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Answer ALL questions. Write your answers in the spaces provided.

1 The stem and leaf diagram below shows the results of a test sat by 15 students.

415
511 8 8
611 3 7
711 1 3 5 59
813
911
;: Key
J 4 | 5 represents 45

A lower outlier is defined as a value < LQ — 1.5 IQR.
An upper outlier is defined as a value > UQ + 1.5 IQR.

Show that there are no outliers for the given data set.
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Cats that have diabetes are treated with insulin. It is believed that insulin might cause a
growth disease in cats.

. o : . | ©
Cats, that are being treated with insulin, routinely have their level of IGF-I, a growth | ©
hormone, measured to see if the insulin is causing any side effects. f;;:
=4
A random sample of 23 cats with diabetes was obtained and these cats were put into | =
three categories g
[ i
¢ short-term, those who have received insulin for 31 days or less | =
|-
¢ medium-term, those who have received insulin for 32 days to 14 months | %j’i
* long-term, those who have received insulin for more than 14 months | =
Routine measurements of the levels of IGF-I (nanomoles per litre) in these cats are |
given in Figure 1
IGF-I measurements |
Short-term | Medium-term | Long-term
51 f 74 189 |-
49 | 52 163 | 8
30 ﬁ 49 f 158 g
28 | 48 144 |2
26 45 142 3 | =
25 | 40 109 | A
24 | 38 ; 88 | | ‘2
| 23 | | 88 | 7
Toke 256 a6 o<l liegz | @
[Source: https://journals.sagepub.com/doi/pdf/10.1016/j.jfms.2004.01.002] "’§;
m
Figure 1 | >
The data produced the following summary statistic
fo - 182569
Viraj decides to carry out one-factor ANOVA to investigate whether there is any 2
difference between the mean IGF-I measurement for the different lengths of time the =
cats received insulin. | (fz%
(a) Complete Viraj’s hypothesis test. 33
You should make any necessary assumptions. ot
Zox = 92569 T = (633 Ne 23 | Z
x = Z | = A 2 IR
|, = X856 (0> 346 T, - 1031 N f’»’%
. - _ | B
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Question 2 continued
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Question 2 continued

(b) Suggest two blocking factors that could be used to improve the test in (a)

» Aoj?_ o MHe alk
¢ E/‘Q&'{ Of H‘Q C‘JS
ek .

(c) State two assumptions required for the test in (a) to be valid.

"(—I\Q Pcpula‘im 07‘ TEerT le\/t‘j"; sz'wei‘h O(w’a&ﬂ'j
o ac Nopmelly elshbule/

v O MCWD’(W} f;ﬁ @:m[\ c'{'/\e/ :

¢ L\We H{ Samle MMUM VeviGn &

(d) With reference to your answer in (c), give one reason why you would recommend
that Viraj does not use one-factor ANOVA to investigate the data in Figure 1.

¢ T&\L Vinen ces Cff H‘Q. 3 cQu/‘ah;m ﬂ/h(j iq@f’ bQ H‘Q Ste_

(ewj» VU et w CVF 6&01"‘%‘4 = \25'!;7, Venigiaee cv/— ,m»;'liqm?'%’SC?‘{‘):

~ (Total for Question 2 is 15 marks)
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Ewa was interested in the risk of Lyme disease in Poland. Ewa carried out an

experiment to investigate the risk of Lyme disease in various locations. Lyme disease in

humans is caused by a parasite called a ‘tick’.

[Source: https://www.aaem.pl/pdf-71804-9030?filename=Risk%200f%20Lyme%20
disease%20at.pdf]

Ewa compared two types of location.
e Timber acquisition, where wood was actively harvested
*  Growing of forest, where forests were being grown for future harvesting

To compare the two different locations, the number of ticks in an area of 1 m’ was
recorded for a number of randomly selected areas in each location.

The number of ticks found in each of the randomly selected locations is shown
in Figure 2

. Number of ticks in 1 m’
il | Timber acquisition = Growing of forest |  auly

9 15 | 16 W

£ 11 12 1

6 8 ; 7 s

b 3 5 4

ﬁ’ 4 2

| 1 |

24 Toha ) Y
Figure 2

(a) Explain why it would not be valid to analyse this data using a
Wilcoxon signed-rank test.

T& ol ore ad- Pq.}WI arndd Mo ko Qs fpeer b be
inclopenclnl of €uch olfer .

Ewa says that a Wilcoxon rank-sum test should be used to investigate if there is a

difference in average numbers of ticks between these two locations, rather than a /~test.

(b) Explain why Ewa might choose to use a Wilcoxon rank-sum test.
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. Question 3 continued

(c) Conduct a Wilcoxon rank-sum test to investigate if there is a difference in average
numbers of ticks per 1 m” between these two types of location.

let X be He Aumbe- cff ek i Timbs CJC%HH}M
cod 'éF Y be Mot @ - Orowing of Qvesl'
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Steven uses a delivery company for his business. The company classifies packages as
‘small” if they weigh up to a maximum of 2 kg

Steven sells pumpkins online.

