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About this booklet

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

This document looks at questions from the 9MAO-31 A level Mathematics Paper 31: Statistics
June 2023 examination paper. It shows real student responses to these questions, and how
the examining team follow the mark schemes to demonstrate how the students are awarded
the marks. For the mark scheme notes and details of alternative methods please see the full
mark scheme for this question paper on our website.

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

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



https://qualifications.pearson.com/en/qualifications/edexcel-a-levels/mathematics-2017.coursematerials.html#filterQuery=category:Pearson-UK:Category%2FExam-materials&filterQuery=category:Pearson-UK:Document-Type%2FMark-scheme&filterQuery=category:Pearson-UK:Exam-Series%2FJune-2023
https://qualifications.pearson.com/content/dam/pdf/Support/Post-results%20services/understanding-grade-boundaries-2023.pdf
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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

The first 4 questions on this paper were more accessible and most students made progress in each of
these. In particular, question 1 parts (a) and (b), question 2 parts (b) and (d), question 3 part (b) and
question 4(a) gave the grade E candidates a good source of marks. In addition, question 4(b) was now
a familiar hypothesis test and those who had practised similar questions were able to make reasonable
progress. The final 2 questions, and especially question 5, were more challenging and provided good
differentiation for the more able students.

It was encouraging to see improved familiarity with the large data set in question 3.
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Question 1 - Question

)

1. The Venn diagram, where p and q are probabilities, shows the three events A, B and C

and their associated probabilities.

(@)  Find P(A)

The events B and C are independent.

(b)

Find the value of p and the value of g

() Find P(A[B)

@)

©)

)

(Total for Question 1 is 6 marks)
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@ Question 1 - Mark Scheme

Qul Scheme Marks AO
(@) [0.13+025=] 0.38 Bl 1.1b
)
(b) | Independence implies:
e.g.[|[P(BNC)=PB)xP(C) =1| 0.3=(0.3+0.05+0.25)x(0.3+ p) Ml L.Ib
So p=0.2 Al 1.1b
[Sum of probabilities = 1 gives] q=0.07 Blft 1.1b
© ( ) ® 1.1b
¢ P(ANnB 0.13 :
P(4|B")=
[P(415) =] P(B") 0fl—o.é) or (0.13+"0.2"+"0.07") Ml
! 0.325
B Al 1.1b
@
( 6 marks)
Notes

(a) | Bl for 0.38 (or exact equivalent)

If answers are given on Venn Diagram and in the script then the script takes precedence.

(b) | M1  for a correct equation in p or P(C) only.

May be implied by an answer of p = 0.2 provided this does not come from incorrect
working.

Condone missing brackets if they get 0.2

Other rules for independence will give simple rearrangements of this equation.

Beware If p = 0.2 comes from incorrect working, we’ve seen p = "—0"3 =0.2, score MOAO
Al  for p = 0.2 (or exact equivalent)
Blft for g =0.07 (or exact equivalent) ft theirp i.e. ¢ =0.27—-0.2" where0,, p,, 027

(¢) | M1 for a correct ratio of probability expressions or a correct ratio of probabilities
ft their values of p and ¢ (provided both probabilities) or letters p and ¢
Al for 0.325 or exact equivalent. Correct answer only will score 2/2
NB on epen this is labelled M1 but treat it as Al

Q1

N o > [ g.@ e
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Question 1 - Examiner Comments

This proved to be a positive and accessible start to the paper.

Part (a) was nearly always correct and most knew how to write down a suitable expression for
independence for part (b) which usually resulted in a correct equation for p. Those that didn’t achieve
this often thought that P(C) = 0.3 or 0.3p or even just p. Solving for p was mostly completed correctly
and even those who had an incorrect value for p could often score the follow through for ¢ provided
their p + ¢ =10.27

In part (c), some used the simple conditional probability formula [ P(ANB) =P(A)P(A|B)] in the
formula booklet to get started whereas others just wrote down a correct ratio of probabilities from
their Venn diagram. A fairly common error was to have P(B) = 0.6 as the denominator and a few
P(ANB)

P(B")
P(A|B) in the formula booklet rarely managed to complete part (c) and students should be encouraged
to know how to use the formulae in the formula booklet efficiently.

misinterpreted the formula and used . Those using the more complicated formula for

gllll | Question 1 - Performance

Edexcel averages: mean scored by candidates achieving grade:
Mean Max Mean *
score score % e a z © 2 : =
4.87 6 81% 5.89 5.71 5.36 4.73 3.69 2.58 1.45
7.00
6.00 >89 5.71
5.36
@ 500 4.73
=]
A
§ 4.00 3.69
=
< 3.00 2.58
3
=
= 2.00 145
1.00 I
0.00
A* A B C D E U
Grade

A o > [ g.@ ® o
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Question 1 - Response A

,a) 21A 0-10- o1} = 011

((4) = o 17

() 0-13+ 01§+ 0.05 40-3+ ptg =
0=7J + F}(ﬂ :'i'

ftg.= 017
01-07 = 0-08

p: 0-01
%: O-1%

1/6 marks
Part (a)

BO - This is incorrect, which was uncommon.
Part (b)

They do not use an independence property and there is no correct equation for p or P(C) (MO and
therefore A0). They have a value for p and they give a value for q which could be read as 0.14 or
0.24. Since they have previously stated that p + g = 0.27 it is assumed that their g = 0.24 and is
therefore a correct follow through (B1)

Note that students should always ensure their writing is clear, and letters and number are clearly
distinguishable. Whilst examiners will try and see if it could be correct, unclear handwriting can
affect this.

Part (c)

There is no attempt (MO and therefore A0)

Examiner comments

This student did not score the first mark, which was uncommon, and didn’t understand or use the
statement about events B and C being independent but they still scored the B1 mark in part (b).

