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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 June
2022 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.

* 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.
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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 most candidates, though most questions tended to also include some more
challenging aspects that allowed more able candidates to demonstrate their knowledge. A common theme
across the paper is use of context; in general it is not sufficient to simply state the assumptions required for a
test to be valid, but rather how those apply to the situation in the question.

Based on their performance on this paper, candidates should be advised to:
e give all explanations in context.
o look out for words shown in bold type.
o keep their working to more than 3 significant figures accuracy, throughout only rounding their final
answer.
o use bullet points, each written in clear, specific, and concise sentences for explanation questions.
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@ Question 1 - Question

1 The journey times of commuters for a selection of those travelling into two London
train stations are given in Figure 1 and Figure 2.

Journey times for London King's Cross
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Journey time (min) for London Waterloo

- |

| T T T T T
10 20 30 40 50 60

Figure 2

These times are the time taken from leaving their house to arriving at their
destination station.

(a) Compare the average and spread of journey times for commuters travelling to these
two stations.

(6)

These journeys are made up of two parts.

The first part of the total journey is the journey travelling from the commuter’s
home to their local station, where they take the train to London King's Cross or
London Waterloo. This part of the journey may include waiting for this train to arrive.

The second part of the total journey is the journey by train to London King's Cross or
London Waterloo.

All passengers in Figure 1 took the 7:15 train from Stevenage to London King's Cross.
All passengers in Figure 2 took the 7:45 train from Wimbledon to London Waterloo.
All the data is from the same day.

Lyra looks at the information in Figure 1 and Figure 2 and concludes that the train
journey time from Wimbledon to London Waterloo is shorter than that from Stevenage
to London King's Cross.

(b) State an assumption that Lyra has made in order for this conclusion to be valid.
1)

(c) Identify two sources of variability for these commuters from Wimbledon to
London Waterloo?

)

(Total for Question 1 is 9 marks)

A o > [ g.@ ® o
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@ Question 1 - Mark Scheme

Question Scheme Marks AO Notes
1(a) Median from box plot=35 Al 1.1
IQR from box plot=9 Al 1.1 Or range=23

Or comment such as
Median from graph=40 Al 1.1 | “obviously greater than 35 as
it starts at 35”

Or range=16
IQR from graph=6 or 7 Al 11

_So Klngs_ Cross has a higher average E1 11 Must have context
journey time

] Must have context
The spread is larger for Waterloo El 1.1

1(b) The average journey times for

Wimbledon and Stevenage commuters e.g. the distributions are
! . El 2.1a 2

from their home to the train are similar.

similar.

1(c) Possible sources (not exhaustive)

Waiting time at the station.

Distance lived from the station.

Traffic during journey to the station.

Walking speed.

2.1a, | Must be related to the first

ELEl 2.1a | part of the journey.

Total 9

A o > [ g.@ ® o
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Question 1 - Examiner Comments

In part (a) candidates were generally able to obtain the median and interquartile range or range from the
cumulative frequency diagram and box plot, though some candidates incorrectly used the maximum frequency
shown on the y-axis as the total number. Some candidates incorrectly referred to these as the mean and standard
deviation, neither of which can be obtained from the diagram. When asked to compare spread a large number
of candidates were providing comments comparing maximum and minimum values, rather than either measure
of spread. Candidates should be reminded that comparisons should be done in context, referring to the average
journey times from Stevenage and Wimbledon, rather than simply the averages from Figure 1 and Figure 2.
Part (b) was difficult, and in part (c) a large number of students had not read all the information and gave
comments about different train journeys. As all the commuters were on the same train from Wimbledon to
Waterloo, there is no variability in that part of the journey.

nllll | Question 1 - Performance

Mean Max Mean % Edexcel averages: mean scored by candidates achieving grade:
score score can o ALL A* A B C D E U
5.64 9 63 5.64 7.40 6.72 6.35 5.74 5.20 3.69 1.99
8 7.4
6.72
7 6.35
5.74
g ° 5.2
A 5
c
g 4 3.69
9 1.99
w2
1 I
0
A* A B C D E u

Grade

N > R &.@ Ol
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- Question 1 - Response A

o

The journey times of commuters for a selection of those travelling into two London

irnin stations are given in Figure 1 and Figure 2.

Journey times for London I:h._"--l:'m

time in mimsies

Flgure 1
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Jowrmey time (min) for London Walerboo

FEE

'| L] ; L]
10 M s 30V g EIJ-!} s S0
Figure 2

[hese times are the time aken from leavieag their house to arfiving ot thedr
destination statiodn.

(a) Compare the average and spread of journey times for commuters travelling 10 thess
v siadions

= Fiopars, 1 deos o lowey  vowege (0w F.:Jmt z

= Fugewe 1 los o weowe avEta 3P oond

b State an assumpibon that Ly has made in order for this conclusion to be valid.

frogin ooy e Fi e LBy £ Pl yadel  ba
okt swwilow  Fusaes

() Mently two sources of variability for these commuers from Wimbledon o
London Waterloo?

2 /9

A o > [ g.@ ® o

Part (a)

AOALAO0AL: The ranges can be seen beside the diagram. Though 35 is labelled on the diagram it is not clear
that this candidate knows that this is the median. There is no indication of the median for the Kings Cross
journey times.

EOEO: While figure 1 does have a lower spread this comment is not contextualised.

Part (b)
EO: The time people need to be at certain places is not relevant to this question.

Part (c)
EOEO: The candidate did not attempt this part.
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Question 1 - Response B

N

1 The journey limes of commuters for o selection of those travelling inio two London
train stations are given in Figare 1 and Figure I,

Journey times for London King's Cross
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Joerney time (mia} for London Waterloo

:

™ |
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Figure 2
These times are the time taken from leaving their house (o0 amiving ol theis
destination station.

(&) Compare the average and spread of jourmey times for commuters trovelling oo thess
Iwo siations
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{b} Sinte an assumgption that Lym has moade in order for this conclusion to be valid,

" hontlomly Samgled oy of bt (ol (ol 1“"“%-]'-1:
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() Identify two sources of variability for these commuters from Wimbledon tl:lw'ﬁ'u’ .
London Waterloo?
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7 /9

Part (a)

Al1A1A1A1: The range and median for all four values clearly appear in the working.

E1EL: The average and spread are compared in context. It would been preferable to have stated the spread is
larger, but specifically mentioning the interquartile range was condoned. Note that this candidate has

written more than was needed; the question asked only asked for a comparison of the average and spread,
yet the candidates has given far more comments.

Part (b)
EO: The candidate is listed common conditions from statistics which were not relevant to the scenario.

Part (c)

EL1EO: More than two possibilities are mentioned here. It is not recommended to list more than requested by
the question as incorrect answers will be penalised even if there are two correct ones. In this situation the
mark was awarded for waiting, as different commuters may arrive at a station at different times.

=

0 oo > R &.@ ©)
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g Question 1 - Response C

1 The joumey times of commuters for a selection of those travelling into two London
train stations are given in Figure 1 ond Figure 2.

Journey times for London King's Cross
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Journey time (min) I“!?ﬂur London Waterleo
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Figure 2

These times are the time taken from leaving their house to arriving at their
destination station ToR
() Compare the average and spread of journey times for commuters travelling to these

two stations,
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(b} State an aasumption that Lyra has made in order for this conclusion to be valid,

(1
TLI Ll il ladeed  fpe Wad J‘-;.-\-l-.-ﬂL-'l o Wag hort, Net Shadsina
A e il pad ok b vl WiihS poring b
Wt rocrack Schedided hie,

(¢) Tdentify twa soarces of varability for these commuters from Wimbledon to
London Waterloo?

The JEELE LT howt be Mo Smhiow,

-

Nysho! of ploght I-;;s.-:.{.--? e Lram

8 /9 Q!

Part (a)
A1A1A1AL: They give the median, range and interquartile range.
EL1E1: These are compared contextually.

Part (b)
E1: They have identified the correct condition.

Part (c)

EL1EO: The journey time for each commuter is certainly different, but the number of people boarding the train
is the same for all of them and this will have the same affect for all commuters.

N o > [ g.@ e




B )06

Question 2

@ Question

] [ — Mark Scheme
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g Performance ] [ g Response A ] [ [g Response B ] [ gﬂ’ Response C ]

)

‘Question 2 - Question

2 Alana is researching show dogs.
Show dogs have a desired range of heights.
The maximum and minimum desired male and female heights, in inches, for a random
sample of breeds of show dog are shown in Figure 3.
Alana plots the minimum desired male heights and minimum desired female heights in Figure 4.
Male Female
Minimum Maximum Minimum Maximum
desired height | desired height | desired height | desired height

Affenpinscher 9 11.5 o 11.5
Afghan Hound 26 28 24 26
Alkita 26 28 24 26
American Eskimo Dog 9 19 9 19
Australian Shepherd 20 23 18 21
Bearded Collie 21 22 20 21
Beauceron 25.5 27.5 24 26.5
Belgian Malinois 24 26 22 24
Bernese Mountain Dog 25 27.5 23 26
Black Russian Terrier 27 30 24 26.5
Cafttle Dog 18 20 17 19
Chesapeake Bay Retriever 21 24 23 26
Chinese Shar-Pei 18 20 18 20

'§ Doberman Pinscher 26 28 24 26

E Flat-Coated Retriever 23 24.5 22 23.5
Foxhound 22 25 21 24
Greater Swiss Mountain Dog | 25.5 28.5 23.5 27
Irish Red and White Setter 24.5 26 22.5 24
Irish Wolfthound 32 No max 30 No max
Ttalian Greyhound 13 15 13 15
Keeshound 17 19 16 18
Neapolitan Mastiff 26 31 24 29
Pointer 25 28 23 26
Shetland Sheepdog 13 16 13 16
Staffordshire Terrier 18 19 17 18
Water Spaniel 15 18 15 18
Welsh Springer Spaniel 18 19 17 18
Wirehaired Pointing Griffon | 22 24 20 22

[Source: American Kennel Club Breed Statistics]
Figure 3
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Minimum desired female heights

Minimum desired male height vs female height for various dog breeds

4
=]
|
]

(]
=]
|
L ]
®

0 I | | I I I 1
0 5 10 15 20

2
N
¥
=]
73]
LI

Minimum desired male heights

Figure 4

(a) Explain why Alana might have chosen to plot her data before calculating a
correlation coefficient.

)

After examining Figure 4 Alana realises that one of the dog breeds has had the male
and female columns recorded the wrong way round.

(b) State, with a reason, which breed you believe has been recorded incorrectly.
)

The PMCC between the minimum desired height for males and females was calculated
asr=0.988

Alana says that the PMCC will be higher if the heights were measured in centimetres.

