In 1950, W.S. Robinson conducted a statistical analysis of some data from the 1930
census in the USA. Part of his analysis investigated correlation between rates of literacy
and place of birth.

In 1930, USA census data was split into 9 geographical regions.
For each region, the following two percentages were calculated.
Foreign-born Percentage of the adult population born outside the USA.

English literacy Percentage of the adult population able to read English to a standard
sufficient to function in society.

In Robinson’s paper, the full data was not provided, though a scatter diagram was given
similar in form to the one in Figure 4.
¥ 3

100

o7

96
English
literacy 05
(%)

93

92

o1

a 5 10 15 20 25 30
Foreign-born (%)
[source: https://doi.org/10.2307 Data /2087176 ]

Figure 4
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@ Question 5 - Question (Cont.)

(@) Complete the table below using Figure 4.

)

Foreign-born (%) 1 2 2.5 10 11 | 155 | 18 | 245 | 27

English literacy (%)

Robinson calculated a correlation coefficient for this data.

(b) Calculate the value for the Pearson’s product-moment correlation coefficient
between Foreign-born (%) and English literacy (%) for adults in the 9 regions.
1)
(c) State one reason why it may be inappropriate to calculate the Pearson’s product-
moment correlation coefficient between Foreign-born (%) and English literacy (%)
for adults in the 9 regions.

1)

In the same paper, Robinson considers correlation between Foreign-born (%) and
English literacy (%) for all of the adults in the census, considered at individual level
(so each data point represents one person, not one region).

He produces the following statistic.
r=-0.118

(d) Explain why this statistic may be unexpected when compared with the result
obtained in (b)
)
(e) Using your understanding of the context, give a short explanation to explain how the
unexpected situation regarding the results in (b) and (d) may have occurred.

(4)

(Total for Question 5 is 10 marks)

i~ > [ E.@ |0
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@ Question 5 - Mark Scheme

Question Scheme Marks AO Notes
5(a) i
Foreign |y 2 | 25 | 10 | 11 | 155 | 18 | 245 | 27
Born
Ef‘g"Sh 905 | 943 | 91.7 | 98.7 | 983 | 98 | 989 | 965 | 96.4
iteracy
PI
M1 11 At least one point correctly
' located (in both variables)
Condone +0.1
PI
M1 1.1 | All points correctly located
Condone +0.1
Printing Error
e Foreign born 18 replaced
with 19 (leads to r=0.624)
e English literacy recorded as 0
for foreign born=18 (leads to
r=-0.165)
e Foreign born 18 has English
literacy left blank (leads to
r=0.59)
5(b) r = 0.616 (3sf) Al 1.2 | awfw 0.59~0.64
5(c) Possible reasons
The data is not linear.
There appear to be two different
groups.
El 3.1a

i~ > [ E.@ |0
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Question Scheme Marks AO Notes
5(d) Mention that the same data is
The same data, when considered at £1 31p used
different levels... ' or
Mention of different levels
Mention of positive and
) ) L negative r
...1s producing both positive and E1 3.1b
negative values of r. ' or _
Mention of extreme difference
in values (oe)
5(e) Foreign-born people moving to the Linking foreign-born with a

USA are likely to move to regions
with lots of urban areas (where there
are more jobs).

third variable

Examples
Urbanness
Availability of jobs
Money/prosperity
Better schools
Nicer area
Others of their
nationality in area

People in urban areas are generally
better educated than those in rural
areas.

Linking education (or literacy
skills) with same variable

or
Linking education (or literacy
skills) with one of above
variables if first E1 not
awarded

So, we would expect regions with lots
of foreign-born population to have a
high literacy.

Association between foreign-
born and English literacy due
to a common third variable

However, at an individual level,
people who are foreign-born are more
likely to have another language as
their first language, so their English
literacy is likely to be poorer.