The weight of a packaged pumpkin, harvested after 20 weeks of growth, is assumed to
be normally distributed with a mean of 1.8 kg and a standard deviation of 100 g

(a) Find the proportion of such packaged pumpkins that would be too heavy to be sent
as ‘small’.

lel X be He Wﬂf[hl’ of « Padtu el p;m(.\h/) aofle 2() weehts.
X ~N (1800, 00" )
(Xﬁlﬂo)
150U Zu:() cale

(b) Find the probability that, for a sample of 10 such packaged pumpkins, selected at
random, their mean weight is below 1.7kg

Y wcvzx
X M(\S’Oo/ =

P(x >2000 ) = 0.022%

P(X <im0 ) 20.0007%3
f—
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Question 4 continued

Steven believes that if pumpkins are harvested after 19 weeks, then the mean weight of
a packaged pumpkin will be lower than 1.75kg

(c) Investigate Steven’s belief, given that a sample of 10 packaged pumpkins harvested
after 19 weeks is found to have a mean weight of 1.7kg

You may assume that the standard deviation for the weights of these packaged

pumpkins is also 100 g
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Steven obtained the sample of 10 pumpkins in part (¢) from the corner of the field

nearest to his house.

(d) By considering an assumption that had to be made about the sample in order for the
investigation in (c) to be valid, comment on the validity of your conclusion in (c)

You should state the assumption made.

T)usqc« Z- LC’S\' HJZS"CM\P

Muysh BQ m/rc/(vma
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’ Question 4 continued
(e) Define a parameter and a statistic.

Give an example of each in the context of this question.

A Faramelv s o Numence! prope: :ZZ of M Populalnm . ,
‘If\ Hu) C/aeshm Wus (o‘-tlc/l b& ultJm Meg Wﬁe,“’ of o (—hfkﬂ‘w'
"JunY)km a(:IEr RD W-&k; ' 9/ o H‘Q Fcrl’)u‘&"lﬂ] SIIJ v{wf Mevaaivm (9#

¢+w =

A 3‘1(‘15‘11 5 o numbv cc((m(a‘d an A Samp'? MSIﬂf’ o unhncm Pa.amekd
Th H/l(s ueshm “/lts CCNM he He Men) Wet)hl o'f o Scuu{ol'l 7{ Pwmpkms
horeded a @k 14 weefs |7 kg |
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i

Steven also sells melons, whose weights may be assumed to be normally distributed,
with a mean weight of 1880 ¢g

(f) Given that 3% of the melons weigh more than 2kg, determine the standard deviation
of the weight of a melon.

Lk M be He weght of o Melr Mot (is30, 0°)
/ﬁyj shibdic: g w pe
, iggo 2oce <

2000= [$20+Z0
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' Question 4 continued

A histogram of weights of melons is produced and is shown in Figure 3

Frequency
density

40 S S S »

' T
1700 1800 1900 2000 2100

Weight (g)

Figure 3

(g) Give two reasons why Figure 3 suggests the normal distribution used in (f) is
appropriate for modelling the weights of melons.

o Hohgan looks symmehiad abot 1830

) 7 AK 0‘952/\{0 O(c»‘&t lw; \AA{"\ VA g WQJ O’QW«IW p/ H"‘l e
(less-6 au) 2071.4)

~ (Total for Question 4 is 19 marks)
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5 Linus is interested in the US stock market, where it is possible to buy shares
in companies.

Linus models the change, increase or decrease, in price of a share, on a randomly
chosen day in 2023, as a normal distribution.

Using past data, Linus decides to use X~N(0.65,4.78) to model the change in price of a
share in an electronics company, in dollars, on a randomly selected day.

[Source: www.nasdaq.com]

(a) Explain, in context, the property represented by the random variable 2.X

, QX [ O{CM‘DLQ We Cf/tcmqe N Pﬂ(iz Of o Shee in cn elechencs
Cmpunyg  on cadom cdag

X, and X, are independent random variables which follow the same distribution as X

(b) Explain, in context, the property represented by the random property X, + X,

X\*Xz, '5 , "L‘l"ﬂ“ﬂ' (‘['ncm.;e N (—?/]\ct,v’/‘ A ,3'1/\00“9 (" an
é’/(é’cl% (e Cempoav) N Q mn&:’ém‘j 2?{60/»?( c?(ﬁ—lj}.

One working week for the stock market, consisting of Monday to Friday, is chosen at
random from those in 2023

(c) Find the probability that, at the end of the chosen working week, the price of a share
in the electronics company is at least five dollars more than it was at the start of that
working week.

You may assume that changes in price are independent of day.

E(X, %4 X )= E0O) % v 66

= SA068 =52
V@y(}(‘ ...+ XSB“’ \/cr{)(,) e vw[)(;;; \ -
= Sx4-7% =239

S X 4.+ X o~ N(325 230)

P(X, 4.+ Xs>5)= 0360

325 4 f
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Question 5 continued

Linus says the probability in part (c) is the probability that, during a randomly selected
working week, the price of a share has changed by at least five dollars.

