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Example Candidate Responses — Paper 4

Introduction

The main aim of this booklet is to exemplify standards for those teaching Cambridge International AS & A Level
Further Mathematics 9231 and to show how different levels of candidates’ performance relate to the subject’s
curriculum and assessment objectives.

In this booklet, candidate responses have been chosen from the June 2022 series to exemplify a range of answers for
all the questions on the question paper.

For each question, the response is annotated with a clear explanation of where and why marks were awarded or
omitted. This is followed by examiner comments on how the answer could have been improved. In this way, it is
possible for you to understand what candidates have done to gain their marks and what they could do to improve their
answers. There is also a list of common mistakes candidates made in their answers for each question.

This document provides illustrative examples of candidate work with examiner commentary. These help teachers to
assess the standard required to achieve marks beyond the guidance of the mark scheme. Please also refer to the
June 2022 Examiner Report for further detail and guidance.

The questions and mark schemes used here are available to download from the School Support Hub. These files are:

9231 June 2022 Question Paper 43

9231 June 2022 Mark Scheme 43

Past exam resources and other teaching and learning resources are available on the School Support Hub:

www.cambridgeinternational.org/support



https://auth.schoolsupporthub.cambridgeinternational.org/login?state=hKFo2SBmeWNMcEU4dnVmLVJpSG5YWThwbl96Mll3MVNzbE52cqFupWxvZ2luo3RpZNkgZ0dQWGZFbk1Hd0tHZXB0UnlRa2pNOHVJWVRCZUJIcXOjY2lk2SA3SG1MQzBzUG9SRkdRNjZRWThJekNjRnpiamQyamF1Mw&client=7HmLC0sPoRFGQ66QY8IzCcFzbjd2jau3&protocol=oauth2&redirect_uri=https%3A%2F%2Fschoolsupporthub.cambridgeinternational.org%2Fsignin-auth0&response_mode=form_post&response_type=code%20id_token&scope=openid%20profile%20email&nonce=638091304745061855.NTZjNGUxMzctMWQwZS00NWZiLTg2NDQtOWQ0NzYyMDE1OWQ3MDlmYjg0YTQtYTZmMi00MTQ2LTgzN2UtYThjNDc0OTBjMzc3&apptype=ssh&env=p&x-client-SKU=ID_NET461&x-client-ver=5.3.0.0
https://auth.schoolsupporthub.cambridgeinternational.org/login?state=hKFo2SBmeWNMcEU4dnVmLVJpSG5YWThwbl96Mll3MVNzbE52cqFupWxvZ2luo3RpZNkgZ0dQWGZFbk1Hd0tHZXB0UnlRa2pNOHVJWVRCZUJIcXOjY2lk2SA3SG1MQzBzUG9SRkdRNjZRWThJekNjRnpiamQyamF1Mw&client=7HmLC0sPoRFGQ66QY8IzCcFzbjd2jau3&protocol=oauth2&redirect_uri=https%3A%2F%2Fschoolsupporthub.cambridgeinternational.org%2Fsignin-auth0&response_mode=form_post&response_type=code%20id_token&scope=openid%20profile%20email&nonce=638091304745061855.NTZjNGUxMzctMWQwZS00NWZiLTg2NDQtOWQ0NzYyMDE1OWQ3MDlmYjg0YTQtYTZmMi00MTQ2LTgzN2UtYThjNDc0OTBjMzc3&apptype=ssh&env=p&x-client-SKU=ID_NET461&x-client-ver=5.3.0.0
http://www.cambridgeinternational.org/support

Example Candidate Responses — Paper 4

How to use this booklet

This booklet goes through the paper one question at a time. The candidate answers are set in a table. In the left-hand
column are the candidate answers, and in the right-hand column are the examiner comments.

Example Candidate Response — 1

Examiner comments

1 The times taken by members of a large quiz club to complete a challenge Wdistribution
with mean g minutes. The times, x minutes, are recorded for a random sample of 8 members of the
club. The resylts are summarised as follows, where ¥ is the sample mean.

=338 I(x-%)2=945

Find a 95% canfidence interval for 4. [4]
n=8.<30 AN EHF) )l
Peo:15 = z= 19 €D =45
¥ 338.% /.‘/é-f_Tff*
331240

3o S 32
........... e L3135 243 w15 The. fidence. inform! o

Answers are by real candidates in exam
conditions. These show you the types of answers for
each level. Discuss and analyse the answers with your
learners in the classroom to improve their skills.