Q1

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

(a) Find P(4)

(1)
The events B and C are independent. 2(nNB&) P(AY ¥ P(B)

—_

(b) Find the value of p and the value of g

(3)
(c) Find P(4|B")

(2)

(o) PR = 0.124075= 0.28

PB) = Fa 0.C pRac) =0.3"

PIBNC) - 0(8) x P82 P (C)
0.4 = 0.6 xPc0)

> PaiB) - plans> .
P&

3/6 marks
Part (a)

This is correct (B1)
Part (b)

N o > [ g.@ @ o

There is a correct equation for P(C) based on an independence property (M1) but it does not lead
to p = 0.2 (A0). There is no attempt to find a value for q (B0)

Part (c)

There is a correct ratio of probability expressions (M1) but no attempt to use this to complete the
question (A0)
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Question 1 - Response C

A
B
C
q
(a) Find P(A)
(1)
The events B and C are independent.
(b) Find the value of p and the value of ¢
(3)
(c) Find P(A|B")
(2)
4)0o.38 . S
h) 0.3+ (0.2+00r+0 :-Uliﬁ_f_fzwﬁn Mfw
= Pf L p=0. _
- - 0. 33
QB =04 fu_u 8)- o4 =0.3z2r
5/6 marks
Part (a)
Fully correct (B1)
Part (b)

There is a correct expression for P(C) based on independence which leads to the correct value
for p and this is enough for both of the first two marks (M1A1) but their answer for q is incorrect
(BO)

Part (c)

This is correct, we do not need to see the ratio of probability expressions if the ratio of probabilities
is correctly given. (M1AT1). Note that some “shorthand” notation such as

B’ = 0.4 rather than P(B’) = 0.4 was condoned. Provided this didn’t invalidate their solution the
marks were awarded for correct expressions that lead to the correct answer.

=

N o > [ g.@ e
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Question 2

J]J]ﬂ Performance } [ @’ Response A } [ @’ Response B ] [ @ Response C ]

-

@ Question 2 - Question

o : 1 : .
2. A machine fills packets with sweets and . of the packets also contain a prize.

The packets of sweets are placed in boxes before being delivered to shops.
There are 40 packets of sweets in each box.

The random variable T represents the number of packets of sweets that contain a prize
in each box.

@ State a condition needed for T to be modelled by B(40,%)

1)
A box is selected at random.
(b) Using T ~ B(40,%) find
(i)  the probability that the box has exactly 6 packets containing a prize,
(it)  the probability that the box has fewer than 3 packets containing a prize.
)
Kamil’s sweet shop buys 5 boxes of these sweets.
(© Find the probability that exactly 2 of these 5 boxes have fewer than 3 packets
containing a prize.
)
Kamil claims that the proportion of packets containing a prize is less than 1
A random sample of 110 packets is taken and 9 packets contain a prize.
(d) Use a suitable test to assess Kamil’s claim.
You should
. state your hypotheses clearly
. use a 5% level of significance
4)

(Total for Question 2 is 9 marks)
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@ Question 2 - Mark Scheme

Qu?2

Scheme Marks | AO

(@

(b)(®
(i)

(©

(@)

Comment in context about either independence or random packing e.g.
“prizes must be placed in packets at random/independently of each other” Bl 3.5b
or about constant probability e.g.

“the probability of a packet containing a prize is constant/ the same/fixed”

@
[P(T=6)=]0.17273... awrt 0.173 Bl 1.1b

[P(T<3)=P(T, 2)=] 0.061587... awrt 0.0616 Bl 1.1b
2)

[K=no. of boxes with fewer than 3 packets containing a prize]
K~ B(5,“0.0616™) M1 1.1b

P(K=2)=10.031344... in the range [0.0313~0.0314] Al 1.1b
@
HU:p:—; Hl:p<l7 BI1 25

[X'= no of packets containing a prize] X~B(110, i? ) M1 33
[P(X,, 9)]=0.038292... Al 34

[Significant result or reject Ho ] Al 29h

@

E.g. there is evidence to support Kamil’s claim

( 9 marks)

Notes

(a)

(b)(i)
(ii)
(c)
(d)

ALT

Normal

B1 May use idea of independent events: a suitable reason, in context, covering idea of
random packing or packets filled independently.
Should mention key words/ideas of: prizes in packets or packets in boxes
May use idea of constant probability. Must see key words underlined in scheme.
ldea of probability with “independence” or “not affected by other packets™ is B0
B0 for: Idea of only 2 cases. E.g. Packet contains a prize or not
or ldea of a fixed number of trials. E.g. Need a fixed number of packets in each box

B1 for awrt 0.173
Bl for awrt 0.0616

M1 for sight of B(5, “0.0616™) or °C (“0.0616")2 (1-"0.0616")* fi their answer to (b)(ii).
2
Al for an answer in the range [0.0313 to 0.0314] Use of 0.0616 gives 0.031356..ans only 2/2

Bl  for both hypotheses correct in terms of p or

M1 for selecting an appropriate model, may be implied by 1" Al or P(X'=9)=0.0199(2...)

1* A1 for 0.038 or better or allow 0.04 with sight of P(X ,, 9)
Critical Region. Allow CR of X', 9 (or X' < 10) provided a supporting probability is seen
e.g. Al for correct CR plus P(X,, 10)=10.0718... (accept 2sf or 1sf if prob statement seen)

2™ A1 (dep on 1** A1 but indep of hyp’s) for a suitable conclusion in context that suggests

support for (Kamil’s ) claim or states that there is evidence that proportion
/probability/chance of packets containing a _prize is less than ]?

Do not award 2™ A1 for contradictory statements e.g. “not significant™ so “supports claim”

110 660
Sightof N| ___,___ or awrt ]3.5} or probability of 0.045(20..) or 0.033(66..) scores M1

i~ > [ E.@ Ol
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Question 2 - Examiner Comments

This question was also answered well.

In part (a) students were often aware of the conditions needed for a binomial distribution but did not
always present their answers in context with the precision required. Some focussed on the need for a
fixed number of trials or that packets either did or did not contain a prize but these features were
clearly identified in the question. Those scoring the mark either identified the need for prizes to be
placed in packets at random or that the probability of a packet containing a prize needed to be
constant. There was some confusion between “events”, such as a prize being placed in a packet, being
independent and the “probability” of such an event being constant. We sometimes saw a statement
such as “the probability of a packet containing a prize is independent” which didn’t score this first
mark.

Part (b) was generally answered well though some gave answers to 2dp or 2sf rather than the 3sf as
instructed on the front of the paper. Most answered (i) correctly but in (i1) common incorrect answers
were from those who found P(7 = 3) or P(T < 3). In part (c) many were able to identify the correct
distribution and those who stated this were guaranteed the method mark even if their answer to (b)(ii)
was incorrect. Whilst many did obtain the correct answer here those with an incorrect answer to (b)(ii)
who simply wrote down a probability could not be given either mark. Some students in part (c) didn’t

identify the binomial model but wrote an expression for the probability of the form °C, p*(L— p)® but
a few forgot the °C, term.