(c) Explain why Alana is incorrect.
1)
Alana edits the data, swapping the values she realised had been recorded incorrectly.

(d) How would you expect the PMCC of her corrected data to compare to the PMCC of
the original data, r = 0.988?
1)

Alana states that it would be impossible for there to be a negative correlation between
the minimum desired female height and maximum desired female height for all
breeds of show dog.

(e) Discuss Alana’s statement.

You should include reasoned comments on whether or not you believe she is correct.
(4)
(Total for Question 2 is 10 marks)

i~ > [ E.@ Ol
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@ Question 2 - Mark Scheme

Question

Scheme

Marks

AO

Notes

2(a)

To check if the relationship is linear

To check if correlation is positive or
negative

To see if the PMCC is an appropriate
measure to use

To get a rough idea of the PMCC
before calculation as a check

To check for anomalies

To see if there is only one trend

Any 2 reasons

E1lE1l

1.1,
1.1

Condone type of correlation

2(b)

Chesapeake Bay Retriever

As it doesn’t fit trend of the other data
on the graph

or

As it is the only breed with male lower
than female in the table

El

El

11

11

2(c)

PMCC is independent of units

Bl

2.1b

oe

e.g. the relationship

2(d)

It would be a value bigger than 0.988
but less than 1.

Bl

2.1b

2(e)

Statements in support

Certain breeds of dogs may have a
large minimum height and a small
maximum height

Statements against

Breeds of show dog with a larger
minimum desired height would be
larger dogs in general. You would
expect these to have a larger desired
max height also.

i~ > [ E.@ Ol
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This would require the maximum
heights to decrease as minimum
heights increase which does not
happen in our sample

Sample has a positive correlation
Minimum desired height can’t be
higher than maximum desired height

which could happen with a negative
correlation

Alana is incorrect

E1E1,
El

El

2.1a

3.1b

Each of up to 3 statements
(may include a mix of
support/against)

Awarded for overall
disagreement with Alana
with attempt at a reason

SC supporting statement and
Alana is correct scores
E1EOEOE1

Total

10

- Question 2 - Examiner Comments

In part (a), many candidates only gave only one reason. The number of marks on a question is a good indicator

of the depth that should be given when answering.

Candidates generally answered parts (b), (c) and (d) well, though many struggled with (e). It is important to
note the difference between what is impossible and what is simply unlikely or unexpected; although a negative
correlation in the population is extremely unlikely, especially when compared to the given data, it is not
impossible and hence Alana is incorrect. It was encouraging to read responses from the most able candidates

who indeed realised this.

i~ > [ E.@ Ol
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‘Question 2 - Performance

Mean Max Mean % Edexcel averages: mean scored by candidates achieving grade:
score score ean “o ALL A* A B C D E U
5.98 10 60 5.98 7.78 7.08 6.50 5.88 5.60 4.56 4.01
9
8 7.78
7.08
7 6.5
(0]
§ . 5.88 Ee
(%]
& 5 4.56
9] 4.01
2y
8
s 3
©
w
2
1
0
A* A B C D E u

Grade

NN E.@ Ol




®

Skip to Main Contents }

B )06

g Question 2 - Response A

(a) Explain why Alana might have chosen to plot her data before calculating a
correlation coefficient.

. %o ghe o aWH Yo om hx}lw
e T":’.;g_*lai}h el ched cfew g"\;g

El"bw e g.mllov' rpg..ﬂn e FL‘L:}
o ';-l"&hb L. ﬂh{hh‘

After examining Figure 4 Alana realises that one of the dog breeds has had the male
and female columns recorded the wrong way round.

(b) State, with a reason, which breed you believe has been recorded incorrectly.

\ e Wﬂ?lf}?w*'oh , T s no mw :rr?f/’

~heghl

he auyflhlr”

The PMCC between the minimum desired height for males and females was calculated
asr=0,988

Alana says that the PMCC will be higher if the heights were measured in centimetres.
(c) Explain why Alana is incorrect.

ﬁﬂ wlees Al gy) 5}7 ﬁwlwlkﬂﬂlf’ lo oot @be

NN E.@ Ol

Alana edits the data, swapping the values she realised had been recorded incorrectly. 2

(d} How would you expect the PMCC of her corrected data to compare to the PMCC of
the original data, r = 0 9887

e _gheerr—ehell— | wln)l lm-gom

e et »{msﬂm&
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Alana states that it would be impossible' for there to be a negative correlation-between
the minimum desired female height and maximum desired female height for all
breeds of show dog.

(e} Discuss Alana's statement.

You should include reasoned comments on whether or not you believe she is correct.

(4)
P'b""- e\ ['bl.JM he {pr‘*’ff\ 05 -j 5 Il'qlh‘:'r"’:"-'
‘et huwe o Py U ) hqg}ll be q)?)i{ o 0L 7 M) 'l"F'-‘.LFI”J
Howed  thow avlh b gvourenngs 1 |he  gizé
“F 0‘”55 %f’ DL?W‘ hagh’.

3 /10

Part (a)
EOEO: This candidate has suggested that Alana might want to plot her data so she can compare the plotted data

to her original data. This would not aid her in analysing the data she has.

Part (b)
EOEO: The incorrect breed has been identified. The graph was for minimum heights, not maximum, so the
lack of maximum heights is not an issue.

Part (c)
B1: This statement explains why the PMCC is independent of units, so is correct.

Part (d)
B0O: The PMCC would increase, so the candidate is incorrect.

Part (e)
E1EOEOEL: This candidate received the special case marks. They are correct that it is impossible for a
minimum height to be above a maximum height which is correct.

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

(a) Explain why Alana might have chosen to plot her data before calculating a

correlation coefficient,

'Inﬁ'i {LQQMM_MQM Cn.nnnlj

| oW GL peodud Mompak  cocretabion L R
ﬂi& dﬂ\ﬁ o hteac.

After examining Figure 4 Alana realises that one of the dog breeds has had the male
and female columns recorded the wrong way round.

(b) State, with a reason, which breed you believe has been recorded incorrectly.
(2)

The  Chesageaue — Rony Rektewer as Ahis nﬂumﬂj

beeed of dog . winere fenole  Xceeds the male
Minimun Ged - aximum olesied  heght - (& Seems  live an
_oulfy do e rese o Yhe  Cerdle breeds . S

The PMCC between the minimum desired height for males and females was calculated

asr=0.988 , -
Alana says that the PMCC will be higher if the heights were measured in centimetres,

{c) Explain why Alana is incorrect.
(1)

NN E.@ Ol

The corteletion  Liowd e oHieten ..mu&.q._mg(m
paosucement s the  Trend wewd  be the Same.

Alana edits the data, swapping the values she realised had been recorded incorrectly.

(d) How would you expect the PMCC of her corrected data to compare to the PMCC of
the original data, r = 09887
{1)
 The Cotrecred  Pce  wouid e Qreater beasSe
b outliee Wownd be  (occected ko foilow tw

Veryy Streng  paSidve  correiakon.
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Alana states that it would be impossible for there to be a negative correlation between

the mimimum desired female height and maximum desired female height for all
breeds of show dog.

(e) Discuss Alana’s statement,

You should include reasoned comments on whether or not you believe she is correct.
4]
s Wmmm

b was a hegakive.  Core dion. theo  this  couid

be for  huo reasens o

ths Mo ovnitum desiced  lnaigak iateeases and e snariman
desired Miahk smgeeas AL(eose) , 1t (ould  be. Show daas
Cor 0 Shaa\l breed  (ompelition .

- BS P miaimug  duSiced heigt  decreases  Qod the maximun

dgsired Nksbﬂ' lnereases , it canld be SWM_JCL':D&SF;;-
o lacge.  lcsed compennion:

\_den't  bevieve Alangs Stavemest  fthat it wowd be
ionfassible foc  fhere to be 4 woaakive cofrelahipa is
etk .

5 /10

Part (a)
EL1EO: The mark for checking if linear has been awarded. While the candidate is correct that we should only
use the PMCC for linear data that is the same point they have just made, so no further mark is awarded.

NN E.@ Ol

Part (b)
EL1E1: Correctly identified with the correct reason.

Part (c)
BO: The correlation would be the same, so the candidate is incorrect.

Part (d)
B1: The correlation would be greater. The candidate has not mentioned it should still be less than or equal
to 1 but we condoned this.

Part (e)

EOEOEO: The candidate has attempted to explain what a negative correlation is but has not explained why this
is unlikely in the context.

E1: Awarded for disagreeing with Alana. The candidate has attempted to reason, and though no marks were
awarded for the first 3 marks, they have made an attempt rather than guessing.




®

Skip to Main Contents

1

B )06

g ‘Question 2 - Response C

(a) Explain why Alana might have chosen to plot her data before calculating a
correlation coefficient.

@
Trom o qraph  doa  Can Viscbly gee.  welher Hhe

...a:t.r.;}giinﬁ__..._.i_-'.a_..._mi.f.izg__._._ﬂi_._ Jive Se pow Can gas.!
___S_pﬂ'i" [} iz CH‘EHIQ} ﬂ-.ﬂ ’}‘9 e Mll’ ﬂ
W Shoape of M Glao wuig—kl—w'd i

_M——‘E:giw—“cj&— 13 Jmear ¢ fher wwse O eorpebd

After examining Figure 4 Alana realises that one of the dog breeds has had the male
and female columns recorded the wrong way round.

{b) State, with a reason, which breed you believe has been recorded incorrectly. [
2)
p"ﬂﬂa Clat - Conked Reodriever os the minimam anale height ;323
bak on  rhe graph i} resds Me  Female ight as 23 . Rlse
The Wemele hughl s 22 bak on e @Groph ceasds He
Mmale  heahr as 22, B S
Alae  He dot o uuug',l:nd-!g_ Ei-oh-'- w-.* q.h:ﬂ!._ ‘Ha  deda .

The PMCC between the minimum desired height for males and females was calculated
as r= 0,988

Alana says that the PMCC will be higher if the heights were measured in centimetres.

(¢) Explain why Alana is incorrect.
s o pweaswre of webhe Hu glala (1)
The  PMcc

\ hes Y j'ﬁ.h‘
or __heyi hive  correlation and does ot .t-uhr’ wtﬂer Mo aélual dik
o ineveuse or decrsase in  numerical sire by e tore wmowné

Alana edits the data, swapping the values she realised had been recorded incorrectly.

(d) How would you expect the PMCC of her corrected data to compare to the PMCC of
the original data, r = 09887

(18]
The TMCC  would inevease  os¢  He  ebda Me wos

..... Wronglg ok _move _ doser  J the o NValuwes.
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Alana states that it would be impossible for there to be a negative correlation between
the minimum desired female height and maximum desired female height for all
breeds of show dog.