Implication that English may
not be first language

An individual can’t have a foreign
born %, they are either foreign born
or not

The grouped data is likely to have
fewer outliers

Or anomalies

Looking at individuals would have a
larger sample size with more data
points
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Question Scheme Marks AO Notes
9 regions might not cover the whole
of the USA while individual data does
Literacy rate of American born
population in an area may skew
figures
May not have data for all adults in a
region
El, E1, 2.1a, | One mark per comment
El,El 2.1a, Not exhaustive
2.1a,
2.1a
Total 10

- Question 5 - Examiner Comments

Parts (a) and (b) were answered well in spite of the fact that there was a misprint, though appropriate
steps were taken to ensure that candidates were not disadvantaged due to this.

Part (c) was a straightforward question for most candidates, provided they did not get confused
between the product moment correlation coefficient and Spearman’s correlation coefficient.

In (d) most candidates were able to identify the fact there was a difference in the correlation
coefficients, but few fully explained that this was particularly surprising as it was exactly the same

data.

A full answer to (e) was an indicator of exceptional understanding and rare to come across, however
some candidates did give sophisticated answers, linking together multiple ideas such as the ruralness

of an area and the quality of education.
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‘Question 5 - Performance

Mean Max Mean Edexcel averages: mean scored by candidates achieving grade:
score score % ALL A* A B C D E U
4.86 10 49 4.86 5.88 5.85 5.45 4.96 4.75 4.17 2.86
7
5.88 5.85
© 5.45
g 4.96 -
S 4.17
(%]
c 4
o
=, 2.86
8
1
0
A* A B C D E U

Grade
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[;Zﬁ Question 5 - Response A

(a) Complete the table below using Figure 4.
(2)

| Foreign-born (%) 1 2 2.5 10 11 15.5 18 24.5 27

' English literacy (%) 00-494.191.%195.4/96. 798998996 .8/9¢.

Robinson calculated a correlation coefficient for this (gta.

(b) Calculate the value for the Pearson’s product-moment correlation coefficient
between Foreign-born (%) and English literacy (%) for adults in the 9 regions.

627

4}

(c) State one reason why it may be inappropriate to calculate the Pearson’s product-
moment correlation coefficient between Foreign-born (%) and English literacy (%)
for adults in the 9 regions.

(1)
koru orp_ 0N/l 0L u
301 9und (N lljj ﬁiluﬂt BOLJ
_UPJ 1007 Yusn't o Ll
3 r{LPh
(d) Explam why this statistic may be unexpected when compared with the result
obtained in (b) "

e .___[L__.__n_tj Qtive -0.11§8 S

n 1w > [y E.@ |0
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(e) Using your understanding of the context, give a short explanation to explain how the
unexpected situation regarding the results in (b) and (d) may have occurred.

)

3 /10

Part (a)
M1: 90.6 correct within 0.1 of 90.5
MO: 96.8 not within 0.1 of 96.5

Part (b)
Al: r falls within 0.59-0.64

Part (c)
EO: Incorrect reason.

Part (d)
EO: No identification that same data is being used in both calculations.
E1: Minimum answer expressing difference in r values.

Part (e)
EOEOEOEO: No relevant points made.

i~ > [ E.@ |0




®

Skip to Main Contents }

o JEENEN NN

[;Zﬁ ‘Question 5 - Response B

(a) Complete the table below using Figure 4.
2)

Foreign-born (%) 1 2 2.5 10 11 15.5 18 24.5

English literacy (%) | ) § NI [987(963(98 [96.9 1965 |96.4

Robinson calculated a cnrrelatioql é%efﬁcient for this data.

(b) Calculate the value for the Pearson’s product-moment correlation coefficient
between Foreign-born (%) and English literacy (%) for adults in the 9 regions.

™
i Y= 0.6% B B
(c) State one reason why it may be inappropriate to calculate the Pearson’s product-
moment correlation coefficient between Foreign-born (%) and English literacy (%)
for adults in the 9 regions.
(1)

Soma g:rcd N OOUNEC e, ma_.d ;Mmén b gr

—May Fuue, Eltgbxﬁ ay o Mere  COnMen ) hge..

foreign mmumu?- Some.pe ___fbr nl:nfw_
P

ey i O v ca—

(d) Explain why this statistic may be unexpected when compared with the result
obtained in (b)

@
Tl vnexpocsed  ma 4 reult  pbiasned n
@b s mademite hfmf&m _showing on positive. corvelotion.
howseuer s shaws a, m& _m.pLU&B
thr _—EML Juux.r .°in r‘“;tlu_ hJW

n 1w > [y E.

