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Question 1

SS03

A clinical nutrition department at a large hospital carried out research into the levels of body

fat in females.

The age, x years, and the body fat, y per cent, for each of 10 randomly selected females are

given in the table.

Female X y

A 23 27.9
B 39 314
C 41 25.9
D 49 25.2
E 53 34.7
F 56 325
G 57 30.3
H 58 33.0
I 60 41.1
J 61 34.5

(a) Calculate the value of Spearman’s rank correlation coefficient between x and y.

(6 marks)

(b) Carry out a hypothesis test, at the 10% level of significance, to determine whether the

value you calculated in part (a) indicates an association between x and y.

Interpret your conclusion in context.

(4 marks)
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Commentary

Students who showed the ranks tended to gain full marks in part (a).
In part (b) some students lost marks because their conclusion was not given in context i.e.

did not refer to age and body fat.




Mark scheme

SS03

Q Solutions Marks | Total Comments
1(a)
Rank x Rank y M1 attempt at ranks inconsistent
10 8 (can be reversed)  SC MI1MI B2
9 6 M1
g 0 for 16 correct
7 10 Al
6 2
5 5
4 7
3 4
2 1
1 3
r:= 0.673 (3 sf from calc) B3 6 AWRT B2 0.67
B1 0.7
ft B2 from wrong ranks (small slip)
No ranks seen, SC 0.67 B4
0.7 B3
alternative
d=2,3,1,3,4,..3,1,1,2
S at =54 BI
—
654
r=1-—""=0673  MI,AI
1099
(b) H. Rank orders of age and percentage .
body fat in females are independent. Bl or equivalent
H,; Rank orders of age and percentage
body fat in females are not independent —
there is an association
2tail 10%
ov = 205636 n=10 Bl forev
Test 5(';:1:613; 0.673 M1 for comparison ts/cv
S SC Allow M1 0.593/0.5494
. e . {(pmec)
Reject H, . Significant evidence at 10% PIee)
level to suggest an association between
rank orders of age and percentage body E] 4 correct and in context

fat in females.(or positive association)

Total

10




Question 2

A time of 9 minutes is allocated for the completion of a task on a production line.

The staff working on this production line complained to their line manager that the task took
longer than the 9 minutes allocated. The line manager agreed to investigate by taking a
sample of 8 measurements of the time taken, in minutes, to complete the task.

The times were as follows:

95 86 9.2 9.6 8.9 9.7 8.4 9.8

(a) Carry out a Wilcoxon signed-rank test, at the 5% significance level, to investigate
whether the average time taken to complete the task is greater than 9 minutes.

Interpret your conclusion in context.
(9 marks)

(b) State one assumption that should be made for the test in part (a) to be valid
(1 mark)
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Commentary

Candidates who showed ranks and method gained marks if an arithmetic error occurred.
In part (b) the relevant points were that the sample was randomly selected or that the data
should be symmetrically distributed.

Mark Scheme

Q Solutions Marks | Total Comments
2.(a) | H, pop median/'mean 77 .4 = 9

H; pop median/mean 1 .4 > 9

l1taill 5% (disresult—9) Bl

diff 05 02 | og M1 For differences (result -9) -

04 01 ignore signs
rank 4 -3 2 5% 1
diff 0.7 038 ml For ranks
0.6 .

rank | 7 S5t 8 M1 For ties
T =442+  +8 =26% ml For total attempted from ranks
T=3+1+5% =04 ) Al For one correct total
Teststat T=9% n=8 1tail 5%
v=6 B1 For ev
T>6 M1 Comparison ¢v/ts (consistent)
No significant evidence at 5% level to
reject H, . Conclude that there 1s no
significant evidence to suggest that the In context
average time to complete the task is
greater than 9 minutes, El 9

(b) | Sample was selected at random.
or
Bl
Times to complete the task are 1 Disallow ‘normally distributed’
symmetrically distributed.
Total 10




Question 3

A coin expert carries out an analysis to determine the percentage of silver in coins taken
from two separate coin mintings during the reign of King Manuel I. The percentages for the
coins in a sample from each minting are given in the table.