The hypothesis test in part (d) was answered well with correct notation used for the hypotheses and
the appropriate one-tailed test identified. Most selected the correct binomial model but it was
disappointing to see a number finding P(X = 9) rather than P(X <9). A correct conclusion in context

was often given: some using the simple response that there is evidence to support Kamil’s claim and
others stating that there was evidence that the proportion of packets containing a prize is less than

1 ) . .
7 It was encouraging to see that most of those using the second approach were referring to

“proportion” rather than “number of” this time.

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

Edexcel averages: mean scored by candidates achieving grade:

Mean
score

Max
score

Mean *
% A A B

C

D

E

U

5.27

59% 7.83 6.70 541

4.36

3.28

2.17

0.86

Edexcel Mean Score

9.00

8.00

7.00

6.00

5.00

4.00

3.00

2.00

1.00

0.00

7.83

6.70

5.41

4.36

A* A B C
Grade

3.28
2.17
I 0.86
D E U

i~ > [ E.@ Ol
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4/9 marks
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Part (a)
They have a correct statement about the need for random packing and they have put this in context

using the words “packet” and “prize” (B1)
Part (b)

In (i) they have found 1 — P(X = 6) (BO) but their answer to (ii) is correct (B1)
Part (c)

They have miscopied their 0.0616 from (b)(ii) as 0.616 and used this figure to define a binomial
distribution with n = 5. This would be regarded as a slip that does not affect the method so (M1) but
of course their answer is incorrect (AO).

Part (d)

The hypotheses are given in terms of p and are correct (B1) but the B(110, %) model is not clearly

stated, just stating n = 110 and the value of p is not sufficient. However, they have attempted to find
P(X =9) but give the answer as 0.02, this is not P(X = 9) = 0.0199... for which the MS would allow
the method mark (MO). They are not attempting P(X < 9) and do not have the correct probability
(1 A0 and therefore 2" AQ) because the 2" A mark depends upon the 1%t A mark. Once MO has
been scored the following A marks cannot be scored.

Q2

Examiner comments

In an exam the conditions for a binomial distribution are expected to be given in the context of the
question. In part (a) students were allowed to use the independence of the events (a prize being
placed in a packet, and this being carried out at random) or the constant nature of the probability

(the probability of a packet containing a prize equalling %). The success or failure idea (a packet

either contains a prize or not) was not allowed as this feature was clearly given in the context of the
question. Nor was the idea of a fixed number of trials allowed since the question clearly stated that

there were 40 packets in each box. Mixing “independence” with “probability”” was not condoned for
the first mark.

i~ > [ E.@ ()
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[E-Zf Question 2 - Response B

L)

) Al e and 1o be ndependent .

b Trglto3) N
) plTeg) = 0% U (rr7)

i) f(T23) = Plr=2) = 0.06180 [er7)

) 5 boxer = 5Sxe¢o S
_ _ _ — 100  Sueur

1 AL HE

3 x40 = {'E no. of Pr2s ge- box i
d-J Hv P ‘%. Hj F{%

S/ sy el
. xw~glho, ¥) = <005

Aﬂm _ Hn_ = bf,m _

6q  ¢(x<a) - 003329 <005 noxg
X <10) = 003182
_ plxgn) =0 1128

_ Sha p(x€4) = ©.07824 < ©-05
Q{dt.t.t He .
; Tertfoce 4 J'Np?ﬁﬂ_'a; | o;,?_ packess

Mo,

6/9 marks

Part (a)

They have realised that the “events” need to be independent but there is no attempt to use context

(B0). A comment such as “(The event) a packet contains a prize must be independent of other
packets.” would have been acceptable.

Contpalaalng & prze o Lays +an =,
and bere (i ASufhesr  endince to regect

NN E.@ Ol
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Part (b)

This is fully correct, both probabilities round to the answers in the mark scheme (i.e. 3sf as required
on the front of the examination paper). (B1B1)

Part (c)
They do not select a suitable binomial model. (MO and therefore A0)
Part (d)

The hypotheses are given in terms of p and are correct (B1) and the B(110, %) model is clearly

stated (M1). The correct probability of 0.038... is seen (1% A1) and they have a correct conclusion
in context mentioning “proportion” and “prize”. Their other statements such as “reject Ho” are not
necessary but they are correct and so there are no contradictory statements (2" A1).

g Question 2 - Response C

(0) bha omerks pre pdspsndert o

B P{T= 2071727 & 0173

=0 "'F_(ﬁ?jmi_'f; frez =gotis

i~ > [ E.@ Ol
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7/9 marks
Part (a)

They have realised that the “events” need to be independent but there is no attempt to use context
(BO).

Part (b)
This is fully correct (B1B1)
Part (c)

They stated N(5, 0.0616) as their model but give the correct probability so the marks are awarded
and the incorrect notation is condoned (M1A1)

Part (d)

The hypotheses are correct (B1) and, although the correct model is not stated, they have

P(X < 9) = 3.8% (which is equivalent to 0.038) (M1 and 1% A1). They go on to state that the critical
region is > 10 but still reject Ho. Their conclusion is not given in context (2" A0). The accuracy
mark would not be awarded even if they had a correct statement in context because of the
contradictory statement about the critical region.

NN E.@ Ol
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Question 3

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

-

@ Question 3 - Question

3. Ben is studying the Daily Total Rainfall, x mm, in Leeming for 1987

He used all the data from the large data set and summarised the information in the
following table.

X 0 (0.1-0.5] 0.6-1.0 |1.1-1.9/2.0-4.0/4.1-6.9|7.0-12.0| 12.1-20.9 | 21.0-32.0 | tr

Frequency| 55 | 18 18 21 17 9 9 6 2 29

(@) Explain how the data will need to be cleaned before Ben can start to calculate
statistics such as the mean and standard deviation.