©




[ Skip to Main Contents

]

B )06

(e) Using your understanding of the context, give a short explanation to explain how the
unexpected situation regarding the results in (b) and (d) may have occurred.

4)
thinggn LxS -eath dat®  point &Y 0. pocson O ..m..b&\gu«r\%?ﬂ“*
*&-\ raans hi dedo s sinedlls ool woker peed .
which _implies h3 relts aref  relitbQ. evougin do nopresot
wre NGNS ob & whele .

5 /10

Part (a)
M1M1: All correct.

Part (b)
Al: r correct.

Part (c)
EO: Incorrect reason.

Part (d)
EO: No identification that same data is being used in both calculations.
E1: Identifies difference in r values.

Part (e)
E1: “smaller and weaker” considered equivalent to “larger sample size with more data points”
EOEOEO: No further relevant points made.

i~ > [ E.@ |0
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[;Zﬁ ‘Question 5 - Response C

(a) Complete the table below using Figure 4.
(2)

Foreign-born (%) 1 2 2.5 10 11 15.5 18 24.5 27
O L |

i O

English literacy (%) [90.S %ﬂ.l.? 48.7 198.3 | 98.0 |98.9 [96.5 |96.4

Robinson calculated a correlation coefficient for this data.

(b) Calculate the value for the Pearson’s product-moment correlation coefficient
between Foreign-born (%) and English literacy (%) for adults in the 9 regions.

)
= Ohﬂlbcém_} = mederate posihwve Correlakon

_(c} State one reason t_vhy it rﬁﬁy be inappropriate to calculate the Pearson’s product-
moment correlation coefficient between Foreign-born (%) and English literacy (%)
for adults in the 9 regions.
(1)
__the data 1S not lnear

(d) Explain why this statistic may be unexpected when compared with the result
obtained in (b) o

Tlis ¢ valug (s regobive W‘wam

wo (k) lb_po_{l\ﬁ__ _ond SUGoEss o suach Shonges
Mﬁbﬁﬂ_,_hﬂ&;_iﬁ Mﬂ.ﬂjﬁ[ﬁlﬁefﬁd Qpﬁﬂﬁ%ﬁntﬂ m_-mﬂ_

n 1w > [y E.@ ore
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(e) Using your understanding of the context, give a short explanation to explain how the
unexpected situation regarding the results in (b) and (d) may have occurred.
4

la—part—fbrPact (b) uses data foua Fippare Y, which. Shows

areas with e loueak fzneign -born (%) Yo hawe bee lovesr
Englash Litecacy (%% ). Thus moy be becouse Heese  regions are nore.

fersipamal _Uive thore , the Liveracy (evel s Ouier cliae to it
lower \enel» of educainon, la m.__uﬁw_r fﬁcamm Mrmw_____
Literace t}ﬁte_ﬂ{mm_mm Other re% mca.gd_m ove_taseld
represented ia e more olotoulled doke Foc pOurk [d ) S6~ Yoo ¥me
in pack (b) .30 il obfeck the VG\L&P_M__,J%EMlhne in the
diffecent ¢ yole sf;en_u\_paﬂ (el). o o

8 /10

Part (a)
M1M1: All values correct.

Part (b)
Al: Correctr.

Part (c)
E1: Correct reason.

Part (d)
E1: Identifies same data is being used in both calculations.
E1: Identifies difference in r values.

Part (e)

E1: Mention of rural/sparsely populated.
E1: Links this to education level.

EOEO: No further relevant points.

NN E.@ |0
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@ ‘Question 6 - Question

6 Asbestos is a type of mineral used in construction that has been linked to health risks.

Riddhi works for an asbestos removal company. She is researching the removal of two
types of asbestos,

* White asbestos (or chrysotile)

* Blue asbestos (or crocidolite)

When there is an asbestos find during an inspection, its location and type are recorded.
An asbestos find is called an instance of ashestos.

