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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 9ST0-03 A level Statistics Paper 3: Statistics in Practice 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 the most accessible of the three papers. As with both paper 1 and paper 2, a common area for
improvement is ensuring that answers are given in context, in context, rather than simply being stated in general
terms.

Summary
Based on their performance on this paper, candidates should be advised to:
e give all explanations in context.
e |ook out for words shown in bold type.
e 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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_[LI]J]_ Performance } [ @’ Response A } [ g Response B } [ g Response C }
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@ Question 1 - Question

1.  Following an illness, patients might need therapy in order to help improve their balance.
The therapy offered is called standard balance training.

Giovanni, a physiotherapist, thinks that his patients may be helped further by using a video game
designed to improve balance.
He designs an experiment to test his theory.

He randomly assigns patients to one of two groups.
One group receives a course of therapy including standard balance training and the video game. The
other group receives only standard balance training.

(a) State which of the two groups described above is the control group.

1)
(b) Explain, in context, why Giovanni randomly assigns each patient to one of the
two groups.
1)
(c) Explain why Giovanni’s experiment design is not double-blind.
1)

At the start of the therapy (T0), Giovanni measures the patients’ ability to balance using
the “Berg balance scale”.

He repeats this measure at the end of the course of therapy (T1), and at a follow-up
appointment one month later (T2).

Giovanni displays his results using box and whisker plots, shown in Figure 1.
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60— Berg balance scale

of T T

(LT

30+ =
20+
10- ’
0 T T
T0 T1 T2 ™ T1 T2
Control group Experimental group

[Source: http://dx. doi.org/10.1155/2014/580861]

Figure 1

A higher score on the Berg balance scale indicates better balance.

(d) Make four distinct comments, in context, about Giovanni’s experiment and on his
results using the information shown in Figure 1 only.

(4)
(e) Highlight one advantage and one disadvantage of Giovanni’s choice of box and
whisker plots to display his results.

)

(Total for Question 1 is 9 marks)

@ Question 1 - Mark Scheme

A o > [ g.@ ® o

Question Scheme Marks AO Notes
1(a) The group that only receives the Accept “the second
o Bl 11 »
standard balance training. group
1(b) oe
Accept “To reduce the
likelihood that some
So that any difference (in outcome) factor other than the
found between the two groups can be video game results in a
more confidently attributed to the difference (in outcome)
video game. between the two
groups” or
“Reduces experimental
error”
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To avoid the bias that could arise if
patients were not assigned randomly.

oe

Reference specifically to
removing bias.

Either
E1l 3.1a | Do not accept “to make
the experiment more
fair” or similar.
1(c) Because Giovanni knows which o6
patients are assigned to each group.
Because the patients know if they are
playing the video game or not
B1 11 Either
1(d) List not exhaustive

Both the control and experimental
groups show improvement in their
(average Berg balance) scores at the
end (T1) of the experiment.

Accept “Both groups
have better (average)
balance at the end of the
experiment”’

Both the control and experimental
groups show improvement on their
initial (average Berg balance) scores
one month after (T2) the experiment.

Must specify that this is
an improvement on
initial (average) scores
or balance.

The control group’s improvement in
average (Berg balance) score at the end
of the experiment does not remain
one month after (T2) the experiment

Accept “The control
group’s better average
balance is not
maintained one month
after the experiment”

The experimental group’s
improvement in average (Berg
balance) score at the end of the
experiment was maintained one
month after (T2) the experiment

The control and experimental groups
have different distributions of (Berg
balance) scores at the start (TO) of the
experiment.

This is not distinct from
comments on the
differences in spread or
average of the scores at
the start of the
experiment. (41 vs 45)

The control group has a slightly
lower average (Berg balance) score at
the start (TO) of the experiment than
the experimental group.

Accept “The control and
experimental groups
have similar average
scores at the start of the
experiment.”

A o > [ g.@ ® o
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1(d) cont.

The experimental group has a higher
median balance score than the control
group at all stages

The experimental group has two
outliers

The experimental group has a bigger
range of (Berg balance) scores at the
start (TO) of the experiment than the
control group.

The experimental group has a
smaller range of (Berg balance) scores
at the end (T1) of the experiment than
the control group.

The experimental group has a
smaller IQR of (Berg balance) scores
at the start (TO) of the experiment than
the control group.

Control group one month after the
experiment (T2) has the same median
as the experimental group had at the
start of the experiment (T0)

The spread decreases in the
experimental group from the end of
the experiment (T1) to one month after
the experiment (T2).

Experimental group are positively
skewed

E1, E1,
El, E1

1.1,
1.1,
1.1,
11

One mark for each
distinct correct
comment up to a
maximum of 4 marks

Maximum 3 if no
context attempted

Accept median or
average but not mean
throughout — penalise
only once

A o > [ g.@ ® o
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Question Scheme Marks AO Notes
1(e) Advantages
The box and whisker plots clearly
show the differences between the o6
distributions (of the Berg balance
scores) before and after the therapies.
The box and whisker plots clearly oe
show the differences (of the Berg control v experimental
balance scores) between the
distributions of the control and or e.g. easy to compare
experimental groups. averages
It can show the scores at 3 different
times on the same diagram
Uses statistics that are not distorted by
outliers and shows outlying
observations clearly.
Easy to compare groups
El 3.l1a | Any advantage
Disadvantages
. . oe
The meaning of box and whisker plots ialist knowledae i
may need to be explained to a non- Spec_la Ist knowledge is
specialist audience required to understand
P ' box and whisker plots.
. oe
The box and whisker plot only o ) )
provides 5 statistics. Limits the information
provided
Doesn’t tell us how large the sample
was
Exact values are difficult to read
El 3.1a | Any disadvantage
Total 9

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

Candidates answered the beginning of this question well. However, when it came to commenting on the
diagram, some candidates gave comments about the mean and standard deviation, as opposed to the median
and the interquartile range or range. Some comments were also too vague, referring, for example, simply to
the median of the control group rather than specifically relating that information to the median of the control
group one month after the experiment. As a general rule, candidates should focus comments on differences
and changes seen in spread and average, rather than making mention of specific quartiles or medians.

nllll | Question 1 - Performance

Mean Max Mean Edexcel averages: mean scored by candidates achieving grade:
score score % ALL A* A B C D E U
6.66 9 74 6.66 8.02 7.51 7.12 6.63 6.17 5.57 4.05
9
8.02
8 7.51
7.12
6.63
P 6.17
S 6 5.57
(%]
& 5
(]
g, 4.05
E}
3 3
st
2
1
0
A* A B s D E u

Grade

Q1

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

1

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

Following an illness, palients might need therapy in order to help improve their balance.
The therapy offered is called standard balance training.

Giiowvanni, a physiotherapist, thinks that his patients may be helped further by using a
video game designed to improve balance,
He designs an experiment to test his theory,

He randomly assigns patients to one of two groups.
Une group receives a course of therapy including standard balence training and the
video game, The other group receives only standard balance training.

(a) State which of the two groups described above is the comtrol group.

e group onley ey srndard. bllacc L'm-ma

(b) Explain, in context, why Giovanni randoemly assigns each patient 1o one of the
tWO groups.
(n

MF“EL&MR&WFWH%hM&Ai

() Explain why Giovanni's experiment design is nol double-blind,

uﬁ,.“fa.nhﬁmu]:m WQFMW%MM s Ehy

=

N o > [ g.@ e
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At the start of the therapy (T0), Giovanni measures the patients’ ability to balance using
the “Berg balance scale®.

He repeats this measure at the end of the course of therapy (T1), and at a follow-up
appointment one month later (T2).

Criovanni displays his results using box and whisker plots, shown in Figare 1.

60 - Berg balance scale

|-
o L
' 1

30+ L
20+
104 :
] . . Q1
T™W TI1 T2 ™ T1 T2
Control group Experimental group

[Source: hitp=/dx.doi.org/ 101155201 4/580861]

Figure 1
A higher score on the Berg balance scale indicates hetter halance.

[(d} Make four distinct comments, in context, about Giovanni™s experiment and on his
results using the information shown in Figure 1 anly.

(4)

Ma. .

N o > [ g.@ e

The ademdpe rlioun  sessuctousl v b expermankal 'ﬂ“:“'i‘:‘h‘bn
B‘hum'ﬁﬂuﬂd.-d{— *‘lunq.,':-:j(ﬂ} . nbﬂtb}auﬂwup{'l“l}
Uhde thoor DU averane ootk ditrtans otbhmtin fese ua

L  Conbrol proup

for the emperiminkad. s covp
The  msssvrtemans  oF e aberE o) ﬂ'u.:t;.jf‘rn']hlm.w..rh OWbroag, A

Ouestion 1 comtinned

m&:i of hnhatﬁa.wﬂdm B conbrsl grovg
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(e) Highlight one advantage and one disadvantage of Giovanni's choice of box and
whisker plots to display his results.

The _otonges cond Sp-cad, 0} whﬁ-:ldf- daba c3 deaplagel s
LM&HME ‘E-"-'U'fjl:‘-"'“"’jh"lta eoels ok e,

UL gemely prtcosuricants  deait  undladad 5o pecomd, Compoegaony cont
. ¥

6 /9

Part (a)
B1: Standard balance training has been recognised.

Part (b)
E1: Reduction of bias has been recognised.

Part (c)
B1: Although the response is a little vague in the detail it recognises that the patients are aware of how they
have been assigned by comparing the different actions.

Part (d)

E1: Comment that control group average decreases between T1 and T2.

EO: Comment that experimental group average stays the same not given credit as candidate has used the term
‘mean’ not ‘median/average’.

EO: Comment about smaller range for experimental group not given credit as this is not true due to the outliers.

EO: Comment about higher average improvement not given credit, it is too vague as there are points where the
median score for the control group is higher than experimental group at different stages of the experiment.

Part (e)
E1: First comment would gain no credit but ‘easy to compare” achieves the mark.
E1l: Comment that exact measurements aren’t included implies the difficult to read comment.

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

Following an illness, patients might need therapy in order to help improve their balance.
The therapy offered is called standard balance training.

Giovanni, a physiotherapist, thinks that his patients may be helped further by using a
video game designed to improve balance.
He designs an experiment to test his theory.

He randomly assigns patients to one of two groups.
One group receives a course of therapy including standard balance training and the
video game. The other group receives only standard balance training.

(a) State which of the two groups described above is the control group.
(1)

Tne Shoac ﬂmﬂ Mek  haS m\j Yook Baloae el ..wj

(b) Explain, in context, why Giovanni randomly assigns each patient to one of the
twio groups, .
Fodpiiay (1)
B evoni agdions M«ia Yo TRitves o Moy witn, oo G, ol bttt

_qroining  Gmlov  die Grp ibe mar Stzinglores bainrce frinitg Lo

7
(00Nl d valice b as mocie ka3 as pessiale.

{¢) Explain why Giovanni's experiment design is not double-blind.
i)

s experiveat 3 ner dople  blind ey e ewl whae 5&3

B u o BT VN0 N jrﬂ-ﬂ:"_._tﬂ_ﬂ.uﬂ o E:r'x“h"arl-'l'"fr:ul,

=

0 o > R &.@ ©
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Question 1 continwed

At the start of the therapy (T0), Giovanni measures the patients’ ability 1o balance using
the “Berg balance scale™,

He repeats this measure at the end of the course of therapy (T1), and at a follow-up
appointment one month later (T2).

Giovanni displays his results using box and whisker plots, shown in Figare 1.

60 Berg balance scale

}u_
z\u-—
10 )
(4] T Li
T T1 T2 T T1 T2
Control group Experimental group

[Source: hitp:/ids. dolomg 10,1 155/2014/580861]
Figure 1

A higher score on the Berg balance scale indicates better balance.

(d) Make four distinct comments, in context, abowut Giovanni’s experiment and on his
results using the information shown in Figure 1 only.
()
- w*ﬁﬁéﬂ og s Sterr o n«n(j heS Fwwo owles of 0
gaiied S Al Ly AD ed 13

The Fellow - ofpriotdul mne Monk ’M-Lf__.{éal'_hn_@!i*w Jd‘%‘m"‘r o
MM":F‘ _&LM g Fowe fir  Tame ﬂdﬁﬂa o '_.:Hr:.-.n :u.bh_,.-.:,‘-[_ﬁ

The shecr _a;-_nmupf_ e N__@iggﬁaqwmw Grap e
bt Sawe QL | Siacdre, pons Bl 46 52 . _

Qruestion 1 continwed
VR endl op-bc Colse thempy, ddk  faton\p ppiirect for Lovia

[ el 90\,? el E0de | paapren 3-"'&115' hoty e I"'-JE?MEF SCar g Taodicw o

op bawer baloace .