First Minting 58 66 63 69 75 70 67 6.1
Second Minting 67 88 65 82 94 91 84

Carry out a distribution-free test to investigate the claim that coins from the second minting
contain a higher percentage of silver than those from the first minting. Use the 5% level of
significance and assume each sample to be random. (10 marks)
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Commentary

| Candidates who showed no ranks and/or method on the answer paper lost most of the marks |
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Mark Scheme

Q Solutions Marks | Total Comments
3 | H, Samples are taken from identical or
populations Bl equivalent in words implying pop
H, Samples are not taken from identical averages same/ 2* greater
populations — population average
percentage silver higher in second Bl
minting.
5% 1 tail
Ranks
First Second (Alternative method acceptable)

1 4

2 62 M1 Attempt at M-Whitney — ranks as one

3 11 group (can be reversed)

5 12 ml Ties

6% 13

8 14

9 15

10
T =44% Toa =75 % ml For total attempt

m =8 n =7
Up. = 44% - SL) 8%
- . Tx8 .
Usa= 7572 - —— =4T% ml For U formula correct
-
Test stat U =28 Al Either U correct
ev=13 n=7m=8 ltail 5% Bl correct/relevant cv used
U= 8% <13 M1 comparison with U (consistent)
Significant evidence to reject H, and
conelude that the pereentage of silver was
higher in the second minting. Al 10
Total 10




Question 4

An eye clinic treats a large number of adult patients who have one normal eye but suffer
from glaucoma in the other eye. The thickness, in microns, of the cornea of each eye was
measured for each of a random sample of 8 such patients. The results are given in the table.

Patient 1 2 3 4 5 6 7 8
Normal eye 488 | 478 | 492 | 444 | 436 | 398 | 464 | 476
Eye with glaucoma | 484 | 478 | 480 | 426 | 440 | 410 | 458 | 460

(a) Carry out a sign test, at the 10% level of significance, to investigate whether there is any
difference in the average cornea thickness between the normal eye and the eye with
glaucoma. (6 marks)

(b) Later it was discovered that the measurements from 5 other randomly selected adult
patients had been lost. However, it is known that all 5 patients had a lower cornea
thickness in the eye with glaucoma than in the normal eye.

Use this additional information, together with the information given in the table, to

carry out a sign test, at the 5% level of significance, to investigate whether there is
evidence that the average cornea thickness of the normal eye is greater than that of the
eye with glaucoma. (5 marks)

Student Response

S e [

IDIN O_Q:g_\}ukw_ M&m_ 3\%\2&@_..@._._._.,
______> %}g QL::QL;LA‘«\_UJ_\ Cwedin (&v@f_\ﬂnf_g_#g/(uﬁv«d %\uucmb

twO_ tm\eﬁ S

o a m%L 7z 0'53 _____ o

Ol > =\ =Pyl =\ - &2, 0 7273,

20066 2 tes St |

| .____C\\&\cu.!_w%mw _____ _C_ur\mj QJJ.&_L
0.2166 6 > LAz ?}Qs i




W vt o) NI S0 acept ,é
N - Showe S 10 Stewy buur ooilence at 4~

o \Ov E;\%v\'\ﬁ-{mb\ad \G ‘\ua‘\culfe (mtc:j
CiﬂgrQrﬂan TVR\S VIR OO T AN B ST T 10N %\A\rl‘mosﬁ L\Epra.-

Q\Ap_ \J\o\wxup 9%? aut 4 ?58 u.J:?L\A %A‘UUF(]ML{.H

e n&a& e\ |
____f:vsu%mhmmeieﬂ B

EQ %‘; mﬁmm mmahm_ﬁ M_u___. B ";:"::;“L-

e YodewsS A Ny WS 6 F% G A0 WAL
I T T T S S . S S

" '_ZLWBC\'I 05,3 /

.....

temy DA isMC 4 O o>

— S i

Dot w u\ucc.J WRONOM, QQE(LE&D T\,.Q,w;
3\k:)\k\q ANVITV R @L)\dﬂ.ﬂce oy al S SX%\A.'IQ\(LJHCE’ P@-‘E/
wﬁxm\-t_ Baay e avexsae conlu Al chneny
c.l e towsu @4 NS Gyeelier Han Wor o

Qe euo winle Aawome /_ .