0 The expression for the
confidence interval is of the

correct form, but this candidate
makes the common and critical

error of using the z-value 1.96
instead of the t-value 2.365.

The information in the question

concerns a small sample with

unknown population variance and

-

-

Examiner comments are
alongside the answers. These
explain where and why marks
were awarded. This helps you

to interpret the standard of
Cambridge exams so you can

help your learners to refine their
exam technique.

‘§

y




Example Candidate Responses — Paper 4

Question 1

Example Candidate Response — 1 Examiner comments

1 The times taken by members of a large quiz club to complete a challenge Wdistribution
with mean g minutes. The times, x minutes, are recorded for a random sample of 8 members of the
club. The resylts are summarised as follows, where ¥ is the sample mean.

¥=338 S(x-X)2=945
Find a 95% caonfidence interval for 4. [4]
- 2 _ L. ..—’-) )’> =4d..g,
,,,,,,,,, n=8 <3 SxziiEw-x) 22724l

.......... Fr075 = 2= /t%
......... ¥ 338 % /.7é-f_7§"§~
......... 33 5254
)0 B S U FoD
........... c.‘....L.é/.:%...;..éé:i.l..#.!}i..ﬁé...&. fiderua inferval 7"07’ M

=

a The expression for the
confidence interval is of the correct
form, but this candidate makes the
common and critical error of using
the z-value 1.96 instead of the
t-value 2.365. The information in the
question concerns a small sample
with unknown population variance
and this means that a z-distribution
is not valid.

Total mark awarded =
1 out of 4
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Question 2

Example Candidate Response — 1 Examiner comments

2 Ascientist is investigating the size of shells at various beach locations. She selects four beach locations
and takes a random sample of shells from each of these beaches. She classifies each shell as large or
small. Her results are summarised in the following table.

Beach location
A B C D Total
] Large 68 69 9% 8l 314
Size of shell - :
Small 28 © 55 ] 64 39 186
Total | -9_6 | 124 160 120 500

Test, at the 10% significance level, whether the size of shell is independent of the beach locatlon 7]

H.\~SIZE of SZ‘ N RS IAd{&P?MJ(’/A\L J; LeaoL\ 0(‘_wTvV\
H. size o shedl s, o{e,ﬂpme{’m{'/ o beach ficalron

Ex{ac‘f&l \/al\,«es E

A B D
Locge (0.28%  TI82  [004E 753
Small 35702 AL I IEY: 4L b4

et statistic = Z“’ = = 7 04|

GfT-hc_(;{ Ka,{vtﬁ n 0 ?b 6 25!
1.4 = 6,280, I/@/lﬁ(:t H. @ e hypor .
7 _ e hypotheses and the
[hese 78 SM‘H\.( 1 emf CALLAENCE, -é) p)’o\/f’/ ﬂud' calculations are all correct here.
the  <ive 0{ Y[n&“ % {7{Lp wo{%J( djc M\@ beach However, the conclusion illustrates
{UCML\DV\ a common error. The conclusion
]

----- needs to be written both in context
and with a level of uncertainty

in the words used. A hypothesis
test cannot prove anything; it only
provides sufficient evidence to
suggest. A statement such as ‘there
is insufficient evidence to suggest
that the size of shell is independent
of the beach location’ is a more
appropriate wording. In general,
the words ‘prove’, ‘show that’ etc.
should be avoided, as well as the
even more definite statement ‘the
size of the shell is dependent on the
beach location’.

Total mark awarded =
6 out of 7
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Example Candidate Response — 2 Examiner comments

2 Ascientist is investigating the size of shells at various beach locations. She selects four beach locations
and takes a random sample of shells from each of these beaches. She classifies each shell as large or
small. Her results are summarised in the followmg table.