-l

=

N o > [ g.@ e
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{e) Highlight one advantage and one disadvantage of Giovanni’s choice of box and
whisker plots to display his results,

Pbanae . Bakcl on  Glovenais clolee of loo¥eol whigiar piets
&
o 'fr“]'?-'-"* el CandTmBt ol ea. [ coid Tl ?rah,:ﬁ
O g s Jaoawrerd Aoy r«*’lﬂ';’ difesnce 5 (n adinr i n-;fr-;;
f“:m Stert ar Mesmpy e ot fotlons — \p appeinnaa.

DiEndiondege . Thae Y-ariy |5 fle foabieds  ablie, Soore | g
! ST 2 : k
11 g r_-:,lf.,vk-&? L-; betetun eall Aiadesr Prese = laagel de Tlaeiles
| AT vals L2 o Spanlild Scaly, Tov Cromgle . i frecd o, &M

Q1
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Part (a)
B1: Standard balance training has been recognised.

Part (b)
E1: Reduction of bias has been recognised.

Part (c)

B1: Although the response is a little vague in the detail it recognises that Giovanni is aware of how the patients
have been assigned.

Part (d)

E1: Comment that experimental group’s start of therapy has two outliers.

E1: Comment comparing the median values for T2 of control group and TO of experimental group.

EO: Comment stating interquartile range is the same at the start of the experiment, not true so no credit given.

EO: Comment about the highest score for control and experimental group, no credit given as comments on
highest and lowest values were not given credit.

N o > [ g.@ e

Part (e)
E1: The use of box plots for comparison has been recognised.

E1: Although the response is a little vague the candidate is implying through their answer that there may be
difficulty in reading the values from the y-axis.
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g Question 1 - Response C

1 Following an illness, patients might need therapy in order to help improve their balance.
The therapy offered is called standard balance training.

Giovanni, a physiotherapist, thinks that his patients may be helped further by using a

video game designed to improve balance.
He designs an experiment to test his theory.

He randomly assigns patients io one of two groups.
One group receives a course of therapy including standard balance training and the
video game. The other group receives only standard balance training.

(a) State which of the two groups deseribed abowve 18 the control group.
(1}

1he  contiol group wowd be thBR. WNO ooy

receive Standard palonce ErLnINg.

(b Explain, in context, why Giovanni randomby assigns each patient to one of the
two groups.
(1)

This_ miniMiSeS_experimental ex(ar,as ic dRcreases

the vatiabilioy of the CeSLITS. 1t s dONR 0 olQer
to aemeye e el nady somple.

{c) Explain why Giovanni’s experiment design is not double-blind.
i1}

lC S ot o da_uﬂﬁ_::uhnﬁ__m%__ﬂ_nﬂm_m _________ N
PRUSIOTNRIQ QIS T and ne  pathe Nt nluas wWnot

Aresagy crew g ff?iutz,\.ﬁﬁq LONG born Wit hoNe
on effect

N o > [ g.@ @ o
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Question 1 contimued

Al the start of the therapy (T0), Giovanni measures the patients’ ability to balance using
the “Berg balance scale”.

He rep=ats this measure at the end of the course of therapy (T1), and ar a follow-up
appointment one month later (T2).

Giovanni displays his results using box and whisker plots, shown in Figure 1.

Berg balance scale

j'i'

30+ #*

&0 -

S04

—

405

205

10+

0

T™W T1 T2 ™ T1I T2
Control grou Experi Eroup
elgeg,, e
[Source: hitp:/'dx.doi.org/10.1 155201 4/580861]
Figure 1
A higher score on the Berg balance scale indicates better balance.

(d) Make four distinct comments, in context, about Giovanni's experiment and on his
results using the information shown in Figure 1 only. "
fique L indicates tNOL tne  CONUOL IOV ooy
A0k SNG0SE polnCe LAINING dO IMMAVE by Tne
€00 of e ouSE . Cnanging FIom CpRICXIMOTeIy i
(O o _mmean SCOC a0 4. However , ofec 1.
n IDC. (ONQE OF  (ERLIKS A\ biopes
e mean [oueroar HalaNCe (3 (0L tNANIE
end af tne OUSE. HUOAETHNG 1T MO ML NANE 0
teimefEenks . in COMPAIISIONTLD tne  ex pax v ety
Qgoup  UINGS coor@ \Nefesed fom a0 0 S to
S3L00 botn T ke T2 TS SuQOSAS using, DITH TN
i 1S = AVE

ﬁt&gﬂﬂ Ee \
[a M ot oS toMaY Telm efMPe SRS uNEY .,

=
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{e} Highlight one advantage and ome disadvantage of Giovanni's choice of box and
whisker plots to display his results,

(2]
One advantoge of usiNg bax b wanidker Qloxs S
TNoL 1t Q085S (0L PSSt St 1 medSule of cential)
eO0ancy AL S00uS the e tne (R and e
fange . s can provide 16LS of dato to snaluse Ay
AOESHt© a‘xmghl-ifuk'.t o gne pguext9e.

One  disaduentaqe of dulaniag  oNe (e ulty
OO WO (S 0000 e MOos 0 misiokes geltd,
(ol exommihe €0l COOath gfau® T1L one (o
S 00T lologl Ynoun folf Wk e e g enmel
al alowp-_Soheone  uonG GoCIN e waow’ oMok
GNOLT QRN m&\_‘j ASSume DOV Siawes okl
(ESOIS » e Ieass ol GOCy ol E"P\kah(ﬁ e

yesLunves oX e onOte ok 'xClép . (Total for Question 1 is 9 marks)

7 /9

Part (a)
B1: Standard balance training has been recognised.

Part (b)
E1: Minimises experimental error has been recognised as well as reduction in bias (only one of these comments
was required to gain credit).

Part (c)
B1: Candidate has recognised that both Giovanni and the patients will be aware of who is receiving which
treatment (again, only one of these comments was required to gain credit).

Part (d)

E1: Comment that both groups improve over the course, this comment was stated separately in the candidate’s
answer, but then brough together in final statement.

E1: Comment on median decreasing for control group between T1 and T2.

E1: Comment on median staying the same for experimental group between T1 and T2.

EO: Comment on the range being larger for control group at T2 not given credit as not obvious change from
the diagram and the candidate has not been clear whether they are comparing T2 with TO or T1.

Examiner comments: Although the candidate used the word mean in their response to (d) this was not

penalised as they had used the word average as well.

Part (e)

EO: Candidate has described what is contained within a box plot (ignoring the mean comment), the use of the
word ‘analyse’ does not give enough evidence that this information can be used for comparison, no credit
given.

E1: Recognises specific statistical knowledge required.

A o > [ g.@ ® o
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_[LI]J]_ Performance } [ @’ Response A } [ g Response B } [ g Response C }

-

@ Question 2 - Question

2 Shelly works as a project manager for a clothing design company. She is in charge of a
project to produce a new jacket design. A pattern is then made of her design.

Shelly sends the pattern to the sample production department to be made into a
sample jacket. From past experience, it is known that it should take between 5 and
13 working hours for a sample jacket to be produced from a pattern.

The uniform distribution is considered a suitable model for the time taken to produce
such a sample jacket from a pattern.

A diagram of Shelly’s modelling distribution is shown in Figure 2.

Probability density
(per hour) A

0.125

-

5 13 Number of
working hours

Figure 2

(a) Explain why the height of the modelling distribution in Figure 2 is 0.125

)
Use Shelly’s model and Figure 2 to answer parts (b) to (e).
(b) State the expected time that it will take to produce her sample jacket from
the pattern.
)
(c) State the probability that it will take less than 4 hours to produce her sample jacket
from the pattern.
1)
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One week, Shelly sends the pattern to the sample production department on Tuesday,
7 hours before it closes for the day.

[ Skip to Main Contents ]

(d) Calculate the probability that her sample jacket will be produced from the pattern

before the sample production department closes on Tuesday.

1)

That same week, Shelly’s boss would like the sample jacket to be produced from the
pattern by 11 am on Wednesday.

The sample production department opens at 8 am.

(e) Given that the sample jacket was not produced from the pattern before the sample

production department closed on Tuesday, calculate the probability that it is ready
by 11 am on Wednesday.

)

(Total for Question 2 is 6 marks)

@ Question 2 - Mark Scheme

Q2
Question Scheme Marks AO Notes @
2(a) oe
May be stated in words: @
“Total probability/area
REE 0.125 E1l 2.1a | isone. The base of the
(13-5) rectangle is 8. One
divided by 8 is 0.125” I]
Accept “1/8 =0.125”
2(b) 9 (working) hours B1 1.2 |¥|
2(c) 0 B1 2.1a | oe “zero” A
2(d) ((7 - 5) x 0.125 =) 0.25 B1 1.2 B
C
2(e) Pl
0.375/0.75
M M1ft 1.2 ft on candidate’s 0.25
1-"0.25" :
Other appropriate
methods allowed.
0.5 Al 1.2 oe
Total 6
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- ‘Question 2 - Examiner Comments

Candidates did very well on this question in general, though conditional probability caused issues for some

candidates in the last part of this question.

ol

‘Question 2 - Performance

Grade

2.28
1.85
I I 0.67
D E u

Mean Max Mean Edexcel averages: mean scored by candidates achieving grade:
score score % ALL A* A B C D E U
2.92 6 49 2.92 5.10 4.13 3.26 2.77 2.28 1.85 0.67
6
5.1
5
5 4.13
S 4
= 3.26
g 3 2.77
8
3 2
st
A* A B C

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

2 Bhelly works as a project manager for a clothing design company. She is in charge of a
project to produce a new jacket design. A pattern is then made of her design.

Shelly sends the pattemn to the sample production department to be made into a
sample jacket. From past experience, it is known that it should take between 5 and
13 working hours for a sample jacket to be produced from a pattern.

The uniform distribution is considered a suitable nmaodel for the time taken to produce
such a sample jacket from a pattern.

A diagram of Shelly's modelling distribution is shown in Figare 2.

Probability density
(per hour) 4

0125 4 T

: 3
ST A Number of
4 g 4 working hours
U Figure 2 14

(a} Explain why the height of the modelling distribution in Figure 2 is 0.125
(1

NIl"‘I=| J—ih‘

=015
&
+

- i -_E__

el

|
W

Use Shelly's model and Figure 2 to answer parts (b) to (e},

(b) State the expected time that it will take to produce her sample jacket from
the pattern.

n 1w > [y E.@ Ol
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{c) State the probability that it will take less tham 4 hours to produce her sample jacket

from the pattern. I
(LY]
Pxen) W._._.._ .
13-%- 4 =* o o 4Xo25: 03
S ~o—QLEG B
Question 2 continued 5— & |

One week, Shelly sends the pattern to the sample production department on Tuesday,
7 before ycloses for the day,

{d) Calculate the probability that her sample jacket will be produced from the pattern
before the sample production department closes on Tuesday.

(1)
L_,, _ hrpreib e .
5 3 .

That same week, Shelly's boss would like the sample jacket w be produced from the
b;.{liam-:mwm:ﬁday ,
Th:mnpl:prudimﬁnndc;umncntt_mmﬂ ) -:’}hEUEE ral

(e} Given that the sample jacket was not produced from the patiern before the sample

production department closed on Tuesday, calculate the probability that it is ready
by 11am on Wednesday.

H0Ke JhOVUf] = X012 0375, CHer .

q.wn 1hat nufnuduwd

NITDE 0377 . 0.5

0-6¢0

S Y
jxoHr=0-535
- 030 0-82].

2 /6

QO
N

NN E.@ ()
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Part (a)
E1: Candidate has recognised total area of 1 and calculated the width to get 8 (this would have been acceptable
through the diagram as well).

Part (b)
BO: A few candidates did not recognise the word expected as the mean (or median due to distribution being
symmetric). The width being 8 was a common misconception on this question.

Part (c)
BO: Again 0.5 was a common misconception on this part. The important thing to note on this question is that
the distribution for how long it takes to make a jacket is specifically between 5 and 13 therefore the answer

for P(X <4) is impossible.

