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SS02

Question 1

1 [Figure 1, printed on the insert, is provided for use in this question.]

A family-owned firm makes ice cream. The following table shows the quantity, in tonnes,
sold during each quarter from 2004 to 2006, together with values of a suitable moving

average,
2004 2005 2006
Quarter 1 2 3 4 1 2 3 4 1 2 3 4
Ice cream sales | 7.2 [ 113|142 89 | 91 [ 136|168 94 (115157175122
Moving average 10401088 {11.45(12.10] m [12.83]|13.35]13.53|14.23
(a) Calculate the value of m. (2 marks)
(b} (i) Plot the values of the moving average on Figure 1.
(1) Draw a trend line. {3 marks)

(¢c) (i) Estimate the seasonal effects for each of quarters 1 and 4.

(11) Predict the quantity of ice cream that the firm will sell during quarter 1 of 2007
and during quarter 4 of 2007 if current trends continue. (6 marks)

(d) The owners planned to hand over the running of the firm to one of their four children
at the start of 2008. They decided to allow each of their children to run the firm for
one quarter during 2007 and to choose the most successful to run the fim from 2008
onwards.

Harry ran the firm during quarter 1 and sold 13.5 tonnes of ice cream.
Charlie ran the firm during quarter 2 and sold 14.6 tonnes of ice cream.

Eddie ran the firm during quarter 3 and sold 13.9 tonnes of ice cream.
Annie ran the firm during guarter 4 and sold 15.5 tonnes of ice cream.

(i) Plot these values on yvour graph.

(1) By examining your graph, but without carrving out further caleulations, explain
why the owners decided not to choose either Charlie or Eddie to run the firm.

(1i)) Advise the owners, giving a reason, as to which of Harry or Annie should be
chosen to run the firm. (5 marks)

Continued on next page




igure 1 (for use in Question 1)
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Student Response
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Figure 1 (for use in Question 1)
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Commentary

This is an excellent answer. As the question requires, the seasonal effects (including the
negative sign) are clearly calculated in part (c)(i) and applied in part (c)(ii). Many
candidates jumbled these two parts together. The forecasts were then rounded to a
sensible number of significant figures ( 2 or 3 sf were acceptable but more than 3 is
excessive)

In part (d)(ii) the answer took account of both the seasonal effect and the trend - many
candidates only considered the seasonal effect. A mark was lost in part (d)(iii) as no choice
was made between Harry and Annie.
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Mark scheme

Q Solution Marks | Total Comments
91+136+168+94
1(a) p M1
=12.225 Al 2 12.23(12.22 ~12.23); allow 12.2
(b)(1) | Moving averages plotted in correct M1

posttion — at least 3

Accurate plot — by eye Al
(ii) | Trend line BI 3 Allow reasonable line even 1f moving
averages imcorrect
(©@) Q1 effect: [9']‘_11'6)"'(11'5_]‘3'5} M1 Method for seasonal effect — erther —
2 ignore sign, allow use of 3 Qs
=-225
(89-112)+(9.4-13.0) ml Method for both — ignore sign
Q4 effect: — - 3 -
=905 Al (22 ~-25and(-26--31)
(i1) | Prediction for M1 Prediction of moving average from their
Q1.2007: 154-225=13 (reasonable) trend line
Q4. 2007 168-295=14 ml
Al 6 13(129~133) and 14 (13.5 ~ 14.1)
disallow 1f more than 3sf given
NMS: one answer in range Bl
both answers 1 range B3
(d)(i) | Accurate plot — by eye Bl
(ii) | Q2 (Charlie) and Q?' (Eddie) should be El Comment based on seasonal vanation
well above trend line, but both are below
trend line. (Harry and Annie are below El Correct explanation

trend line as expected.)

(iii) | Harry slightly (0.5 tonnes) above El Explanation
prediction, Annie above (1.3 tonnes)
prediction. Choose Annie. Bl 3 Choose Annie

Total 16




Question 2

2 A county cricket club has different categories of membership. The following table shows the
categories of membership, the annual subscription for each category of membership and the
probability that a new member will join that category.

(a)

(b}

(c)

Category of Annual Probability
membership subscription, £
Full 120 0.22
Senior 20 0.28
Country 75 0.12
Junior 30 0.38

(i) Show that the mean subscription paid by new members is £69.20.

(ii) Find the standard deviation of the subscription paid by new members. (3 marks)
As the ground capacity is limited, only 400 new members can be accepted during the
coming vear. The club is to stage an international match and so expects more than 400
applications 'or membership.

It is decided that only applications for full membership will be accepted.