Figure 5 shows instances of the types of asbestos as a proportion of total instances of
asbestos recorded by the company in 2022.

Asbestos type Proportion of total
instances
White 0.972
Blue 0.018
Other 0.010

Figure 5

Not all instances of asbestos are removed, as sometimes it is safer to cover the asbestos
up and leave it in place.

Figure 6 shows the proportion of instances in 2022 that were removed, by type
of asbestos.

Proportion of instances
Asbestos type that are removed
White 0.015
Blue 0.971
Other 0.153

Figure 6
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Question 6 - Question (Cont.)

(a) Enter the correct probability values into each box in the tree diagram below.
)
Type of asbestos Femoval

W

RF

(b) Calculate the probability that a randomly selected instance was removed.

)
(c) Find the probability that a randomly selected instance is blue asbestos, given that it
was removed by the company.

(4)
(d) Suggest a possible reason, in context, why the probability found in (c) is greater
than the probability that a randomly selected instance is blue asbestos.

1)

The removal of different types of asbestos requires different types of safety equipment.
Riddhi states that the company should invest mostly in safety equipment for removing
white asbestos, as more than 97% of asbestos instances are of this type.

(e) Explain whether you agree with Riddhi’s statement.

You should include numerical justification from (c)

)
(Total for Question 6 is 12 marks)
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Question 6 - Mark Scheme

Question Scheme Marks AO Notes
6(a)
Type of Removal
asbestos
0.015 R
w
!
0.972 0.985 R
0.971 R
0.018
!
0.029 R
0.010 0.153 R
0
!
0847 R
Any correct pair of
conditional values given
Al 1.2 (0.015/0.985 after 0.972,
0.971/0.029 after 0.018 or
0.153/0.847 after 0.010)
Al 1.2 Completely correct
6(b) Or 0.0146 + 0.0175 +
0.972 x 0.015 + 0.018 x 0.971 Vit 0.00153
+0.01 x 0.153 May be seen on diagram
Allow one small slip
=0.033588 Al awrt 0.0336

i~ > [ E.@ o
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Question Scheme Marks AO Notes
6() p(B|R) = LENR) B1 12
- P(R) '
_ 0.018 x 0.971
©0.972 x 0.015 4 0.018 x 0.971 + 0.01 x 0.153
Numerator correct
B1 1.2 or awrt 0.0175 seen
anywhere (including on tree
diagram)
Denominator correct or is
Bl 121 ciheir (by
= 0.520 (3sf) Al 1.2 | awfw 0.52~0.55
6(d) Possible reasons (not exhaustive)
Blue ashestos may be easier to remove
(so it is removed more often).
Blue ashestos may be more dangerous
(so it is removed more often).
El 2.1a | Any sensible reason
6(e) ) L dep on good attempt at
No, I disagree with Riddhi’s Eldep 31p | explanation
statement... .
ft their (a)
...as about 52% of the company’s Reference to 0.520
E1lft 3.1b
removals are of blue asbestos... ft their ()
...s0 lots of safety equipment for blue Relating back to safety
. 3 El 3.1b :
asbestos will be required. equipment correctly.
Total 12
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‘Question 6 - Examiner Comments

Most candidates filled in the tree diagram correctly, and were therefore able to access (b). The tree
diagram was used by many candidates to complete (c) rather than using Bayes theorem, and as in
question 3 candidates are advised to show full working in calculation based questions to earn method
marks if they made a mistake in their diagram.

In (d) many candidates pointed out that the probability blue asbestos was removed was extremely
high, but this is not a contextual reason — rather, this is a consequence of the reason it is removed
more frequently.

Part (e) was generally answered well, but candidates need to make sure to link back to the statement
you are commenting on in the question. Some candidates did not include numerical justification as
they were instructed to and were therefore penalised. Other candidates did not refer back to safety
equipment and also lost a mark for this.