Part (d)
BO: No attempt made by candidate.

Part (e)
MZ1: Credit given as candidate has calculated 3x0.125=0.375.
AO0: Did not reach correct solution

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

2  Shelly works as a project manager for a clothing design company, She is in charge of a
project to produce a new jacket design. A pattern is then made of her design.

Shelly sends the pattern to the sample production department to be made into a
sample jacket. From past experience, it is known that it should take between S and
13 working hours for a sample jacket to be produced from a patrern.

The uniform distribution is considered a suitable model for the time taken to produce
such a sample jacket from a pattern.

A diagram of Shelly’s modelling distribution is shown in Figure 2.

Probability density
(per hour) &

0125 =

L .

£k 2 13 Number of

w working hours

Figure 2

{a) Explain why the height of the modelling distribution in Figure 2 is 0.125
(1

-5 =% |+ 9= 01N5 (Atee " cose =gty

_Pgeoy =\ Ao = bose A Qe .

SrxoN\Ns =

LUse Shelly's model and Figure 2 to answer parts (b) to (e).

(b) State the expected time that it will take to produce her sample jacket from
the pattern.

(1)

{e) State the probability that it will take less than 4 hours to produce her sample jacket
from the pattern.
i1y

Px<tH) =0 Takos e S Nows Miienum.

n 1w > [y E.@ Ol
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Omne week, Shelly sends the patiern (o the sample production department on Tuesday,
7 hours before it closes for the day.

(d) Calculate the probability that her sample jacket will be produced from the patiern
befiore the sample production department closes on Tuesday. S ——

| [

That same week, Shelly's boss would like the sample jacket to be produced from the
paitern by 11 am on Wednesday.

The wetion t §am.
e CoC

(#) Given that the sample jacket was mot produced from the paitern before the sample
production department closed on Tuesday, calculate the probability that it is ready
by 11 am on Wednesday.

NOT omdued = \-O. 5 = o935

oS {3.\,;%)_ - frm p

Q \2S S —

=\ =2\ -
LT 2w . U

3176

Part (a)
E1: Candidate has recognised total area of 1 and calculated the width to get 8. The candidate then performed
a check at the end 0.125x8 =1, which is good practice but not necessary for the mark to be awarded.

NN E.@ Ol

Part (b)
BO: No attempt made by candidate.

Part (c)
B1l: ‘0’ gained the credit but again a good explanation included.

Part (d)

BO: Candidate has not used the initial information given about the distribution for how long it takes to make
a jacket is specifically between 5 and 13. The diagram they have drawn is not the correct interpretation of
this question.

Part (e)
MZ1: Credit given as candidate has calculated 1—-0.875.
AO0: Did not reach the correct solution.
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‘Question 2 - Response C

N

2  Shelly works as a project manager for a clothing design company. She is in charge of a
project to produce a new jacket design. A pattern is then made of her design.

Shelly sends the pattemn to the sample production department to be made into a
sample jacket. From past experience, it is known that it should take between 5 and
13 working hours for a sample jacket to be produced from a pattern.

The uniform distribution is considered a suitable model for the time taken to produce
such a sample jacket from a patiern.

A diagram of Shelly's modelling distribution is shown in Figure 2.
Probability density
(per hour) &

{.:l. 125 = — e ————————————

I T L
5 13 Mumber of
working hours
Figure 2
(a) Explain why the height of the modelling distribution in Figare 2 is 0,125
(1)
T | - T ! S
—— = Ta = O.1%

b=o 3=

Use Shelly s model and Figure 2 w0 answer paris (b} (o ().

(h) State the expected time that it will take to produce her sample jacket from
the pattern.

NN E.@ ol

(e) State the probability that it will take less than 4 hours to produce her sample jacket
from the pattern.

0
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Ome week, Shelly sends the pattern to the sample production department on Tuesday,

7 hours before it closes for the day.

{d) Calculate the probability that her sample jacket will be produced from the patiern

before the sample production department closes on Tuesday.

| ¥ 9. 125 = 0.125"

That same weck, Shelly®s boss would hike the sample jacket to be produced from
pattern by 11 am on Wednesday.
The sample production deparbment opens at 8§ am.

i1

the

() Given that the sample jacket was not produced from the pattern before the sample
production department closed on Tuesday, calculate the probability that it is ready

by 11 am on Wednesday.

0.375  _ 0.4729
0.17s

3 /6

Part (a)
E1: Candidate has recognised total area of 1 and calculated the width to get 8.

Part (b)
BO: Incorrect answer.

Part (c)
B1: Correct solution.

Part (d)
BO: Incorrectly calculated 7 —5as 1.

Part (e)
M1: Candidate could have achieved this mark either for 3x0.125=0.375or for 1-0.125
AO: Did not reach correct solution.

NN E.@ Ol
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Question 3

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

-

@ Question 3 - Question

3 Klazine is a researcher interested in nutrition. She believes that involving a child in
preparing their own meal affects what they choose to eat at that meal.

She conducted a study involving 47 children aged 6 to 10 years.
25 children ate a meal that they had prepared with their parent.
The other 22 children ate a meal that their parent had prepared alone.

All of the meals contained the same four ingredients: pasta, chicken, cauliflower,
and salad.

Klazine measured the total weight, in grams (g), of each ingredient eaten by the children
in each group. Her results for salad are shown in Figure 3.

Salad eaten (g)

n Mean s5D

Lh

Child prepared with parent 2 06.4 61.5

]

548 354

Parent prepared alone 2

[Data source: https://doi.org/10.1016/).appet 2014.03.030]
Figure 3

(a) Calculate a 95% confidence interval for the weight of salad eaten by the children
whose parent prepared the meal alone.

®)
A 95% confidence interval for the weight, in grams, of salad eaten by the children who
prepared the meal with their parent is (71.0, 121.8)
(b) Give a full explanation of the evidence provided about Klazine’s belief by the
confidence interval in (2), together with the interval given above.
®)
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Klazine measured the weight of cauliflower, in grams (g), eaten by the children in each
group. Her results are shown in Figure 4.

Cauliflower eaten (g)
n Mean SD
Child prepared with parent 25 1105 301
Parent prepared alone 22 897 513

[Data source: hitps://doi.org/10.1016/.appet. 2014.03.030]
Figure 4
(c) Making any necessary assumptions, use a t-test to investigate whether the children

who prepared their meal with a parent ate over 10 grams more cauliflower, on
average, than the children whose parent prepared the meal alone.

(8)

There is an assumption about variance that is necessary for the t-test in (c) to be valid.

(d) State the assumption about variance, in context, and comment on its appropriateness,
given the data in Figure 4.

)
Klazine’s colleague, Aurora, is concerned that the sample sizes used in their study are
too small to be able to detect a difference between the two groups of children.

(e) Discuss Aurora’s concern about sample sizes.

Include one reference to the statistical techniques applied in (a) and in (c) and their
conclusions and one reference to the effect of increasing sample sizes.

)
(f) If Klazine uses a much larger sample of children in her study, what effect would you
expect this to have on the confidence intervals in (a) and in (b)?

i~ > [ E.@ Ol

1)
(Total for Question 3 is 19 marks)
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@ Question 3 - Mark Scheme

Question Scheme Marks AO Notes
3(a) t-value
(n=22)t=2.080 Bl 1.3
Condone z=1.96
35.4 Formula correct
54.8 + 2.080 (—) M1ft 1.3
V22 ft on B1
awfw
(39.1,70.5) Al 13 139301, 70.4-705
3(b) The confidence intervals do not Comparison of candidates Cl
M1 2.1b o
overlap. from (a) with given CI
o ) oe dep M1
So there is significant evidence to E1d 5 1b ) o,
support Klazine’s belief, ep : Evidence supports Klazine’s
belief
dep on M1
Response can be more
Involving a child in preparing their specific, e.g. “children who
own meal affects what they choose to help prepare their own meal
Eldep 2.1a | eat more salad”

eat at that meal (this can be seen for
salad)

or

“children who do not prepare
their own meal eat less
salad”

Award E marks
independently from one
another.

May be seen in one sentence.

Disregard references to
health.

i~ > [ E.@ Ol
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Question Scheme Marks | AO Notes
3(C) C SlgnIerS Ch||d prepared Wlth Can be the Other Way
parent around with a negative ts
D signifies parent prepared alone and cv
Ho: pic — o = 10 B1 13 | 0e both, subscripts clearly
Hi: pc — uo > 10 defined
_ 2 _ 2
2o (25 —1)50.1° + (22 — 1)51.3 M1 13 |pi
P 25+22-2
Pl
_ o567 Al 13 g\;vrt 2560~2570
sp = awfw 50.5~50.7
o = (110.5 - 89.7) — 10 Pl
5= 1 1 M1 1.3 | Numerator or denominator
\/2567 (ﬁ + ﬁ) correct (ignoring -10)
Pl
M1dep 1.3 | Fully correct numerator
with candidates sy?
Critical value method: 1.679 scores M1
10 + 1.679 X v219.344 = 34.866 Formula scores M1dep
ts awfw 0.728~0.730
=0.729 Al 1.3
or 34.9
cv = 1.679 or p-value = 0.235 B1 13 |Anyor1679,0.2352038
selected for comparison
(0.729<1.679, No significant
. . oe 0.235>0.05 or
evidence to reject Ho) 90.8<34.9
There is insufficient evidence that . text
the children who prepared their Eldep | 2.1a I context.

meal with a parent ate over 10
grams more cauliflower, on
average, than the children who did
not.

Must contain element of
doubt.

dep on whole test correct

i~ > [ E.@ Ol
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Question Scheme Marks AO Notes
3(d) The (population) variance of the oe
weight of cauliflower eaten by . -
. i Variances equal/similar/close
children who prepare their meal in context
with a parent should be very similar B1 13 '
to the (population) variance of the ' Accept “Variance of
weight of cauliflower eaten by cauliflower should be the
children whose parent prepared same for children who
their meal alone. prepare and those that don’t.”
oe
(The sample variances/sds are very Clear indication that the
close s0) there is no evidence that the Eldep | 2.1b | @sumptionis valid.
assumption is not valid Dep “variances similar
assumption stated. Not dep
gaining B1 mark
3(e) The t-distribution techniques used in oe
(a) and (c) can be (validly) applied to Accept “t-test can be used with
small samples. small samples”
P_opglatlons mlght_not be normally Do not accept CLT doesn’t
distributed (and n is not large enough a0olv by itself
for CLT to apply) PRIy by
El 3.1a | Either
oe
. . - Accept
Using larger sample sizes will increase « 1
the power of the test (to detect a given AT8e sample means more
. X likely to find a small
difference in means). . »
difference” or
“large sample means less
likely to make a Type II error”
or “more reliable”
Would use z instead of t
El 3.1a | Either
3(f) : : : oe
The width of the confidence intervals B1 51p | Confidence intervals narrower.
should decrease. '
Condone smaller
Total 19
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- ‘Question 3 - Examiner Comments

Some candidates failed to realise that a t value was required for this question, rather than a z value. In part (b),
most candidates compared their confidence intervals, and some candidates gave answers commenting on what

this showed, but then did not comment on Klazine’s

belief as

they were asked to do.

There were lots of possible mistakes in (c) that could be made if candidates weren’t taking care, but this is a
standard hypothesis test and done well by many. Parts (d) and (e) required comments, and it should be noted
that whilst it is possible to use t when n > 30, a z-test is more powerful in this situation. Some excellent
comments were seen from the most able candidates in these parts.

alll

Question 3 - Performance

Mean Max Mean Edexcel averages: mean scored by candidates achieving grade:
score score % ALL A* A B C D E U
10.13 19 53 10.13 | 16.88 | 15.07 | 12.86 | 10.51 | 6.58 3.37 0.54
18 16.88
16 15.07
14 12.86
g
8 12 10,51
& 10
s
3z 8 6.58
5 6
©
o 3.37
2 I 0.54
0 ==
A* A B C D E u
Grade

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

3 Kla.z:.n-c is a researcher interested in nutrition. She believes that involving a child in
pcr:panng their ovwn meal affiects what they choose to eat at that meal,

She conducted a study m\-uhmgi'_-"_chlldrcn aged 6 1w 10 vears,
25 children ate a meal that they had prepared with their parent.
The other 22 children ate a meal that their parent had prepared alone.