How many full members would the club need to accept in order to receive more money
in subscriptions than would have been provided by 400 members distributed as in the

table above? (2 marks)

Give one disadvantage of the decision in part (b). (1 mark)

Student response
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Commentary

SS02

In part (a) the candidate has successfully demonstrated that the mean is 69.2 but in
attempting to calculate E(X?) has squared the probability instead of X. The negative
variance might have been a signal that something was wrong. However she has recovered

well and given good answers to parts (b) and (c).

Mark Scheme

Q Solution Marks [ Total Comments
2(a)(i) | E(X)=120=x 022+ 80 =028 + Ca
75 % 0.12 + 30 x 0.38 = 69.2 Ml Method for E(X): AG
(i) | ECYH=120" < 022+ 807 = 0.28 + M1 Method for E(X?) — may be implied
757 % 0.12 + 307 x 0.38 = 5977
V(X) = 5977 —69.2°= 1188.36 ml Method for variance
ml Method for s.d. — dependent on previous 3
marks
sd. =£3450 Al 5 34.30 (34.45 ~ 35.5) — ignore vnits
by | 822x400 5355 Ml
120
231 full members needad Al 2 CAOQ
(¢) | No junior members bad for future of club.
May be less than 231 applications for full E1l 1 Any sensible reason
membership.
Total 8




Question 3

3 The following tables pive details of the elections for the Welsh Assembly in 1999 and 2003,
for the Scottish Parliament m 1999 and 2003 and for the Northern Ireland Assembly in 1998
and 2003,

Devolved assemblv elections

6 May 1999 1 May 2003

Welsh Assembly

Electorate (thousands) 2205 2230
Walid votes counted (thousands) 1023 B30
As percentage of electorate 464 KRN
Mumber of members elected (by party)
Conservative G 11
Labour 28 a0
Liberal Democrat 6 6
Plaid Cymru 17 12
Other 1] 1

Scottish Parliament

Elzctorate (thousands) 4024 3RTY
Walid votes counted (thousands) 2342 1916
As percentage of electorate 8.2 494

Mumber of members elected (by party)

Conservative 18 18
Labour 56 50
Liberal Democrat 17 17
Scottish National Party 35 27
(Other 3 17

25 Junz 1998 26 Nov 2003

MNorthern Ireland Assembly

Electorate (thousands) 1179 1098
WValid votes counted (thousands) 510 702
As percentage of electorate 68.7 64.0

Mumber of members elected (by party)

Alliance Party -] [
SDLP 24 1%
Sinn Fein 18 24
Democratic Unionist Party 20 30
UK Unionist Party 5 1
Ulster Unionist Party 28 27
Other 7 2

Source: University of Plymouth for the Electoral Commission
and Adnnseal Abaract of Savisiics, Office for National Statistics, 2006
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(2]

{b)

(<)

(d)

How many valid votes were counted in the election for the Welsh Assembly in 19997
{2 marks)

Compare the percentages of the electorate who cast valid votes in the six elections.
(3 marks)

In ong of the six elections, half of the members elected came from the same party.
Tdentify:

(i) the election;

(i) the party. {3 marks)

For the 2003 elections, calculate the average electorate per member elected for each of
the three countries. Comment briefly on your results. {3 marks)




Student Response
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Commentary

SS02

The candidate has covered all the relevant points, but although she correctly included
'thousands' in part (a) she forgot to include 'thousands' in part (d).

Mark Scheme

3(a) | 1023000 B2 2 Bl for 1023
(b) | N.Ireland = Scotland = Wales at each El Any valid comparison of % in different
election countries
2003 election less than 1998/9 (about 3% El Any valid comparison of % 1n different
less in NI, 8 or 9% less in Wales and vears
Scotland)
All less than 70% El 3 Complete answer
(e)(i) | Welsh assembly 2003 M1 Any valid calculation — may be implied
B1 Welsh assembly 2003
(i) | Labour Bl 3
(d) 2230000
Welsh assembly =37200 M1 Method of calculation
Scottish parliament M =30100
N1 assembly 1098000 =10200 Al All correct 3sf
Nreland has many less electors per El 3 Any sensible comment — method mark not
member than Wales or Scotland. essential
Total 11




Question 4

4 Ona map, the symbol [ indicates a car pwk. A peography student divided a map into
66 squares, each representing an area of 9km”™.