{(e) Discuss Alana’s statement.

You should include reasoned comments on whether or not you believe she is correct.
(4)

l heldve.  she s ‘% *ﬁiﬁﬂ' W oo Heer obj
breeds minimum deived  female height wbs o e small
anth He mMinliprn  desi vedl  ale iﬂﬂ‘ﬂhi Wl do b
lorge Mo 5 woull  hearily Shew Hae  oluon
| I-m}{.a‘_'.g_ waking Y PMcC  riegalive .
Ba} ¢ oW oler doy breeds are  simila ?)1’
judeed  Yhen  He dada oo B i very Nikly To g%
o g pooitye  corr<labion. | wouldn') ey impps itk Ho as
£ Jus?  hwe o Mg Mcee  ore Judged O‘ﬁfcr.:muj
Hien Hee daka  copn e <hess and C'thgr Y I
Yuselive correldion  or close fo O iohere i} peay be _Ser)
as ne ﬂarrcl:m'r'ﬁh

8 /10

Part (a)
E1E1: Discusses seeing if positive or negative, and linear or non-linear.

Part (b)
EOEL: Incorrectly identified the breed but identified the transposition of values.

Part (c)
B1: While they seem to be discussing an addition or subtraction, they broadly have the right idea.

Part (d)
B1: Correctly identifies increase in PMCC.

Part (e)

E1E1EOQ: Awarded a mark for discussing it is not impossible and only unlikely due to the correlation of our

sample and explains how a negative PMCC could occur.
E1: Awarded for disagreeing with Alana.

NN E.@ Ol
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@ ‘Question 3 - Question

3 In 2011 Boston College psychologists, Angelina Hawley-Dolan and Ellen Winner,
investigated whether paintings of professional abstract artists could be differentiated
from those of a five-year-old child.

Leo, a psychology student, decides to do his own version of this experiment.
Suggest how Leo might set up his experiment.
You should include comments about

. how he will source the data
. the data he should collect
. how he could minimise bias.

()

(Total for Question 3 is 7 marks)
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9,

Question 3 - Mark Scheme

Question Scheme Marks AO Notes
3 Leo should choose a large sample of Condone n > 30 or implied
participants by context
His sample of participants should be
randomly selected
Or
He should show them one painting at a He should show them two
time and ask if they think it was done paintings at a time and ask
by a professional or by a child which they think is by a
professional

Mention of blocking generally e.g. randomised block design
Mention of a sensible specific blocking
factor e.g. background in art
Leo should collect paintings from . . .
several different artists/several ggjr;sgg%rat;ﬁ: o;‘imgrlglas
different children ythep
Leo should collect an equal number of
paintings from artists and children
He could try to pair similar paintings
from a child/professional artist
Blind/double blind trial mentioned in
context
He should remove identifying
information such as signatures from
the artists’ work
He should keep participants separate
so they do not discuss
Use same paintings for all participants

El, E1,

El, E1, 31a One mark for each comment

E1, E1, ' upto7

El
Total 7

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

Candidates are advised to use bullet points when answering a question like this to be certain they have made
enough points. There are some straightforward ideas that candidates should be familiar with when it comes to
planning an experiment like using a large sample, which were not always mentioned. A large number of
candidates went into great of detail regarding how to generate a random sample, which was not the question
that was asked. Many candidates did not address all three points, with some not mentioning what his sample
should be doing or suggested that Leo should ask people to rate how good they thought the paintings were
rather than asking them which they thought was painted by a professional. There were, however, some
excellent responses seen.

ol

Question 3 - Performance

Mean Max Mean % Edexcel averages: mean scored by candidates achieving grade:
score score ° ALL A* A B C D E U
3.07 7 44 3.07 4.02 3.87 3.54 2.97 2.55 2.49 1.58
4.5 4 0o
4 ’ 3.87
3.54
3.5
o 2.97
9 3
A 2:55 2.49
5 25
s
g 2 1.58
X 15
©
w
1
0.5
0
A* A B (s D E u

Grade
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[ Skip to Main Contents

]

B )06

[;Zﬁ ‘Question 3 - Response A

I In 2011 Beston College psyehologisis, Angelina Havdey-Daolan and Ellen Winner,
investigated whether paintings of professional abstract artists could be differentinted
from those of a five-vear-okd child,

Leo, & psychology student, decides to do his own version of this experiment.
Suggest how Leo might s=t up his experiment.
You should include comments abonst
how he will source the data
= the daia e shoald collect
how he could minimise bias

i7Th
He Lo gk -r..ﬂ.Pu.t - ¥ LS Ada  pubftreict.  drt tindfo
o et gan d-lﬂlr'ﬂ-l':ﬂ-"‘ fad  Aoue o Sedeles pof .

HE Cowao  them cepeat Fhaa  budh the 5 pta- ol
Parnfing  Ord Sedted S

Thea  Alata  coddd 8¢ Colteided  gfevnn  Fhet nteened
f A dbiaes CLricl loral & yetoar Olds

L‘q.él-ti‘ua‘;?,._
He Couda Aten Jedecd (5 _pape ok rondam

he (Coulo  wta o Fry fo poe Tut  cubais
a2 g .:F{{J_J'H—E'I'-*-d

ol -ft-ﬂ-h Feot  Ooaddg  Theés bt  loeq o Jee
hows  Many  pegle  Houguw I year Glda whire
beAter f4he  Sainae > an fosnecs  CbdFroics
frtcots .

3 7/7

E1: Selecting 5 professionals and 5 children is equal numbers of each.
E1: Selecting his sample of 15 at random.

E1: Asking them to decide which they think is famous.

EOEOEOEQ: No further valid points.

NN E.@ Ol
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‘Question 3 - Response B

st

In 2011 Boston College psychologists, Angelina Hawley-Diolan and Ellen 'Winner,
investigated whether p-i.TH:i.'r:En of prq:-'l"ﬂ.l:irmnl nhatract artisls could be differentinted
from those of a five-year-old child

Leo, a psvchology stadent, decides 1o do his own version of this experiment,

*  how he could minimise bias.

too  shoubl it a gl g o proessisd
skt m&r:w—@zi EEW

e pe adduuwﬁm m,ﬁ',&-éﬂ,'ﬂw&ﬁ
A ¢ FI F! ecol 'ﬁ{—"llf-rm mgm-p.
W—W dd
mininig Liew Vg bu b5 raw die a.aﬁ"'ﬂf-"tﬂt.fﬁ.,,tmm
ﬁMFEM.MM5WWﬂi
ih plowie ot a pPrgpaifnd et - 4
fold  dy Hie fﬁim@ﬂaﬁuﬂﬁ Hﬁ;ﬂ:ﬁmﬁﬂg
e lolo ool Ho sl Aoy bwit tmv olich o 3 ith on
fae: dadd e sl Ok o fle oo gt Mo ool

%Mhﬂfqﬁﬂﬁﬁ!mﬂ%ﬂqmﬂﬂf&a
Laid.

]
4

Suggest how Leo might set up his experiment. ok g 5C Lot
You should include comments about ﬁ?""" Aiirrda- spicesak-
*  how he will source the data Fid T e cucl Ly
FYh frop kg L o ul
+  the data he should collect R &,

4 /7

E1: Equal numbers of paintings by children and professional artists.
E1: Sample of 50 people implies large sample.

E1: Asking sample to decide which is professional and which is not.
E1: Mentions double blind trial in context.

EOEOEO: No further valid points.

NN E.@ Ol
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[E-Zf ‘Question 3 - Response C

3

El:
El:
El:
El:
El:
El:
El:

I Roston College psychologists, Angeline Howley-[odan and Ellen Winner,

imvestigated whether paintings of [OSSSORENSHSESEIRSS could be SITEREREN
+ five-year-old child.

from those of
Leo, a peychology stedent, decides to do his own version of this experiment.

Suggest how Leo might s=t up his experiment. Flﬁ}!Hiﬂ-r‘ﬂl Painting
You should inclode comments about 1 =
1ot hee will sonaree the data o |4 B €| BF La
+  the data he should collect 2 DE ,[ 14 Ko
hovv: b coul TS E .F,“-I-Ir M N PR -

SOUrcE dofo:
= _Collect & random Sampit of pEopic.
* Gather a sampling jrame, €.4. all boston residents -
an @ mcal cowncil 15T
* vst simple random Sampling and o randem numoeyr
iF.HI.IIITtI'.
' Supgicientiy \orgeg  sample size.

Type o4 Data
s Poirtd data.- ask samplee WhHich gne they Believe
to  be progessional and which (S 4he childi avt.
2 __Gualtitative dato = 50 use Sigh 1e5+.

Minimise Bias
o Dovbie blind trial , neither samplef or investigator
Engeus wnick pnln-rinq 5 Whick.
» EBlocking gactor - wvie same Type of paint  and
Same sSize canmas. To minimise egpect size.
* lse aj randemisation ai te whickh twe painting a
sampiee see. Randomised Block Design.
¥ see takle. above.
A, 8, are samplecs.
@ wse dhree diggtveny child ancl  three diggereént
pragfifional paimtingd.

717

Random Sample specifically mentioned.

Sampling frame implies large sample, and large sample also explicitly mentioned.
Ask which painting is by a child and which by a professional.

Double blind trial mentioned in context.

Blocking mentioned.

Specific blocking factor mentioned.

Same number of paintings by child and professional mentioned (3 of each).

NN E.@ Ol
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-

@ Question 4 - Question

4 Shai has created a video game. She makes her game free to play, with players able to
buy gems to spend in the game for bonuses.

She creates a model to predict the income that she can expect from her game.
Shai’s data shows that the majority of players do not spend any money on gems.

A small number of players, known as ‘whales’, make up the majority of the revenue for
games by buying the gems.
[Source: https://deltadna.com/blog/how-whales-spend/]

(a) Give areason why the normal distribution is unlikely to be a suitable model for the
amount a randomly selected player spends in a given month.

1)
Shai instead chooses to model the spend, in pounds, of a randomly selected whale in a
given month. She uses the distribution W ~ N(50, 100)
She assumes that the amount a whale spends each month is independent from their
spend in previous months.
(b) Find P(W < 40)
1)
(c) Using Shai’s model, calculate the probability that a randomly selected whale has a
mean spend of less than £40 a month over a year.
)
(d) Explain why the probability calculated in part (c) must be smaller than the
probability calculated in part (b).
1)
(e) Explain why P(W < 40) and P(W < 40) are equal.
1)
(f) Calculate the probability that a randomly selected whale spends more than £40 in
each of four consecutive months.
)
(g) Calculate the probability that a randomly selected whale spends more than £40 in
at least 8 of the months in a one-year period.
®3)
(h) Calculate the probability that a randomly selected whale spends less than £40 in a
month that they spent more than £30
®3)
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In Shai’s game, a bundle of gems costs £5. The game also offers unlimited gems for any
player spending £60 a month.

