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SS03

Question 1

1 A manufacturer of digital radios secks the opinions of customers about the performance of its
radios before and after introducing a new component.
The manufacturer selects, at random, 10 customers. Each customer is given a radio without
the new component and a radio with the new component. Each customer then rates the

performance of each radio on a scale from 1 to 20.

The results of the survey are shown in the table.

Customer A B C D E F G H | J

Without new

component 16 18 14 18 15 13 16 8 8 13

With new
component

12 16 19 18 11 19 19 15 17 12

Carry out a Wilcoxon signed-rank test, at the 5% significance level, to investigate whether
customers rated the radio differently after the new component was introduced.

Interpret your conclusion in context. (9 marks)
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Commentary

Some candidates seemed to expect a sign test for question 1 and so carried out an incorrect procedure.
Many candidates made a very good effort at this question and the majority showed the differences
between each value and 6 as well as the rank values. Several ranked 0 with rank 1 or ranked -9 with
rank 1. A difference of 0 should be excluded and the difference with the smallest absolute value is
assigned rank 1.

A substantial number of candidates carried out a 1 tail test in error.

Conclusions were generally fairly well done and in context.

Mark Scheme
5503
Q Solution Marks | Total Comments
1 | Hy (pop) median/mean diff 77; = 0
H; (pop) median/mean diff n7, # 0 Bl Need ‘average’
2tail 5%
Difference <
. . 4 2 S0 4 . .
(without — with) M1 For differences (+/- signs can be
Rank 4] 2 | 6] . |44 interchanged): ignore signs
-6 |-3 -7 -9 1
-7 -3 |8 |9 |1 M1 Forranks. Rank 1=1
T.= 4% +2+4%+1=12
T=6+7+....+9=33 ml For totals
test statistic T =12 Al For one correct total
cv=6 n=9 Bl Forcv==06
T=6 M1/ Comparison cv/ts
No significant evidence at 5% level to
reject H; Accept H, Al
There is no significant evidence to suggest
that customers rated differently the radio El 9 In context (ft)
after introducing the new component
Total 9




Question 2

SS03

An American study investigated the weight gains, x kg, of mothers during pregnancy and the
weights, vkg, of their children at 3 years of age.

The table gives the results for a random sample of 10 mothers and their children.

Mother A B C D E F G H | J
X 183 | 10.8 | 16.9 | 82 9.8 10.1 | 124 | 1406 | 153 | 188
y 192 | 115 | 183 | 105 | 124 | 13.7 | 146 | 135 | 141 | 20.1

(a) Calculate the value of the product moment correlation coefficient between the weight
gains of mothers during pregnancy and the weights of their children at 3 years of age.
(3 marks)

(b) Carry out a hypothesis test, at the 1% level of significance, to determine whether the
value that you calculated in part (a) indicates a positive association between the weight
gains of mothers during pregnancy and the weights of their children at 3 years of age.

Interpret your conclusion in context. (5 marks)
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Commentary

Part (a) was answered correctly by most candidates but a number calculated Spearman’s rank
correlation coefficient in error. Most candidates successfully obtained the coefficient from a calculator
but many rounded incorrectly or only quoted the answer to 2 sig figs. In part (b), incorrect critical
values; either two tail, from n = 20 or from the Spearman’s rank table, were common.

Mark Scheme
Total 9
2(a) | From calculator »=0.915 (0.91456) B3 3 AWRT
B2 for 0.914 or 0.91-0.92
Bl for0.9
(135.2x147.9) Alternative:
210257 =7 n=10 Yx=1352 Y y=1479
or r=
+/128.976 x~/98.269 Zf = 1956.88 Z}Q =2285.71
__ 102962 > xy =2102.57 (M)
11.35%9.913 sub in formula (ml) (A1)
=0.915
(b) HO P = 0 |
H, p>0 1tail 1% sig level Bl Or words
test statistic »=0.915
cv= 0.7155 n=10 Bl For cv
since ts> 0.7155 M1 For comparison ts/cv
Reject Hy Al
Significant evidence at 1% level to
suggest a positive linear association El 5 In context (ft)
between the weight gain of mothers
during pregnancy and the weight of their
children at 3 vears of age
Total 8




Question 3

SS03

(a)

(b)

(i1)

Table 1

3 A long-term investigation was carried out into disease in childhood.

Income (£)

Height (cm)

Under 20500

20500 and over

80 and over

Under 75 14 6
75 to under 80 12 18
8 22

One part of this investigation considered the height of a child at age one year and the income
they achieved at age 50 years. The results are summarised in Table 1.

(1) Usea ;{2 distribution and the 5% level of significance to investigate whether
income at age 50 vears 1s associated with height at age one vear.