)
Using all 184 of these values, Ben estimates » X =390 and > x* = 4336
(b) Calculate estimates for
(1) the mean Daily Total Rainfall,
(i) the standard deviation of the Daily Total Rainfall. -

Ben suggests using the statistic calculated in part (b)(i) to estimate the annual mean
Daily Total Rainfall in Leeming for 1987

(© Using your knowledge of the large data set,
(1) give a reason why these data would not be suitable,

(i) state, giving a reason, how you would expect the estimate in part (b)(i) to
differ from the actual annual mean Daily Total Rainfall in Leeming for 1987

)

(Total for Question 3 is 7 marks)
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Question 3 - Mark Scheme

Qu3l Scheme Marks | AO
(a) | Need to replace tr with a numerical value MI }2
Value of tr is between 0 and 0.05 suggest using e.g 0.025 , 0 or value ,, 0.05 | Al 1.1b
(2)
b)(i 389.3 ~ 390. 95
®X0 .r=u] =2.119... awnt 202 allow 22 or24 |BI 1.1b
184 ] 92 ’
(ii) : . ;
[o=] (awrt4336 .. o allow [o: =](dwn)4336-"-?’"g awrt 191 | M! 1.1b
184 184
=4.367... awnt 4,37 Al L.Ib
(3)
(¢)(i) | Only covers May~Oct (so not a suitable sample) Bl 1.1b
(ii) | e.g. Winter months are missing when we'd expect more rain Bl 24
so expect estimate in (b)(1) to be an underestimate (oe) s
2)
( 7 marks)

Notes

(a)

(b)(i)
(ii)

SC

(e)Ni)

(ii)

SC

M1 for recognising that tr must be replaced (oe) with a numerical value

The following examples would score M0: The tr values are worth 0 so ignore (not replacing)
or must remove outliers or fill gaps in table or make widths the same or need to find mid-points
Al for using a suitable value: e.g. 0.025 (or allow 0) i.e. any value in [0, 0.05]

(these give Zx = 390 (3s1), use of 0.05 gives 390.8, use of 0 gives 389.3 allow in (b)(i))

Bl forawrt2.12 or allow simplified fraction or mixed number. BO for 3
M1 for a correct expression for standard deviation or variance. Allow Z X' =awrt 4336

Ignore their label oor o® Can ft their mean

Al forawrt 4.37 [Use of s gives 4.3791... so for correct use seen allow awrt 4.38]

3336 .
Using n = 155 Allow M1 for expression [o =] “‘“’:‘% —*¥2" = 21.64... or 4.65...

Part (¢) can effectively be marked together.
B1 for a comment mentioning that data is just from May~Oct (so not representative of the
whole year).
Just saying “only 184 days so not representative™ is B0, must mention May ~ Oct

B1 for comment that missing/winter months expected to have more rain (oe) and
“underestimate™(oe)

We are looking for all 3 of these ideas here:

A statement or implication that missing data is from winter or different months,

A suggestion about the rainfall in these months (probably more rain).

A statement about the impact on the estimate in (b)(i) equivalent to saying it would be

an underestimate or the (actual) mean will be higher.

If you see “Leeming or N or NE has less rain in winter months™ — please send to review

W -

NN E.@ Ol
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Question 3 - Examiner Comments

Once again the large data set aspects of this question caused problems for some students but most
scored some marks here.

In part (a) a few responses simply quoted standard textbook answers about cleaning data by removing
outliers and others were distracted by the class intervals for the data. Many though did realise that the
“tr” values needed attention but a number didn’t seem to realise that trace entries had a value between
0 and 0.05 and therefore removing them would have a big effect on the calculations Ben wanted to
carry out. Those that did appreciate the value of the “tr”” usually suggested a suitable numerical value
(usually 0) to replace them with and scored both marks.

Part (b) was, unsurprisingly, answered very well with many scoring full marks. A few lost marks for
truncating rather than rounding their answers for example 2.11 in (i) whilst others were convinced
that the “tr” values should have been removed and had a denominator of 155 despite the question
telling them that all 184 values were used. It is still surprising to see a small number of students using
a denominator of 9 or 10 (the number of classes in the table) and a slightly larger proportion who
couldn’t use the standard deviation formula, given in the formula booklet, correctly.

It was encouraging to see a good number of students demonstrating some familiarity with the large
data set and scoring some marks in part (c). In (i) we were simply looking for an awareness that
because the large data set only had data for May to October this would not be representative of the
whole population. Some demonstrated a lack of understanding of the principle of using a sample to
make inferences by stating that 184 days was not a sufficiently large sample to represent the weather
for the whole year. In this case the problem was not the sample size but the fact that the sample was
not representative. In (ii) even some of those who had failed to mention May to October in (i) were
able to score here by stating that because the missing months were in winter and they expected more
rainfall then, the actual mean would be higher. The great storm of October 1987 featured in many
incorrect answers to part (c).

i~ > [ E.@ Ol
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gllll | Question 3 - Performance

Edexcel averages: mean scored by candidates achieving grade:

Mean
score

Max
score

Mean

*
% A A B

Cc

D

E

U

3.43

49% 5.06 4.16 3.48

2.92

2.29

1.61

0.63

Edexcel Mean Score

6.00

5.00

4.00

3.00

2.00

1.00

0.00

5.06

4.16

A* A
Grade

3.48
2.92
2.29
I 1.61
B C D E

0.63
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g Question 3 - Response A
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2/7 marks
Part (a)
Removing the tr values was not an appropriate cleaning process. Rather they should be replaced by
a suitable value (MO and therefore A0)
Part (b)
Despite the front cover telling students to give answers from a calculator to 3sf there was only a 2sf
answer here (B0). In part (ii) a correct expression was given scoring the method mark (M1) and a
correct 3sf answer was given which would score the accuracy mark (Al). The rounded answer of
4.4 is ignored since the mark can be awarded for 4.37 in the line above.
Part (c)
(i) The student has realised that only part of the year is used to derive the estimates but hasn’t
realised that it is not the size of the sample that is an issue here but the fact that it is not a random
(representative) sample of the whole year. The mention of the fact that just the months May to
October were being considered was required. (B0)
(ii) The storm wasn’t the key issue here but rather the rainfall in the missing months and this was

not mentioned. (BO)

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

ﬂ) ;méewcd A:mz m of Unlut? fy -
be ol po 16

/QM/“ A dl neld 7o & N /é”m /m;z{'

cobuenan ﬁﬁ_%.&

LT

/
cEC’bEH‘oﬁ?w AN H& mw
LQ_ !Z’m{ 7o tan ctr.:ecwu'* KN q,i.f%{

44_-1*\%%} Mﬂtm ,:j -odiber LS e
g uwﬁ 2 09 M%ﬂeﬁi
Part (a)

They have identified the fact that tr values need replacing with a numerical value (M1) but have not
suggested what the value should be (A0)

Part (b)

The mean is correct (B1) but their formula for the standard deviation is not correct — the mean is not
squared (MO and therefore AQ).