Beach locatlon
4 B - c D Total
| Lage 68 | 6 96 81 314
Size of shell aa
Small 28 55 64 | 39 186
Total 9% 124 160 120 500

Test, at the 10% significance level, whether the size of'shell is independent of the-beach location.  {7]

aHn« the.. sie. Of . shell (S independedt
™ of 4

¢...etch. . locodren..
F=

« C__
T8 SEzpepe | (G5O g 9 e
3= 2RI 1526028 = %xE 235ALS-SED ‘3““3{%129

Soo - i oo Coo ~
i) ﬁ’ﬂ,%‘:, mz 29y - U
LO E)’-
2

oL @?@%% u>3~bo.zgg> +89:10812). T (0 6
T B0 2R% 11.872 (o0._4¢g
(8]ISAT, <2@~357l13‘f (365100 Gt 51027

s 3L 0. %og | Seoy
+ (3% Hb%)z ’7(“@LL e
rgpd Tt

=) decree °f feedow= 35172

3 /‘><3“3
‘f\z,osfr E66S™
o 120F 2 ek off the beoch e
. reject Ho . s:z¢. of shell 2._nok wdependoyt

a This is a correct expression
of the null hypothesis, but there

is no reference to the alternative
hypothesis. Both the null and
alternative hypotheses must be
stated when any hypothesis test is
being used.

e The test statistic is correctly
calculated as 7.04.

e The number of degrees of
freedom for a 2 by 4 contingency
table is 1 x 3. The candidate
calculates this, but then thinks that
1 has to be subtracted from it. This
is a muddling of the methods for
finding the number of degrees of
freedom in different situations. It

is common to see incorrect values
of the tabular value used in a
chi-squared test. Candidates are
advised to pay attention to how

to find the correct tabular value,
because the value is crucial to the
test.

Total mark awarded =
4 out of 7
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Question 3

Example Candidate Response — 1 Examiner comments

3 George throws two coins, 4 and B, at the same time. Coin 4 is biased so that the probability of
obtaining a head is a. Coin B is biased so that the probability of obtaining a head is b, where b < a.
The probability generating function of X, the number of heads obtained by George, is G (7). The
coefficients of  and £ in G (O are % and l—lz respectively.

(a) Find the value of @ > [2]
uell L @
P (> / L2

ey !P: - 0‘10:%
= )
A i Bz )

“ The candidate leaves a gap

in the probability distribution

table corresponding to x = 0. This
does not matter in this part of the
question, but it becomes a problem
in part (b).

o The coefficient of 72 in the
probability generating function (pgf)
is the probability of obtaining 2
heads when the coins are thrown.
This is correctly identified as ab.

o The coefficient of t in the

pgf is the probability of obtaining
one head when the two coins are
thrown. There are two ways of
achieving this; the candidate has
only coin A showing a head and
coin B showing a tail. There should
be an additional term (1 - a) b in this
expression. Errors such as this in
writing down the two equations in
(a) and (b) were fairly common.

° The step of solving two
equations in (a) and (b) has been
simplified by this candidate's error.
Even candidates who had the
correct equations made errors in
solving them. Algebra such as this
should be second nature to the
candidate.

Mark for (a) = 0 out of 2
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Example Candidate Response — 1, continued Examiner comments

The random variable ¥ is the sum of two independent observations of X.

(b) Find the probability generating function of ¥, giving your answet as a polynomial in £.

JER P =23 T%, 2 M S

2 .
T [L;'f’/‘f ) (-77%}% ,pt. ) e ...................................
............... __&E/J;_J_g
/,Lf,{_r,'(l' *ﬁ‘l} . l"f*‘;‘“'t ..............................................................

(¢) Find Var(?). ' 131

Yar Y2 0 vt G 2.l f G \/(/)7
22Xy

« M)
WWMB@
{

AX ' ©
RS 125 0T fm Y

)Q,x)huqx})u —rm,

2
eSO AR 25 S
(o
L]
=7
Y
A

The omission in the probability
distribution table in part (a) is now
significant. The pgf written here by
the candidate was seen on many
scripts. It should be noted that the
coefficients of the terms in the pgf
always sum to 1. Therefore, there is
a missing constant term of 1/2. This
is the probability that no heads are
obtained when the coins are thrown
and so could have been found in
that way.

e This is the correct method, but
the result is incorrect because of the
missing term in the pgf.

Mark for (b) = 1 out of 3

a This is the correct formula

for finding Var(Y). The calculation
is incorrect because of earlier
errors. However, this solution
illustrates how errors could easily
occur when work is not presented
clearly. Candidates are advised

to write down the first and second
derivatives of the pgf of Y. They
then substitute t = 1 in each and
finally substitute in the formula
which is given in List of formula
(MF19). This candidate has carried
out all the steps in one line, and
done so accurately, but it is an
unnecessary risk to take. This
solution is only just acceptable,
because the examiner can see what
is happening.

