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How to use this booklet

Model Answers have been developed by LCCIEB to offer additional information and guidance to
Centres, teachers and candidates as they prepare for LCCIEB examinations.  The contents of this
booklet are divided into 3 elements:

(1) Questions – reproduced from the printed examination paper

(2) Model Answers – summary of the main points that the Chief Examiner expected to
see in the answers to each question in the examination paper,
plus a fully worked example or sample answer (where applicable)

(3) Helpful Hints – where appropriate, additional guidance relating to individual
questions or to examination technique

Teachers and candidates should find this booklet an invaluable teaching tool and an aid to success.

The London Chamber of Commerce and Industry Examinations Board provides Model Answers to
help candidates gain a general understanding of the standard required.  The Board accepts that
candidates may offer other answers that could be equally valid.
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All rights reserved; no part of this publication may be reproduced, stored in a retrieval system or
transmitted in any form or by any means, electronic, mechanical, photocopying, recording or otherwise
without prior written permission of the Publisher.  The book may not be lent, resold, hired out or
otherwise disposed of by way of trade in any form of binding or cover, other than that in which it is
published, without the prior consent of the Publisher.
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Business Statistics Level 3
Series 4 2003

QUESTION 1

(a) Describe 2 uses of the normal distribution.
(4 marks)

A company employs a team of technicians to keep the machines it uses operating.  The repair
time taken for repairing machine type X follows a normal distribution with mean time of
17 minutes and standard deviation of 3 minutes.  Whilst the machine is not working it is taken out
of service.

(b) Calculate the probability that the time to repair a machine of type X is:

(i) less than 12.5 minutes

(ii) between 14 and 18.5 minutes.
(6 marks)

(c) The technicians wish to establish a benchmark time within which 95% of repairs are completed.
What will be the benchmark time?

(4 marks)

(d) On some occasions when the machine needs to be repaired the tool on the machine is also
changed.  The mean time to change the tool is 10 minutes with a standard deviation of 5 minutes.
The tool replacement time also follows a normal distribution and is independent of the repair time.
The repair and tool replacement have to be carried out consecutively.

Find the probability that a repair and tool replacement take

(i) less than 20 minutes

(ii) over 30 minutes.
(6 marks)

(Total 20 marks)
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Model Answer to Question 1

(a) The normal distribution can be used to determine the warning and action limits for quality control
charts, confidence intervals, hypothesis testing, determining probabilities.

(b) (i) z = 1.5
3

1712.5
s

−=
−

=
− xx

Probability (<12.5) = 1 −−−− 0.933 = 0.067

(ii) z = 1
3

1714
s

−=
−

=
− xx

Probability (14 to 17) = 0.841 −−−− 0.5 = 0.341

z = 0.5
3

1718.5
s

=
−

=
− xx

Probability (17 to 18.5) = 0.692 −−−− 0.5 = 0.192

∴ Probability (14 to 18.5) = 0.533

(c) z = 
s

xx −  Z = 1.64/1.65

1.64 = 
3
17−x 4.92 + 17 = x

21.92 = x

(d) Joint mean 21J xxx +=  = 17 + 10 = 27 minutes

Joint SDJ = 222
2

2
1 53SDSD ++ =

 = 34 = 5.83

(i) z = 
J

J
s

xx −  = 
5.83

2720 −

 = 1.2

Probability (< 20) = 1 −−−− 0.885 = 0.115

(ii) z = 
J

J
s

xx − = 
5.83

2730 −

= 0.51 (use 0.5)

∴ Probability (> 30) = 1 −−−− 0.692 = 0.308
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QUESTION 2

The table below shows information from a random sample of 10 workers.  Their ages and the times
taken to complete a standard assembly job are given.