Part (c)

In (i) they have mentioned that the data is only for May~Oct and therefore not representative (B1).
In (ii) they have identified that the missing months are winter and there is likely to be more rain
then. They have said that the estimate should “increase” and this is equivalent to saying that the
estimate would be an “underestimate”(B1). Equivalent wording is accepted for this mark.

4/7 marks
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g Question 3 - Response C
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6/ 7 marks
Part (a)

The first comment doesn’t score (but it is not contradictory so it can be ignored) but their second
comment states that the “tr” items need replacing with a value (M1) and suggests a suitable value
(less than 0.05 mm is acceptable) (Al)

Part (b)

A simplified fraction for (i) was accepted (B1) and (ii) is fully correct (M1A1)

Part (c)

(i) They have said that the data is unsuitable and mentioned the months May to October (B1)

(if) They have not suggested what the rainfall in the missing months was likely to be and then
deduced what impact this would have on the estimate in (b)(i) (BO)

NN E.@ Ol
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@ Question 4 - Question

4. A study was made of adult men from region A of a country.
It was found that their heights were normally distributed with a mean of 175.4 cm and
standard deviation 6.8 cm.

(@) Find the proportion of these men that are taller than 180 cm.

D)
A student claimed that the mean height of adult men from region B of this country was
different from the mean height of adult men from region A.
A random sample of 52 adult men from region B had a mean height of 177.2 cm
The student assumed that the standard deviation of heights of adult men was 6.8 cm both
for region A and region B.
(b) Use a suitable test to assess the student’s claim.
You should
« state your hypotheses clearly
+ use a 5% level of significance
(4)
(© Find the p-value for the test in part (b)
1)

(Total for Question 4 is 6 marks)
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@ Question 4 - Mark Scheme

Qud4 Scheme Marks | AO
(a) | [Let N =height from region 4; P(N > 180) =] 0.24937... awrt 0.249 Bl I.1b
1)
()| Hy: 4=1754 H,:u=175.4 Bl 25
( 6.8%)
[S = height from region B] S ~ lel 75.4, > J Allow o” =awrt 0.889 M1 33
[P(S >177.2)] =0.02814... Al 34
[0.028... > 0.025, Not sig, do not reject Hp ] Al 29
Insufficient evidence to support student’s claim
“)
(©) | [p-value = 2x 0.02814... =] 0.05628... BIR .
inrange 0.056~0.06 or 5.6(%)~6(%
@)
( 6 marks)

Notes

(a) | Bl forawrt(.249

(b) | Bl for both hypotheses correct in terms of ¢ (See below for one-tail test)
M1  for selecting the correct model, may be implied by standardisation using correct values or

may be implied by a correct value in 1% Al
c.g.(Prob =) 0.028 or awrt 0.972, (£=) 1.9(08..) (CV=) 177.25

Condone use of S (or anﬁl other lcﬂc\ll') instead of §
82
Condone use of § ~ N|177.2,
L 52

J but this will lose 2" A mark

1* Al for probability of awrt 0.028 (allow 0.03 ifF"{.’ST = 177.2) is seen)
Condone 1 -0.02814 ... =0.9718.. .(awrt 0..972) only if clearly compared with 0.975
ALT Allow Z=1.9(088...) and comparison with 1.96 (or better: calc gives 1.95996...)

or CR ofﬁ_sﬂJ ... 177.248.. (awrt 177.25) Allow |_|__S—|J> 177.248...(awrt 177.25)

Implied by diagram or correct interpretation of inequality with their CV

(Ignore any attempt at a lower CR for §')
2 Al (dep on 1" Al and use of correct model. Use of N(177.2, ...) scores AQ)
for a conclusion using context: e.g. does not support student’s claim
or e.g. insufficient evidence of a difference in heights
Do not allow 2™ A mark for contradictory statements
e.g. “significant” so “no support for claim™

(c) | Blft for answer in range 0.056~0.06 or 5.6%~0% (Ranges are inclusive, condone missing %)
(can ft their probability, provided < 0.5, from part (b) but not 0.025 leading to 5%)

NB | One-tail test |Max of 3/5 for (b) and (c)]
In (b) BO (hypotheses) M1{model as above) 1** Al[for probability or Z compared with 1.6449 or

CR |_L_S-|J ...or>176.95... (awrt 177)] 2™ A1 for conclusion in context that supports claim or

“heights of men from B is different from/greater than from 4™
In (c) BO

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

Whilst it was rare to see an incorrect answer to part (a) a minority of students were unable to use their
calculator to evaluate this simple probability using a normal distribution.

In part (b) most students stated their hypotheses correctly in terms of x with very few using a one-
tailed test. To score the method mark in this type of question the students simply need to select and
write down the correct model (distribution). A number seemed to be listing numbers they needed for
their calculator, but we expect to see the appropriate mathematical notation used. Fortunately, many
obtained a correct probability and would therefore receive the method mark by implication. Some
chose to standardise and find a z value (1.9088... which should be compared with 1.96) or a critical

region (S_ > 177.248...) but given that a p-value was required in part (c) this was not the most efficient

route. A common error in stating the model is to use an incorrect value for the mean. On this occasion

_ 6.8°
we condoned S ~ N|177.2, =

j for the M1 and first A1 but penalised the final accuracy mark. In

a hypothesis test the probability (or critical region) is always calculated assuming Hy is true and so
the mean should be 175.4 and the probability calculated is P (S_ > 177.2). Some students stopped after

stating that the result was not significant or not rejecting Ho but a good number gave a correct
conclusion in context.

Part (c) was not answered well with only a few scoring this mark. The common error was to use 0.028
or 0.025 but others used values like 175.4

i~ > [ E.@ &0
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Edexcel averages: mean scored by candidates achieving grade:

Mean
score

Max
score

Mean
%

A*

A

B

C

D

E

U

2.71

45%

4.67

3.83

2.73

1.82

1.04

0.56

0.16

Edexcel Mean Score

5.00

4.50

4.00

3.50

3.00

2.50

2.00

1.50

1.00

0.50

0.00

4.67
3.83
2.73
1.82
I 1.04
A* A B C D

Grade

0.56

0.16
|
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Question 4 - Response A

) p=3S% €= 63
(s o)
|

A ps 135S

2/6 marks
Part (a)

This is correct (B1)
Part (b)

The hypotheses are not clear but sight of the value 176.95 (the critical value for a one-tail test - see
the bottom of the mark scheme) suggests that the student intends to be specifying a one-tail test
which is incorrect (B0O). There is no sight of the correct model stated but the M mark is implied by
the critical value of 176.95 (M1). They do not state the correct critical region (CR), we’d need to
see something like S >176.95, (1t A0 and therefore 2"@ A0 as this mark depends on 1%t A mark
being scored.)