ﬂ_ﬂﬂ ‘Question 6 - Performance

Mean Max Mean Edexcel averages: mean scored by candidates achieving grade:
score score % ALL A* A B C D E U
8.19 12 68 8.19 | 11.00 | 1050 | 9.72 8.93 7.54 5.58 4.38
12 11
10.5
9.72
1 8.93
@
S s 7.54
(%]
c
g 6 5.58
5 4.38
4
2
2
0
A* A B C D E u
Grade
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[E-Zf ‘Question 6 - Response A

(a) Enter the correct probability values into each box in the tree diagram below.
(2)
Type of asbestos Removal

o .0

v

©0.972 o.qss\R:

©-aH

Q.olf R
B

o.C’?ﬂ\R'

g .0l0
O-‘Sg R

o . %7 &

(b) Calculate the probability that a randomly selected instance was removed.

(2)
(0:972x 0.0Is)+ (0 018 ¥ O At )+ (o.010% 0.153)

o = 0-035536

(¢) Find the probability that a randomly selected instance is blue asbestos, given that it
was removed by the company.

4)
AT ¢
o-0\g (047 | = 0 TH -
_©174F8- 0 0BFY = vlallan
(d) Suggest a possible reason, in context, why the probability found in (c) is greater
than the probability that a randomly selected instance is blue asbestos.
(1)

n 1w > [y E.@ |0
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(e) Explain whether you agree with Riddhi’s statement.

You should include numerical justification from (c)
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3)

No { cdo not Agree . howgver Cheve (¢ 9}y
gree

OF  While aSHe Fps omj

|.S 7. OF

it i Femoved  Wietas both
8 Ot ke o7
vt e W Ashefles  have AT 7 and

1S3 Y Cenoved _".é(ffﬂe.oloj

SR X 7 PR C <

A hoge  incremde  Combernd o fhe LS. OF
Byt  agbesteg (. mond , hpyever bhere

1S sSe A loye /. oF

~Jhences Fom

Dot bl ad Qbhe— asbesrs, €Ehe

CewPany  Shoad  pavest  on

hiyh 4. o Shkety

e4uPment  on  tMic  ashesleS , byk €y S boui d
AlSO vk i el et ofhcr aS)eshs oas Eney

Ove e L hEY) b bt  gme-ver.

(Total for Question 6 is 12 marks)

Part (a)
A1AL: Fully correct tree diagram.

Part (b)
M1AL1: Correct working and answer.

Part (c)

BO: No use of formula.

B1: 0.175 seen.

BO: Denominator not seen.
AO: Final answer incorrect.

Part (d)
EO: Not a contextual reason as to why blue is highly removed.

Part (e)

E1: Good attempt at explanation.

EO: Does not refer to their value from (c).
E1: Refers back to safety equipment.

7 /12
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g ‘Question 6 - Response B

(a) Enter the correct probability values into each box in the tree diagram below.

Type of asbestos Removal
o.-088 &
0.024 R'
0.010
0-153 R
(o]
o W3 R
(b) Calculate the probability that a randomly selected instance was removed.,
F(R) = (G.Q‘li go-ms] +(Q.0\%_¢_o,q-1\j
+» (c.o10 % o-tsz) -
= 0.236
(¢) Find the probability that a randomly selected instance is blue asbestos, given that it
was removed by the company. @

(&\Q} Pkﬁncﬂ

e (e}
= P ( q_{_é 1T %o, ;a%? )]

(0972 %0 015)4-(0 0\ive.a71) & (o 0\0 % 0. 15)\

- ©0.0(747% - 0.0520
0.%b -

(2)

2)

NN E.@ Olte
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(d) Suggest a possible reason, in context, why the probability found in (c) is greater
than the probability that a randomly selected instance is blue asbestos.

(1)
T™wis o becawe twe blue oubutres ype oo e ARTIVI
?lf{)(ﬂ'tm ) U\S*mLE« gl - R
(e) Explain whether you agree with Riddhi’s statement.
You should include numerical justification from (c)
(3)
T o sr.xcjree with fddiu’s Syalement  wecause

G.0520 ® 0.7 = 0-0S04U (inuOn vs \oed

onlalt  w el mddbu 'S Godenneak G uncofeed .