Worker No Age (years) Time (minutes)
  1 23 5.3
  2 45 6.3
  3 54 4.9
  4 65 5.2
  5 19 5.9
  6 52 5.2
  7 45 6.1
  8 32 4.9
  9 29 5.8
10 25 5.9

(a) Draw a scatter graph and comment on the pattern of the data.
(4 marks)

(b) Calculate the correlation coefficient between age and time.
(10 marks)

(c) Test if the correlation coefficient differs significantly from zero.
(6 marks)

(Total 20 marks)

Model Answer to Question 2

(a)

Comment: Difficult to discern a pattern, perhaps some weak negative correlation.
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Model Answer to Question 2 continued

(b) Let Age = x, Time = y

�x = 389 �y = 55.5 � x2 = 17275

�y2 = 310.35 �x y = 2137.5 N = 10

r = 
))(.)( 2222 ()( yyNxxN

yxxyN
Σ−ΣΣΣ

ΣΣ−Σ
−

= 
)22 55.5310.35x(10x)38917275x(10

55.5x3892137.5x10

−−

−

= 
23.25x21429

214.5−

= −−−− 0.304

(c) Null hypothesis: the correlation coefficient does not differ from zero   p = o

Alternative hypothesis the correlation coefficient does differ from zero  p ≠o

Degrees of freedom = n −−−− 2 = 10 −−−− 2 = 8

Critical t 0.05 = 2.31

t =
2

1
−

−
n

r
r

2

= 20.304)(1

8x0.304

−−

−

= 0.91

Conclusion calculated t < critical t

Therefore accept the null hypothesis r does not differ from zero
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QUESTION 3

(a) Explain the circumstances, in time series analysis, in which the multiplicative model should be
used in preference to the additive model.

(4 marks)

The table below shows the quarterly production figures for a company in thousands:

Year Quarter 1 Quarter 2 Quarter 3 Quarter 4
1999 - - 53 61
2000 35 45 58 78
2001 40 58 71 93
2002 51 67 80

(b) Calculate the centred moving average for the quarterly production and estimate the average
seasonal variations.

(10 marks)

(c) Forecast the production levels for the next four quarters and comment on the accuracy of your
answer.

(6 marks)

(Total 20 marks)



(a
)

Th
e 

m
ul

tip
lic

at
iv

e 
m

od
el

 is
 m

or
e 

ap
pr

op
ria

te
 w

he
n 

th
e 

se
as

on
al

 d
iff

er
en

ce
s 

ar
e 

pr
op

or
tio

na
l t

o 
th

e 
tre

nd
 ra

th
er

 th
an

 c
on

st
an

t r
el

at
iv

e 
to

 tr
en

d.

(b
)

1
Ad

di
tiv

e 
m

od
el

2
m

 to
ta

l 1
m

 to
ta

l 2
tre

nd
di

ffe
re

nc
es

Q
1

Q
2

Q
3

Q
4

3
53

4
61

1
35

19
4

39
3

49
.1

25
− −−−1

4.
12

5
− −−−1

4.
12

5
− −−−6

.8
75

3.
37

5
21

.1
25

2
45

19
9

41
5

51
.8

75
− −−−6

.8
75

− −−−2
0.

12
5

− −−−5
.6

25
4.

12
5

23
.6

25
3

58
21

6
43

7
54

.6
25

3.
37

5
− −−−2

0.
62

5
4

78
22

1
45

5
56

.8
75

21
.1

25
1

40
23

4
48

1
60

.1
25

− −−−2
0.

12
5

− −−−5
4.

87
5

− −−−1
2.

5
7.

5
44

.7
5

to
ta

l
2

58
24

7
50

9
63

.6
25

− −−−5
.6

25
− −−−1

8.
29

16
7

− −−−6
.2

5
3.

75
22

.3
75

AS
V

3
71

26
2

53
5

66
.8

75
4.

12
5

4
93

27
3

55
5

69
.3

75
23

.6
25

− −−−1
8.