(a)  If the number of [@ symbols in 2 square could be modelled by a Poisson distribution
with mean 0.6, find the probability of a square containing:

(i} no [d symbaols,
(i) 3 or more [@ svmbols. i3 marks)

(k) The student counted the number of [d symbols in each of the 66 squares, The resulis
arg shown in the table,

(c)

Mumber of Mumber of
Ld svmbals SOjUAFES
0 46
1 b
2 4
3 B

Calculate the mean and variance of the number of | symbols in 2 square., (2 marks)

Give a reason why the Poisson distribution does not provide a good model for the
number of [ symbols in a square based on:

(i) wour calculations in part {a);
(i} wour caleulations in part (b,

(i) the likely distribution of car parks. (4 marks)




Student Response
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Commentary

The candidate has answered part (a) correctly but has offered incorrect answers with no
supporting working in part (b). Incorrect answers to part (b) were common possibly because
candidates did not expect to be asked to calculate the mean and variance of grouped data
in this paper.

In part (c) this candidate has attempted to match her answers to the questions. Many
candidates failed to do this. A good, relevant answer to part (c)(i) but not to part (c)(ii). A
little more context - e.g. a car park is unlikely to be sighted immediately next door to an
existing car park - would have gained a further mark in part (c)(iii), existing car park would
have gained an additional mark in part (c)(iii)

Mark Scheme

4(a)(i) | 0.5488 Bl 0.5488 (0.5485 - 0.54935)
@) | P(z3)=1-P(=2) M1
=1-09769
=0.0231 Al 3 0.0231 (0.023 ~ 0.0232)
(b) | x=0.606 Bl 0.606 (0.606 ~ 0.6061)
S =1.104 Bl 2 1.104 (1.08 ~1.11)
(c)(1) | Observed 3 or more = &/66=10.12 ] - o _
Predicted by Po(0.6) is 0.023 — not similar | EI Ob“rt‘ ‘:fé’mb;b‘.h““ not similar to those
(or observed zero 0.7, predicted 0.53) expectec from Hotsson
(ii) | Mean (0.606) not similar to variance El
(1.10)
(iii) | Car parks not likely to be distributed at El Allow not constant average rate, not
random. independent
Likelv to be near shopping centres, El 4 Award for explanation in (11) or for
country parks efc. not in housing estates. accurate numerical illustration in (1)
Total 9
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Question 5

5 A train travelling between two nmjor cities has ten carriages. Four of the carriages are for
first-class passengers only and each contains 48 seats, numbered from 1 to 48, Six of the
carriapes are for standard-class passengers only and each containg 72 seats, numberad from
1 to 72.

The railway company wishes 1o survey passengers with a view to making the catering
facilities more profitable. Interviews are to be carried out during the middle section of the
Journey when it can be assumed that all seats will be occupied. For practical reasons, only
seated passenges will be interviewad.

It is planned that betwesn 25 and 30 imterviews in total will be carried out.

Orwen suppests that 4 carriages should be selected at random and that 7 passengers selected
at random from those seated in each of these carriapes should be mterviewed.

Xavier sugpests that 18 passengers selected at randoin from the seated standard-class
passengers and 8 passenpers selected at random from the seated first-class passenpers should
be interviewed.

Jada sugpests that three numbers between | and 48 should be selected at mndom and that the
passengers in these seats in each carriage should be interviewead.

{a) (i) MWame the tvpe of sampling sugpested by Owen.

(i} Describe how random numbers could be nused o select 7 passengers at random
from the 72 passengers seated in a standard-class carriape, {3 marks)

(by (i} MName the type of sampling sugpested by Xavier.

(i) Sugpest reasons why Xavier chose the numbers 18 and 8 for his sample sizes,
{4 marks)

(¢} For Jada®s method of sampling, state, giving a reason, whether or not:
(i) all seated passengers have an equal chance of being included in the sample;

(i) all seated first-class passengers have an equal chance of being included in the
sample. (3 marks)

(d}  The railway company requires an estimate of the mean income of all passengers on the
train,

State, giving a reason, whether the mean income of a random sample of size 26 from
all seated passenpgers or the mean income of the sample suggested by Xavier would be
a preferable estimate, {2 marks)
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54

Mduzsm

o %

) betweenoOl - 12
ranclom butmﬂm

( Laee alreqdy done). A1se the
the calculcttorfer comptiter or random nimbe

tdbles 4o genercte 2 ctmu random numbers

&d-_eg:ﬁﬁummmﬂ with the irs ¢
7 numbérs selected, ignoring 00, repeabions and

on numbers 4haft exke are over 12, \¢ the

Mngeuimmw and there numbe
was sefected, sedect Q petn NeA random

aumber -

b

V1) Strakieded.

u)'rhere s o total op 120 PaSSenqers within

muggﬂgm@&s .To g@ttﬁ She
cid G = 12.0) x26(sample size wantecl) ro
obtain 8.