All of the meals contained the same_four ingredients: Em' chicken, cauliflower,
and salad.

Klazine measured the total weight, in grams (g), of each ingredient eaten by the children
in each group. Her results for salad are shown in Figure 3.

O
w

[Drata source: hitps:/doiorg' 10, 101 67 appet. 201 4,03 .030]

Figuare 3

(a) Calculate a 95% confidence interval for the w:lght of salad eaten by the children
whose parent prepared the meal alone.

3 296"
R _i__+ z=—= B @ [
— ™ ZEuy

II-F"

PP ERE f—;eﬂ?"— o - R

Q:= q.59) t,a&_cl? L

.14-‘*7".

NN E.@ ()

A 25% confidence interval for the wei in 5, of salad eaten by the children who
prl:pare-d the meal with their pucmm
——

(b) Give a full explanation of the evidence provided abowt Klazine's belief by the
confidence interval in (a), together with the interval given abowve.

Preforyech = G1.0,121-8)
alone = lo.ol, ©€9.59) = £0.0,69-0)

[3)

L wwen gveQovech ek Poven =
Ce NCE 1™ %Ee[ua ,I% SN mxau«
wo “Q"“m"}c?mwmw bert il
¥a FQS%\C@SS

) CE. o
S mex s,
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Klazine measured the weight of ¢ 'er, in grams (g), eaten by the children in each
growup. Her results are shown in re 4.

(=)
L=
[Data source: hitpsdol.ong10.1016/.appet.2014.03.030]

Figure 4
(¢) Making any necessary assumptions, use a f-test to investigate whether the children
who prepared their meal with a parent ate oyer 10 grams more cauliflower, on
average, than the ﬂildmn whose parent the meal alone.
(T= )= Wx-My) Aoy (-
e N T
2, \Jffi‘_'i = i — ' - @
SOfe-5-' Hiwmx o .
oy = 2.5
ﬂ (|05 BGJ’?) ) ne-as 7© Al
~ 5—-1:'"‘- N~ = G
6"',‘ S5le | 7
J;;,jé“ A ]
Yy e~ - - ___- . . - A
4.2 B
(Q'D"ﬂ) (”) N ﬁ;‘ ‘ﬂwl@iis C
833612 - YT

l°5H70 (=" T —_—
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There is an assumption about variance that is necessary for the r-test in (¢) to be valid.

{d) State the assumpticn about variance, in context, and comment on its appropriateness,

given the data in Figare 4,

\ G i@ of
'WLH&( %cwmm

1)

mb‘""‘ﬂm 5
L 55.'1 Q{)I‘TMKI-\

Klazine's colleague, Aurora, is concerned that the sample sizes used in their study are
lpggmall o be able to detect a difference betweeri T E__w of children.

(e) Discusa Aurora’s concern about sample sizes.
e

Include ome reference to the statistical techni ques applied in (&) and in (c) and their
conclusions and one reference to the effect of increasing sample sizes.

“fi Sutgs Sroniel b \agelde

&oc’ “Emr’»?i&s

5o

%l l::ﬂ., MME[FE SWDL

{2)

Ne orge

Qflé‘

M Lﬂ,ﬁ(bigmt@ﬁ}m_ _gqe_'._:it&_'mui.;‘;

(fy If Klazine uses a much larger sample of children in her Sl'lld}' what effect would you
expect this to have on the confidence intervals in (a) and in (b)7

n&mmg v I s

‘ﬂﬂﬂ Cmnf’\

i ES,
Lﬁa}%}( MS ju%wmﬁl
ine)

8 /19
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Part (a)

B1: Use of z=1.96

M1: Use of the correct confidence interval formula, although not substituted into.

AQ: Based on the content of the specification the t-distribution should be used for samples less than 30.

Part (b)

M1ft: Although the incorrect confidence interval was found in (a) the candidate has correctly compared the
overlap.

E1: There is a clear statement about Klazine’s belief, it was common for candidates not to include this
statement which is what the question is actually asking for.

EO: The confidence intervals not overlapping has not been interpreted within the context of this question. From
the candidate’s response we cannot tell what is being investigated just that results are significant.

Part (c)

B1: Hypotheses given, although unusual to see Ho written as < it is statistically correct.

MO: As candidate has used a z-distribution no pooled variance was calculated.

AO0: As candidate has used a z-distribution no pooled variance was calculated.

M1: Attempt has been made to calculate the test statistic.

MO: Could not gain credit as had subtracted 11 rather than the 10 stated in hypotheses.

AO0: Did not obtain correct test statistic for their method.

B1: Even though candidate has now found a t-critical value (disagreeing with previous work) credit was still
given.

EO: Conclusion has context based on the information from the question and candidate has recognised this as a
test on the average, but this final mark was dependent on whole test being correct.

Part (d)

BO: Candidate has not stated the assumption that variances must be similar/equal for an unpaired t test to be
valid.

EO: No attempt made by candidate.

Part (e)
EO: Candidate has made the opposite statement to that required.
E1: Correct comment that a bigger sample will create a more reliable conclusion

Part (f)
BO: The candidate recognised that there would be a change but haven’t been specific in what change would
occur.

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

3 Klazine is a researcher interested in nutrition. She believes that involving a child in
preparing their own meal affects what they choose to eat at thal meal.

She conducted a study involving 47 children aged 6 to 10 years,
25 children ate a meal that they had prepared with their parent.
The other 22 children ate & meal that their parent had prepared alone.

All of the meals contained the same four ingredients: pasta, chicken, cauliflower,
and salad.

Klazine measured the wotal weight, in grams (g), of each ingredient eaten by the children
in each group. Her results for salad are shown in Figure 3.

25 96.4 61.5

22 J $4-3..1 35.44

[Drata sowrce: hitps:dod.ong/ 10,10 16 appet. 20 14,03 030]

Figure 3

(a) Caleulate a 95% confidence interval for the weight of salad eaten by the children
whose parent prepared the meal alone.

(3)
o PR T
- - ¥o 1,080
[ - 13 . OLR .
ar: (32,105 | To-uas) R
g e 50 -
w b ki (M4
Question 3 continued £y 4 T

A 95% confidence interval fior the weight, in grams, of salad eaten by the children who
prepared the meal with their parent is (71.0, 121.8)
8-, teg)
(b) Give a full explanation of the evidence provided about Klazine's beliel by the
confidence interval in (a), together with the imerval given above.
(2}
= b warmas . Lie bebwta eeir Leapidantd

B ..mruw&_li.h__-ﬂ'-_n.:,_:_an: . - OB o, - I
~SupoLired  thak = Claltdeosa o geepost

Wikl  thosr portnks. i 1 WY ot et
lﬁf—--——'""‘—"’n_._ oA o o B e T
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Klazine measured the weight of cauliflower, in grams (g), eaten by the children in each
group. Her results are shown in Figure 4.

110.5

E, 22 89.7 51.3
1.1
[Data source: hitpsz//dol.org/10.10167.appet.2014.03.030)
Figure 4

(¢) Making any necessary assumptions, use & f-test to investigate whether the children
who prepared their meal with & parent ate over 10 grams more cauliflower, on
average, than the children whose parent prepared the meal alone.

(%)

___'Fj..n__'-_,a'.aLA_:__,J.d._d__:t._lG. B . VY N

M, : L a4 & _it& +10 whare  Porend
I B [+ Priong

t. 0.731a1 R — o

{ = 0165 .

- WA L ~

3¢ = 50, kb4 —
B 0.165 Y e.0f -~
Ly PR ) H{:‘,-I.-Ur L4 PR iy [
ko —Sudaisy Clro o ewine  pPreportol  fra
tMgad  wo b poare =t ot  over 10 geans
Copaert CAuN Clewtel  dean Chestdrean  wheoge
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There is an assumption about variance that is necessary for the r-test in (¢} to be valid.

(d) State the assumption about variance, in context, and comment on its appropriateness,
given the data in Figure 4.
(2}
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Klazine's colleague, Aurora, is concerned that the sample sizes used in their study are
too small to be able to detect a difference between the two groups of children.

{g) Discuss Aurora’s concern about sample sizes.

Include one reference to the statistical techniques applied in (a) and in (c) and their
conclusions and ome reference to the effect of increasing sample sizes.
(2)
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(f) If Klazine uses a much larger sample of children in her study, what effect would you

expect this to have on the confidence intervals in (&) and in (b)”
(1)
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Part (a)

B1: Use of t = 2.080

M1: Use of the correct confidence interval formula, although not substituted into.
Al: Confidence interval is correct to 3 significant figures.

Part (b)

MO: The candidate has not compared the confidence intervals in terms of overlap, contained entirely within
etc. Therefore, no marks can be gained in this part.

EQ: There is a clear statement about Klazine’s belief. However, this is a dependent mark so without a
comparison of the confidence intervals no credit can be given.

EO: Their conclusion has been interpreted into the context of the question. However, this is a dependent mark
so without a comparison of the confidence intervals no credit can be given.

Part (c)

BO: Candidate has correct Ho but H; has an incorrect inequality.

M1: Pooled variance not calculated but given due to correct s, stated in working.

Al: Correct pooled standard deviation stated.

M1: Implied by t = 0.7292

M1: Implied by t = 0.7292

Al: Obtained correct value for t = 0.7292

B1: 0.765 selected for comparison.

EOQ: Although candidate has obtained the ‘incorrect’ p-value (it does agree with their hypotheses) this mark
did not require a comparison. Conclusion has context based on the information from the question, but this
final mark was dependent on whole test being correct.

Part (d)

B1: Although a little vague the candidate has implied the assumption that variances must be similar/equal for
an unpaired t test to be valid.

EO: Candidate has not used their correct previous statement to inform testing the appropriateness.

Part (e)

EO: Candidate has not commented about the techniques that have been used in (a) or (c). Their comment is to
do with equal sample sizes.

EO: The candidate has again made the common misunderstanding between the terms accurate and reliable; it
is not that using a z-distribution over a t-distribution creates a more accurate conclusion but that it more
powerful/reliable.

Part (f)
B1: Correct answer.

i~ > [ E.@ Ol




[ Skip to Main Contents }

e ) )

g ‘Question 3 - Response C

3 Klazine is a rescarcher intercsted in nutrition. She believes that involving a child in
preparing their own meal affects what they choose to eat at that meal.

She conducted a study involving 47 children aged 6 to 10 years.
25 children ate a meal that they had prepared with their parent.
The other 22 children ate a meal that their parent had prepared alone.

All of the meals contained the same four ingredients: pasta, chicken, cauliflower,
and salad.

Klarine measured the total weight, in grams (g), of each ingredient eaten by the children
in each group. Her resalts for salad are shown in Figure 3.

6.4

_ ) o
| s48 354 | FETF

[Data sowrce: Begps:Adol.org’ 1010 167 apper 201 4.03 030]
Figure 3
{a) Calculate a 95% confidence imterval for the weight of salad eaten by the children
whose parent prepared the meal alone.

(3}
22£30 .. Se—ew =D - vEzE—L 5 o2

== - o850

S . % Y 7 -0E0 x B5-4W
NP A

(2,105

[

A 95% confidence interval for the weight, in grams, of salad eaten by the children who
prepared the meal with their parent is (71.0, 121.8)

(b} Give a full explanation of the evidence provided about Klarine's belief by the
confidence interval in (a), together with the interval given above.
(3}
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Klazine's colleague, Aurora, is concerned that the sample sizes used in their study are
too small to be able to detect a difference between the two groups of children.

{e) Discuss Aurora's concern about sample sizes.

Include ome reference to the statistical techniques applied in (2) and in (c) and their
conclusions and one reference to the effect of increasing sample sizes.
(2)
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(fi If Klazine uses a much larger sample of children in her study, what effect would you

expect this to have on the confidence intervals in (a) and in (b)?
(1
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Part (a)

B1: Useof t=2.080

M1: Use of the correct confidence interval formula

Al: Confidence interval is correct to 3 significant figures (units are not necessary but good practice).

Part (b)

M1: The response is a little vague but the word ‘higher’ was given credit. Clearly talking about overlaps or
being included is preferred.

El: There is a clear statement about Klazine’s belief, it was common for candidates not to include this
statement which is what the question is asking for.

E1: The confidence intervals not overlapping has been interpreted correctly within the context of this question.

Part (c)

B1: Hypotheses given but would be better to label the table, so it is clearer what W and A represent.