Part (c)

If they are using a one-tail test they cannot score this mark however it is clear that this student does
not understand the concept of p-value. (B0)
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3/6 marks
Part (a)

This is correct (B1)

Part (b)

They have not used the correct value of 175.4 (BO0) but are still using a two-tail test. The model
stated is incorrect (mean should be 175.4 not 177.2). This error was condoned for the M mark and

1%t A mark but students making this error will be penalised by losing the 2" A mark. The correct
probability of 0.028 is seen (M1 1 A1) but the error in mean loses the final mark (2" A0)

Part (c)

This is incorrect, the student knows it is something to do with probability but didn’t adjust for the
two-tailed test. (B0)

Examiner comments

In part (b) there were many places where students were getting confused. Firstly, some mis-
interpreted the question as a one-tailed test (See the previous example) despite the clear use of the
phrase “different from” in the question. Secondly some students (as here) failed to appreciate that
the hypotheses should be stated in terms of the population parameter not the sample mean (175.4 —
the hypothesis is that the mean height from region B is the same as the mean height from region A
which was given as 175.4). This often led students to state or use an incorrect model with mean of
177.2 rather than 175.4 but that was condoned for the method mark and first accuracy mark.
Finally, some students didn’t know how to interpret their probability (as here).

i~ > [ E.@ &0
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g Question 4 - Response C
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© 0.028 14257647 x 2 = 0.056285/529L

4/6 marks
Part (a)
The answer is incorrect (BO)
Part (b)

The hypotheses are correct (B1) note that we would condone the very short “tail” on the m, the
correct model is stated (M1) and the correct probability is seen (1% Al). Their conclusion is that
they should not reject HO and therefore that the mean height of men from region B is 175.4.
However, they have said that “there is significant evidence” and this is a technical phrase that
students would be expected to use correctly. There are contradictory statements (2" A0).

Part (c)
This is a rare case where the correct answer is given (B1)
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Question 5 - Question

5.

Tisam is playing a game.
She uses a ball, a cup and a spinner.

The random variable X represents the number the spinner lands on when it is spun.
The probability distribution of X is given in the following table

X 20 50 80 100

P(X =Xx) a b c d

where a, b, ¢ and d are probabilities.

To play the game

. the spinner is spun to obtain a value of x

. Tisam then stands x cm from the cup and tries to throw the ball into the cup
The event S represents the event that Tisam successfully throws the ball into the cup.

To model this game Tisam assumes that
. PSKX=x}) = K where K is a constant
X

. P(S m {X =x}) should be the same whatever value of x is obtained from the spinner

Using Tisam’s model,

(@) showthatc= %b

)
(b)  find the probability distribution of X

(®)
Nav tries, a large number of times, to throw the ball into the cup from a distance
of 100 cm.
He successfully gets the ball in the cup 30% of the time.
(c) State, giving a reason, why Tisam’s model of this game is not suitable to describe
Nav playing the game for all values of X

1)

(Total for Question 5 is 8 marks)
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@ Question 5 - Mark Scheme

Qus Scheme Marks | AO
@) P(Sn{X=50})=P(§ n {X=80})[=a constant, V'] = bx L3 =c xi
P i >0 80 M1 3la
Maysee: —=— and —=— [(condone any letter for V" even §)
50 b 0 ¢
8
So r=§b * Alcso* | 1.1b
2
5 M1 21
®) d=2b or az%b or c=4a or d=5a or d= %c Al 33
2 8
—b+b+-b+2b=1 M1 21
5 5
=5b=1 so b:% (o.e) Al 1.1b
g2yl .8 L2
25 5 25 5 | Al 3-2a
(3)
() | [Experiment suggests for Nav] P(5| {Y=100})=03 = k=30
or 03 =L:>V =0.12
04 B1 24
So model won't work since '
30 0.12
P(S|X=20)= — o1 and so would be greater than 1
20 0.08
@)
(8 marks)

Notes
(a) | M1 for use of P(§ | X =x)xP(X=x) for x =50 and x = 80 (Must see k or their V)
Any expression or equation MUST be based on the probability statements in qu.

Alcso for rearranging to required result, no incorrect work seen, condone poor notation

NB 5
Use of values eg. b= - 00 to prove (a) is MOAO but scores 2% M1A1 in (b)
20+50+80+100

Marks for (b) may be awarded for work seen in (a)
(b) | 1** M1 for at least one other relationship (either probability the subject) from the list.
1** Al for a second different relationship (either probability the subject) from the list.

k bk ck dk
or Allowfor =~ =22 _F_ T ar12MI1 1% Al
20 50 80 100

M1 for using or stating sum of prob’s = 1 May be implied by one correct probability.
24 A1 for one correct probability e.g. b= % or exact equivalent such as 0.2

End

3" Al for all correct probabilities. Allow exact equivalents e.g. ¢ = 0.32
Sight of correct distribution or list of probs with no obvious incorrect working is 5/5

(c) | Bl for deducing &= 30 and giving a suitable example to show model breaks down

i~ > [ E.@ |0
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Question 5 - Examiner Comments

This question proved to be the most challenging on the paper for students.
In part (a) few could see how to use the two bullet points to reach the required result. A good number

K
realised that P(S |{X =x}) = — but couldn’t always use the conditional probability formula to reach
X
k
P(SNX =50)=bx 5" Those that did get this far were often able to give a convincing proof of the

. : . . k k .
given result. A common misconception was believing that a = 20’ b= 50 etc and then using the sum

of the probabilities equalling 1 but this scored no marks. It was good to see a number of students
using the result from part (a) to form similar relationships between the probabilities, such as d = 2b
and going on to solve their equations to find the probability distribution.