9
\

“i

)

Q\
Na

Commentary

Few candidates managed the two sign test but several produced excellent solutions
identifying the tests stat and comparing it to the correct probability for the Binomial
distribution. Good candidates realised that the zero should be excluded so B(7, 0.5) should
be used.

In part (b), many candidates correctly added 5 to their test value thus obtaining n = 12 and
compared the relevant B(12, 0.5) probability to 0.05.




Mark Scheme

Q Solutions Marks | Total Comments
4@a) |Hony =0 Bl
Hing# 0 2tal 10%
Signs M1 Signs (allow signed differences)
+.++— —+ +
_ . Al test stat correct and identified
57/27  signs — test values
Binomial (7, 0.5 ) model M1 Binomial model used and
N probability attempted
P(25+)=P(<2-)=0.227>0.05 or ml Comparison of Binomial probability with
P{Z 5+)=PL£'7 -)=0.453 =0.10 0.05 [01,0.1)
one tail test Identified correct critical region with
probability given also M1ml
Accept H,
There is not sufficient evidence, at the
10% level, to suggest that the average El
cornea thickness differs between the Interpretation in context
normal eye and the eye with glaucoma. 6
4b) | Honpy =0
Hillg >0 Tl ¢ B1 One tail — either way if consistent
lq o 2 ~ signs — test values Bl test stat identified
Binomial ( 12, 0.5 ) model ft incorrect ts from (a)
P(210+)=P(<2-)=0.0193<0.05 M1 Binomial model used and
. probability attempted
one tail test ml Comparison of Binomial probability with
0.05
. Identified correct critical region with
Reject Ho. probability given also M1ml
There is sufficient evidence, at the5% SC # =8 in part(a)
level, to suggest that the average cornea Allow part(b) n =1 3
thickness is greater for the normal eye Al 5 M1. M1 for 0.0112 = 0.05
than for the eye with glaucoma.
Total 11




Question 5

SS03

A factory has four identical machines, A, B, C and D, that produce bottle caps. The
production manager believes that there are some differences between the average daily
outputs of the machines. In order to investigate his belief he decides to select one of the
machines at random on each of 21 days and record the number of bottle caps it produces

during the day.

The rank values of the results are given in the table. A rank value of 1 indicates the lowest

production.
Machine A Machine B Machine C Machine D

2% 15 1 8
5 16 2% 9
10 18 4 11
14 20 6 12
17 21 7 13
19

(a) Carry out a Kruskal-Wallis test, using the 1% significance level, to investigate whether
there is any difference between the average daily number of bottle caps produced by the
four machines. (12 marks)

(b) The maintenance engineer at the factory has money available to replace one of the four
machines.

Identify, with a reason, which machine you would advise him to replace. (2 marks)
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Commentary

Candidates who referred to population averages or average daily numbers of bottle caps

needed to mention a difference of ‘at least 2’ in their H; .
Many correct attempts were seen this session on the Kruskal-Wallis test .
Most candidates identified machine C as having the lowest production.
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SS03

Q Solutions Marks | Total Comments
5(a) | Ho Samples are taken from identical Bl or
populations . . Hy 1,=05=0c=0p
H; Samples are not taken from identical
populations - pop}l}ation average borr.le Bl H, at least two of
cap .produ'ctlons differ for the 3 machines. 7,1y MM do differ
ltail 1% |
Ranks
Machine | Machine | Machine | Machine
A B C D
2% 15 1 8
5 16 2%
10 18 4
14 20 6 2
17 21 7 13
19
oIt Ml
T, =67% T, =90 T, =20% T, =53 Totals
n, = ng =5 n. =5 ny=5
o » T
75 : 52 53
_673 +& 205 33 ml i
6 5 5 5 Method for =1 ™4
ml
— 3025225 #; correct
12 .
= % 3025.225- (3% 22 ml
21x22 ’
slfes teststat H
=12.58 Al 123-129
2
Critical value from 43 =11.345 Bl 3df
H>11.345 Bl v
M1 comparison cv/ts
Sig evidence to reject Hy  and conclude
that samples are not from identical Al
populations
Significant evidence at the 1% level to o ]
suggest that the population average bottle B1 Dlﬂe{‘encc n context
cap productions differ for the 4 machines. 12 Mention of “at least two
At least two machines have different
averages
(b) | Machine C had the lowest average rank
score so it would seem likely that machine B1 o
C 1s the lowest producer of bottle caps and Machine C
therefore this machine 1s the most obvious
one to suggest for replacement El 2 Reason — must refer to the lowest average
B score or lowest production
Total 14




Question 6(a)

An Institute for Health and Welfare carried out an investigation into ladder-related falls during
2004/05.