M1: Pooled variance formula calculated

Al: Correct pooled variance found
Candidate uses an alternative valid method than that shown in the mark scheme.

M1: t-value of 1.679 seen

M1: Using critical value formula correctly

Al: Obtained correct critical value of 34.9

B1: Calculating the difference of sample means and using it as comparison.

E1l: There was no mark here for comparison of test statistic and critical value available in this question.
Conclusion has context based on the information from the question and candidate has recognised that this
is a test on the average.

Part (d)

B1: Candidate has stated the assumption that variances must be similar/equal for an unpaired t test to be valid.

EO: By calculating the variances the candidate has interpreted the difference between them as large (121.68).
However, compared to the values of the variances this would not be considered to be a large difference,
for example if the values had been 25.10 and 26.31 it is likely the candidate would have reached the
opposite conclusion.

Part (e)

EO: Candidate has not commented about the techniques that have been used in (a) or (c)

EO: Comment about central limit theorem is correct. However, it is not relevant in terms of this question
specifically. The candidate may have gained credit if they had not used to word ‘accurate’ it is not that
using a z-distribution over the t-distribution create a more accurate conclusion but that it more
powerful/reliable.

Part (f)
B1: Even though candidate has misquoted the standard error they have stated that it would be ‘smaller’.
Therefore, further comments were ignored.
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@ Question 4 - Question

4 Petra is an engineer who works on an offshore wind farm.
Petra organises the repairs of wind turbines that fail. The wind farm contract states that
wind turbines must be repaired on the same day that they fail.
Failures appear to happen at random, and at a fairly consistent rate over the year.
In order to organise repairs, Petra uses a Poisson model with A = 2.8 for the number of
failures per year for each wind turbine.
[Data source: https://doi.org/10.1177%2F0957650915597560]

Use Petra’s model to answer (a) to (f).

(a) Calculate the standard deviation of the number of failures per year for a wind
turbine at the wind farm.

1)
(b) Find the probability that a wind turbine at the wind farm fails exactly three times in
a given year.
1)
(c) Find the probability that a wind turbine at the wind farm fails more than seven times
over a three-year period.
)
(d) State fully the distribution of the time, in years, between successive failures of a
wind turbine at the wind farm.
)
(e) Calculate the expected time, in years, between successive failures of a wind turbine
at the wind farm.
1)
(f) Given that a particular wind turbine at the wind farm has not failed for two
consecutive years, calculate the probability that it fails within the next six months.
®3)
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The wind farm has six wind turbines. During the past five years, there have been 84

wind turbine failures at the wind farm.

[ Skip to Main Contents ]

() Show how Petra used this information to calculate the value of A

1)

(h) Make three criticisms, in context, of Petra’s use of a Poisson model with A = 2.8 for

the number of failures per year for each wind turbine.

You may consider both the use of a Poisson model and the value of A

®)
(Total for Question 4 is 14 marks)

@ Question 4 - Mark Scheme

Question Scheme Marks AO Notes
4(a) (V2.8 =) 1.67 B1 12 | awrt1.67
4(b) 0.222 B1 1.2 | awfw 0.222~0.223 Q4
4(c) 2=8.4 M1 1.2 | Pl rescaling @
(1-0.399 =) 0.601 Al 1.2 | awfw 0.600~0.602 @
4(d) Exponential (distribution) B1 2.1b I]
A=28
or |_...j |
) mean = 1/2.8 = 0.357 —
with parameter 2.8 Bldep 2.1b must state that this is the A
mean
. B
Dep on previous B1
C
Accept Exp(2.8) for both
marks
1 5
4(e) (ﬁ :) = — = 0.357 (years) B1 1.2 |oe
4(f) PI by correct working
May be stated or
demonstrated by candidate
Use of memoryless property M1 2.1a | clearly disregarding the wind
turbine history
e.g. “P(X < 0.5)” with no
conditional probability used.
1 — e~28%05 M1ft 12 |PL1-e™*
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Accept ft of candidate’s 4

0.753 Al 1.2 |awrt0.753
Alternative
Use of Poisson distribution with 4 = (M1) PI
1.4
1-P(X=0) (M1) Pl.1-0.247
0.753 (A1) awrt 0.753
4(9) oe working
84 _ 2.8 B1 1.2 | Full calculation must be
6X5 demonstrated.
May state in words.

4(h) A wind turbine may not fail at a Challenge to the assumption
constant average rate as older turbines that failure rate for a wind
may be more likely to fail. turbine is constant.

The failure of a wind turbine may not Challenge to the assumption
be a random event because it may be that wind turbines fail at
caused by weather. random.
The failure of a particular wind turbine Challenge to the assumption
may not be independent of the failure ng . imp

. . that wind turbines fail
of another wind turbine as one may fall .

independently.

onto another.
Petra’s calculation of A made the .

g . Challenge to the assumption
assumption that all of the wind that all wind turbines fail at
turbines fail at the same average rate

S the same rate.
per year. This might not be true.
Challenging Petra’s value of
Petra based her value of 2.8 on a 2.8 e.g. When a wind turbine
limited amount of data has failed it can’t fail again
until repaired
More than one turbine could fail at
exactly the same time
There would be an upper limit to the
number of failures in one year
Any three distinct answers
1 g1, | 510 | from the above, in context of
E1l ?élltt)) wind turbine failure.
' Max E1EOEO if no context
Total 14
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- ‘Question 4 - Examiner Comments

Candidates approached this question well, with many able to do well on the calculations. Some candidates

were incorrect in stating the parameter of the exponential distribution, using ﬁ the mean, instead of 2.8. In

part (h) candidates were able to identify the assumptions required for a Poisson distribution but did not always
tie these to contextual reasons.

ol

‘Question 4 - Performance

Grade

Mean Max Mean Edexcel averages: mean scored by candidates achieving grade:
score score % ALL A* A B C D E U
7.17 14 51 7.17 12.68 | 10.75 8.65 6.77 5.14 3.53 1.30
ST Y=
12 10.75
g 10
S 8.65
(%]
c 8
© 6.77
=
3 6 5.14
3 ., 3.53
2 I 13
0 L]
A* A B C D E u
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[zzﬁ ‘Question 4 - Response A

4 Petra is an engineer who works on an offshore wind farm,

Petra organises the repairs of wind turbines that fail. The wind farm contract states that
wind turbines must be repaired on the same day that they fail.

Failures appear 10 happen at random, and at a fairly consistent rate over the year.

T order o organise repairs, Petra uses a Poisson model with & = 2.8 for the number of
failures per yvear for cach wind turbine.
[Drata source: hitps:/dod.org/ 10,11 7752 FOS5 765091 5597560]
Lse Petra’s model to answer (a) to (1),
(2} Calculate the standard deviation of the number of failures per year for a wind
turbine at the wind farm.
(1)

2.8

(b) Find the probability that a wind turbine at the wind farm fails exactly three times in
a given yoar.

CP(x=23)x  fP: ©.TT7

{c) Find the probability that a wind turbine at the wind farm fails more than seven times
over a three-year period,

(2)

NP - . 2

2
4 ) _
7 1)

O 60124823

NN E.@ &0

F- o 6ol

e e e

(d) State fully the distribution of the time, in years, between successive failures of a
wind turbine at the wind farm.
(2

[ q l ~ 24 =C-B1142¥% 357/

PoC@.3 7)) .

(e} Calculate the expecied time, in years, between successive failures of a wind turbing
at the wind farm,

| = 2 ¥ QRIS T

0-3%7 yes
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(f) Given that a particular wind turbine at the wind farm has not failed for two
consecutive years, calculate the probability that it fails within the next six months.

_______ 2-¥5 2 = 4 h
S ( = 1)
Pz 6-3451357)5
- P o0o-34s
'{'S 6] =3.sa79xw0">
_ F"ﬁc-r O ° S
%ﬁq_EQfLu w OMS =

©0-00 |28

mm“dﬁ:mmmmmhm.ﬂwmgihemﬁwymthﬁ: have been 84
wind turbine failures at the wind farm.

(g) Show how Petra used this information to calculate the value of A

. € xS = 30
o 84220 2.4

(h) Make three criticisms, in context, of Petra’s use of a Poisson model with 4 = 2.8 for
the number of failures per vear for each wind turbine.

You may consider both the use of a Poisson model and the value of A
(3)

R o - B :..n.mﬂq Il Sceem gl
So_ Ma velve  for A mawvy nok

7.8 windh Maroined  Cank . tmm M
(gl o woholt witer|

M gosson  modtd un Leayeceudt
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Part (a)
B0O: Mean/variance stated not standard deviation for Poisson distribution.

Part (b)
B1: Correct probability calculated.

Part (c)
M1: Candidate has calculated 4 =8.4
Al: Correct probability calculated.

Part (d)

BO: Incorrectly identified the distribution, this was a common mistake where candidates did not recognise that
the question is now working with time, a continuous variable.

BO: Used the mean for an exponential (although incorrectly calculated) not the correct parameter.

Part (e)
B1: Correct value for the mean of the exponential found units were not required.

Part (f)
Candidate has used Alternative method
M1: Candidate has used the Poisson distribution with 4 =1.4

MO: Although P(X = 0) has been calculated it has not been subtracted from 1

AO0: No obvious attempt to find a final answer.

Part (g)
BO: A common approach to show where the value of 2.8 was derived from.

Part (h)

E1: Criticism of the use of 2.8, although a little vague, was given credit.

EO: The second comment about 2.8 not being an integer was a common misconception shown by candidates.
EO: No third criticism given.

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

4 Petra is an engineer who works on an offshore wind fanm,

Petra organises the repairs of wind turbines that fadl. The wind farm contract states that
wind turbines must be repaired on the same day that they fail.

Failures appear to happen at random, and at a fairly consistent rate over the year.

In order o organise repairs, Petra uses a Poisson model with & = 2.8 for the number of
failures per vear for each wind turbine,

[Dwta source: hutps:/'dod.org/ 10, 1 1 T T2 FO9S 765091 5597550]
Use Petra’s model to answer (a) to ().

(a) Calculate the standard deviation of the number of failures per vear for a wind
turbine at the wind farm.

\ one :“%'E' -_—E_!fj = :G_"lzg

Skandord  devclson = O . 358

(b) Find the probability that a wind turbine at the wind farm fails exactly three times in
a given year.

P( }f_;_'%?) PPL. x. 3

{1}

- A.2<

7

~ 022

{c) Find the probability that a wind turbine at the wind farm fails more than seven times
over a three-year period.

1=29%x2:%.a x~0o(s.a)

TPl ey 2A)

_Yorsesonn OO

e

. = | -0.3494 A'B o
= 0. bol

(d)y State fully the disribution of the time, in years, between successive failures of a
wind turbine at the wind farm.

i a2y pa_@:’__.%)

(e) Calculate the expected time, in years, between successive failures of a wind turbine
at the wind farm.

'E['f; = i_;_%‘% - %ﬂr‘ ~ Cl' %5__".“
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(f) Given that a particular wind turbine at the wind farm has not failed for two
consecutive vears, calculate the probability that it fails within the next six months.

D = o~ - = WGV Y-
S _—

p(£acxs P S N AT = '51’:*~>

vl S

()

O( € cn not Covied = Ples ™ o Covred )
n-ex C Lndke Eacied

'E?I'h#ﬂ'::h}

The wind farm has six wind turbines. During the past five years, there have been 84
wind turbine failures at the wind farm.

{g) Show how Petra used this information to calculate the value of A

A2 . % "2 o
xS =~ R0

|_\_'l ¥

(h} Make three criticisms, in context, of Petra’s use of a Poisson model with & = 2.8 for
the number of failures per year for each wind turbine.

You may consider both the use of a Poisson mowdel and the value of A

- A= o e Unsod oo o€ ANa<
A ' e = CJE A = L.A__u.u_ﬁ.i__éi?_u_ffla

- Yhv.S coue  OC. Lngj
Yoe o< € skinake, thece fore

VY en) Vel e £ Uj CTepr esenabve . |

J_L" -"L'\'-“\G\Kﬂ *+1\n4.‘.. o foarl AN
o o Sone Ceon e e Ov-e e«
e Yoo, this  ta oy o e
S OV 2 . i S ~ .
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Part (a)
BO: Candidate has calculated the standard deviation for the exponential distribution instead.

Part (b)
B1: Correct probability calculated, 0.22 was accepted.