Table 2

Interpret vour result in part (a){1) in the context of the question.

(& marks)

(2 marks)

Another part of the investigation considered the effect of a parent travelling with their
seriously ill child during the child’s transfer by a medical team to a paediatric intensive

care unit.

For each of 147 transfers, a record was kept of whether or not the child required
emergency medical treatment. The results are summarised in Table 2.

——
—
o

Emergency
medical treatment

Parent

—

Travelled
with child
—

Did not travel
with child

Required

10

8

Not reqguired

92

37

Using a 5% significance level, examine whether the presence ol a parent travelling
with a child is associated with the occurrence of emergency medical treatment.

Interpret your conclusion in context.

(8 marks)
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Commentary

Hypotheses were generally stated correctly.

In part (a)(i), several candidates pooled the rows ‘75 to under 80’ and ‘80 and over’ although expected

values were clearly larger than 5. Also, some candidates applied Yates’ correction to the 3x2 table.

In part (a) (iii) candidates often simply repeated the conclusion made in part (a) (i) but did not identify

the sources of association by referring to the observed and expected frequencies for height and income.
In part (b), most candidates applied Yates correction but very few applied it correctly. A common error

wastouse (O—E—0.5).

Mark Scheme
S503 (cont)
Q Solution Marks | Total Comments
3(a)(i) | Hy No association between height at one H, independent
year old and i‘uc‘ome at age 50 years _ H, not independent
H, An association exists between height
at one year old and income at age 50 years Bl
1 tail 5%
Under £20,500
£20,500 and over
T T
Under 75 35 115
cm
5 Ml E method for 3 correct
75 cmto 12.75 17.25 ?
under 80 cm
: ml For all E correct
80 cm and 1275 17.25
over
(0-E)
fs = =
Z E
550 557 075 075 4758 475 . _
85 115 1275 1725 1295 1725 Ml ts sum with correct denominators
= 3.56+2.63+0.044+4+0.033+1.77+1.31
=934 Al For ts in range 9.10 — 9.50
df=2 5% cv=35.991 B1 Forcv
s >5.991 mlJ" For comparison ts/cv
Reject Hy
Significant evidence to suggest an
association exists between height at one
year old and income at age 50 years Al 8 For reject Hy
(ii) | Those babies with a low height, under
75 cm, at age one year appear more likely ,
to achieve a lower income at age 50 years El Must have attempted
and those babies with heights 80 cm and
over at age one year appear more likely to Indicati S e
: o, - ndication of sources of association in
achieve an income of £20,500 and over El 2 ¢

context




SS503 (cont)

Q Solution Marks | Total Comments
3(b) | Hy Presence of parent is independent of
occurrence of emergency medical
treatment
H, Presence of parent is not independent Bl Or as in (a)
of occurrence of emergency medical
treatment
1 tail 5%
Travelled Did not
travel

Required 12.490 5.510 Ml For E values method

Not 89.510 39.490

required

2
0O—-E|-0.5)
ts= ZM M1 For ts
E
_1990° 1990 1990°  1.990° o
12490 5510 89510 39.190 ml For Yates” corr

= 0.317+0.719+0.044 +0.100
= 1.18 Al Forts 1.00 —1.30
df=1 5% cv=3.84 Bl Forcv
ts <3.84 MIS For comparison ts/cv
Accept Hy
No significant evidence to doubt that
presence of parent is independent of
occurrence of emergency medical Al 8 In context

freatment

Total

18




SSO3

Question 4

4 Scientists carried out research in 2005 to investigate the extent of drug abuse in large Italian
towns. Waste water from each ol a random sample of nine large Italian towns was analysed.
For each town, the estimated cocaine use, measured as the number of 100 g daily doses per

1000 young adults, was calculated.
Results from the research gave the following estimates for cocaine use:

9 26 17 18 21 16 19 13 15

The average estimated cocaine use in large Ttalian towns during the year 2000 was 14 daily
doses per 1000 young adults.

{a) Carry out a sign test, at the 10% level of significance, to investigate the claim that the
median cocaine use in large [talian towns has increased since the yvear 2000,

Interpret your conclusion in context. (7 marks)

(b} A random sample of voung adults from each of the same nine towns in [taly was asked
how difficult they thought it was to buy cocaine in their town. They were asked to
respond on a scale of 0 to 10, where 0 represents “not difficult at all” and 10 represents
‘extremely difTicult’.

The estimated cocaine use, x, together with the average response, v, of voung adults
{excluding non-responses) from each town are given in the following table.