(d) Give two reasons why Linus is wrong.

o The VP(C(J:T:(b;I({'D > B an mncpase by af lest s delles )
o change

| o Tl P/tbfb«“cla s B 0 shae in H\aI’ Pyrhmkf *”Qt/nmcs Vccmpbrmy y i
, o noF i g@,\eral

The change in price of a share one day may impact the change in price of that share on
the following day.

(e) Explain how this information impacts the assumption and the validity of the
calculation in (c)

The caladuhnn Mar nd ke vl Swice He Clwm/-e (n Pﬂ& @M Plasy b
0(«9 must e (ncl@/yawéqh

| , Ic H“Q Ci'am/fz— o e O(uj ﬂ%‘g H\Q C’JVM:;Q_ H«z '19»"0’&«7 " ("km./ (2783
| /lOi (/lo(o/zzu;&y/', F'

Linus’s estimates of the parameters were based on only data from January 2023

(f) Explain, with a reason, how Linus could improve the validity of his model.

o Exlend e hie bme b inchicte all Menbhs ;o 202> o
aCamJ sz S.ea;maf a//l,am/@ %) 5/46m8 f)me)

6 %,;Law/ P’\Q hue fune ke mdwz@ Mogre Yéus b (AC(«.L«J‘
hme e Vewiahn [ ke in Plechin -
ele.

_(Total for Question 5 is 11 marks)
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| 6 Josceline has a music player with 145 songs stored on it.

The shuffle function on Josceline’s music player selects the next song to play by
randomly selecting a song from all the songs stored on the music player.

Josceline’s friend, Suji, has a different music player with 80 songs stored on it.

The shuffle function of Suji’s music player creates a list, in random order, of all the
songs stored on the music player, and then plays through this list. When it has played
through all the songs, it repeats the process, creating a new random list.

(a) Identify the type of sampling that

(i) Josceline’s shuffle function performs,
. unﬁes}ndﬁ( Rcmjcm gcmil)le

(i1) Swuji’s shuffle function performs.

gfm(\E {eal\cl“m , SV‘)P‘K

(b) Explain the difference between the two types of sampling identified in (a)(i)
and (a)(ii)

I o (/(n/‘eslm(ef/‘ , m’/r\p{cm, ,ﬁqmpun] c:t((cw's ; /\qﬂéulg bu“‘ 5/1%'& (‘o‘mc/{m
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| Question 6 continued

(c) Explain how Josceline could use a random number generator to select a sample of
30 songs, from those on her music player.

¢ I\}umt\v Cach Sng b | b las

‘ MX Qa m,w((w\ /\WHLef (,7@(9,74;‘/ ’D /Qf\eralf /\Wab@f, l;dv‘@?/)
4 (ne {hilvt (le\wm PQP&(LS o

gk‘p \}/Lm )C/ u() (}FEH/\‘ /lumb% o f‘ecc/D(ELI

Seleck He Sehys. WtM M\es;e Aurthes

©

(d) Find the probability that, when Josceline uses the shuffle function of her
music player,

(1) the first and second songs played are the same,
145

(i1) the first four songs played are all different,

(45 x 144 x Va3 V42 . 0959
145 1 14¢ = 4§ x\4S

(ii1) the first 146 songs played are all different.

3

0607223 8

|||I|I|I||||||II|I||||||I|II|||II|I I

III||| ||I|| |II|| IIIII IIlI .

| qed

17

Turn over *




Question 6 continued

Suji claims that the shuffle function of her music player will never play the same song
twice in a row.

(e) Explain why Suji is wrong.

Alke/w(c/i HQ(‘\' l>( mﬂ?vvtb‘ Fo Ereeded . ”‘\S
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Question 6 continued

Of the 145 songs on Josceline’s music player, 35 are by the same singer.

Josceline believes that, when using her shuffle function, songs by this singer come up
more often than she would expect.

To investigate her belief, she counts the number of songs by this singer that appeared
in the first 30 songs played with her shuffle function. She found that 11 of these songs
were by the singer.

(f) Carry out a hypothesis test to investigate Josceline’s belief.

- Crpecled e = 25 - =
4=

[6“ X bﬁ H‘Q /\umb@f" 0,/,\ %"‘QS by VM[{) S/M?e?/ }7) P'&{g
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Question 6 continued

Suji wants to carry out the same hypothesis test used in (f), using the first 30 songs
played with her shuffle function.

(g) Explain why Suji’s test would not be valid.

. Swe Sup s shubtle Lisehas & 5,\,4/1%@.}1\9/—%&1&,

| e rzi/:)qlo(/l, ,,,c//i,j’cnc.s, bﬂ,,t’m_ crhet appe«:%ry, changes
‘ __ 7=
, eac:[zl hre , 50 o é(ﬂmwwlﬂﬂs‘w«buh)-. wuled ot~ e val] -

(Total for Question 6 is 19 marks)
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