Part (c)
M1: Candidate has clearly restated the Poisson distribution for 4 =8.4
Al: Correct probability calculated.

Part (d)

BO: Incorrectly identified the distribution, this was a common mistake where candidates did not recognise that
the question is now working with time, a continuous variable.

B1: 2.8 clearly stated as the parameter.

Part (e)
B1: Correct value for the mean of the exponential found.

Part (f)

MO: Candidate has not recognised that the question requires use of the memoryless property or of Poisson.
MO: No attempt made by candidate.

AO0: No attempt made by candidate.

Part (g)
BO: Candidate has not shown how the value of 2.8 was obtained, they have shown two calculations that both
make 30.

Part (h)

E1: Criticism of the use of 2.8, although a little vague, was given credit.

EO: The first comment about area of wind farm is not directly linking to any Poisson conditions.

EO: Final comment has not got enough detail to be given credit, an example in context would have helped
here.

i~ > [ E.@ &0
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[;Zﬁ Question 4 - Response C

4 Petra is an engineer who works on an offshore wind farm.
Petra organises the irs of wind turbines that fail. The wind farm contract states that
xvﬁﬂuutimmunamﬁmﬁmcdayﬂmﬂwx fail.

Failures appear lohappcnaxnfajﬂ: consistent rale over the year.

In order to onganise repairs, Petra uses a Poisson model with b = 2.8 for the number of
failures per year for each wind turbine.

[Drata source: higps:/‘doi.org/ 10011 7722 PO TES091 5 50T 560]
Lise Petra’s model to answer (a) to ().

(a) Calculate the standard deviation of the number of failures per year for a wind
turbine at the wind fanm.

' in)

WL DA . = 2 Mﬂ#ﬂl’ ﬂbvfﬂ.f'l-‘cﬂn =_I‘2‘§ ={.6F
{b}EindlheEbﬂbiﬁythnlawindturbln:mﬂ:ewindfarmfaﬂsexxﬂ}rﬂ:mtmm
a Eiven year.

i1y

e e Po (’2_"?)
F(:._. :1!): 0.2225

(¢} Find the probability that a wind turbine at the wind farm fails more than seven times
over a three-vear period.

(2)
e e et |
et rlesd | D (e
= (- 0.2¢671 _
= O©. 4323
Question 4 continued /—*‘:M-Hﬂﬁ; =._=;5.-r.

(d) State fully the distribution of t
wind turbine at the wind farm.

po F
X eep( ;g’)/ o

() Calculate the expected time, in years, between successive failures of a wind turbine
at the wind farm,

- —

. g S
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(f} Given that a particular wind turbine at the wind farm has not failed for two
consecutive years, calculate the probability that it fails within the pext six mongths.

{3

fméwf-(—'—-"}-—} aﬂw#?w .

...... ) l
plaexet)eh L oA S
P(ﬂﬁi):ﬁbﬁ‘{}r&'i'i‘h&‘
s _
. =o.lth

The wind farm hag §ix ind wrbines. During the pasuekears. there have bee84)

wind Trbine failures at the wind farm. y
LI

{2) Show how Petra used this information to calculate the value of &
(1)
~ 5=%F0 =0 = 2.
6 £b >30= 2.9

{h) Make three criticismas, in context, of Perra’s use of a Poisson model with 3. = 2.8 for
the number of failures per year Tor each wind turbine.

You may consider both the use of a Poisson model and the value of ,
(3)
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Part (a)
B1: 1.67 clearly stated.

Part (b)
B1: Correct probability calculated.

Part (c)
M1: Candidate has clearly restated the Poisson distribution for 4 =8.4

AO: Incorrect probability as candidate has interpreted ‘more than seven’ as P ( X2 7)

Part (d)
B1: Correctly identified exponential.
BO: A common misconception was using the mean of the exponential as the parameter, as shown here.

Part (e)

B1: 28 was given credit but would be more suitable as a fraction without decimal or as a rounded decimal.

)

M1: Candidate has recognised that the question requires use of the memoryless property.

M1ft: Although candidate has the incorrect exponential distribution from (d) they have calculated the
probability correctly.
AQ0: Did not obtain correct probability due to incorrect parameter.

Part (g)
B1: A common approach to show where the value of 2.8 was derived from.

Part (h)

E1: Conditions required for a Poisson model to be valid have been recognised by the candidate.

EO: However, the three comments do not give an example in context for these conditions. Therefore, no further
marks can be given.

EO: However, the three comments do not give an example in context for these conditions. Therefore, no further
marks can be given.
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_[LI]J]_ Performance } [ @’ Response A } [ g Response B } [ g Response C }

-

@ Question 5 - Question

5 Dennis and Viola are doing a course in film studies. They want to conduct a study into
the factors affecting film running times. They start by investigating the distribution of
film running times.

Dennis and Viola extract a random sample of 250 films from a database containing the
names and dates of all films ever made and look up the running time of each film in
their sample on the internet.

They use graphing software to produce a histogram of their results, shown in Figure 5.

70
60
30
40+
30+
20
10
0 i i | | | |

60 80 100 120 140 160 180 200

Film rmunning time (minutes)

Frequency

[Data sources: www.cinemetrics v, www.itndb com)
Figure 5

Viola believes that a normal distribution might be a suitable model for film
running times.

(a) Explain one feature of Figure 5 that supports Viola’s belief.
1)
(b) Explain one feature of Figure 5 that does not support Viola’s belief.

@)
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Dennis and Viola agree that they should perform a goodness-of-fit test to investigate
whether a normal distribution would be a suitable model for film running times.

For their sample of 250 films, the mean running time is 105.26 minutes and the standard
deviation of the running times is 22.18 minutes.

Part of their working is shown in Figure 6.

Film running time Observed frequency Probability (4 | Expected frequency (2
(minutes) d.p.) d.p.)
X <60 4 0.0206 5.16
60<x <80 22 0.1067 26.68
80 <x <100 90 S u
100 <x <120 85 t v
120 <x < 140 32 0.1945 48.63 Q5
140 < x < 160 11 0.0518 12.96 @
x> 160 6 0.0068 1.70 @
Total 250 1 250 .
Figure 6 ” I]
(c) Find the values of s, t, u and v missing from Figure 6.
@ Ey
(d) Explain, with a reason, what adjustment Viola and Dennis must make to the data in A
Figure 6 before they can carry out the y 2 goodness-of-fit test.
w | B
Viola and Dennis make the necessary adjustment to their data. g
They calculate the y 2 test statistic to be 13.04 (to 2 d.p.)
(e) Use this information to complete their y 2 goodness-of-fit test.
You must state appropriate hypotheses.
(4)

(Total for Question 5 is 11 marks)
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@ Question 5 - Mark Scheme

Question Scheme Marks AO Notes

5(a) oe

Accept
“(Distribution is)

(The distribution has an approximate) E1 21a | monomodal”

bell shape )
or “unimodal”

or “One clear peak (in the
distribution)”

5(b) The distribution has a (positive) skew. Skew or not symmetrical

oe

Accept “(distribution/shape)

L too triangular” or
Too much of the distribution is in the

tails (for it to be a normal distribution). (distribution has) tails (that
are) too large” or

“(distribution has) high
kurtosis”

Either

May use calculations that

El 2.1a | show an equivalent argument
but the point being made
must be clear.

5(c) s =P(80 < X < 100) PI
or M1 1.2 | oe Clear attempt to find
either probability using
t=P(100 <X <120) correct normal distribution.
s=0.2789

Either s or t correct
or Al 1.2 s awfw 0.278~0.280
t awfw 0.340~0.342

t =0.3406
250 x s Either
or M1ft 1.2 Pl
250 x t ft candidate’s s or t
u=69.73 Both u and v correct
u awfw 69.5~70
and Al 12|\ awfw 85-85.5
v =285.15 or 85.14 Correct to 1 or more dp

i~ > [ E.@ |0
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5(d) They should pool 140 < x < 160 with oe
160 < x bgcause the expected El 1.3 | Accept “pooling because 1.7
frequency is less than 5. <5”
5(e) Ho: The normal distribution is a
suitable model
o Bl 1.3 | oe Hypotheses, both

Hi: The normal distribution is not a
suitable model
df =3

cv or awfw
cv=7.815 B1 1.3

p-value = 0.004~0.005
or p-value = 0.00455

Comparison
(13_.04 > 7.815 or 0.00455 < 0.05) M1dep 2 1b Y
Reject Ho dep B1
There is sufficient evidence to o
conclude that the normal distribution is Correct conclusion in context

: X . Eldep 2.1a
not a suitable model for film running dep B1M1
times.
Total 11

- Question 5 - Examiner Comments

This question was answered well, although, in part (d), some candidates missed that two degrees of freedom
were lost due to estimating the mean and standard deviation, and hence they were unable to complete the
hypothesis test and gain full marks.

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

Mean Max Mean Edexcel averages: mean scored by candidates achieving grade:
score score % ALL A* A B C D E U
7.17 11 65 7.17 10.17 9.46 8.62 7.49 5.79 3.28 1.01
11 1017
10 9.46
9 8.62
9} 8 7.49
o
s 7 5.79
{ =t .
b 6
2 5
]
S 4 3.28
(]
5 3
; 1.01
0 0
A* A B C D E u

Grade
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g Question 5 - Response A

5 Dennis and Viela are doing a course in film studies. They want to conduct a study into

the factors affecting film running times. They start by investigating the distribution of
film running times.

Dennis and Viola extract a random sample of 250 films from a database containing the
names and dates of all films ever made and look up the running time of each film in
their sample on the internet.

They use graphing software to produce & histogram of their results, shown in Figare 5.

60 BD 100 120 140 160 180 200
Film running time (minutes)

[Data sources: www.cinemetrics. lv, werw, imdb.com]
Figure 5

Viola belicves that a normal distribution might be a suitable model for film
running times.

(a) Explain one feature of Figure 5 that supports Viola’s belief.

(b} Explain one feature of Figure 5 that does not support Viola®s belief,
o (L
_ VTL:.--A_Q_-'EQ\_.JS pro s H w{,,f (y SEemdcch -

(¢) Find the values of £, ¢, v and v missing from Figure é.

(4
5= @ 1789 I
- 0306
oy =64"T2S
v = %5 (S

{d} Explain, with a reason, what adjustment Viola and Dennis must make to the data in
Figure 6 before they can carry out the y° goodness-of-fit west.

(1}

_ ¥FF an g cu"lc;& lovaesl  lirnan L.
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(&) Use this information to complete their ¥* goodmess-of-fit test,

You must state appropriate hypotheses. ‘

)
o’ The normal distiburion wovldfee a
guiialo e podid for gien @WNine tireeh-
- T aoroead ckf‘;rr"buﬂa‘r“ FAEVETN b
G v irake \C_ pngelo F—\.LM runmnf} e s

d#’

W =
Not gigni 14 Cond—

T S T seAclend cviclulce e
w%’ N oY n—ad ASH | bur1=n
b..a i o e Suwcdalfdtbwc}%lf}ﬁ’f‘ ﬂM
HMree < ot o " i< fifﬂlﬂil
¢ w’g (\5 - I

5 /11

Part (a)
EO: Although it is correct that the data is continuous that does not support the use of a normal distribution, for
instance it could be exponential.

Part (b)
E1: The candidate has recognised that the distribution is skewed, type of skew was not required for credit.

Part (c)
M1: Attempt to find s or t.

Al: sortcorrect, only one required to be correct for this mark.
M1: Attempt to find u or v.
Al: Both u and v correct.

Part (d)
EO: A common misconception that the film times must have a lower or upper limit

Part (e)

BO: Hypotheses are reversed.

BO: A common error where candidates had forgotten the information given in part (c) stating ‘For their 250
films’ therefore a degree of freedom should have been taken off for the mean and standard deviation as
well.

MO: Although the candidate has correctly concluded for their critical value, only certain values for the critical
value were accepted 7.815, 9.488 or 11.07

EO: Although conclusion was correct and in context, this mark was dependent on the correct critical value and
comparison.

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

5§ Dennis and Viola are doing a course in film studies. They want to conduct a study into
the factors affecting film running times, They start by investigating the distribution of
film running times.

Dennis and Viola extract a random sample of 250 films from a database containing the
names and dates of all films ever made and look up the running time of each film in
their sample on the internet.