(i) Discuss the appropriateness or otherwise of the normal distribution to model the

spend of a whale in light of this information.

@)

(Total for Question 4 is 17 marks)

9,

Question 4 - Mark Scheme

i~ > [ E.@ &0

Question Scheme Marks AO Notes
4(a) Players with a spend of 0 give the Or reverse with whales to
data a heavy skew right
Revenue cannot be negative and
normal is unbounded
El 2.1a
4(b) 0.1587 B1 1.2 | awrt0.159
. o (s0) | 1z | Doz
P(X < 40) = 0.0003 Al 1.2 | awrt
Alternative
X1+ -+ X;,~N(600,1200) (M1)
P(Xy + -+ X1, < 480) = 0.0003 (A1)
4(d) Because the standard deviation of X is | -, 5qp | OF 40 is more standard
smaller than that of X deviations from the mean
4(e) Because it’s a normal model
Because P(W =40) =0
Because W is continuous
Any of these El 2.1b
4(f) (1 —"0.1587")* M1 1.2 (1 — "their (b)")*
0.50096 Al 1.2 awrt 0.5
4(g) X~B(12,0.8413) M1 1.2 Binomial with n=12 seen or
used
M1 1.2 p =1—"their (b)’
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PX=8)=(1-P(X<7)
=0.970

Al

1.2

awfw 0.969-0.972

4(h)

P(30 < X < 40) = 0.1359

Bl

1.2

P(30 < X <40) 0.1359
P(X >30) 09772

M1

1.2

Divides by 0.9772

0.139

Al

1.2

4(1)

Not appropriate

The actual distribution would be
discrete not continuous

The normal distribution would not
have an upper limit of £60

Or lower limit of £0

Whales may be inclined to spend £60
meaning the distribution is skew

Appropriate

Could model using e.g.
P(X=5)=PR25<W <7.5)

Continuity correction
suggested

Conclusion

Conclusion that normal may be
appropriate/inappropriate

Only valid if agrees with at
least one of their reasons

Three comments

E1, E1,

2.1a

Total

17

i~ > [ E.@ &0
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‘Question 4 - Examiner Comments

This question had several parts that most candidates did well on — (), (b), (e) and (f) were well answered. Parts
(c), (9) and (h) demonstrated some of the harder aspects of the normal distribution — sample mean, a hidden
binomial and conditional probability. Candidates would do well to be prepared for these, as standard
probability calculations are straightforward due to the calculators available and therefore do not gain a large
number of marks. In part (i) many candidates identified either the discrete nature of the data, or the upper
bound as a reason the normal distribution was not appropriate but did not provide sufficient comments for
3 marks.

nllll | Question 4 - Performance

Mean Max Mean % Edexcel averages: mean scored by candidates achieving grade:
score | score N TTALL T A A B C D E U
7.46 17 44 7.46 14.73 | 12.55 | 10.22 6.52 4.36 2.60 0.54
16 1473
14 12.55
o 12
= 10.22
A 10
=
g g
> 6.52
8 6
3 4.36
©
wo“ 26
2 I 0.54
0 |
A* A B C D E u
Grade
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‘Question 4 - Response A

N

4 Shai has created a video game. She makes her game free to play, with players able to
buy gems to spend. in the game for bonuses.

She creates a model to predict the income that she can expect from her game.
Shai's data shows that the majority of players do not spend any money on gems.

A small number of players, known as ‘whales’, make up the majority of the revenue for
games by buying the gems.
[Souwrce: hitps:/deltadna.com/bloghow-whales-spend/]

{(a) Give a reason why the normal distribution is unlikely to be a suitable model for the

amount a randomly selected player spends in a given month, -

e dosle s N SLerrelivicol becowsSe oreve oope. olortd
. _h@#

Shai instead chooses to model the spend, a randomly selected whale in a
given month. She uses the distribution W ~ 3 00)
o

She assumes that the amount a whale spends each month is independent from their
spend in previous months.

(b) Find P(W < 40)

(1
P riouee -
—o.Luse -
(¢) Using Shai’s model, calculate the probability that a randomly selected whale has a
mean spend of less than £40 a month over a year. 2
P (b Peuo) zo.ti6 o R
({o.¢ f_:’_miﬁt
(d) Explain why the probability calculated in part {c) must be smaller than the
probability calculated in part (b). 0
.

O
=

NN E.@ ()
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(¢) Explain why P(W < 40) and P(W < 40) are equal.

(1)

(f) Calculate the probability that a randomly selected whale spends more than £40 in
each of four consecutive months.

(2)
Lo Ue) 0. $3%% 2233

(o .s39%2>33) “o.0%48

Q4

(g) Calculate the probability that a randomly selected whale spends more than £40 in
at least 8 of the months in a one-year period.

P> >lo) = 0. s"__a_?;;i:_a&a

S
(o -S23G922330" s 0 .can

e

(3)

e —

(h) Calculate the probability that a randomly selected whale spends less than £40 in a
month that they spent more than £30

|
NN E.@ ()

(3)

s
of me s > <bo ) o
- o039
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In Shai’s game, a bundle of gems costs £5, The game also offers unlimited gems for any
player spending £60 a month. -

(i) Discuss the appropriateness or otherwise of the normal distribution to model the
spend of a whale in light of this information,

(3)
e e

Doke. MOy Mok be Sympedntal o5 Sewe Oeefle mignt
Wert & Nlnide)l S Compdel po o haddla ©9- geoms L ThiS
e Mt o ramo) distrbobies in we apprepsiolk

4 /17

Part (a)
E1: Not symmetrical equivalent to skew.

Part (b)
BO: Incorrect answer.

Part (c)
MO AO: Incorrect answer.

Part (d)
EO: The response does not answer the question asked.

Part (e)
EO: £41 is not relevant to the question, however, is a misunderstanding of the questions.

Part (f)
M1 AQ: They calculated (1— their b)4 but do not get an accuracy mark as the answer is incorrect.

Part (9)
MO MO AO: No binomial distribution used, so even though we see 0.539 being used it is not being used as p.

Part (h)
BO MO0 AO: Incorrect value.

Part (i)

E1: Not symmetrical explained, this is equivalent to skew.
E1: Concluded normal may not be appropriate.

EO: No further points made.

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

4 Shai has created a video game, She makes her game free to play, with players able to
buy gems to spend in the game for bomuses.

She creates a model to predict the income that she can expect from her game.
Shai’s data shows that the majority of players do not spend any money on gems.

A small number of players, known as *whales’, make up the majority of the revenue for
games by buying the gems,
[Source: hitps://deltadna.com/blog how-whales-spend/]

(&) Give a reason why the normal distribution is unlikely to be a suitable model for the
amount a randomly selected player spends in a given month. 1)
{

-* ey
. u -
L AR Py S . -~ by i =N Ay Y -li_ ratin'd

__ A I.l.u_". ™ 'lm AT O e oty La"A fb fr"l?‘h"rcg r | _
LA ST LRy, -.l.um:.-tu. o _i:hlf.m 5. W&tm‘

Shai instead chooses to model the spend, in pounds, of a randomly selected whale in a
given month. She uses the distribution W ~ N(50, 10:0)

She assumes that the amount a whale spends each month is independent from their
spend in previous months.

(b) Find P(W < 40)

(1)
(W40 = Q. 1537
(¢) Using Shai’s model, calculate the probability that a randomly selected whale has a
mean spend of less than £40 a month over a vear. 2)

ﬁﬂmLE}ﬂ .
o NOO\e L 660 o &

J

{(d) Explain why the probability calculated in part {¢) must be smaller than the
probability calculated in part (b).

O
=

n 1w > [y E.@ ()
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- gﬁ%hﬁ mrml ﬁ:ﬁ l:lw Jm

(f) Calculate the probability that a randomly selected whale spends more than £40 in
each of four consecutive months.

(109,20 ) ? Zﬁ%(ﬂr; Q443)
o(x;ﬂdo\..—o AT7%
(a0

(g) Calculate the probability that a randomly selected whale spends more than £40 in
at least B of the months in a one-year period.

78 (10 Q. B4 3)

>& =) P2
o(224) :\*{ T
- 0.2.5\0

(3)

(h) Calculate the probability that a randomly selected whale spends less than £40 in a
month that they spent more than £30

P20\ = 01354

(3)

NN E.@ &0
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(i) Discuss the appropriateness or otherwise of the normal distribution to model the

spend of a whale in light of this information.

xﬁ"f\'wm S N7

*E\_DL NcQre émﬂ\ A2 m‘a\ i

\
T s

Mu«n

a%é) G‘I\{\.

M el T RTR G,

Part (a)
E1: Valid argument, equivalent to skew.

Part (b)
B1: Correct answer.

Part (c)
M1 Al: Alternative method used correctly.

Part (d)
EO: Incorrect explanation.

Part (e)
E1: Correct mention of continuous.

Part (f)

M1 Al: Correctly calculated using binomial distribution.

Part (9)
M1 M1: Use of B(12, 0,8413).
AO: Incorrect probability given.

Part (h)
B1: Calculates P(30 < X < 40).
MO AO: Does not calculate conditional probability.

Part (i)

E1: Explains about the upper limit.

E1: Concludes normal distribution is not appropriate.
EO: No further points made.

JE"&?
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Question 4 - Response C

4

Shai has created a video game. She:makes her game free to play, with players able to
buy gems to spend in the game for bonuses.

She creates a model to predict the income that she can expect from her game,
Shai’s data shows that the majority of players do not spend any money on gems.

A small number of players, known as ‘whales’, make up the majority of the revenue for
games by buying the gems.
[Source: hittps:/'deltadna comMloghow-whales-spend]

(a) Give a reason why the normal distribution is unlikely to be a suitable model for the
amount a randomly selected playver spends in a given month.

e ::1 a  moamm  |nF on k¥ “__]__

P*‘dfl-‘s ju"'E oC  Cun Spen] Oy

Shai instead chooses to model the spend, in pounds, of a randomly selected whale in a
given month. She uses the distribution W ~ N(50, 100)

She assumes that the amount a whale spends each month is independent from their
spend in previous months,

{b) Find P(W = 40)

{c) Using Shai’s model, calculate the probability that a randomly selected whale has a

mean spend of less than £40 a month over a year.
0(5C L) = (Jo/e) =

rzolsgtsy "

0 6o, 7 lbeo 29

{d) Explain why the probability calculated in part (c) must be smaller than the
probability calculated in part (b).

a Shador) err S graler Hhe "

I e e T
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(f) Calculate the probability that a randomly selected whale spends more than £40 in
each of four consecutive months,

t ph—.f}) v 2y

_O . 50 ,I 07- S

(g) Calculate the probability that a randomly selected whale spends more than £40 in
at least 8 of the months in a one-year period.