For the seat she did

-!)Nn becouse sho is enly $21eCk1n0 mtmbem

J
betw«EPn I-ug, Th!S impdies sha 45 r\nmn her

AN the eats mErt‘LOT’é’

hs{errm chir‘aC\ clQss c\cmr get a chance . AT Haers

-

e . W .
i)Hﬂ‘:i-EH esftth of Hxe Y eaert&Ufy {luam ©

No because only | carriqqge 25 qurw.’rer_~~;ri‘£’,w- It #

blank

8

r

o




SS02
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Commentary

A good answer to parts (a) and (d). This candidate spotted that the seats were already
numbered and (unlike some other candidates did not attempt to renumber them - a
pointless and impractical task on a crowded train)

In part (b)(ii) and (c) she appears to be answering on the mistaken basis that there is only
one first-class and one standard class coach.

Mark Scheme

S5(a)(1) | Cluster Bl

(ii) | Select 2-digit random numbers El

Ignore 00 and = 72 El

Ignore repeats El
Continue until 7 numbers obtained and El 5 If renumbered 00 to 71, max E1 E0 E1 E1

choose passengers sitting in
corresponding seats

(b)(1) | Stratified Bl Stratified / stratified random

(i) | 18:8 is ratio of number of seated standard El Ratio of standard to first-class
class passengers (432) to seated first-class
passengers (192)

18 + 8 = 26 1n range of likely number of El Total in right range

Interviews E1l 4 Numerical support for ratio or
demonstration that 18 and 8 1s only
possibility giving total in desired range

(c)(i) | No B1
Passengers i seats numbered 49—72 have El
no chance of being selected

(i) | Yes, all have a chance of 3/48 of being Bl 3
selected

(d) | Xavier's sample preferred Bl
First-class and standard-class passengers El 2

fairly represented 1in sample

Tatal 14




Question 6

6 A large chain of pharmacies introduces a training programme for counter staff to enable them
to deal more quickly and effectively with gueries from customers,

The managing director believes that the mean time for dealing with queries should be
40 seconds. A larper mean suppests an inefficient use of time while a smaller mean suppests
that queries may not have been dealt with adequately.

Before the training programme, the times, in seconds, to deal with 9 queries were recorded as
follows:

a7 43 19 a4 45 62 48 5l 349
{a) Test the hvpothesis that the mean time taken to deal with a query was 40 seconds. Use
the 5% significance level and assume that the data mav be regarded as a random
sample from a normal distribution with standand deviation 17 seconds. {8 marks)

(b} (i) After the training programme, the times to deal with 120 gqueries were recorded
and found to have a mean of 35 seconds and a standard deviation of 12 seconds.

Examine, using the 5% significance level, whether, after the training programme,
the mean time to deal with a query was less than 40 seconds. (5 marks)

(i) State one assumption that it s necessary to make in order for the test in
part (b)i) 1o be valid, {f mark)

(¢} Summarise the effects of the training programme. {3 marks)
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Commentary

A good, concise answer to part (a). Many candidates find it helpful to draw a diagram. This
also helps examiners to understand what the candidate is doing. However, this answer is
sufficient. To have gained full marks in part (c) the candidate needed to refer to the
reduction in variability and the managing director’s belief that a mean time of less than 40
seconds may indicate that queries have not been dealt with adequately.

Mark Scheme

6(a) | Ho: £=40 Bl One hypothesis correct

Hy: =40 Bl Both hypotheses correct — must use 4 or
state ‘population’

x=47.56

47 56— 40 M1 Use of (their s.d )9
z= - =133 ml Correct method for z — ignore sign
17/49 Al 133 (133~ 1.34)

Crtical values £1.96 Bl Ignore sign

Accept Hy — no significant evidence that AlS ft conclusion — must be compared with

mean time to deal with queries differs upper tail of =

from 40 seconds AlS g ft conclusion in context —
requires MlmlA1J/

(b)) | Hp p=40 Hp; u=40 Bl Both — don’t penalise same mistake twice

- 35-40 —_456 M1 Method for z — ignore sign

T 121200 Al —4.56 (—4.54 ~ —4.57)

c.v. —1.6449 Bl Ignore sign; —1.64 - -1.65

Reject Hy — significant evidence that mean | A1V 5 Conclusion in context — must compare

time to deal with quenes is less than 40 lower tail of =

seconds

(b)(i1) | Queries were a random sample Bl 1 Random
© Training appears to have reduced mean El Mean reduced

time to deal with queries and also to have

reduced vanability. Mean may now be El Varnability reduced

too small to deal with quernies adequately. El 3 Mean may now be too small — context
required for full marks

Tatal 17

TOTAL






