PhysicsAndMathsTutor.com

Please check the examination details below before entering your candidate information

(Candidate surname Other names
Pea rson Edexcel Centre Number Candidate Number
Level 3 GCE
-
'Monday 19 October 2020 )
( Afternoon Paper Reference 9MAO0/31 h
Mathematics
Advanced
Paper 31: Statistics
\_ J
( You must have: Total Marks |
Mathematical Formulae and Statistical Tables (Green), calculator
\_ \- / J

Candidates may use any calculator allowed by Pearson regulations.
Calculators must not have the facility for symbolic algebra manipulation,
differentiation and integration, or have retrievable mathematical formulae
stored in them.

Instructions
® Use black ink or ball-point pen.
® |If pencil is used for diagrams/sketches/graphs it must be dark (HB or B).
® Fill in the boxes at the top of this page with your name,
centre number and candidate number.
® Answer all questions and ensure that your answers to parts of questions are
clearly labelled.
® Answer the questions in the spaces provided
— there may be more space than you need.
® You should show sufficient working to make your methods clear.
Answers without working may not gain full credit.
® Values from statistical tables should be quoted in full. If a calculator is used instead
of tables the value should be given to an equivalent degree of accuracy.
® [nexact answers should be given to three significant figures unless otherwise stated.

Information
® A booklet ‘Mathematical Formulae and Statistical Tables’ is provided.
® The total mark for this part of the examination is 50. There are 5 questions.
® The marks for each question are shown in brackets
— use this as a guide as to how much time to spend on each question.

Advice
® Read each question carefully before you start to answer it.
® Try to answer every question.

® Check your answers if you have time at the end.
Turn over

©2020 Pearson Education Ltd.
P 6 6 7 8 8 A 0 1 2 0

Pearson



PhysicsAndMathsTutor.com

1. The Venn diagram shows the probabilities associated with four events, 4, B, C and D

(a) Write down any pair of mutually exclusive events from 4, B, C and D

= vt | and evens 2 M)
Given that P(B) = 0.4 ane mu exclusire
(b) find the value of p ‘5 a'mé Can’t happen ot
the Same tume M
Given also that 4 and B are independent
(c) find the value of ¢
(2)
Given further that P(B'|C) = 0.64
(d) find
(1) the value of
(i1) the value of s
“4)

) AadC or D and C or D and R @Fcramaogého&padfs

B 0.2610.07+p: 0.1

p—: O:Q’O-ZQ -0.0?
= .04 @

C) I8 A ond B are independant A and B) = PRYx A(R)

PAasd B)=0.2t4 -~ 0.2u = P(A)x O.4 ()
PIR)- O.uy PA) s O.6
O.24+0.1649 = 0.6
9 -0.6-9.24-0.16
= 0.20 )
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The Venn diagram shows the probabilities associated with four events, 4, B, C and D

Shaded areo
P(CNB’)
/

&) PR CY:=P(CNR)_ ¢ ()
o P(C) P:+r
\O6h: " Sine P-0.09 064 —

p+f‘ O.m'bf

0.64(0.0917)= ¢ = 0.0576 + b4r =
2 0.3%= 00576 =2 =016 ()

@& OL+0.16+ 3645 =) ()

Sz 1-90.4- 0.16-0-36
= 0.08 @

(Total for Question 1 is 8 marks)
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2. Arandom sample of 15 days is taken from the large data set for Perth in June and July 1987.

The scatter diagram in Figure 1 displays the values of two of the variables for these 15 days.

y“
X
X
X
X
X
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Figure 1

(a) Describe the correlation. WM @
1)

The variable on the x-axis is Daily Mean Temperature measured in °C.
Y P 0 roufoll o pnessw\e

(b) Using your knowledge of the large data set, eadgiu - Mm

(1) suggest which variable is on the y-axis, _/9 PresSure — hﬂx M MOPQ&GLS

(i1) state the units that are used in the large data set for this variable. ™Mb, o~ Milibass
(2)

J

Stav believes that there is a correlation between Daily Total Sunshine and
Daily Maximum Relative Humidity at Heathrow.

He calculates the product moment correlation coefficient between these two variables
for a random sample of 30 days and obtains » =—0.377

(c) Carry out a suitable test to investigate Stav’s belief at a 5% level of significance.
State clearly

e your hypotheses

e your critical value

(&)
On a random day at Heathrow the Daily Maximum Relative Humidity was 97%

(d) Comment on the number of hours of sunshine you would expect on that day,
giving a reason for your answer.