Pz 08413 e ’zf?_‘?"‘fjl_____‘_f‘__’__

(g e 5‘“‘7} =

O q:; ;-J;L? 7{

(h} Calculate the probability that a randomly selected whale spends less than £40 in a
month that they spent more than £30

1?(,44\91 % " k‘“*""ﬁﬂ,fﬁ] 3) _
Xl — orsgy o

whyle S .

“rorde) o (owgisus) -
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(i) Discuss the appropriateness or otherwise of the normal distribution to model the
spend of & whale in light of this information.

q “j'lx;‘f@ X "W ol

|.'2~_'J~ Fir S tue f\r-rj s e

nO/~4q) 3 YT7v pen 77 0§ o loMge/
Suhhie A d))ijonsally, vl Hx

(crred Av/N4) d )7 bt on 7

rOZez Gl eSS, IR A I
a\rw Jred 1Vl Ihe o kﬁyﬂv
i V4 My AL Mg amusY Spel

§ 'ff- (Total for Question 4 is 17 marks)

16 /17

Part (a)
E1: Minimum limit equivalent to normal unbounded below.

Part (b)
B1: Correct answer.

Part (c)
M1A1: Though notation in the normal distribution is incorrect, the answer shows they did the correct
calculation so we award both marks.

Part (d)
E1: Correct statement about size of standard deviation.

Part (e)
E1: Correct statement about continuity.

Part (f)
M1 Al: Correct calculation.

Part (g)
M1 M1 Al: Correct calculation.

Part (h)
B1 M1 Al: Correct calculation.

Part (i)

E1: Explains about the upper limit.

E1: Concludes normal distribution is not appropriate.
EO: No further points made.
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Question 5 - Question

5

Tom owns a busy cinema with two screens. Screen 1 has 120 seats, and Screen 2
has 300 seats. He shows a different film on each screen. Children and pensioners are
eligible for a concession ticket that is cheaper than a standard ticket.

From past experience Tom estimates that the proportion of concession tickets sold for
the most popular 7 pm showing for the film on Screen 1 is 35% and the proportion for
the film on Screen 2 is 15%.

Both screens show films at 7 pm one night.

The random variable X denotes the number of concession tickets purchased for the 7 pm
showing of the film on Screen 1.

The random variable Y denotes the number of concession tickets purchased for the 7 pm
showing of the film on Screen 2.

The random variable T denotes the total number of concessions tickets purchased for
both showings of films at 7 pm that night.

Tom assumes that all the tickets will be purchased, and that the probability of a
concession ticket being purchased is independent from one customer to the next.

(a) By modelling each of X and Y as an independent binomial distribution,
(i) show that the distribution of T can be approximated as N(87, 65.55)

(i) estimate the probability that at least 100 concessions tickets are purchased
in total.

(b) Assuming that it is valid to model X and Y as binomial distributions, give two
reasons to justify the use of the approximation in part (a).

(c) Give two reasons in context why the assumptions that Tom made may not
be justified.

Tom charges £4 for a concession ticket, and £6 for a regular ticket. It costs him £200, in
total, to run the cinema for the 7pm showing.

(d) Assuming that all tickets are sold for both screens,

(i) write an expression for the number of regular tickets sold in terms of T

(ii) find the probability Tom earns at least £2 125 of profit.

Note that profit is total income from sales minus costs.

(4)

)

)

)

@)

(®)

(Total for Question 5 is 16 marks)
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Question 5 - Mark Scheme

Question Scheme Marks | AO Notes
5(a)(i) X~B(120,0.35) or Y~B(300,0.15) M1 2.1a | PI
X'~N(42,27.3) or Y’~N(45,38.25) M1 | 2.1a | PI
42+45=87 El 1.2 | Addition of means (no variances
seen scores M1IMOE1EOQ)
27.3+38.25=65.55 El 1.2 | Addition of variances not
standard deviations
5(a)(ii) P(T = 100) = P(T' > 99.5) M1 1.2 | Continuity correction used
0.0613 Al 1.2 | sc 0.0542~0.0543
No continuity correction scores
MOA1
5(b) The binomial distributions X & Y can be El 3.1a | Equivalently correct comment
approximated as a normal distribution as regarding np or the mean
n is sufficiently large
Two independent normal distributions El 3.1a
can be added to give a normal
distribution, and we assumed
independence above
5(c) All tickets will sell — may not be El 3.1a | Reason why assumption all
justifiable as it’s unlikely every single tickets sell may be incorrect
ticket will sell every night as some
nights may be busier than others
Independence of tickets being El 3.1a | Reason why assumption of
concessions — may not be justifiable as independence may be incorrect
people may come in groups of friends of e.g. not independent because
similar ages people seeing one film can’t see
the other
5(d)(i) 420-T Bl |1.2
5(d)(ii) P = 6(420 — T) + 4T[—200] M1 | 1.2
P =2320-2T M1 |12 Or 2520
P~N(2146, ... Al 1.2 Mean (or 2346)
.,262.2) Al 1.2 Variance
P(P > 2125) = 0.9027 Al 1.2 Or >2325
Total 16

i~ > [ E.@ ol
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Question 5 - Examiner Comments

Part (a) was well answered, though a large number of candidates forgot their continuity correction so didn’t
gain full marks. Most candidates were able to justify the use of approximating each binomial to a normal
distribution but struggled to realise that the combination of the two normal distributions was part of Tom’s
approximation. In part(c), most candidates answered well, but should again be reminded to give answers in
context; they were asked to justify why his assumptions may not be true so simply saying “may not be
independent” is not enough as they have been told independence may not be likely and are being asked why
that is the case in this scenario.

Parts (d) and (e) involved some basic algebra. It is a good reminder of the additional skills in appendices
3 & 4 of the specification.
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‘Question 5 - Performance

Mean Max Mean % Edexcel averages: mean scored by candidates achieving grade:
score | score *[TALL | A+ A B C D E U
6.63 16 41 6.63 10.28 9.23 8.18 6.77 5.08 2.98 1.40
12
10.28
10 9.23
) 8.18
S 8
) 6.77
=
]
s b 5.08
E
5 4
3 2.98
2 I 1.4
o ]
A* A B C D E u

Grade
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g Question 5 - Response A

Tom owns a busy cinema with two screens. Screen | has 120 seats, and Screen 2
has 300 seats. He shows a different film on each screen. Children and pensioners are
eligible for a concession ticket that is cheaper than a standard ticket,

From past experience Tom estimates that the proportion of concession tickets sold for
the most popular 7 pm showing for the film on Screen 1 is 35% and the proportion for
the film on Screen 2 is 15%.

Both screens show films at 7 pm one night.

The random variable X denotes the number of concession tickets purchased for the 7pm
showing of the film on Sereen 1.

The random variable } denotes the number of concession tickets purchased for the 7pm
showing of the film on Screen 2.

The random variable T denotes the total number of concessions tickets purchased for
both showings of films at 7pm that night.

Tom assumes that all the tickets will be purchased, and that the probability of a
concession ticket being purchased is independent from one customer to the next.

{a) By modelling each of X and Y as an independent binomial distribution,

(i) show that the distribution of T can be approximated as N(87, 65.55) "
)

=03SX V20 = 4L
=0 X %o = 4S5

035 0 65 x 102175
J 7 0 \S 2085 %3 = 38IS
Vm@y = 27-3+3%78= 655 C

(ii) estimate the probability that at least 100 concessions tickets are purchased
in total.

P\{ i2)
_frfv3(3?,55'«;5)_________________ S

O
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(b) Assuming that it is valid to model X and Y as binomial distributions, give two
reasons to justify the use of the approximation in part (a).

(2)
e aunhpg A 2eabs X puioelss B?ID o
_ 1Me ¥ 38§ tﬂ_
B 1<
ﬂi— _@iﬂﬁi_ﬁbmj‘_ ﬂe;.m s&zi:a At tn g iﬂf*ﬁ{
_______ Fan 40, Fle mmnb ot ol s i
gﬂﬂiﬂ’ﬂbhhm Lﬂi au’%l{r‘ #le ILJ"'JRDL

(c) Give two reasons in context why the assumptions that Tom made may lnt
be justified.

(2)

&J{ 6m fL 5l _c-.njm
| 4"\.£ yn}? Ed.n_#_iz ﬁﬁﬂ{ﬁﬁ‘ﬁm Fckebs DA gﬁuh—&_
| ,{vw_ sewe oo _encin falma
I LY ') - rf‘L.L W.ML wb\ ﬂ.l:m [/LMUL cuA
 effedk wl:'j Yo e d_ﬁm&afmﬁ@m -
ooy Swo attead . S

Tom charges £4 for a concession ticket, and £6 for a regular ticket. It costs him £200, in
total, to run the cinema for the 7pm showing,

(d) Assuming that all tickets are sold for both screens,
(i) write an expression for the number of regular tickets sold in terms of T

) (1)
g ﬂfm sl = 77 w20 -1T R
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(i1} find the probability Tom eams at least £2 125 of profit.

Note that profit is total income from sales minus costs.
T~ (87,6555

PWQ:{/%“L;‘ _I!ZJ‘LA ) L (?w 5&’:5 + cc.].{'*_-. =
IS + %200 = 27318

e(r) =87

£R( €(R)= 120-37 = 333

(3)

8 /16

Part (a)(i)
M1 M1: Correct calculation of the variances implies the binomial distribution has been used.
E1 E1: Expectation and variances have been added correctly.

Part (a)(ii)
M1 Al: Correct calculation including continuity correction.

Part (b)
E1: Demonstrated that a normal approximation is appropriate by calculation.
EO: Further remarks do not explain the summation being valid.

Part (c)
EO EO: This candidate has not addressed the assumptions that Tom makes — these were specifically labelled
as assumptions in the initial stem.

Part (d)(i)
B1: 420-T seen.

Part (d)(ii)
MO MO A0 A0 AO: No relevant working seen.

i~ > [ E.@ |0
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‘Question 5 - Response B

5 Tom owns a busy cinema with two screens. Screen 1 has 120 seats, and Screen 2
has 300 seats. He shows a different film on each screen. Children and pensioners are
eligible for a concession ticket that is cheaper than a standard ticket.