They use graphing software to produce a histogram of their results, shown in Figure 5.
-lrﬂ —
.ﬁﬂ =f
S0 =

F .
FEQUEREY 304

204
1=
0=

60 80 100 120 140 160 180 200
Film running time (minutes)

[Data sources; www.cincmetrics. v, www imdb.com|

Figure §

Viola believes that a normal distribution might be a suitable model for film
running times.

{a) Explain one feature of Figure § that supports Viola's belief.
{1y

Tﬁdm%m%mgm@ﬁ

i(b) Explain one feature of Figure § that does not support Viela's belief,
i

T Flims ruming tames o't vang LroM o to 200 ;50

a MNea o Poughly oo 180t nolfudl |, Se dd
WAzzAmM &4 S Yo B Lot
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{¢) Find the values of =, f, v and v missing from Figure 6.
{4}
S=Z 0.2789
+- ©0.72u06
U= 69.72
V= 8BS,y )
(d) Explain, with & resson, what adjustment Viola and Dennis must make to the data in
Figure 6 before they can carry out the »* goodness-of-fit test.
(R }]
TheY hawe te combire. e Last 2 GHows
ILI'GZ: K& (6o - }f}I#G
x 2 lge
(e) Use this information to complete their ¥° goodmess-of-fit test.
You must state appropriate hypotheses,
(<4}

Ho: Rabie U4:22:90:85:32:17
Hi: No rakdo

s =304

adf = n-1-K
-6 —1-0
=9

N1 .70

T YaY [Regect Ho ]

Thert 15 SuUFELCent Qnden. 5&&{%6:::
led)  +o Guggesr tar Lhare 15 N0 tatdo , sp
A rornal CAiecrlndon  Wouldn - ¥ Sugabie.

7 /11

Part (a)

EO: Misconception that a large sample implies a population is normally distributed. This could possibly be a
confusion with central limit theorem.

Part (b)
E1: The candidate has recognised that the distribution is skewed.

NN E.@ |0
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Part (c)

M1: Attempt to find s or t.

Al: s ortcorrect, only one required to be correct for this mark.
M1: Attempt to find u or v.

Al: Both u and v correct.

Part (d)
E1: Although candidate has not explicitly said the reason why, they have identified the correct categories to
pool implying they have recognised the expected value less than 5.

Part (e)

BO: Hypotheses are incorrect.

BO: A common error where candidates had forgotten the information given in part (c) stating ‘For their 250
films’ therefore a degree of freedom should have been taken off for the mean and standard deviation as
well.

M1: However, the candidate has correctly concluded to reject Ho for their critical value.

EO: Although conclusion was correct and in context, this mark was dependent on the correct critical value and
comparison.

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

% Dennis and Viola are doing a course in film studies. They want 10 conduct a study into
the factors affecting film running times. They start by investigating the distribution of
film running times.

Dennis and Viola extract a random sample of 250 films from a database containing the
names and dates of all films ever made and look up the running time of each film in
their sample on the internet,

They use graphing software (o produce a histogram of their results, shown in Figure 5.

Fregquency

60 B0 100 120 140 160 1B0 200
Film running time {minutes)

[Dam sources: warw. cinemetrics. [y, waw.imdb.com}
Figure 5

Viola believes that a normal distribution might be a suitable model for film
running times.

{a) Explain one feature of Figure 5 that supports Viola's belief.

-

. {1)
- {4 ff ¢ f
e kb O bl Jhapec
Fi

-~

(b} Explain one feature of Figure § that does not support Viola's belief.

{1)
aﬁq /?HJ’&-*HH’: -fl&f’zfvfc/ L ad if‘wmffrx'h.f

/ '
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(¢} Find the values of 5, r, & and v missing from Figure 6.

T )
x~AN(ICE .26, 77 14 ‘]
/

s ¥ E- O3F06 .
 C.z7sT B
w = . 7789 » ?—3‘@: 5«-?-;3
ve_ O.RCE~ 750 = 5.5 B

{d) Explain, with & reason, what adjustment Viola and Dennis must make to the data in
Figure 6 before they can carry out the ¥* goodness-of-fit test.
(1
Concbiiie cotid . 30 2005 60 end x> (60 o
EE M fFEZ.T e —
_;i%;ﬂ 9?5; ,;r‘fz/ et /H,,,s a0 ,}fé'{f_ s
(e) Use this information to complete their * goodness-of-fit test.
You must state appropriate hypotheses,
(4}

lr.._.n

_H;f .f;TM._...fbm Crrw }f ﬂ‘—'ﬂ érE %jf’f(ﬂ/ éﬁr_f

Jl't-'.l - i'1|r:.u-l“i"l..--:n:.aF

1 /1

Part (a)
El: Candidate has recognised that the distribution is roughly bell shaped.

Part (b)
E1: The candidate has recognised that the distribution is skewed, type of skew was not required for credit.

O
Ul
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Part (c)

M1: Attempt to find s or t.

Al: s ortcorrect, only one required to be correct for this mark.
M1: Attempt to find u or v.

Al: Both u and v correct.

Part (d)
E1: An excellent response clearly identifying the correct cells with a specific reason why.

Part (e)

B1: Hypotheses are correct, a specific normal distribution being stated was not required.

B1: Candidate has correctly considered the number of rows after pooling as well as the parameter estimates
from the sample to obtain the critical value Of 7.815

M1: Correct comparison of test statistic with critical value.

E1: Conclusion is correct and in context with the correct critical value used to conclude.

i~ > [ E.@ |0
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@ ‘Question 6 - Question

6. Russell and Robert are interested in sport. They believe that wearing red may affect the
success of a person or team in a sporting competition.

Russell finds the following information about the 2004 Olympic games.

* Male combatants in combat sports were randomly assigned either a red or a
blue outfit.
» There was a total of 21 rounds of fighting for these combat sports.

* One round had an equal number of red and blue winners.
* Four rounds had more blue than red winners
» Sixteen rounds had more red than blue winners.
[Source: doi:10.1038/4352934]
(a) Making any necessary assumptions, use Russell’s data to investigate their belief.

Make a full conclusion, in context, about any effect seen, or otherwise.

()

Robert collected data about the performance of five teams that sometimes wore a red kit
at the Euro 2004 men’s football competition.

He awarded one point for a win, zero for a draw and minus one point for a loss
(disregarding penalty shoot-outs). He then found the average points scored when each
team wore red and when they did not wear red.

Opposing football teams never wear the same colour kit as each other.

Robert’s results are shown in Figure 7.
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Total points Number of games Average points
Team Wearing | Notwearing | Wearing | Notwearing | Wearing | Not wearing

red red red red red red

Croatia 0 -1 1 2 0 -0.5
Czechia 1 2 1 4 1 0.5
England 1 0 1 3 1 0
Latvia -1 -1 2 1 -0.5 -1
Spain 1 -1 2 1 0.5 -1

[Data source: doi.org/10.1038/435293a]
Figure 7

(b) Making any necessary assumptions, use the average points data in Figure 7 and a
paired t-test to investigate Russell and Robert’s belief that wearing red may affect
the success of a team.

Make a full conclusion, in context, about any effect seen, or otherwise.

(8)

(c) Considering the data and tests used in (a) and (b), make four distinct criticisms.
In your answer you might consider
+ the size of sample provided,
+ the sampling design,

« the test used and its assumptions.

(4)

Charlotte reads Russell and Robert’s research and tells her women’s netball team that
they should change to wearing red to improve their results.

(d) Make two comments about Charlotte’s statement in light of the data given and the
conclusions to the tests in (a) and (b).

)
(Total for Question 6 is 21 marks)
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Question 6 - Mark Scheme

(male) combatants.

Question Scheme Marks AO Notes
6(a) Pl
sign test clearly used or
(Sign test) Bl 2.1b | stated
Implied by use of binomial
e.g. P(X<4)
[X = number of rounds with more blue Pl
winners than red winners] B1 2.1a | use of B(20,0.5)
X~ B(20,0.5) Condone n=21
Ho: p=0.5 oe
B1 1.3 )
Hi:p =05 Condone 1-tail
oe
PI
P(X < 4) M1 13 Attempt to calculate p-value
Accept P(X > 16)
Or Attempt to find critical
region
= 0.00591
or Al 1.3 awrt 0.0059
Critical region is X < 5 as p=0.021
0.00591 < 0.025 or 4<5) Comparison
. Condone compared to 0.05 if
Reject Ho Midep | 210 | 1 iled hypotheses
Dep M1
Dep A1IM1
There is significant evidence that Condone “There appears to
wearing red affects the success of Eldep 2.1a | pean advantage of wearing

red (over blue) for the
combatants.”

i~ > [ E.@ |0
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Question

Scheme

Marks

AO

Notes

6(b)

Ho: pg =
Hl: Ha * 0

Bl

1.3

oe Hypotheses
re: population means

€.0. Urea = Hnot red
Condone 1-tail

d=05,05,1,05,15

M1

1.3

Pl

Attempt at differences (signs
may be all negative)

d=08 s4;=0.4472

Alft

1.3

Pl

mean and sd of their
differences

ts =

&

M1

13

Pl

calculation of ts
may be negative
Allow their mean/sd

0.4472
or0+2776 X NG

scores the B1 for cv

which

t=4.00

Al

13

awrt 4.00

of o2 = 2.776
V5

(df = 4)
cv=2.776

Bl

13

Either correct cv (ignore

sign)
or p-value

or p-value = 0.0161
awfw 0.0159~0.0162
ord = +£0.555

Condone 1-tail
cv =2.132 if 1-tailed
hypotheses

4>2776

Reject Ho.

M1dep

2.1b

Pl

or-4<-2776
or 0.0161 < 0.025

or 0.8>0.555
dep A1B1

Correct comparison

There is evidence at the 5%
significance level that the success of a
football team is affected by wearing

Eldep

2.1a

oe full explanation in context
required for E1 mark

dep A1B1

i~ > [ E.@ |0
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red; (teams appear to do better when
wearing red.)

SC Two sample t test max BIMOAOM1AOB1M1EOQ

‘zred =04, &not reda = —0.4

sp = 0.65
t=1.94
Question Scheme Marks AO Notes
6(c) Possible criticisms (not exhaustive)
Both (a) and (b) have very small oe
samples Or either sample small
oe
Or neither sample was
There is no evidence of randomisation selected at random.
in (b). “Football teams weren’t
randomly assigned to wear
red or not red”
Fights in (a) not independent as same
fighter may fight in red and in blue
Additional factor;; not taken into Blocking factors could be
account e.g. relative strength of teams, .
o mentioned here
ability of combatant
(a) only considers 2004
(b) only considers Europe
All combat rounds not equally
weighted
(a) only tests red against blue...
...whereas (b) tests against many
different colours, so the two tests are
not providing consistent conclusions.
The t-test [in (b)] may not be
appropriate because the (differences) oe
may not be normally distributed.
3.1a,
E1l,E1, | 3.1a, | Any four distinct correct
El, E1 3.1a, | comments.
3.1a,

i~ > [ E.@ |0
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Question Scheme Marks AO Notes
6(d) The data in (a) and (b) is only about oe
men’s Sport (so the results may not be Accept “all data only about
applicable to women’s sport). men”
The tests were about football and
combat sports so results might not
extend to netball
In both (a) and (b) it was found that the oe
players wearing red did better (so it . .
may be helpful to Charlottes team Accept “tests show playing
also). in red helps”
oe
Both of the studies in (a) and (b) were o .
I reference to limited size of
very small (so it might not be worth evidence
paying for red kit without further
evidence). Accept “sample sizes are too
small”
Neither study was conclusive that the oe
effect found was due to wearing red. reference to interpretation of
Effects could have been due to evidence
colous et han 2 o i
. paying of causation/causal effect of
without further evidence). ’
red on success
The assumptions of the tests used in
this research may not be true(so o6
Charlotte shouldn’t spend money on
new Kit without better evidence).
The tests in (a) and (b) were two
tailed, so we only have evidence that
red is a difference not an improvement
3.1b, -
El, El 31b Any two distinct comments

SC if concluded that there was no difference in (a) or (b) may earn one mark for a relevant comment

Total

21
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- ‘Question 6 - Examiner Comments

This question was quite tricky, due to the unfamiliar way the data was presented in the table. Candidates who
realised they were required to complete a sign test generally did very well in part (2), and, likewise, those able
to identify that a test of differences was required in part (b) answered it well and many gained full marks.
Candidates were able to comment reasonably well in part (c), and part (d) was the best answered part of this
question in general.