68
75

− −−−6
.6

45
8

3.
35

41
7

21
.9

79
17

0.
39

58
33

 a
dj

us
tm

en
t

1
51

28
2

57
3

71
.6

25
− −−−2

0.
62

5
2

67
29

1
3

80
4 1 2 3

M
ul

tip
lic

at
iv

e 
m

od
el

53 61 35
19

4
39

3
49

.1
25

0.
71

24
68

0.
71

24
68

0.
86

74
70

1.
06

17
85

1.
37

14
29

45
19

9
41

5
51

.8
75

0.
86

74
70

0.
66

52
81

0.
91

15
91

1.
06

16
82

1.
34

05
41

58
21

6
43

7
54

.6
25

1.
06

17
85

0.
71

20
42

78
22

1
45

5
56

.8
75

1.
37

14
29

40
23

4
48

1
60

.1
25

0.
66

52
81

2.
08

97
91

1.
77

90
6

2.
12

34
67

2.
71

19
70

58
24

7
50

9
63

.6
25

0.
91

15
91

0.
69

65
97

0.
88

95
3

1.
06

17
34

1.
35

59
85

Av
g 

Sv
71

26
2

53
5

66
.8

75
1.

06
16

82
4.

00
38

47
93

27
3

55
5

69
.3

75
1.

34
05

41
0.

69
56

35
0.

88
85

69
1.

06
07

72
1.

35
50

23
0.

00
09

62
 a

dj
us

tm
en

t
51

28
2

57
3

71
.6

25
0.

71
20

42
67

29
1

80

Model Answer to Question 3

8 CONTINUED ON NEXT PAGE



(c
)

Tr
en

d 
gr

ow
th

 ra
te

=
1

9
49

.1
25

71
.6

25
−−

 =
 2

.8
12

5

Ad
di

tiv
e 

m
et

ho
d

Es
tim

at
ed

 tr
en

d 
va

lu
es

Ad
di

tiv
e 

se
as

on
al

Fo
re

ca
st

va
ria

tio
n

Q
tr 

4
71

.6
25

+ 
(3

 x
 2

.8
12

5)
=

80
.0

62
5

+ 
21

.9
79

2
=

10
2.

04
17

(1
02

.0
)

Q
tr 

1
  (

4 
x 

2.
81

25
)

=
82

.8
75

− −−− 
18

.6
87

5
=

64
.1

87
5

(6
4.

2)
Q

tr 
2

  (
5 

x 
2.

81
25

)
=

85
.6

87
5

− −−−  
6.

64
58

=
79

.0
41

7
(7

9.
0)

Q
tr 

3
  (

6 
x 

2.
81

25
)

=
88

.5
+ 

3.
35

42
=

91
.8

54
2

(9
1.

9)

M
ul

tip
lic

at
iv

e 
m

et
ho

d
Es

tim
at

ed
 tr

en
d 

va
lu

es
M

ul
tip

lic
at

iv
e 

se
as

on
al

Fo
re

ca
st

va
ria

tio
n

Q
tr 

4
80

.0
62

5
1.

35
50

23
=

10
8.

48
65

(1
08

.5
)

Q
tr 

1
82

.8
75

0.
69

56
35

=
57

.6
50

8
(5

7.
7)

Q
tr 

2
85

.6
87

5
0.

88
85

69
=

76
.1

39
3

(7
6.

1)
Q

tr 
3

88
.5

1.
06

07
72

=
93

.8
78

3
(9

3.
9)

C
om

m
en

t:
D

at
a 

is
 e

xt
ra

po
la

te
d;

 th
er

ef
or

e 
so

m
e 

da
ng

er
 in

 th
e 

fo
re

ca
st

, u
nk

no
w

n 
si

ze
 o

f r
es

id
ua

ls
, u

ne
xp

ec
te

d 
ch

an
ge

s 
in

 th
e 

ec
on

om
y.

Model Answer to Question 3 continued

9



11

QUESTION 4

(a) The data below relate to the value of a savings fund for a number of years.  The retail price index
for the country is also given.

Year Savings
Fund
£000

Retail Price
Index

1994 9.4 103.5
1995 9.8 106.8
1996 10.6 108.6
1997 11.8 109.1
1998 10.9 118.9
1999 11.4 123.4
2000 12.3 129.3
2001 13.2 133.9
2002 13.5 140.1

(i) Rebase the Retail Price Index to 1994. (2 marks)

(ii) Create an index for the Savings Fund based on 1994 = 100. (2 marks)

(iii) Calculate and comment upon the changes in the real value of the fund. (4 marks)

(iv) In 1994 the owner of the savings fund required the fund to be worth £12,000 in real
terms (ie measured at 1994 prices) by 2002.  By how much, in 2002, is the fund (in
real terms) short of the required amount? (4 marks)

(b) (i) Explain the meaning of the term simple random sampling. (2 marks)

(ii) 250 patients in a hospital have identity numbers in the range 001 to 250.  Using the table of
random numbers below and starting from the top left, number 163, draw a random sample of
10 patients.