From past experience Tom estimates that the proportion of concession tickets sold for
the most popular 7pm showing for the film on Screen 1 is 35% and the proportion for

the film on Screen 2 is 15%.

Both screens show films at 7 pm one night.

The random variable .X denotes the number of concession tickets purchased for the 7pm

showing of the film on Sereen 1.

The random variable ¥ denotes the number of concession tickets purchased for the 7pm

showing of the film on Screen 1.

The random variable T denotes the total number of concessions tickets purchased for
both showings of films at 7pm that night.

Tom assumes that all the tickets will be purchased, and that the probability of a
concession ticket being purchased is independent from one customer to the next.

(a) By modelling each of X and } as an independent binomial distribution,

(i) show that the distribution of T can be approximaied as N(87, 65.55)

S5 x (10 = HZ 13 x %00 - H5
(00 els}

bz +45 = @71

(ii) estimate the probability that at least 100 concessions tickets are purchased
in total.

U{;ﬁ? 69, 55‘) o
PLT 2100) = o osiz (0 Z57)

(b} Assuming that it is valid to model X and Y as binomial distributions, give two
reasons to justify the use of the approximation in part (a).

(4)

NN E.@ oONe
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(¢) Give two reasons in context why the assumptions that Tom made may not
be justified.

(2)
One_(eason. Why the assumpionsthbt +0m made by nOF
log, pastifie " i fhav ¢ flobability ok each (onCesson Htkek
beite, ndéfendent From the Aext i3 (0w as Here maybe
O family it More bhaa ont Child . AnethuC fson is thak
ol sekeks Moy Ak D€ SO &S AIpe My not (gAY
hakth  one pf Ha Aims ,é:a:'f}fj et d .

Tom charges £4 for a concession ticket, and £6 for a regular ticket. It costs him £200, in
total, to run the cinema for the 7pm showing.

{(d) Assuming that all tickets are sold for both screens,

{i) write an expression for the number of regular tickets sold in terms of T

(1)
H1o-97 = 333 §33x€ 2£1999
(ii}) find the probability Tom earns at least £2 125 of profit.
Mote that profit is total income from sales minus costs.
(5)

§ sS33xL = 1449 - f25HE
€1 ¥ 4 = 5k — o

734l — £200 =feiub

Lo N(7146 , 6s.55) o
P(X>2z2(38) = . 99S Clto =)

8 /16
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Part (a)(i)
M1 MO E1 EO: Addition of means (no variance seen) special case.

Part (a)(ii)
MO A1l: Special case, no continuity correction used.

Part (b)
EO EO: No answers given.

Part (c)
E1: Contextual reason all tickets may not sell.
E1: Contextual reason we may not have independence.

Part (d)(i)
BO: Not seen.

Part (d)(ii)

M1: Method correct using their answer to (i).
M1 M1: 1% mark implied by the 2146.

A0 AO0: Variance not seen and answer not correct.

[ Skip to Main Contents ]

i~ > [ E.@ |0




[ Skip to Main Contents

1

o | SN NN EN Rl

‘Question 5 - Response C

N

5 Tom owns a busy cinema with two screens. Screen | has 120 seats, and Screen 2
has 300 seats. He shows a different film on each screen. Children and pensioners are
eligible for a concession ticket that is cheaper than a standard ticket.

From past experience Tom estimates that the proportion of concession tickets sold for

the most popular 7 pm showing for the film on Screen | is 353%.and the proportion for
the film on Screen 2 is 15%.

Both screens show films at 7 pm one night.

The random variable X denotes the number of concession tickets purchased for the 7pm

showing of the film on Sereen 1. Y B 20,0-35)
The random variable ¥ denotes the number of concession tickets purchased for the 7pm
showing of the film on Sereen 2. "]'N"':BQE-DD_, D.\S‘)

The random variable T denotes the total number of concessions tickets purchased for
both showings of films at 7pm that night.

Tom assumes that all the tickets will be purchased, and that the probability of a
concession ticket being purchased is independent from one customer to the next.

(a) By modelling each of X and ¥ as an independent binomial distribution,

(i) show that the distribution of T can be approximated as N(87, 65.55) |
(4)

FOC %: = \12040:-35 = W2 I';‘-'N (_‘4_-']-.—;'1.3"3;).
& < - 120030\ -0-3) < 233 .

FoM - 3 B00x0AS =S Yun(us,2828)
Sy = WSO 200(6D( -0 18) =3RS

BT=NAY

EAYDd=1n7 » 45 =%} B

VO +M) = 23243225 = ©S:-5S
LA (3365 SS)

(ii) estimate the probability that at least 100 concessions tickets are purchased
in total,

e(T>00) = O 0542 (o 2S5

LORex RO

o 100
QO =S558
WES €

i(2)
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Question 5 continued e
-

(b) Assuming that it is valid to model X and Y as binomial distributions, give two
reasons to justify the use of the approximation in part (a).

N%30 W oo conamons GRS
. TOe sampiet

crfe . f&ﬁum

{c) Give two reasons in context why the assumptions that Tom made may not
be justified.

(2)

e ouonnoer ok c_::m:asam ATACNORS, nau%m_._ B
ok e wdepeNdeNt o eacnatner , TAxavy WA
ANOTE. MA0w . OO OrdaA mo.% %am ?Cg_c_mma
-"n:x Luo.xcm e ?um S

R AT T

\e xS. umxm Aok Ak Gowexs oo oovny
LesCoNE o O 0e SOd

~ N (81,65 SSH

Question 5 continued U8, L2 L‘)
Tom charges £4 for a concession ticket, and £6 for a n:gular tlﬁ h%}ﬂta him £200, in

total, to run the cinema for the 7pm showing. e @kﬂf ﬁ@f}__{:) o bS"‘)

- S
(@) Assuming that gl ickesarosold fo both sereensy o G, ~ 8(30,0 kS

(i) write an expression for the number of rn:gular tickets sold in terms of T

(1)

';a%um VORS =udftAF W10~
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(i) find the probability Tom earns at least £2 125 of profit. VANI\O/3ALANTN

Mote that profit is total income from sales minus costs, cosTs = £200

’7
P@.‘Q_(‘i‘}\grb 2125 ) 7420 Bokex ase
Proi = 0otne - 200

{5)

(X >2329 T~ (83,6555

=
Sohd ~

CA O-25 < (20 = WD Coniosien m-ﬂd.(&'_‘nf_m‘} ML W e R
G 1S xBOT = WS contion (Screen > = 2 uS sy = EVB0O

FECAQY ANCERAS SCheRaR ) = ABB W20 ~ £7F € BB % 26 =F\aag

“Tokold VICoMe  fromh Sones = S ENow ¢ VKD ~ £199R8 = i.i:‘_‘su;b

(Total for Question 5 is 16 marks)

EMA0-T™) =n10- 83 = 33
VO (W20 -T) = B0+ S 55 = - Y

o S

L2O-T~n (333, #51ES S5 )

- tar LA
Qersoors. o rNG vas-T~a\aag 29133)

WOCOME ~ ™ (A0BS, 2135 5D

e (OComne =— 200> 1 ¥1SD
= e(LincoMe > 224232 SH = 6 -COO0OC\\OR (o 350

12 /16

Part (a)(i)
M1 M1 E1 E1:Clearly shows each distribution approximated and added together.

Part (a)(ii)
MO Al: Special case, no continuity correction used.

Part (b)
E1: Condone n > 30 for the mark for large sample.
EO: No mark awarded for random sample.

Part (c)
E1: Condone for unlikely that all tickets will be sold.
E1: Contextual reason to doubt independence.

Part (d)(i)
B1: Correct expression.

Part (d)(ii)
M1 M1 Al: The 2346 seen implies these first 3 marks.
A0 AQ: Variance incorrect and probability incorrect.
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‘Question 6 - Question

6

Caroline runs a hairdressing salon in London. She reads the following article.

How much hair loss is normal in a day

According to the American Academy of Dermatologists, an adult will normally lose anywhere From 50 to

100 strands of hair per day. For people with longer hair strands, losing them May be more noticeable.

Since there are 100,000 hair follicles — or more — on each person’s scalp, the loss of 100 or so hair

strands a day doesn’t make a big difference in appearance.

Average hair loss in men and women

Women tend to lose more hair strands per day than men. There’s no way to measure the difference
objectively, because daily heat styling and frequent hair colouring plays a big part in how much of
your hair sheds. Approximately 40 percent of women lose extra hair every day because of the way they

style it.

What causes hair to fall out

Some daily hair loss is normal. Increased hair loss can be a result of stress or a health condition.

[Source: https://www.healthline.com/health/how-much-hair-loss-is-normal]

Caroline states that the random variable X ~ B(100 000, 0.001) could be used to model
the number of hairs lost by a randomly selected customer during one day.

(a) Explain how Caroline chose her parameters for the distribution of X

)
(b) Comment on the assumptions underlying Caroline’s model indicating whether or not
these are reasonable.
Your answer should include three different statements.
©)

(Total for Question 6 is 5 marks)
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Question 6 - Mark Scheme

100000
100000 lost per day

Question Scheme Marks AO Notes
6(a) Explanation of how Caroline chose

her parameters

n = 100 000 represents number of El 1.3

hairs on a head

p = 0.001 = —=_ 100 hairs out of El 13

6(b)

Reasonable

Assuming that values for Britain are
similar to America

n = 100 000 is reasonable from the
article

Caroline may have chosen 100 hairs
(at the upper end) as she has mostly

Unreasonable

Assuming that values for Britain are
different to America

hair similarly e.g. similar products

Probability is different for men and
women as women tend to lose more
hair

n = 100 000 unlikely to be valid as
likely to be substantial differences
between individuals

Caroline chose 100 hairs when that
was an upper end of a range

Family members may book

appointments on the same day so
unlikely to be independent events

of these

female customers who lose more hair

Assumes that everyone is treating their

Probability doesn’t take into account
effect of stress or health conditions so
not valid if customer suffers from one

Or mention of how people
differ

i~ > [ E.@ |0
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The falling out of hairs may not be
independent of one another (e.g. one
hair falling out may weaken the
surrounding hairs)

El, E1, 3.1b, | Any 3 of these comments.
El 3.1b, | Cannot score 3 without a
3.1b | comment about whether this

is reasonable or not

Total 5

- Question 6 - Examiner Comments

This question was answered well, although some candidates did not provide contextual reasons as to why
assumptions were not reasonable, simply saying that loss of one hair compared to another may not be
independent. It is important to challenge the assumptions in context, rather than simply just restate the
assumptions required for a binomial distribution, when candidates are asked to comment on the assumptions.

i~ > [ E.@ o
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‘Question 6 - Performance

Mean Max Mean % Edexcel averages: mean scored by candidates achieving grade:
score | score "[ALL | A* A B C D E U
3.41 5 68 3.41 4.37 4.27 3.98 3.43 2.89 2.29 1.49
5
A5 4.37 4.27
3.98
4
o 3.43
§ 35 250
2.29
g 25
o 2
S 1.49
L 15
w
1
0.5
0
A* A B (o D E u

Grade

NN E.@ Olte




[ Skip to Main Contents }

o | SN SN EER

g Question 6 - Response A

(a) Explain how Caroline chose her parameters for the distribution of X

VOO, 000 ©d  Nror~ Ve holecle >

O ool e e o Klec o (cwt

(b) Comment on the assumptions underlying Caroline’s model indicating whether or not
these are reasonable.