Mark for (c) = 2 out of 3

Total mark awarded =
3outof8

10
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Question 4

Example Candidate Response — 1 Examiner comments

The.continuous random variable X has probability density function f given by

1<x<3, N

(a) Find E(/X).

3141} 2+
£(x) :{8 (1 * x2) 3
0 .

otherwise.

Ley o1y) bo Wt ulf ot Y

¥
~'P~(?—<9) - Pt PrY< X?)

= P( 91/2 SK)

$L4)-2 FOK) 2 4FfF IO MR

FLK) = jrj;(wg':) dyY ] mlsxsz

VY ‘~!\+ )

< E —Kﬁ/z ”x‘ ~l/z e
) ¥ L ;

......... ot y e
......... e |
. 2,3 .4 . J
~ —K—X' 2 K - O
FUO =1 B w23

g 31
ELC2Y 2 SR7% 4en) ds i
L (3 g2 . - N
f" ! [ (L "‘LMK “ > - \\) a The candidate has the correct
I R )] o A expression as the integrand
> f3 Zyvzy % _;,)(3/2 4 R and completes the integration
1.8
PRI | A successfully.
A Rk Mark for (a) = 3 out of 3
> [ )l[(;)z/z _}’23(3)-”23 [ “)3/2 %3(()4/1')
T b T o 0hb + S
s ad 111
The randon: variable ¥ is given by ¥ = X2.
(b) Find the probability density. function of ¥. ' 4]

e The candidate integrates the
pdf of X to find the cdf of X.

1
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Example Candidate Response — 1, continued Examiner comments

Y OD RS L SN Mot 3

b Y7173
- — 3 -1 2_ -3/2
) Fu 1y ey Ey T ey ey
L 3 - 2
...... g “ﬂfLéW*zw SO ML E
G o e Hy (56

o The change of variable from
X to Y has been applied to find the
CDF of Y.

@ oitrerentiation of the CDF of ¥
leads to the correct pdf of Y. The
error here is that the domain is not
correctly defined. We need to see
the domain of y.

Mark for (b) = 3 out of 4

e This equation is correct, but
now the candidate implicitly uses a
substitution of y for the square root

of y, so the final answer of

is in fact the value of the square
root of y and not y itself. This error
occurred quite often and could have
been avoided by using an explicit
substitution such as u is equal to the
square root of y.

Mark for (c) = 2 out of 3

Total mark awarded =
8 out of 10

12




Example Candidate Responses — Paper 4

Example Candidate Response — 2 Examiner comments

4 The continuous random variable X has probability density function f given by

f@:[%(”%) 1<x<3,
0 otherwise.
(a) Find B(VX).
5(%\“3%“&&)0%0 .......................
............................... = 1;'2?('”%) A 4,163
................... er
-ﬁfﬂﬁw b
................... ; —L_J.
................... S35 187 ds
........... ST -t 3
= LEahEt 20 -
................... sy T
................................. = LB 2 3202
The random variable Yis givenby ¥ =X 2, ?5% N g 752
(b) Find the probability density function of Y. -
......................................... &lv&;m&a b
T [\ FE R S-S S
9 Uﬂwma ...................

c This is a common error. The
integrand should have f(x) and not
f(x?). Candidates mistakenly think
that the function itself has to change
when finding an expectation.

Mark for (a) = 0 out of 3

0 The candidate integrates the
PDF of X to find the CDF of X,
correctly.

O The candidate applies the
change of variable correctly,

giving the CDF of Y. However, it is
the PDF of Y that is required, so
differentiation of the CDF needs to
follow. This omission was commonly
seen.

Mark for (b) = 2 out of 4

13
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Example Candidate Response — 2, continued Examiner comments

(c) Find the 40th percentile of ¥.

....................................................................................................................

PR Rk |
....:g..é..:..%ud\!j....:.-...D.‘..(ﬁ..u....a ................. e o This is the correct Starting
s point.

.....................................................................................................................

—§ 2 242 | 27; 2 L ! An alternative method to using
................... L)\‘j"lﬂ(.&.)-r( )ﬁ-QJBo gubstitution is to square both

sides of the equation.

.....................................................................................................................

.....................................................................................................................

G ...................... 6 There is a slight loss of

~ )_] accuracy in the final answer.
................................................................ & v | 00 = 2 oUt of 3
9 Total mark awarded =
................................................................................................................... 4 out of 10

14
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Question 5

Example Candidate Response — 1 Examiner comments

5

5.56

o

545
v

5.47
A%

A manager claims that the lengths of the rubber tubes that his company produces have a_median of
5.50 cm. The lengths, in cm, of a random sample of 11 tubes produced by this company are as follows.