H s wmsmq"wb&m@
Wlmmmnnﬁeaﬂmug’&mm
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Question 2 continued

C) ok p be the population condakion cogfient

' - Product Moment Coefficient
H 0 P Ow
] Level Sample
0.10 0.05 0.025 0.01 0.005 | size, n
Hn o/ 0V 0.8000 09000 0.9500  0.9800  0.9900 4
0.6870  0.8054  0.8783 09343  0.9587 5
0.6084  0.7293 08114 08822  0.9172 6
Nn=30 05509  0.6694  0.7545  0.8329  0.8745 7
S] - S 05067 0.6215  0.7067  0.7887  0.8343 8
s o 04716 05822  0.6664 07498  0.7977 9
. 04428  0.5494  0.6319 07155  0.7646 10
N £w0 - bouided 04187 05214  0.6021  0.6851  0.7348 11
besh 0 £ 2 03981 04973 05760 0.6581  0.7079 12
. 001S 03802 04762 05529  0.6339  0.6835 13
oo 03646 04575 05324 06120 0.6614 14
-0.377 03507 04409 05140 05923  0.6411 15
03383 04259 04973 05742  0.6226 16
03271 04124 04821 05577  0.6055 17
RANAN— 03170 04000 04683 05425  0.5897 18
-l -93610 O 0.%0 : 03077 03887 04555 05285  0.5751 19
02992 03783 04438 05155 0.5614 20
: 02914 03687 04329 05034  0.5487 21
Critcad value = - ©.3610 @ 02841 03598 04227 04921  0.5368 22
02774 03515 04133 04815  0.5256 23
02711 03438 04044 04716 05151 24
r=-0.317 <-0.3610 & () | 0205 03es 0 oden 0wn |2
Kocant, resuld O.ﬂd Um 0.2546  0.3233 03809  0.4451  0.4869 27
. . ‘ 02497 03172 03739 04372  0.4785 28
(S wiolence { o conelabion 02451 03115 03673 04297  0.4705 29
bebuwoean % SWRe | 02407 03061 03610 04226  0.4629 30
, L 02070 02638 03120 03665  0.4026 40
ad Chda MoX. h‘m«d«ha 0.1843 02353 02787 03281  0.3610 50

d) @
Hwrtidiby i han and Bere & eiclence § conrelabion
od ¢® o Wlmmwmq&m
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3. Each member of a group of 27 people was timed when completing a puzzle.

The time taken, x minutes, for each member of the group was recorded.

These times are summarised in the following box and whisker plot.

I—

W
Jooolole
o

| T
0 110

| | | | | Tl
20 T 30 40 50 60 c870

Q=1 uaﬂsTime (x minutes)

(a) Find the range of the times. 6 8 @
Ronge - Hoghest value - Lowest Volue  ©77= 6! M
(b) Find the interquartile range of the times.

|&Q=u&-L&=?s—msn@ a)

For these 27 people 3. x=607.5 and Y.x2=1762325 X represes the meon”

— -
-

(c) calculate the mean time taken to complete the puzzle, ___ 6075 @

xX= 23

(d) calculate the standard deviation of the times taken to complete the puzzle.

&= [ &2 (3" - [EEE (s ni0vs... 101 4 ) @

Taruni defines an outlier as a value more than 3 standard deviations above the mean.

(e) State how many outliers Taruni would say there are in these data, giving a reason for

your answer.

436 =22:5+3(1710218.) = S8.8 (ldp) .". omla one Oublier @ 1)

Adam and Beth also completed the puzzle in @ minutes and b minutes respectively,

where a > b.

When their times are included with the data of the other 27 people

e the median time increases

e the mean time does not change

(f) Suggest a possible value for a and a possible value for b, explaining how your
values satisfy the above conditions.

&)

(g) Without carrying out any further calculations, explain why the standard deviation of
all 29 times will be lower than your answer to part (d).

(1)
8) Medinn virenses inplies ok bobh valies must, be 770 ()
SN2 et meclen s 20 9 ¢/ becaust we lno)-Mesn-oloesn’t

|k 3:nwe>wl5um5m 7_('1722‘5 J

=652
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Question 3 continued

N2 ©tad Sum 3’ bgs = 6s2-S
652.S-607s=4s5 . a+b=4s@

\\Oldsumﬂ
O+b-LS Rosside volues gald be: 0-24 b2l ()
0.220,b220
O.7b

03\ x=72.5 &6 =121
22.5+12.1= 34.6

22.5-12.1: 10.4 s \

becowse & oolaions on 0, b mpess:

cosss § o 0. s

DU <O 3.6 and 10-b<be3%.6

(S0 botin values Jess Bnanl Sioded devtabion

Grom Mmean) & so Values “less Spread Oub”
o smalles Siended deiahm

Robh values wik be less than 1 Standord deabio bhe Mmooy
msowmdmmgaum Wil am,blrzf@
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4. The discrete random variable D has the following probability distribution

d 10 20 30 40 50
k k k k k
P(D=d)| — = - - —
10 20 30 40 50

where k is a constant.

600
(a) Show that the value of & is 7

(2)
The random variables D and D, are independent and each have the same distribution as D.