(&) The place of occurrence of the fall and the sex of the person who fell were recorded
and the results are summarized in Table 1.

Table 1

Male Female Total
Place of occurrence of fall T ~
Home 1269 393 1662
School, other institution or sport area 35 5 40
Trade or service area 76 16 92
Industrial or construction area 156 6 162
Farm 31 6 37
Total 1567 426 1993

(i) Test, at the 1% level of significance, whether the place of occurrence of a fall is
independent of the sex of the person who falls. (10 marks)

(i) By comparing observed and expected frequencies, identify, in context, two
important facts. (2 marks)

(i) Make one further general statement regarding the observed frequencies in
Table 1. (1 mark)
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Commentary

Expected values should be given to at least 1 dp or marks will be lost.

In part (a) (ii) reference to the comparison of expected and observed frequencies is essential

and marks will not be gained otherwise.
In part (a) (iii) any comment on the observed frequencies is acceptable.




Mark Scheme

SS03

Q Solutions Marks | Total Comments
6(a)(i) | H, No association between place of
occurrence of fall and sex of person who
falls.
H; Association exists between place of B1
occwrrence of fall and sex of person who
falls.
1 tail 1%
Expected freqs | Male Female M1 For method for E
ml for 3 correct
Home 1306.75 35525
School, other 3145 8.55
Trade and serv | 72.34 19.66 All correct (1dp required minimum
Al except 1307/355)
Industrial etc 127.37 34.63
Farm 29.09 791
-y (©-£
ts = e
2% .
- q ts sum with correct
(1269-1306.75)" (393-355.25) . ]
+ ml denominators
_ 1306.75 355.25
(6—7.91)°
7.91
=385 Al for ts in range 34 - 43
df=4 1% cv=13.277 Bl fordf =4
Bl for ev
ts > 13.277 ml for comparison ts/ev
Significant evidence to reject H, and Al
conclude that there is an association
between place of occurrence of fall and
sex of person who falls.
10
(ii) | Far fewer than expected females have El Any two points made
ladder-related falls in the Industrial or
Construction area and far more males than
expected do have falls in this area.
More females were observed to have falls El 2
at home than would be expected.
6(a)(iii) | Many more males involved in ladder- El 1 Any one point made

related falls than females.
Most falls oceurred at home.




Question 6(b)

The number of patients admitted to hospital during 2004/05 for the three admission
categories involving ladder-related falls for males and for females was also recorded.
The results are summarized in Table 2.

(i)

(ii)

Table 2
Male Female
Admission category T
Direct ladder-related fall 62.1% 50.9%
Transfer following ladder-related fall 12.3% 10.5%
Other incident also involving fall from ladder 25.6% 38.6%
Total admissions 227 57

Use the information in Table 2 to construct a contingency table with frequencies
that could be analysed to investigate whether there is an association between
admission category and the sex of the person who falls. ( 3 marks)

(0-E)?

= is 3.83, correct

For the contingency table in part (b)(i), the value of z

to 3 significant figures.

Test, at the 5% level of significance, whether admission category is independent
of the sex of the person who falls. (4 marks)
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Commentary

| In part (i) frequencies that are observed should be given as integers or marks will be lost.




Mark Scheme

(b))

(il

Male Female
Direct 141 20
Transfer 28 6
Other 58 22

H, No association between admission
category and sex of person who falls.

H; Association exists between admission
category and sex of person who falls.

ts=3.84 df=2 5% ev=15.0901

3.84 £5.991 No significant evidence to
reject H, Conclude that there is no
evidence of association between

admission category and sex of person who
falls.

ml

Al
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4 correct (not necessarily integers)

all correct and integers