558 554 552 560 535 559 551 562
12 9 v v v [ v %

It is required to test at the 10% significance level the null hypothesis that the population median length
is 5.50 cm against the alternative hypothesis that the population median length @;- 5.50 cm.

ned-rank test give the same conclusion and state this
! e e Safle cone i

fgglgzg 'both a \si;g\n/’rict and a Wilcoxon Si%,\/w o
....... 3 A:JJl ot [1o: M= . 5.50 Ho: M.t &Ko
......... By 5190 et
- g.&o ’_,é;—-s——- P = g N = é
&t =048 . o 2 Tz (B3P, NIE2
— _ ~ et X be
Y .. -0l ok EN bvn o,
ria bW
ST 280 Do Ko Bl L FIEYr e L
&L .0l 1 2P0z L5 2 =3 )
A LA O..=.0080
. .0
e L\# 0.0y T o= Q.09 0,68,
S NN & " >
C £ ety Sk il
0 0y “
5.9 0.09 =+ 2 008062 0.0
é;bo 0.9 I 2. Ho.. 0% ot wedfected
124 01y ¥ Y

2 d Nttt 3. 100 suﬂg’icﬁ@wf

QA Q... 0. CLARDOTL.. oot
[ (

A\

bl ,po'om.émm v adn

N

D

an et @H[wﬂ T£2..580

[

a A substantial number of
candidates appear unfamiliar with
the basic methodology required to
carry out a sign test. It is a syllabus
item and candidates need to be
aware of its existence and how to

apply it.

o The candidate considers the
sign differences of each length from
5.50 and correctly finds that there
are 8 positives (and 3 negatives).

e The sign test depends on using
the Binomial distribution, in this
case, B(11, 0.5).

The probability that needs to be
calculated is P(X<3). The error here
is that P(X = 3) is found and used.

15
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Example Candidate Response — 1, continued Examiner comments

,...%5......,.lz.\/.tmazsam....glxjmeo(.:.wml< test.
- £.L + = !
638l ) D = 142dythr et drio
L.¥8. . Tn.08 © =¥
Jan'yl -9.05 @ N l’+§+%:/,¢
5'5[ +.40:9] CD
§:52 0.0 @ 2. Lz LB N)EIS
&L 0.0¥ (9
¢.5b 906 ® N oz 240, 0= toiied]
£.58 0.0% 9) > C= 2
$69 009 (B 29213
£:60 0.2 (@ 2. Heo . fS.  net milr‘ecfm/
S0y o1y (@ o
2. 105t QN IO SO LRV
D\reconls
- . Port
Thneye... .15 no (zA,f?q COWk.... CADOICINCR..... L 0. .
-fmf—mgPeme91MmM@l;\gmzmg—rszmo¢
QAN 0.0 5. L0

o The candidate carries out the
Wilcoxon signed-rank test correctly

with all the steps clearly seen.
The conclusion is correct, with an
acceptable level of uncertainty.

Total mark awarded =
6 out of 9

16
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Example Candidate Response — 2 Examiner comments

5 A manager claims that the lengths of the rubber tubes that his company produces have a median of
5.50 cm. The lengths, in cm, of a random sample of 11 tubes produced by this company are as follows.
. I «
556 545 547 558 554 552 560 535 559 551 562

1t is required to test at the 10% significance Jevel the null hypothesis that the population median length
is 5.50 cm against the alternative hypothesis that the population median length is not equal to 5.50 cm.

Show that both a sign test and a Wilcoxon signed-rank test give the same conclusion and state this

conclpsion., —f
ﬁgﬂm%f/b 5i89.om a B
Hi: MEED.un
olgpetest. 5k + 3%4“/11%@...@
EYl = 2H0grie......
142 e, b ,
£t Wb eleioxos tlcg ot
Et....d = A0
654 = 0083
Gyt oot (s 16Ul g4 10Y
0o we. do:hotzyefect. Ho........
137 B there..5... insufbiomity. qurbnz. T SWgess
551 ‘ﬂ'l[)’(‘//u #4550 e
the  +

G The hypotheses are stated

in the question and involve the
population median. In this case,
there were no marks for restating
these hypotheses, but if there had
been, this would have scored zero
marks. The symbol used is the
accepted symbol for the mean and
not the median. The symbol m or
the words population median would
have been acceptable.

o Application of the sign test
proved difficult for most candidates,
with many not being aware of

the methodology of the test. This
example shows two of the typical
errors made by candidates who did
make some progress.