Your answer should include three different statemenis.
(3)

-~ e LD ety ot ey Lo pas
ARk plour o e (OMed fron posofeeals

Question 6 continued

"’{L.Ogt O_,uia—(:p-(_h hows aldd o~ ('8 LQ)CI"‘"-'- {l--'Cj
O wow s s Lot

o flat pen done we 6yl Ve (roduk

a _ Qoo ey Wone~ oS

i~ > [ E.@ o
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Part (a)
El: Explains n = 100,000
EO: Does not explain calculation behind the 0.001

Part (b)

EQ: “There is no way to know how much hair you lose from male to female” does not address any assumption.

EOQ: “That everyone’s hair...” does not address an assumption.

E1l: “Men don’t use as much hair product...” is equivalent to doubting the assumption that everyone treats
their hair similarly.
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‘Question 6 - Response B

N

(a) Explain how Caroline chose her parameters for the distribution of X
Qw(“p (2)
WO O Dhae ©G Ry
U -5 Q0 = 0.00A D W \ug o 190 &M.h

W

(b) Comment on the assumptions underlying Caroline’s model indicating whether or not
these are reasonable.

Your answer should include three different statements.
(3)

(D) ‘(\"XQ e OF AC\g
>-— Q))Qx\; x AQAC RV SNy \0- QO Qs

9-&& G Dol U\}\\ MO0 O\ OOy

2 /5

Part (a)
E1: Explains 100,000 hairs.

El: Explains as probability.

100,000

Part (b)
EO EO EO: Though they mention the conditions of a binomial distribution, there is no attempt to tie them to
the context or discuss if they are reasonable or not.

NN E.@ Olte
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Question 6 - Response C

N

Caroline states that the random variable X ~ B(100 000, 0.001) could be used 1w model
the number of hairs lost By a randomly selected customer during one day.

(a) Explain how CW&W the distribution of X
- {Z)

- Cowelcal o5 psod Lhe Asbo oS IO, 008 aw~
Lollicles Boyrer AL /1 vedee

v Bl she bhos ugeel mumm S P-00 1L oS Jhoy PRepebs
protad il e s betin e, 5o to 100 S enod S Fedd
cuf o ol -

{b) Comment on the assumptions underlying Caroline’s model indicating whether or not

o these are reasonable. -
?\';{-—" Your answer should include three different statements.

{3)
5 o

e There ,»vw&g& o€ pe. on .3,{.5;3;,{Wa£_

betad S as ¢t SloteSs svag W W‘ﬂ%ﬁmﬂ
_OTE N ot IPGOCC  hoaly

ol eles .

__n .A -hﬂl‘;};--_m ..__g‘...g._ ----ﬁ;-{— - muf_q_g.— M M@{ﬁ ﬂﬁ?—‘f' -
Ly  adependinf aﬁ-aﬂﬁw aAs X Ao/ ek

o Thopt ay NOF be the San@ prods cb e xe
F o shranol hewr Ralllis o as ¢ peson
nay sigle o7 hoal oL part 2 A& hawr
PO bl Y PEST - w B erags ’EHW
e  pppabdls  of Ralliie ov k-

Part (a)
E1: Explains 100,000 hairs.

E1: Explains as probability.

100,000
Part (b)
E1: Contextual reason that n = 100,000 may not be reasonable.

E1: Contextual reason that independence may not be reasonable.
E1: Contextual reason that probability may not be constant.

NN E.@ Olte
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Question 7

-

(

-

Jl[Lﬂ Performance } [ @’ Response A } [ g Response B } [ g Response C }

@ ‘Question 7 - Question

Animal Crossing is a video game in which players visit desert islands. A single animal
lives on each desert island. A player visiting an island will always meet the animal that
lives there. Each animal is either male or female.

Jonny plays a simplified version of Animal Crossing in which there are only four animal
species. Data on the number of animals of each species is shown in Figure 5.

Species
Alligator | Anteater | Bear Bird Total
Male 6 3 10 15 34
Gender
Female 3 7 6 6 22
Total 9 10 16 21 56

[Source: https://animalcrossing.fandom.com/wiki/Animal_Crossing_Wiki]
Figure 5
Jonny visits a desert island at random.

(a). Write down the probability that the animal he meets is a female anteater.

1)
(b). Write down the probability that the animal he meets is a male, given that it is
an alligator.
1)
Jonny assumes that once he has visited a particular desert island, he will never visit that
island again.
(c) Under Jonny’s assumption, find the probability that when Jonny visits four islands,
he meets two birds and two bears, given that all the animals he meets are either
birds or bears.
(%)

In the full version of Animal Crossing there are more than four species of animal.

Jonny’s assumption in part (C) is untrue, and it is possible to meet the same animal
multiple times.

The data for alligators, anteaters, bears and birds in Figure 5 are correct for both
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versions of the game.

(d) Explain why, in the full version of the game,

(i) the probability in part (a) would be smaller than the calculated value

1)
(i) the probability in part (b) would be unchanged

1)
(iii) the probability in part (¢) would be smaller than the calculated value.

1)

In Animal Crossing players are able to buy and sell turnips each week.

The prices at which players can sell turnips during a week follow one of three patterns:
Spike Fluctuating Decreasing

The probability of the prices following a certain pattern one week depends only on the
previous week’s pattern, as shown in Figure 6.

This week’s pattern

Spike Fluctuating | Decreasing
Spike 0.3 0.5 0.2
Previous
week’s Fluctuating 0.65 0.2 0.15
pattern
Decreasing 0.7 0.25 0.05

[Source: https://animalcrossing.fandom.com/wiki/Animal_Crossing_Wiki]
Figure 6
During the first week of May, the prices of Jonny’s turnips are following the
fluctuating pattern.

(e) Find the probability that, during the third week of May, the prices of Jonny’s turnips
are following the fluctuating pattern again.

i~ > [ E.@ |0

)
During the first week of May, the prices of Jonny’s turnips were following the
fluctuating pattern.
During the third week of May, the prices of Jonny’s turnips were following the
fluctuating pattern again.

(f) Find the probability that during the second week of May, the prices of Jonny’s
turnips were following the spike pattern.

(4)
(Total for Question 7 is 16 marks)
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Question 7 - Mark Scheme

Question Scheme Marks AO Notes
7 1
7(a) L (= _) B1 12 | oe
56 8
6 2
7(b) _(= _) B1 12 | oe
9 3
7(c) 21 x20x 16 x 15 M1 1.2 | Numerator
37 seen or used in denominator B1 1.2
37 X 36 X 35 X 34 M1 1.2 Denominator decreases
X 6 M1 1.2 6 orders (or 4C2)
21 2 1 1 24
VLAV IV RV Al 12 1 oro.382
37 36 35 34 629
Probability in (a) would be smaller as 2 1b
7(d)(i) more species means more animals El '
overall
(b) would be unchanged as it is
. . ) 2.1b
conditional on animal being an
7(d)(ii) alligator and the number of male and El
female alligators is the same in each
game
The probability in (c) would be smaller
because without replacement the 2.1b
7(d)(iii) P El Or by explicit calculation

probability gets smaller for each
successive animal of each type

i~ > [ E.@ |0
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0.65x0.5+0.2x0.2+0.15x0.25

7(e) M1 1.2
0.4025 Al 12
Tree Diagram Method
0.3 S (M1) Tree with at least the 0.65,
F 0.325 0.2, 0.15 as the first layer or
NS 0.5,0.2 and 0.25 on the
0.65 02D fluctuating branch of 2
layer
0.65” S Y
02 F 0.2 F 0.04
0.15>D
0.15
D
0.4025 (A1)
- Question 7 - Examiner Comments

Parts (a) and (b) were well answered, but part (c) had lots of possibilities for mistakes. Some candidates forgot
to take into account that there was no replacement in this scenario, and some either calculated the wrong
number of orderings, or forgot about them entirely. In part (d), (i) and (ii) were well answered, but many
candidates gave the same answer for (iii) as they had for (i), missing the fact that the sampling with replacement
was the important factor here. It is a good idea for candidates to make sure all the information provided has
been considered. Parts (e) and (f) were better answered by candidates who chose to use a tree diagram than
those who attempted them purely algebraically. It was pleasing to see some full mark responses on this
guestion.

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

Mean Max Mean % Edexcel averages: mean scored by candidates achieving grade:
score score ? ALL A* A B C D E U
6.42 16 40 6.42 11.85 8.25 6.87 6.01 5.36 4.83 3.28
14
11.85
12
g 10
9 8.25
§ 8 6.87
6.01
2 6 5.36
[} 4.83
%
S 4 3.28
w
2 I
0
A* A B C D E u
Grade
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g ‘Question 7 - Response A

7 Animal Crossing is a video game in which players visit desert islands. A single animal
lives on each desert island. A player visiting an island will always meet the animal that
lives there. Each animal is either male or female.

Jonny plays a simplified version of Animal Crossing in which there are only four animal
species. Data on the number of animals of each species is shown in Figure 5.

Species
Alligator | Anteater | Bear Bird Total
Male 6 3 10 15 34
Gender
Female 3 7 6 6 22
Total 9 10 16 21 56

[Source: hups://animalcrossing. fandom.com/wiki’Animal_Crossing_ Wiki]
Figure §
Jonny visits a desert island at random.
{a) Write down the probability that the animal he meeis is a female anteater.

2 - vLS

Seé B ) o -

(1

(b} Write down the probability that the animal he meets is a male, given that it is
an alligator.
()

A R Y T

Jonmy assumes that once he has visited a particular desert island, he will never visit that
island again,

{2} Under Jonny's assumption, find the probability that when Jonny visits four islands,
he meets two birds and two bears, given that all the animals he meets are cither
birds or bears,

a8 e 2 s o oo
27

I T T s e

(%)

B Bhb 0907 > L O-\226
te AL

w80
LBL T
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In the fiall wersion of Animal Crossing there are more than four species of animal.