7 /12

Part (a)
A1AL: Fully correct tree diagram.

Part (b)
MZ1AQ: Correct working but answers 0.336 not 0.0336

Part (c)

B1: Use of formula.

B1: Numerator correct.

B1: Denominator is their (b)
AO0: Final answer incorrect.

Part (d)
EO: Not a contextual reason as to why blue is highly removed.

Part (e)

EO: Does not qualify as good attempt at explanation as not detailed enough.
E1: Uses their value from (c)

EO: No reference to safety equipment.

i~ > [ E.@ Olte
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[E-Zf Question 6 - Response C

(a) Enter the correct probability values into each box in the tree diagram below.

Type of asbestos

0-472

0.0\f

B

0:0\0

o

(b) Calculate the probability that a randomly selected instance was removed.

Remowval

6-0\5

R
Hr</

0-98S

0-97\

—

0-\S3

D- 'Diq h‘.-“"""---. Rr
|

R

0- 54T

=,

-\““R'

()

2)

PLRY = (0 -472x 0 -0\S)+ (O -Q & x3-ATN+(0-01x G1s A
G QOIHS Ex 0.0\ 7H8+ 0- 0O (5D

- 0-05359

: 0. 0330 (3.5

(¢) Find the probability that a randomly selected instance is blue asbestos, given that it

was removed by the company.

__.D’f,_ﬁa/ﬂ.&\\ - 0:-0\8x0-97{

PLRY 0.0 B339
R ey 0\7H“7?;’

o - 0033649

. z0.52%0

4)
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(d) Suggest a possible reason, in context, why the probability found in (c) is greater
than the probability that a randomly selected instance is blue asbestos.

)
L B The Q..Sb(l,&%ﬂ&_mji__ bive & .S
] [huch NON. &V\.‘L‘j Yo be  lfemoved eha)

(e) Explain whether you agree with Riddhi’s statement.

You should include numerical justification from (c)

(3)
T weold. s 3.&-% with Riddni’s
ekt ClS thooawn W' re
ks posyog® \S ccm:g)n (Ol"z/o
W Oteou adl Q/a\ {jm. (S
WA e WK (4! nmok
fovione. 0l e aSheSYoS . M
TE e  AShesyos S Dﬂnﬁg
WS asond. A S22 Uhante g
blue CaSkestexy Ord M3 .S
W BSlhe TS

10 /12

Part (a)
A1A1L: Fully correct tree diagram.

Part (b)
M1AL1: Correct working and answer.

Part (c)
B1B1B1ALl: Fully correct working and answer.

Part (d)
EO: Not a contextual reason as to why blue is highly removed.

Part (e)

E1: Disagreement and good explanation.
E1: Uses their value from (c)

EO: No reference to safety equipment.
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@ ‘Question 7 - Question

7 Divya carries out a large-sample study to investigate the 2D:4D digit ratio for
adult females

The 2D:4D digit ratio is calculated by dividing the length of the index finger (second
digit) by the length of the ring finger (fourth digit) on their dominant hand.

Previous studies suggest that the 2D:4D digit ratio for adult females is
normally distributed.

Figure 7 shows the values of the sextiles in Divya’s large-sample study.

[A sextile is similar to a quartile, but the data has been split into six equal proportions
instead of 4.]

Sextile Approximate percentile Digit ratio
S1 17th 0.942
S2 33rd 0.958
S3 50th 0.971
S4 67th 0.984
Ss 83rd 1.000

Figure 7

(a) State the approximate value of the mean of the digit ratio in Divya’s study.

Explain your answer.

(b) Explain why the approximate value of the standard deviation of the digit ratio in
Divya’s study is 0.029

©)
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Question 7 - Question (Cont.)

Divya also carries out a second large-sample study to investigate the 2D:4D digit ratio
for adult males.

Previous studies suggest that the 2D:4D digit ratio for adult males is also
normally distributed.