The final part was particularly challenging with many misinterpreting the 30% probability given in
the stem to part (c). Many confused this 0.3 [= P(S | X = 100) ] with the 0.4 [= P(X = 100)] from the
probability distribution and simply compared these two values. Those that did realise that Nav’s 30%
meant that £ = 30 often went on to show that when x = 20 this would give a probability

[P(S| X=20)] > 1 and so the model was not suitable.

nllll | Question 5 - Performance

Edexcel averages: mean scored by candidates achieving grade:
Mean Max Mean A* A B c D E U
score score %
2.03 8 25% 5.57 2.77 131 0.77 0.44 0.23 0.06
600 557
5.00
@
S 4.00
vl
=
1]
% 3.00 2.77
3
3 2.00
= 1.31
1.00 0.77
0.44 023
: 0.06
A* A B C D E u
Grade
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g Question 5 - Response A
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2/8 marks

Part (a)

This candidate has used the summation property noted on the mark scheme. The conditions for this
distribution given in the question can be shown to yield this result (see the technical note as an
appendix to the mark scheme) but they have not shown this and so no marks can be awarded in (a),
there is no k or V seen. (MOAO)

Part (b)

b =0.2 is seen in part (a) and marks for (b) seen there can be awarded. One correct probability (in
fact they have two) is sufficient to imply 2" M mark and then also they score 2" A mark. The first
M mark is not scored as another of the given relationships between a, b, ¢ and d is not seen and a
fully correct distribution is not seen. (MOAOM1A1AOQ).

Part (c)
There is no attempt (BO)

Examiner comments

This question was found to be challenging for many students. Marks for part (b) were allowed to be
scored if they were seen in the working for part (a) and there were some unusual ways of achieving

the correct answers for part (b) (as in this case) which were allowed (because they applied under the
conditions given for this question) but did not gain full credit unless their justification was shown.

i~ > [ E.@ |0
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4/8 marks
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Part (a)

This candidate has also used the summation property noted on the mark scheme. The conditions for
this distribution given in the question can be shown to yield this result but this student has not
shown this and so no marks can be awarded in (a) (MOAOQ)

Part (b)

At the start of their part (b) they have used a + b + ¢ + d = 1 with two other correct relationships

([a=] %b and[d=] 2bthe a=... and d = ... can be implied by the position/context) (1% M1

1%t A1). They are using the sum of probabilities = 1 (2" M1 this could have been given on the first
page whena + b + ¢ + d = 1 was seen) and have a correct value for b (and also c, both seen in the
working to their part (a)) (2"¢ A1) but they do not find the other values (3@ A0).

Part (c)

Their comment does not make use of Nav’s results and there is no attempt to find k or P(S and X =
100) (BO).
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8 / 8 marks
Part (a)

This solution is basically the one given in the scheme with S used for our V (this poor use of
notation is condoned as S is already defined as an event in the question). They have used the
formula with x =50 and x = 80 (M1) and formed a suitable equation to simplify to the given result
(AL).

Part (b)

Two of the other relationships are given (M1A1) and then the sum of probabilities property is stated
(2"4 M1) and the correct distribution follows (2" A1 3@ A1). Note that the distribution completed in

a table is not needed for the mark to be awarded, just a list of the values for a, b, ¢ and d. However,
this student does give a correct probability distribution in a table on their next page.

Part (c)

They have used the 30% correctly as a conditional probability and used this to find the equivalent
value of V = 0.12. They have then used this with x = 20 to show that the conditional probability
would be greater than 1 (B1). A rare case of a correct solution to this part.
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Question 6

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

-

@ Question 6 - Question

6. A medical researcher is studying the number of hours, T, a patient stays in hospital
following a particular operation.

The histogram on the next page summarises the results for a random sample
of 90 patients.

(@)  Use the histogram to estimate P(10 < T < 30)
)
For these 90 patients the time spent in hospital following the operation had
» amean of 14.9 hours
 astandard deviation of 9.3 hours
Tomas suggests that T can be modelled by N(14.9, 9.3?)

(b)  With reference to the histogram, state, giving a reason, whether or not Tomas’ model
could be suitable.

1)
Xiang suggests that the frequency polygon based on this histogram could be modelled
by a curve with equation
y = kxe™* 0<x<4
where
. X is measured in tens of hours
. k is a constant
(c) Use algebraic integration to show that
I xe*dx=1—(n+1)e"
0
4)
(d) Show that, for Xiang’s model, k = 99 to the nearest integer.
3)
(e) Estimate P(10 < T < 30) using
(1) Tomas’ model of T ~ N(14.9, 9.3?)
1)
(i)  Xiang’s curve with equation y = 99xe™ and the answer to part (c)
)
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The researcher decides to use Xiang’s curve to model P(a < T < b)

()  State one limitation of Xiang’s model.

(1)
F 3
5 -
4 ]
£
£ 34
g
=
5
2
g 24
=
L —
0 T T T T T T >
0 3 10 15 20 25 30 35 40

Time in hours

(Total for Question 6 is 14 marks)
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@ Question 6 - Mark Scheme

Quo Scheme Marks AO
(a) 2x42 4x4,4x3.5,10x]1 (=84 +16+14+10=484) Ml 1.1b
484 | 121
[So P(10 < T<30)=] ] —|=_=0.53?T?... 0.53~0.54 (25fOK) | , | b
| L 90 |J 225
2)
(b) | (Not suitable as) data is not symmetric or is skew (normal is symmetric) Bl 24
(“Even” distribution or a diagram on its own is not enough so B0) 0
() _[xe_'" (dx) = _[xd{ -e™) M1 2.1
= rL—xe"" —|J —_[(—e"") (dx) (+o) Al L.1b
‘[ xe™ (dx) = |_|_—xe"" - -|J = (—ne‘" —e™ )— ﬂ_—(O)—l—U dM1 L.1b
0
=1-(n+)e™ (%) Alcso* | 1.1b
“)
(d) (m)
Require area= 90 i.e. k J xe™ dx= 90 (ignore limits) Ml 3.la
)
Using the result in part (c) with n =4 gives k|_|_l—53'4—|J=90 M1 2.1
(k=) 99(.0729...) (%) Alcso* | 1.1b
3)
(e)(i) | [P(10<T<30)=] 0.64863... awrt 0.649 Bl 1.1b
1)
i) | [No.of patients =] (99) fL(l- 4e ) - (1- 2¢” )] (=53.1.) Ml 14
Prob = 0230699 _ 0.59027...[or 0.5907...] =awrt0.590 0or 0.591 | Al 394
90 - @ |~
(f) | eg Patients might stay longer than 40 hours Bl 3.5b
(Can ignore other comments unless clearly contradictory.) )
( 14 marks)
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Notes
(a) | M1 for an attempt to find the number between 10 and 30 ( 2 correct products or 48 or 48.4 seen)
Al for 2stanswer in [0.53 ~ 0.54] NB use of 48 gives 0.5333... [Correct ans implies 2/2]

(b) | Bl fora comment suggesting not suitable based on (lack of) symmetry or “not bell shaped”

(c) | 1* M1 for attempting integration by parts in right direction. Must have u =x and v=% ¢
1" Al for a correct first step, correct first integration and expression for second integral

2" dM1 (dep on 1* M1) for all integration attempted and some use of at least one limit

* | 2" A1 for cso with no incorrect working seen. Minimum is correct int and use of limits seen.