Town A B C D E F G H 1
x 9 26 17 18 21 16 19 13 15
¥ 8.2 3.1 5.1 4.5 2.6 6.1 43 7.3 58

(1) Calculate the value of Spearman’s rank correlation coefficient between x and y.
{6 marks)

(i1} Interpret your answer to part (b)(i) in the context of the question. (! mark)
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Commentary

Some excellent solutions to part (a). The majority of candidates quoted the binomial probability of
0.0898 and showed a comparison with 0.10.

Candidates lost marks if probabilities from the binomial tables were not stated or a critical region was
identified without the relevant probability being quoted.

Some candidates carried out a Wilcoxon signed-rank test that gained some marks but was not the test
specified. Some found differences between the given values and the median/mean of all the given data.
This did not gain any marks.

The hypotheses were often poorly stated.

In part (b) (i) most candidates knew how to evaluate a Spearman’s rank correlation coefficient and
showed the relevant ranks. In part (b) (ii) the interpretation of the coefficient — 0.967 was often poor.
Usually no reference was made to the fact that towns that had a higher usage of cocaine were those
where it was easier to buy the drug.

Mark Scheme
SS03 (cont)
Q Selution Marks | Total Cominents
4(a) | Hy (pop) median n = 14 Bl Not mean
H; (pop) median > 14 average

2 tail 10%

Signs: — + + + + + + — + M1 Signs
SC2: Wilcoxon signed-rank
n=9
test stat =77/2 Al test stat correct
Model B(9. 0.5) M1 Bin model seen to be used
(n=9, p=0.5 column)
P(£2)=P(=7")=0.0898<0.10 Ml Comparison of correct B(9, 0.5)
probability with 0.05 or 0.10
Or use of identified cv
cr [7.8.9] see 0.0898
Reject Hy
Significant evidence at 10% level to Al
doubt Hy
There is significant evidence to suggest
that the median cocaine use has increased El 7

since 2000

(M)i)|[Town | A | B| C | D | E
xrank | 9 1 51412 M1 Attempt at ranks
yrank | 1 8 5 6 9 M1 x or y ranks correct
(reverse order OK)
Town | F |G H | I
vyrank | 6 | 3| 8 | 7 Al All correct, consistent
vrank | 3 71 21 4 Rank all as one M1MI only
r,= —0.967 (3 sf from calc) B3 6 Alternative:
d=8,7.0,2,7.3.4.6.3
(~0.966 to —0.967 B3) 34> = 236 Ml
(~096 to —097 B2)
6x236

L= 1- =-0967 mlAl

9% 80

SC  -0.96 to —0.97 MIMIAIA1L
SC  +0.967 4
SC 0.96100.97 3
(ii) | The estimated cocaine use in a town is
higher when it is easier to buy cocaine in El 1 Must have some sensible answer in (i);
the town comparative required

Total 14




SS03

Question 5

5 Ms Testum wishes to investigate whether students will score differently in a test depending
on whether the test is taken in a moming session or an afternoon session.

She selects a group of 19 students of similar ability and randomly assigns some of them to
take the test in the moming and the remainder to take the same test in the afternoon.

The students taking the test in the moming are kept apart from the students taking the test in
the aftemoon until all the students have taken the test.

The ordered scores are given in the table.

Session Score
moming 44
afternoon 46
afternoon 47
afternoon 51
moming 53
moming 54
moming 56
afternoon 58
afternoon 59
afternoon 61
afternoon 62
moming 63
moming 63
moming 65
afternoon 67
afternoon 68
moming 72
moming 74
moming 81

ia) Carryv out a Mann-Whitney U test, at the 5% level of significance, to investigate
whether there is any difference in the average test score between mornings and
aftemoons.
Interpret your conclusion in context. (1) marks)

(b} A matched-pairs design was suggested for this investigation.

(1) Explain why a matched-pairs design might be preferred when comparing two
Sroups. (2 marks)

(i) Explain how Ms Testum tried to ensure that her test was not biased. (2 marks)
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Commentary

The Mann-Whitney test was generally well done in part (a) and candidates sorted and ranked the data
efficiently but not always as one group.

Hypotheses were well worded in most cases with ‘population’ mentioned or an explanation about
average scores for morning and afternoon.

Conclusions were usually in context and correct.

Candidates usually only gained 1 mark for part(b)(i). Avoiding bias was usually mentioned but not the
fact that any difference between morning and afternoon scores is more likely to be detected if a paired
test is carried out.

Part (b) (ii) was very well answered.