Her second large-sample study yields the following statistics:

x=0.952
$s=0.034

(c) Find the probability that a randomly chosen male adult has a 2D:4D digit ratio
(i) greater than 1

1)
(ii) between 0.9 and 1
1)
(d) Find the probability that a randomly chosen adult male has a 2D:4D digit ratio lower
than that of a randomly chosen adult female.
You should use your answers to (a) and (b)
(5)

(Total for Question 7 is 12 marks)

9,

Question 7 - Mark Scheme

Question Scheme Marks AO Notes
7(a) u =~ 0971 B1 2.1b

The normal distribution is

symmetrical, so the mean equals the El 2.1b

median.

7(b)

Approximately g of data lies within

El 21b | oe
uto...
PI
.50+ 0 =S M1 2.1b | oe for example
p—0o=>5
or
o~ 1000-0971 Al*dep | 2.1b 0.971 — 0.942
=0.029 dep on E1
SC
1.000 — 0.971 = 0.029 or 0.971 — 0.942 = 0.029 seen with no explanation scores
EOM1A0

i~ > [ E.@ |0
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Question Scheme Marks AO Notes
7(c)(i) [M =2D:4D ratio of a randomly
selected male adult]
[M~N(0.952,0.0342)]
P(M > 1) = 0.0790 (3sf) Bl 1.2 | awrt 0.079
7(c)(ii) P(0.9 <M < 1) = 0.858 (3sf) Bl 1.2 | awrt0.86
7(d) [F = 2D:4D ratio of a randomly
selected female adult]
[F~N(0.971,0.0292)]
[D = Difference between 2D:4D ratio
of a randomly selected male and
female adult]
PI
D=M-F
PI
D~N(0.019,0.0447%) M1 2.1b | Normal distribution used for
difference
PI
= 10.019
B1 1.2 H
cao
Pl
o = 0.0447 (awrt)
B1 12 |or
a2 =0.00200 (awrt)
awfw 0.664~0.665
P(D > 0) = 0.665 (3sf) Al 1.2
awfw 0.664~0.665
P(D > 0) = 0.665 (3sf) Al 1.2
Total 12

i~ > [ E.@ |0
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‘Question 7 - Examiner Comments

Most candidates were able to correctly find the mean was 0.971, though some incorrectly justified
this by averaging the sextiles and thus only scored one mark.

Explanations in (b) varied in quality, with some candidates manipulating numbers to attempt to find
the stated value. Most correct answers considered x+o but there were other correct alternatives

possible, by considering the z-score of a given sextile.
Part (c) was a simple calculation that some candidates missed as they had given up after (b)

Part (d) required combining two normal distributions. If candidates realised this they were generally
successful as this was a straightforward example of combining two normal distributions.

il || ‘Question 7 - Performance

Mean Max Mean Edexcel averages: mean scored by candidates achieving grade:
score score % ALL A* A B C D E U
4.99 12 42 499 | 11.26 | 9.66 7.25 4.77 3.31 2.49 1.81
12 11.26
- 9.66
o
S 8 7:25
wv
s
[
= ° 4.77
8
s 4 3.31
3 2.49
1.81
2 I I
: i
A* A B C D E u
Grade
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[E-Zf ‘Question 7 - Response A

(a) State the approximate value of the mean of the digit ratio in Divya’s study.

Explain your answer. F{__,;-J( 0 19?)0! 0.0'1.‘3)
97 22.=49.5 - o
WS pgsy e 0929 o
NG O30 B

(b) Explain why the approximate value of the standard deviation of the digit ratio in
Divya’s study is 0.029

- 0-0\3% 4D-0l¢g=0.029

(2)

3

Sumob diffea Vehoer & watue PP gloove mul elow

(c) Find the probability that a randomly chosen male adult has a 2D:4D digit ratio

(i) greater than 1
1)
pCx» ) = 00190 (3sh)
(ii) between 0.9 and 1
(1)
P (09&XE1) - 0.858 (3sh) -
(d) Find the probability that a randomly chosen adult male has a 2D:4D digit ratio lower
than that of a randomly chosen adult female.
You should use your answers to (a) and (b)
(5

plam L P\ men( 5451, 0.024")

Pnf-0:929, 0.0 )
p(Mm-FL0) = 0.2\ k
(2s%)

6621 — ,
Mh-Fe  ( xBFL , 0.001991)¢- fooougst

NN E.@ Ol
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Part (a)
BO: Incorrect value given.
EO: No correct explanation seen.