© The candidate finds that

there are 8 positive differences
and attempts to use B(11, 0.5).
However, the term for X = 8 should
also be included.

o The comparison should be with
0.05. The candidate uses 1.645
which corresponds to a normal
distribution.

17
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Example Candidate Response — 2, continued Examiner comments

Wileo.Xom... SLGREARIANIS. SO ..
02 MEETD Y. e e e
..... Hl/“?ffﬁmm&
........................... 3 A NI 4 ¢ DR .2 WSRO

..................................................................................................................................
................................................................................................................................
..............................................................................................................................

....................................................................................................................
- e S 35 ¢ O TP VTP S
.................................................................................................................................
.....................................................................................................................
.................................................................................................................................
.................................................................................................................................
.................................................................................................................
..................................................................................................................................
- -
= 2.
........... (6 R T SR AL SUATIR S i {7 B md AR
......... IQ@ }
- —
P
..........................................................................................................................
-’l il p‘l
..................... D=t fi
3 -~
U .Cﬂ e
...............................................................................................................

........... D 1D 7L Bttt
e d 0. ONG JOJREENAD e
........fh@fg..;s...;hgufrfﬂa.%t....&Kfe(%z..ﬁz....sugg%z.yacfﬁsz{ ....... © he candidate carres out the

Wilcoxon signed-rank test correctly.

e The conclusion does show an
appropriate level of uncertainty,

but it is not fully in context, using a

symbol which is undefined in the

question, and as seen earlier is

not acceptable as an alternative to

‘population median’.

Total mark awarded =
6 out of 9

18
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Question 6

Example Candidate Response — 1 Examiner comments

6 A company has two machines, 4 and B, which independently fill small bottles with a liquid. The
volumes of liquid per bottle, in suitable units, filled by machines 4 and B are denoted by x and y
respectively. A scientist at the company takes a random sample of 40 bottles filled by machine 4 and a
random sample of 50 bottles filled by machine B. The results are summarised as follows.

Tx=1120 =x* = 31400 Ty =1370 >3* = 37600

The population means of the volumes of liquid in the bottles filled by machines 4 and B are denoted b, . .
4, and g, ¢ “ This is correct, but 2.638 is

not. The t value should be 2.66. It

(a) Test at the 2% significance level whether there is any difference between £, and u,. [8] is worth notin g here that because

Mo MazMbzo o Hi Ma M 30 the intermediate stage of calculating

7o Y Sy« & (}JZ_‘QC <18 ) = oottt -‘%‘1 the d_enominator is absent, it is not

- v 5 G 4 o\ by possible to see _where the error has

33 2] RN B s 2. 4} occurred, so neither accuracy mark

is awarded. If several steps are

32V performed on a calculator, then just

4 'm “ ----- an answer given, there is no scope

' for awarding intermediate accuracy
ALY marks. Candidates should be aware

”””” e B - that there is a risk involved in such

e T 20 a strategy.

> b €3.63¢

""""" e The candidate labels the test
........................... ?...‘.’....Eq\.@.c.\.‘-.oot\. statistic as t whereas it should be
z. The value of 2.326 used in the
comparison is a z value, so the
mislabelling is condoned in this

(b) Find the set of values of ¢ for which there would be evidence at the ’Of/_o significance level that case.
M, g is greater than 0.25. .

41

e The conclusion must contain
an appropriate level of uncertainty.
A statement such as ‘there is
sufficient evidence to support a
difference in population means’
would be an appropriate conclusion.
Words such as prove and show
should be avoided.

Mark for (a) = 5 out of 8

o This value is correct, though
again it is labelled as t. 93.95 is
also a correct value, but it needs to
be subtracted from 100 to give the
limiting least value of alpha as 6.05.
Mark for (b) = 3 out of 4

Total mark awarded =
8 out of 12
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Example Candidate Response — 2 Examiner comments

A company has two machines, 4 and B, which independently fill small bottles with a liquid. The
volumes of liquid per bottle, in suitable units, filled by machines 4 and B are denoted by x and y
respectively. A scientist at the company takes a random sample of 40 bottles filled by machine 4 and a
random sample of 50 bottles filled by machine B. The results dre summarised as follows.