Jonmy’s assumption in part (c) is untree, and it is possible to meet the same animal
multiple times.

The data for alligators, anteaters, bears and birds in Figure 5 are correct for both
versions of the game.

(d)} Explain why, in the full version of the game,

(i) the probakility in pant (a) would be smaller than the calculated value
(0

"E:Eﬂm. kM e Onm tefem Mg, Loaasr
e bpecie, OF Onveegan Lo AL Yodoa Naulefr
LT e DO W Ef"":’_& e bbb~

(i) the probability in part (b) would be unchanged
(1)

Cecouse W Hdle dobeoa, hledo@r g oeng

4#3_9__;_«:.'_1—_1:&52&,_54..- Kl i’iﬂ'"aﬁ-'-'ﬁﬁbg—i-—ﬂlﬂﬂi b=

S Flap Sl EE—
(iii} the prohability in part () would e smaller than the calculated value,

()

A Unpea (R pedod, bpeoTe,

In Animal Crossing players are able to buy and sell turnips each wesk.
The prices at which players can sell turnips during a week follow one of three pattemns:
Decreasing

Spike Fluctuating

The probability of the prices following a certain patlern one week depends only on the
previous week's patiern, as shown in Figure 6.

This week's pattern
Spike Fluctuating | Decreasimg
Spike 0.3 0.5 0.2 1
Previous S
week's | Fluctuating 0.65 0.2 015 L
pattern
Decreasing o7 0.25 0,05 !
- _'I -_IE.-;_"_“- -E!"-'—"::—‘l- 8- Ly
|Sounse: htps-fanimalerossing, fandom com'wiki Animal Crossing Wiki)
Figure 6

Dwuring the first week of May, the prices of Jonny's turnips are following the
fluctualing pailler.

(2) Find the probability that, during the third week of May, the prices of Jonny’s turnips
are following the fluctuating pattern again.

(= G-_é [
LR = T B e R T T T Y

O
~

n 1w > [y E.@ ()
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During the first week of May, the prices of Jonny's turnips were following the

fluctuating pattermn.

Dwuring the third week of May, the prices of Jonny's turnips were following the

fluctuating pattern again.

(f) Find the probability that during the second week of May, the prices of Jonmy"s

turmips were following the spike pattern.

4}

f— o
=

Part (a)
B1: Correct answer.

Part (b)
B1: Correct answer.

Part (c)

MO: Numerator incorrect.
B1: 37 used.

MO: denominator incorrect.

MO: Incorrect number of combinations.

AO: Incorrect answer.

Part (d)(i)
E1: Correct answer.

Part (d)(ii)
E1: Correct answer.

Part (d)(iii)
E1: Correct answer.

Part (e)
MO AO: No relevant working.

Part (f)
MO B0 MO AO: No relevant working.

N Y o W

6 /16
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g ‘Question 7 - Response B

7 Animal Crossing is a video game in which players visil desert islands. A single animal
lives on cach desert island. A player visiting an island will always mect the animal that
lives there. Each animal is elther male or female.

Jonny plays a simplified version of Animal Crossing in which there are only four animal
species. Data on the number of animals of each species is shown in Figure 5.

Species
Alligator | Anteater | Bear Bird Total
Male & 3 10 15 34
Gender
Female 3 T ] [ 22
Total g 10 | 1T 21 56

[Soarce: hrips:Yanimalercasing . fandom com/wik i’ Animal Crossing Wiki]
Figure 5
Jonny visits a desert island at random.

(&) Write down the probability that the animal he meets is a female anteater.

_ Z = O-1S - o ______ri:_____

(k) Wrile down the probability that the animal he meets is a male, given that it is
an alligator,

()

Jonny assumes that once he has visited a particular desert island, he will never visit that
island again. mn?.
(¢) Under Jonny's assumption, find the probabality that when Jomny visits four islands,

NN E.@ Ol

he meets two birds and two bears, given that all the animals he meets are cither
birds or bears,

2,28 16 s = 00636 ”
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In the fall version of Animal Crossing there are mmore than four species of animsal,

Jonmy's assumption in part (c) is untrue, and it is possible to meet the same animal
multiple times,

The data for alligators, anteaters, bears and binds in Figure 5 are correct for both
wversions of the game.

{d) Explain why, in the full version of the game,
(i) the probability in part (a) would be smaller than the calculated value

More anuvals s lded L aJdd be bm
G5 roce species oy Qrareh TS

(1)

(i) the probability in part (b) would be unchanged a)
SpPecus o ‘Dcf‘ allgalire 15
e E?Q-LL.- ::H ey .@ b&ﬂ_@e{ 1%
(iii) the probability in part (¢) would be smaller than the calculated valua.

Me  wowd have 17 U"L;:_d" ﬂﬂﬁqtb_o_-_-_“]

W oglds s thae  wowld be rnore spewrs.
w0 po woadd be  Low e

In Animal Crossing players are able to buy and sell turmips each week,

.

The prices at which plavers can sell tumips during a week follow one of three patterns:
Spike Fluctuating Drecreasing

The probability of the prices following a cenain pattern one week depends only on the
previous week's pattern, as shown in Figare &,

This week's pattern

Spike Fluctuating | Decreasing
Spike 0.3 s 0.2
Previous -
week's Fluctuating 065 0.2 015
patiern —— —
Decreasing 0.7 025 0.05
[Searce: hitps.'/animadoros sing. famdom. com'wiki'dnimal_ Crossing Wiki]
Figure b
During the first week of May, the prices of Jonny"s tumips are following the
Muctuating pattern.

() Find the probability that, during the third week of May, the prices of Jonny s turnips
are following the fluctuating pattern again.

Weahl = }rﬁ,nd.uabq

::::‘:;_ﬁw"‘m@ 1302z 4@’:_

Q7
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During the first week of May, the prices of Jonny's turmips were following the
fluctuating pattern.

During the third week of May, the prices of Jonny’s tumnips were following the
fluctuating pattern again,

(f) Find the probability that during the secomd week of May, the prices of Jonmy"s
turnips were following the spike patbern,

o o = g

4

L\ wya w3
Flw, g
Flug = gp = Flc
06 x-S - O 328

8 /16

Part (a)
B1: Correct answer.

Part (b)
B1: Correct answer.

Part (c)

M1 B1 M1: Correct numerator and denominator.
MO: Incorrect number of combinations.

AO: Incorrect answer.

Part (d)(i)
E1: Correct answer.

Part (d)(ii)
E1: Correct answer.

Part (d)(iii)
EO: Incorrect answer.

Part (e)
MO AO: No relevant working.

Part (f)
MO B1 MO AO: Use of 0.65x0.5 awarded, no other relevant working.

i~ i > [y E.@ Ol
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g ‘Question 7 - Response C

7  Animal Crossing is a video game in which players visit desert islands. A single animal
lives on each desert island. A player visiting an island will always meet the animal that
lives there, Each animal is either mabe or female. e

Jonny plays a simplified version of Animal Crossing in which there are only four animal
species. Data on the number of animals of each species is shown in Figure 5.

Species
Alligator | Anteater -!_Iur Rird Total
Male 6 3 10 15 34
Geader ;
Female |3 7 6 6 22
T
Total g 10 16 21 56

[Source: hetps:Vanimalcrossing. fandom . comwiki'Animal_Crossing_Wiki]
Figure §
Jonny visits a desert island &t random.
(a) Write down the probability that the animal he meets is a female onteater.

sb =902

() Write down the probability that the animal he meets is a male, given that it is
ar alligaor.

¥ = 2bes,

Jonny assumes that once he has visited a particular desert island, he will never visit that
island again.

() Under Jonny's assumption, find the probability that when Jonny visits four islands,
he meets two birds and two bears, given that all the animals he meets ane either
binds or bears.

(nj

i1

NN E.@ Ol
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In the full version of Animal Crossing there are more than four species of animal,

Jonny's assumption in part () is untree, and it is possible to meet the same animal
multiple rimes,

The data for alligaiors, antemers, bears and birds in Figore S are correct for bath
versions of the game.

{dy Explain why, in the full version of the game,
(i} the probability in part (a) would be smaller than the calculated value .
oy

 Poshbf oS Ho it W
; fﬁ e Wgt?ﬂ'fﬁ- Oc st

{ii) the probability in part {(b) would be unchanged o

STHUC Sknn g aer€l ofF Al YOS i€ awdFaf
(iii) the probability in part (o) would be smaller than the calculated value. ”

__N"FE, fﬂﬂ-;&&{f e fiirgi L5 _fﬂ;,;qbl- P
LY Y Sl Gingreal e grifl€ Hr~eG

In Animal Crossing players are able to buy and sell tumips cach week.
The prices at which players can sell turnips during a week follow one of thres patterns:
Spike Fhactuating Decreasing

The probability of the prices following a certain pattern one week depends only on the
previous week's pattern, as shown in Figure 6.

This week's patterm

Spike Fluctuating | Decreasing
| Spike 0.3 s .| 0.2
| Previous — %
week™s MB 0.65 0.2 [ 015
pattern — f
Drecressing 0.7 025 i' 0.05

[Source: hizps:/'animalcrossing . femdom comwiki’' Amimal Crossing Wiki]
Figare &
During the first week of May, the prices of Jonny's turmips are following the
fluctuating paticrn.

() Find the probability that, during the third week of May, the prices of Jonny's turnips
are folkowing the fluctuating pattern again.
(2}

O.5%7, 63 = O-32 5 -
{7« LF#L - d.ed _ B
= S XTS5
& o

Fﬁ_& fanton 37K ek Q= MAY  Afra

g Perctiixicd — O LFFaS

O
~
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Druring the first week of May, the prices of Jonmy*s turnips were following the

fluctuating pattemn.

Diuring the third week of May. the prices of Joany's turnips were following the

fluctuating patiem agakn.

() Find the probability that during the secomd week of May, the prices of Jonny's

turnips were fallowing the spike pattern.

55— o 735

‘f?:t.’ﬁ:"*ﬁw-g o Al —

G665 wo.S5 —=&-375

Part (a)
B1: Correct answer.

Part (b)
B1: Correct answer.

Part (c)
M1 B1 M1 M1 Al: Correct answer.

Part (d)(i)
E1l: Correct answer.

Part (d)(ii)
E1: Correct answer.

Part (d)(iii)
E1: Correct answer — mentions multiple times at the end.

Part (e)
M1 Al: Correct answer.

Part (f)

M1 B1 M1 AQ: Correct calculation performed but incorrect answer given.

fﬂ""—l‘i"f"l? ﬂ{ ff’m (4}

%5_
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