ﬂ_ﬂﬂ ‘Question 6 - Performance

Mean Max Mean Edexcel averages: mean scored by candidates achieving grade:
score score % ALL A* A B [ D E U
8.33 21 40 833 | 1741 | 1462 | 11.28 | 7.63 4.31 1.66 0.82
20
18 1741
16 14.62
% 14
g 12 11.28
2 10
= 7.63
T 8
x
5 6 431
4
I 1.66
2 0.82
0 H -
A* A B C D E u
Grade
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g ‘Question 6 - Response A

6 Russell and Robert are interested in sport. They believe that wearing red may affect the
suecess of a person or team in a sporting compelition. I —

Russell finds the following information about the 2004 Olympic games.
Male combatants in combat sports were randomly assigned either a red or a

blue outfit. ‘?,,."

*  There was a total of 21 rounds of fighting for these combat sports.

*  One round had an equal number of red and blue winners. X W Etﬂi ) G I E-J
Four rounds had more blue than red winners % v\ £ m | 01 SJ

. ijtmnmmldsh&dm_mradﬂmnblmwimﬂs. KME’{:E“;; Q- ?Sj

— SN

= [Source: doi:10.1038/43529%a)

{a) Making any necessary assumplions, use Russell's data to investigate their beliel.

Make a.tfuli conclusion, in context, about any effect seen, or otherwise.

\ deund 0SS 11 ¥0S = 10°S

= yedd
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bevounds = B IR g
A6 toundl ¢
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Robert collected data about the performance of five teams that sometimes wore a red kit
at the Euro 2004 men's foothall competition.  ©

He awarded ong point for a win, zero for a draw and minus o
(disregarding penalty shoot-outs). He then found the average points scored when each
team wore red and when they did not wear red.

Oppoaing foothall teams never wear the same colour kit as each other.
Robert’s results are shown in Figure 7.

Croatia 0 -1 | 2 0 0.5 =S
Crechia | 2 | 4 1 05 =0-S
England | 0 1 3 | 0o = |4
Latvia - -1 2 1 0.5 a =05
Spain i - 2 1 0.5 o b

Y
o N,
[Date source: doi, 0ER/435293a

Figure 7
(b) Making anv necessary assumptions, use the av ints data in Figure T and a

paired t-test to investigate Russell and Roben’s belief that wearing red may affect
the success of a team.

Make a full conclusion, in context, about any effect seen, or otherwise.,

war N0~ PDdayy =0
ﬂi-}[{_]{h.ﬁ‘?(j

(8).
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net woten ted = 8

) keuhed
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§- JFig
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{¢) Considering the data and tests used in (a) and (b), make four distinct criticisms.

In yvour answer you might consider

+  the size of sample provided,

*  the sampling design,

*  the test used and ils assumplions.

o ple JUWl o ownext Jenodd G Can

Ssampugh S Hamyd ar Ewd Jo

Vit Be rcp‘rtrtmmmm Ly e epr s Cy
U—tmm,nq rcol 10 rSuer podasedd m@,__

Fnert  Hamy - - -

W Ued o Yunaom ULEIL(Jrr‘l hm
Nad¥ia Mg nony  eadver ™ o UUD
oo Fotwmane Comgtandy  buE

U At AL m;gfrmuJ JU wn reacd r’lcu'.iﬁ?‘
UL Onoumaye I\ CAL f:;uam_j (U mm,u
‘lﬁgﬂ g ot etivech  yew Von' red. £

UL cquﬁ ay wut e dndageendont
qu:} OLTY Y MLy leAAleh micing rmﬂuy.r

VAT ACCLAYCALY L) o oy NMedemod  pusks cr
tptortd wnout .

Sl o poutd  b-tegr oocdn edsunmuad

AUNTEINLL) Gl ﬂﬂ"’mm Lt Jrogviuned
_ne o N _ﬂm O Cant. aﬂﬁ(.y
- on@l s t"-’aﬂmd A oangaty G drvioy
o P e

A I |>M§] E.@ o)

Charlotte reads Russell and Robert"s research and tells her women's netball team that
they should change to wearing red to improve their results.

(d) Make two comments about Charlotte’s statement in light of the data given and the
conclusions to the tests in (a) and (b).
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Part (a)

BO: This was a common method used by candidates who failed to recognise the use of the sign test in (a)
B1: Although the incorrect binomial distribution was used, credit was given for this mark with n = 21
BO: No hypotheses stated.

MO: Although a binomial distribution was stated it was not used.

AO0: Therefore candidate did not obtain the correct p-value.

MO: No comparison made between p-value and significance level.
EO: No conclusion to hypothesis test attempted.

Part (b)

B1: Correct hypotheses (1 tail tests were given credit).

M1: There is an attempt at finding the differences.

Alft: However, candidate has miscalculated the first difference leading to the incorrect mean and standard
deviation. This is given credit as a follow through mark.

M1: The candidate has used their mean and standard deviation correctly to find ‘their’ test statistic.

AO: Due to the incorrect difference earlier, the candidate has not calculated the correct test statistic, no credit
given.

B1: As the hypotheses are one tailed the candidate selected the correct critical value for their hypotheses.

MO: Although they have correctly compared, this mark was dependent on obtaining the correct test statistic.

EO: Although conclusion was correct and in context for their values, this mark was dependent on the correct
critical value and comparison.

lm“DD>E§'E;III<D Olte

Part (c)

EX1: First mark was awarded for recognising the use of a small sample.

E1: Second mark was given for additional factors not taken into account.

E1: Third mark awarded for stating that the differences may not be normally distributed.
EO: Further comments that were made did not gain credit.

Part (d)
E1: Candidate has recognised that the data for males may not be representative for females.
E1: The special case here as the conclusion the candidate has made agrees with their conclusion for (b)
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[E-Zf ‘Question 6 - Response B

6 Russell and Robert are interested in E___I'he:r' believe that wearing red
success of a prrwn_m in a sporti tition.

Russell finds the following information about the 2004 Olympic games.

+ Male combatants in combat sports were randomly assigned either a_red or a

blue ouuie
= There was a mtatﬁmmds of fighting for these combat sports. o=
* One round had an equal number of red and blue winners. B\ =D
* Four rounds had more blue than red winners L= b7
= Sixteen rounds had more red than blue winners. {6 k= = b

[Source: doi-10.1038/435293a]
(a) Making any necessary assumptions, use Russell's daa to investigate their belief.

Make a full conclusion, in context, about any effect seen, or otherwise.
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team wore red and when they did not wear red.
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Opposing football teams never wear the same colour kil as each other.

Robert's resalts are shown in Figare 7.

Crechia 1 2 }{1 4 1 n:sn :I o.%
England 1 /,6/ 1 3 1 4+ o |1

Latvia -1 /"f -1 2 1 0.5 -1 = .S
Spain 1 -1 2 11\\ 05 -1 =%

[Drata
Figure 7

(b) Making any necessary assumptions, use the av

Wﬂ] investigate Russell and Robern '
success of a team.

source; dodorg’ |0 I03E4352% 3]

data in Figure 7 and a
wearing red may affect

Make a full conclusion, in context, about any effect seen, or otherwise,
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(&) Considering the data and tests used in (a) and (b, @
Im wour answer yvou might consider

= the size of sample provided,

= the sampling design,

=  the test used and its assumptions.
{4)
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Charlotte reads Russell and Robert's research and tells her women's netball team that
they should change to wearing red to improve their results.

(d} Make two comments about Charlotie’s statement in light of the data given and the
conclusions To the tests in (a) and (b).
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Part (a)

B1: Although not stated, the method of using a binomial and calculating P(X 4) was enough to achieve

this mark.
B1: A correct binomial distribution is stated
B1: Candidate has treated this as a paired design

M1: P(X <4) has been attempted
Al: Correctly calculated the p-value as 0.00591

M1: Correct comparison using the split significance level as the candidate stated a two-tail test in hypotheses.

E1: Conclusion is correct and in context with the correct p-value and significance level.
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Part (b)

B1: Correct hypotheses.

M1: There is an attempt at finding the differences.

AO0: However, the candidate has now ranked these differences and calculated the mean and standard deviation
for their ranked data. Candidate uses an alternative valid method than that shown in the mark scheme.

M1: The candidate has calculated the critical value using the formula and their mean and standard deviation.

AO0: Due to the incorrect method previously, the correct critical value was not found, no credit given.

B1: The candidate did select the correct value of t to use in their critical value formula.

MO: Although they have correctly compared, this mark was dependent on obtaining the correct test statistic.

EOQ: Although conclusion was correct and in context for their values, this mark was dependent on the correct
critical value and comparison.

Part (c)

EX1: First mark was awarded for recognising the use of a small sample.

El: Second mark was given for additional factors not taken into account ‘the size of the players’.

EX1: Third mark awarded for stating that the differences may not be normally distributed.

EO: Further comment about being in the same group was not awarded credit as not relevant to the question
being asked.

Part (d)
E1: Candidate has recognised that the data for males may not be representative for females.
E1: Candidate has recognised that the data for football and combat sports may not be representative for netball.
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Question 6 - Response C

6 Russell and Robert are interested in sport. They believe that wearing red may affect the
success of a person or team in & sporting competition.

Russell finds the following information about the 2004 Olympic games.

Male combatants in combat sports were randomly assigned either a red or a
blue outfit.

There was a total of 21 rounds of fighting for these combat sports.
One round had an equal number of red and blue winners.

Four rounds had more blue than red winners

Sixteen rounds had more red than blue winners.

[Soaurce: doi: 10 1038:435253a]

(a} Making any necessary assumptions, use Russell's data wo investigate their belief.

Make a full conclusion, in context, about any effect seen, or otherwise.

b+ L -
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Robert collected data about the performance of five teams that sometimes wore a red kit
at the Euro 2004 men"s football competition.

He awarded one point for a win, zero for a draw and minus one point for a loss
{disregarding penalty shoot-ouis). He then found the average points scored when each

Opposing football eams never wear the same colour kit as each other.

Robert’s results are shown in Figare 7.

Croatia & 0 =1 1 2 0 0.5
Czechia 1 2 1 4 1 0.5
England | | 0 1 3 1 0
Latvia | -1 -1 2 1 0.5 —1
Spain 1 -1 2 1 0.5 ~1

[Drana source: doi.org 10, 1038435295a]
Figure 7
(b} Making any necessary assumplions, use the average points data in Figure 7 and a
paired t-test to investigate Russell and Robert’s belief that wearing red may affect
the success of a team.

Make a full conclusion, in context, aboul any effiect seen, or otherwise.
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(¢) Considering the data and tests used in (a) and (b}, make four distinci criticisms.

In your answer vou might consider
« the size of sample provided,
= the sampling design,
*  the test used and its assumptions.
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Part (a)

B1: Although not stated, the method of using a binomial and calculating P(X < 4) was enough to achieve
this mark.

B1: A correct binomial distribution is stated.

B1: Correct hypotheses using p in this case.

M1: P(X >16) has been attempted.

Al: Correctly calculated the p-value as 0.00591
M1: Correct comparison using the split significance level as the candidate stated a two-tail test in hypotheses.
E1: Conclusion is correct and in context with the correct p-value and significance level. The second comment

was ignored but it is worth noting that a two-tailed test will not indicate that wearing red shows an
improvement in the success.
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Part (b)

B1: Correct hypotheses.

M1: There is an attempt at finding the differences.

Al: Correct values for mean and standard deviation have been calculated from the differences.

M1: The candidate has calculated the test statistic using the formula.

Al: The correct value of the test statistic was calculated.

B1: The candidate did select the correct value of t to use in their critical value formula.

M1: Correctly compared the correct test statistic and critical value.

E1: Conclusion is correct and in context. The second comment was again ignored but it is worth noting that a
two-tailed test will not indicate that wearing red shows an improvement in the success.

Part (c)

E1: First mark was awarded for recognising the use of a small sample.

E1: Second mark was given for additional factors not taken into account ‘ability of opponent’.
EL1: Third mark awarded for stating that the differences may not be normally distributed.

E1: Forth mark awarded for recognising the samples are from particular events.

Part (d)
E1: Candidate has recognised that the data for males may not be representative for females.
E1: Candidate has recognised that the sample being small will provide limited size of evidence.
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