Mark Scheme

S503 (cont)
Q Solution Marks | Total Comments
5(a) | Hy Samples are taken from identical
populations
H; Samples are not taken from identical Bl Hypotheses referring to population
populations — population average scores averages also acceptable or fully
differ explained in words

Morning Afternoon
44 46
53 47
54 51
56 58
63 59 Ml Separation of am/pm
63 61
65 62
72 67
74 68
81

Ranks:
Afternoon23489 10111516 Ml Or reversed
Morning 1567 122124 14 17 18 19 Al

Ta=2+3+....+16 =78 mlft 102 ) .
Ty=1+5+. . +19=112 58 Or alt method directly to U

9x10 _

Uy = 78— 3

[

ml

Uw = 112 mf“ =57

Test stat U= 33 Al U=33 or U=57
cv=2 n=9.m=10 Bl
U=33>21 Ml Comparison Usev; not if U< 0

Accept Hy

No significant evidence at the 5% level to
suggest that there is any difference in
average test scores between students El 10 In context
taking the test in a morning or afternoon
session

(b)(i) | In matched pairs design. individual
differences are minimised since the same
person is tested each time and therefore Bl Reduce experimental error: avoid bias
any difference which may exist between
the two groups is more likely to be
identified Bl 2

(if) | She kept the students apart during the
day of the test El Any 2
She chose students of similar ability and
randomly assigned them to a morning or El 2
an afternoon session

Total 14




Question 6

SS03

]

[t 1s believed that a happy marriage can offer increased immunity to infections in those aged

over 65,

A sample of 15 males, aged over 65, had their levels of protective antibodies measured one

month after their flu jabs. Each male selected his marital category as either “Happily

Married”, “Unhappily Marned’ or “Unmarried’.

The results are given in the table.

Happily Married

Unhappily Married

Unmarried

L T I I L
=R = T R e =
(S T O T O T

146
150
155
168
195

Carry out a distnbution-free test, using the 5% significance level, to investigate whether there
is any difference between the average level of protective antibodies found in males aged over

65 for the three marital categories.

Interpret vour conclusion in context.

12 marks)




Student Response

R — ' Ny : :
!ﬁ : 1f H> X - re jeck He 7
L Tek St 4 ]
/' no
- H = [ ) < T3 {h+g \”71(\‘(.3
N[N"‘ | ) ™y
1 . se0s -
o 5(154)
t o
RINR I |
N J 5
KT e @ T 1046 — F3-084446 ‘;
IR, SN =

_ | R F3 - XK
:E;ﬁ@%ﬁj _ﬁ.l ]
H=0-0% €33 1-48 B
=005 3 115
I APD R

=626 X

I_ {ﬁmz?m;cz: + r-omca.uif' )

ff-___H _________ < f‘_f;‘fr‘ S>ve
- 6’2(‘3 o Ob 5'55] re_j‘u}r HQ
- . x
U e conatude e e o (%’V\.':UL\‘{M extdang
e Ko N7 sicona ) cen ot L—L’U‘Q—(‘ P S
] M a k= w 4‘14_33 mﬂ*




Commentary

Candidates frequently incorrectly stated the hypotheses and, if referring to population medians, failed
to mention that the alternative hypothesis should be that at least two of the average antibody levels
from the three marital categories differ.

The Kruskal Wallis test was carried out accurately by most candidates but some did not show their
rank values or made errors in ranking. A substantial number were unable to substitute the relevant
values into the formula.

Critical values were frequently obtained from » =15 rather than n = 3.

Most candidates identified ‘Happily married’ men as having the highest average level of antibodies but
few realised that the significant difference found was between the average levels for ‘Happily married’
and ‘Unmarried’ men.

Mark Scheme
SS03 (cont)
Q Solution Marks | Total Cominents
6 | Hy Samples are taken from identical or
populations B1 Ho 174, =1y =17
) . N . - POy Unhappy Unmarvied
s st e o il b ol ool
protective antibody levels differ B1 1 trappy - Munhappy nmarries 40 differ
Allow mean
Bl H, antibody independent of marital
status
H, antibody not independent of
marital status
Ranks:
Happily Unhappily | Unmarried
Married Married
7 5 1
10 6 2
12 9 3 M1
13 11 4 Al For 10
14 8
15
THap =71 TL-'nhap: 31 Ttmmarr = 18 ml Totals
Ny =6 Nmhap = 4 Himarr = 3
n 77 717 317 18
>t = =1145.22
oo 6 el 5
H= 12 1145.22 - (3x16
T 15%16 x 5.22-(3x1¢) ml Correct method
test stat:
5
12 m T2
=————> L _3(N+1)
NN+ n ) ’
=926 Al 9.1-9.4
Critical value from sz =5.991 Bl
H=> 5991 M1
Sig evidence to reject Hy and conclude
that samples are not from identical Al
populations
Significant evidence at the 5% level to
suggest that the population average level Difference in context
of protective antibodies differs for the El Mention of “at least two’ or happily
three marital categories: at least two of the married/unmarried differ
averages differ
It appears that those males who are
happily married have a significantly
higher level of antibodies than those who El 12
are unmarried
Total 12
TOTAL 75