(b) Find P(D, + D, = 80)
Give your answer to 3 significant figures.

3)
The value obtained, d, is the common difference of an arithmetic sequence.
The first 4 terms of this arithmetic sequence are the angles, measured in degrees,
of quadrilateral O
(c) Find the exact probability that the smallest angle of O is more than 50°
(3)
W R,k .k k. k_ |0 13%., R 600 o, 0
10 20 30 Lo SO 600 137 eeded
b) L0+ 40 -80
or S0+30:8

Mulbeplicobion
0,240, 0,740 for ‘Andt’ (X) 7
D, SO 0,230  for 'O (4) p 0didibion
0,+30,0,-50 (1)

P(0.+D,>580)=P(D 40 ani );750) * P(D=30 0d 0,>50)+ P()>50+D,=30)

R R kR h
- (30 *0) * (50 3o>*(§o‘sgo> - %o |%o éz;o
@ = 4k' Suce k- 699
2#000 137

llid) = 0.0335619 ... =0.0336 (3y) ()

20000
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Question 4 continued

ssibe cases:
O lek a=jors(>£emm$equma

Snce 2a4 3d = 18Q
/-\wgles a,.0+d,a+7d, 043 (0
ln’cenormgesma uadaliten) add 360" | Lahen o = 1O

o\+a4qfa4zoha+3d 360@ 7043(IO)=|8O
;ulwuéo\ 3602 20-180-30
" o+ 3d- 180 @ W =150  Mmus
Q- 7S t/coooum
Q. >SO

for 01750 OfWaPOSSLb(zcases(Sm woting) 7| Lahen ol=20

0 7a +3(20) = 180
0l=10,6:75 or d=70,a-60 coo .- 180-60
iAb ksm Za’ IZO
/ Mool
w0ndlibion
PO-100 D 20)- (¥ £)-(38)- 2 () 7350

lohen d =30
%+ 3(30):18Q
% :180-90
Z0.- 90

G- 4s

\
o\ocsn’é meek Ondlubion (250

dw%ﬂp&"‘“
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5. A health centre claims that the time a doctor spends with a patient can be modelled by a
normal distribution with a mean of 10 minutes and a standard deviation of 4 minutes.

(a) Using this model, find the probability that the time spent with a randomly selected
patient is more than 15 minutes.

1)
Some patients complain that the mean time the doctor spends with a patient is more than
10 minutes.
The receptionist takes a random sample of 20 patients and finds that the mean time the
doctor spends with a patient is 11.5 minutes.
(b) Stating your hypotheses clearly and using a 5% significance level, test whether or
not there is evidence to support the patients’ complaint.
C))
The health centre also claims that the time a dentist spends with a patient during
a routine appointment, 7 minutes, can be modelled by the normal distribution
where T~N(5, 3.5%)
(c) Using this model,
(i) find the probability that a routine appointment with the dentist takes less than 2
minutes
1)
(ii) find P(T<2|T>0)
3)
(ii1) hence explain why this normal distribution may not be a good model for 7.
1)

The dentist believes that she cannot complete a routine appointment in less than 2 minutes.

She suggests that the health centre should use a refined model only including values
of T>2

(d) Find the median time for a routine appointment using this new model, giving your
answer correct to one decimal place.

Q) leb X+ tume spent XN(|0 u)
W \e
P(X>15)= 0.105649...= 9.106 (3dp) ()

(C))

b) ”o=p=IO@ /V/n )whmthﬁamples&zc
o p210 \ e
nifcone X~N(|0};—0) w-; > ==
s P(Ybllﬁs)3 0.0vst65... 00468 (10) (.05 30 bhore o5 0
‘ ' " euidlente 60 supporh the patints cmplodnt
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Question 5 continued

c) P(T< 2)=018s6...< 019 (34p) ()

T“N(S 35°)
P(AAS)
w) P T(Z‘T)O) p(A|B)’ P(8
NG 90\1‘”' U’IM:) @

PO<T<2) _ 011919...
T<2‘T 20): P(120)  pamaz.  012899S... = 0129 Gdp)

, P1<0)=(.037
() ﬁmmw % Tvalms <O
U%cseis model (A/’SW/&U.L)
d) . i 06 P(T>t[T22)-0.5()
Median Qbabu:) r\meoh‘mn

0

P(T>4|T22): P(To) - 05
M
Ok P(T>2)

uz)jamm T~N(s,35%)

Noe: P(T24 NT>2) P(T>4) _o.5
= P(T24) Since N Mmool 0.8042...
onlu indudes T22 <o
P(T24) = Q.L02S. - 9

mﬁmdgm More.
a2 4" /ﬁmn - 0.b0US .- 05935 .

Need @ clo th
ﬁ caiwlatofs t:5.862.. Use
kest =S 9(1dp) (1) /uwerse
bhe (owermu nomad on
Caleulodor
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