Part (b)
EOMOADO: No relevant points made, just attempts at calculation to find the answer given.

Part (c)
B1: Correct value.
B1: Correct value.

Part (d)

M1: RearrangesM<FtoM-F <0

MO: While brackets are seen, the normal distribution is not specified for the difference.
BO: Incorrect mean.

B1: Correct variance.

AO0: No final answer.
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g ‘Question 7 - Response B

(a) State the approximate value of the @of the digit ratio in Divya’s study.
Explain your answer.
(2)
0911, e 5O™M Pegconple W pne Middie and equad
_ POPOMAEMm  mean i Symmetncar and tnerefore. e
_edaan »n alSo L mMoeon

@,\plain why the approximate value of the standard deviation of the digit ratio in
Divva’s study is 0.029

3)

¢ 1-0-89m = 3024,

—Jymmemcal, equal propoon mean) Bae—audd- ean ddn
pant o 0n equod and Jame discance oubogy flom 0-0an

(¢) Find the probability that a randomly chosen male adult has a 2D:4D digit ratio

(i) greater than 1

(1)
P(a>1) = 0-019

(ii) between 0.9 and 1

P(0A<€>xcc 1) = 0-859

(d) Find the probability that a randomly chosen adul,t(male has a 2D:4D digit ratio lower
than that of a randomly chosen adult female.
v
You should use your answers to (a) and (b) MOI€ = X, female =
et ®)
M YicY = X=4CO ¥ (0a572, 003y)
Y(0-071, 0024)
X-¥AN(06-452-0-N1, 0-03u+0024)
= X-112N(-0014, 0:063) =

P(x<o) = Ggiss.. P=0619
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Part (a)
B1: Correct value given.
E1l: Refers to symmetry of normal distribution.

Part (b)
EO0: No comment on % of data seen.

MO: No reference to Ss
AO: This is not awarded despite seeing 1 —0.971 = 0.029 as it is dependent on the E1

Part (c)
B1: Correct value.
B1: Correct value.

Part (d)

M1: Rearranges X <Y to X —Y <0 with X and Y defined.
M1: X —Y ~ N seen.
B1: Correct mean.

BO: Incorrect standard deviation.
AO: Incorrect answer.
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[E-Zf ‘Question 7 - Response C

(a) State the approximate value of the mean of the digit ratio in Divya’s study.

Explain your answer,

The Mun i1 0.-9%] L‘@‘M;%MM sz;aumzac woren'y z&?&

(Gho ée.waﬁnn Sextile

(b) Explain why the approximate value of the standard deviation of the digit ratio in
Divya’s study is 0.029

3)
)' Q'_C‘E“-:_O%q o e , R

- 0.971-0.942=0.19 o o
The_disse wamqmmm MLH/,\LMMMM.Q

o uppu-a YWddle Quechiles 15 0.0729

(¢) Find the probability that a randomly chosen male adult has a 2D:4D digit ratio

(i) greater than 1
1)
‘P(x:f- 1).= 0. 0%a0
(ii) between 0.9 and 1 _
(1)

 Ploaexe) = 0.8534 —> 0.35K Cos¢)

(d) Find the probability that a randomly chosen adult male has a 2D:4D digit ratio lower
than that of a randomly chosen adult female.

You should use your answers to (a) and (b)

_ PMFery P(F-M>0Y

P F-MAN (0.93\-0-952 5 0-079 40- 056"
_FMaN(0-01a, 0. 0447")
PCF-M>O) = 0. 6046 = 0. 665, f’b's{)
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Part (a)
B1: Correct value given.
EO: No correct explanation seen.

Part (b)
EOM1AQ: Special case awarded.

Part (c)
B1: Correct value.
B1: Correct value.

Part (d)
M1M1B1B1AZ1: Fully correct working and answer.
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