= 1120 Tx? = 31400 Yy =1370 %1% = 37600
The population mearis of the volumes of liquid in the bottles filled by machines 4 and B are denoted by
Hyand pp.

(a) Test at the 2% significance level whether there is any difference between 4, and . [8]
‘Hn . MA —IMR = 0
S EY.
22 1120 ‘ gz 180
1z 92274
=23
'l 5 ¥ e ) 2
= 5. (Hr Sop - 120 Sz (100 )
t 40 9] d
. =1 2653
ZUPGISEE
S = 1012739 Syz 112486
(x="4)
Z= %) 7 "
e+ 2 1 M
N
- (27-274)
,—L(DS(‘H_ 4 L2476
%o 55
= UTYEGTY
'2(1) 94)..=. 0% 2.32¢ e
2. 71346781 5 2.3

A((e;ﬂ' He.,. et 6. sultied _endoe o shod Fhat fre K
diffeente hohoeen M and fhp

(b) Find the set of values of o for which there would be evidence at the a% significance level that
14—y is greater than 0.25.

(£-5)-0.25
!x.usw’ P

o 5o

........................ T SESIEY trersenees

“ The work up to this point is
accurate, but then the number
1.12486 is picked up from earlier,
instead of 1.2653. Here, we have an
inconsistency with a variance and a
standard deviation being used, but
this is probably a slip rather than a
method error. Slips such as this are
not uncommon, and with due care
could be avoided.

o The comparison with 2.326 is
correct, but the conclusion is not
correct. Since the calculated test
statistic is greater than the tabular
value, the null hypothesis should be
rejected.

Mark for (a) = 4 out of 8

o The method up to this point is
correct, but the accuracy error from
part (a) carries through.

o The value found is the least
possible value of alpha which
satisfies the condition given in the
question. This correct interpretation
was not seen very often.

Mark for (b) = 1 out of 4

Total mark awarded =
5 out of 12
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Example Candidate Response — 3 Examiner comments

6

A company has two machines, 4 and B, which independently fill small bottles with a liquid. The
volumes of liquid per bottle, in suitable units, filled by machines 4 and B are denoted by x and y
respectively. A scigntist at the company takes a random sample of ottles filled by machine 4 and a
random sample o bottles filled by machine B. The results are summarised as follows.

Tx=1120 Zx% = 31400

Zy=1370 37 = 37600

(a) Test at the 2% significance level whether difference between 8]

The ioiulation means of the volumes of liquid in the bottles filled by machines 4 and B are denoted by

Mo Paz R =0 R ez pe20
- Ix n2p _ oo Y . 13l -

X"' 7\? - 40 23 /I—- "y =~ ? ——Z‘! AN
R B
5,(-—“;—‘[(‘)5(- ’—“.,\) w20 - ) 3%
el [ 27000 'Blﬂj):(ﬂ ......
SYTIE STy 50 7T

ey ) 5 3
e LX)ty Sy=3) =) Sx + thy-D &y ...
© nx+ hy =2 hx+hy -2
0 0
O
40450 -2 S
25223 = tpa=pe) 28 -4 )
R e
Zlla L 2 2= 15
J nx Ny N o SR <14 [ A
5..0.2.0.008]...1esk. . stabistics

eritical. value = AR —i =939
0.99..%..0.045.]..

Jhere is. sudticion. gvifdence. 0. show. Thal.. thewe. is.. difherence. bebueen
Ha,..ond 8

(b) Find the set of values offa)for which there would be evidence at the{a% yignificance level that
M
;72,7 greater than 0.25. [4]

R §\2 "\“FAA\BB)

0 The candidate uses a pooled
estimate for the variance, assuming
that the two populations share a
common variance. There is nothing
given in the question to suggest
that this might be true or a valid
assumption. In the absence of a
statement in the text that a common
population variance is either true

or can be assumed, a candidate
should use the formula for unequal
variances.

It is acceptable for candidates
to work with a p-value instead of
a z-value as long as the correct
comparison is made. This is not
seen very often.

Mark for (a) = 3 out of 8

o The candidate continues to
use a pooled variance, so this
expression is incorrect.

o Following from the candidate’s
6.26%, the incorrect range is given.
It would be [6.26, 100].

Mark for (b) = 0 out of 4

Total mark awarded =
3 outof 12
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