(d) | 1¥ M1 for realising need area under the curve (implied by the integral) = 90

2" M1  for use of (c) with n = 4 and set = 90 May be implied by sight 0f 99.07... or better
*| Aleso  for k=99 or awrt 99.1

NB Allow use of £ =99 and show area = awrt 89.9 with a conclusion to score 3/3

(e)i) | B1 forawrt 0.649
(ii) | M1 for use of (c) withn =1 and n =3 Don’t need the 99. Implied by sight of awrt (.54

Al forawrt 0.590 or awrt 0.591  Allow 0.59 from correct working seen.

(f) | Bl eg for comment, in context, about the upper limit for time (¢ or x)(time/hour may be implied)

- Question 6 - Examiner Comments

This question also proved to be quite challenging.

In part (a) most students could use the histogram to calculate the number of patients spending between
10 and 30 hours in hospital but many failed to convert this to a probability by dividing by 90. Some
students tried using small squares, but errors were often made and a divisor of 1600 not 1800 was
often seen. Part (b) though was not answered so well. Some did explain that the histogram was not
symmetric or was skewed and so a normal distribution wouldn’t be suitable. Some focussed on the
continuous nature of the variable and thought it was therefore suitable whilst others thought that 7
was discrete and therefore a normal wasn’t suitable. The question wanted reference to the histogram
and there was no expectation or requirement to find probabilities from the normal distribution nor
compare the mean of the data with 14.9. If further calculations were expected these would be asked
for and reflected in the mark allocation.

Many students were able to use integration by parts correctly to establish the result in part (¢). Some
started the wrong way around (using # = e ~*) and soon realised they were not heading for the given
answer and there was some muddling over the signs when applying the limits. Part (d) was not
answered so well with only a minority of students realising that the area under the curve should equal
90. Those who did realise this were often able to apply the answer to part (c) though some used
n = 40 rather than n = 4.

The first part of (e) was often answered well and some realised that the answer to part (c) could be
used to answer (e)(ii) but some tried using » = 10 and 30 and others stopped after find an estimate for
the number of patients as 53.1 and failed to complete the question to find the required probability. In
part (f) only a small number of candidates realised that the fact that some patients might stay longer
than 40 hours was a limitation of the model. Others did not give any context in their answers or
discussed the shape of the curve without considering the stated upper limit.
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Edexcel averages: mean scored by candidates achieving grade:

Mean Max Moean A* A B C D E U
score score %
5.09 14 36% 10.53 6.84 454 3.03 1.91 1.12 0.46
12.00
10.53
10.00
v
S 8.0
A 6.84
c
1]
g 6.00
= 4.54
-
§ 4.00 503
1.91
2.00 117
I . 0.46
0.00 .
A* A B C D E

Grade
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6/14 marks
Part (a)

They have a final answer in the range 0.53~0.54 so we award both marks (M1A1). This is an
uncommon approach, but the method is perfectly acceptable: they have used rows rather than
columns. The 20 + 10 + 10 + 5 is all fine but their “2.55” should be 6x0.5 = 3 and the final “1”
should be 2x0.2 = 0.4. The mark scheme allows for small errors in their calculations but as long as
the final answer is in the range to 2sf we can award the marks.

Part (b)

Their comment relates to probabilities and not the (shape of the) histogram. (B0) A correct answer
to (e)(i) was occasionally embedded here but the mark was not awarded unless it was in part (e).

Part (c)
This is fully correct (M1A1dM1A1)
Part (d)

There is no attempt to set the area = 90 (1% MO0) and although they use the result from part (c) they
do not use this to form an equation in k (2" MO0 and therefore AQ)

Part (e)

Part (i) is incorrect (B0) and they are using n = 30 and 10 in (ii) (MO and therefore A0)
Part (f)

There is no mention of the upper limit for time (B0)
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Examiner comments

The specification requires the bringing together of some topics from other areas into a question
from time to time. Some students didn’t seem prepared to use integration by parts in this paper, but
part (c) was for many other students (such as this one) a good source of marks here.
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Question 6 - Response B
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10/14 marks
Part (a)

This is fully correct (M1A1). The M1 would be awarded for sight of the correct products before
they are added.

Part (b)

They have a comment relating to shape and have said the histogram does not follow a “bell shaped
curve” which was acceptable on this occasion (B1)

Part (c)
This is fully correct (M1A1dM1A1)
Part (d)

They have an attempt at part (d) which is crossed out and not replaced so it is marked. They do not
set the area = 90 and no progress is made (MOMOAO)

Part (e)

Part (i) is correct (B1) and for part (ii) they have used the result in (c) with n = 3 and n = 1 correctly
as can be seen from the 0.537 (M1) but they do not go on to form a correct probability (AO)

Part (f)
They have a comment stating that the model cannot be used for times greater than 40 hours (B1)
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g Question 6 - Response C
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Part (a)

This is fully correct (M1A1)

Part (b)

They have stated that Tomas’ model is not suitable but not mentioned the idea of symmetry (BO)
Part (c)

They have made a correct start to integration by parts with a correct value for u and v seen (1% M1)
and the first step of integration and the second integral is correct (1% A1) and in fact the full
integration is correct too. On the next page all the integration is attempted and at least one correct
limit used (2" dM1 this is dependent on 1%t M1) and they complete the solution without any
incorrect working seen (2" A1 cso)

Part (d)

They have a correct statement setting the area = 90 (1% M1) then apply the result from part (c)
correctly (29 M1) and correctly show that k = awrt 99.1 (A1). This final mark can be given if k = 99
or awrt 99.1

Part (e)
Part (i) is correct (B1) and for part (ii) they have used the result in (¢) with n =3 and n = 1 correctly

O
o)

(M1) and then go on to find the correct probability (Al).
Part (f)

They have stated that the model is only valid for stays of up to 40 hours (B1)
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