163 106 058 108 101 489 163 428 177 503
640 944 669 677 323 641 054 580 275 443
439 915 133 141 389 334 712 778 705 188

(6 marks)

(Total 20 marks)
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Model Answer to Question 4

(a) Year Fund Fund index rpi Rebased rpi Real value
1994 9.4 100 103.5 100 100
1995 9.8 104.3 106.8 103.2 101.0
1996 10.6 112.8 108.6 104.9 107.5
1997 11.8 125.5 109.1 105.4 119.1
1998 10.9 116.0 118.9 114.9 100.9
1999 11.4 121.3 123.4 119.2 101.7
2000 12.3 130.9 129.3 124.9 104.8
2001 13.2 140.4 133.9 129.4 108.5
2002 13.5 143.6 140.1 135.4 106.1

(ii) (i) (iii)

(iii) Comment: Real value has risen by 6.1%
Real value rose, fell, rose again to 2001 and fell in 2002.

(iv) Real value of the fund 2002

= 9.4 x
100

106.1  = 9.9734

Deficit = 12 −−−− 9.9734 = £2.0266 (000)

(b) (i) In a single random sample all members of the population have an equal chance of being
chosen.

(ii) 163, 106, 58, 108, 101, 177, 54, 133, 141 and 188
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QUESTION 5

A random sample from a company’s personnel records shows the ages and number of days of
absence for members of staff over the past year.

Ages
Absence Under 25 25 and under 50 50 and over

 0 days 110 120 70
1 to 10 days 30 50 40
11 and over 40 30 10

(a) Test for an association between age and absence.
(12 marks)

The company also records the daily absence numbers for one week.  The data are shown in the table
below:

Monday Tuesday Wednesday Thursday Friday
Staff absent 7 9 6 7 6

(b) Test the hypothesis that daily absence is uniform throughout the week.
(8 marks)

(Total 20 marks)
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Model Answer to Question 5

(a) Null hypothesis: there is no association between age and absence.

Alternative hypothesis: there is association between age and absence.

Degrees of freedom = (R −−−− 1) x (C −−−− 1) = (3 −−−− 1)(3 −−−− 1) = 4

Critical x2 = 9.49/13.28

Expected values

108 120 72

43.2 48 28.8

28.8 32 19.2

Contributions to x2

0.0370 0 0.0555

4.0333 0.0833 4.3555

4.3555 0.125 4.4083

x2 = 17.4524

Conclusion: Calculate x2 > critical x2 therefore reject the null hypothesis.
There is association between age and absence.

Need reference to 1% or very significant.

(b) Null hypothesis: there is no difference in the daily number absent.

Alternative hypothesis: there is a difference in the daily numbers absent.

(Degrees of freedom = (n −−−− 1) = (5 −−−− 1) = 4
critical x2 = 9.49  13.28)

Expected values = 35/5 = 7 per day

Contribution to x2 = 0 + 0.6 + 0.1 + 0 + 0.1

 x2 = 0.8

Conclusions: Calculated x2 < critical x2 therefore accept the null hypothesis.
There is no difference in the daily numbers absent.



QUESTION 6

(a) Explain the meaning of the term the sampling distribution of the mean.
(6 marks)

Random samples were taken of the price of petrol in urban areas and rural areas.

Urban area £ Rural area £
0.749 0.799
0.759 0.759
0.741 0.749
0.765 0.759
0.789 0.809
0.739 0.789
0.749 0.799
0.789 0.819
0.809

(b) Does the price of petrol differ significantly between urban and rural areas?
(14 marks)

(Total 20 marks)



Model Answer to Question 6

(a) When a large number of samples of a given size are taken, the mean values of
the individual samples vary.  The sampling distribution of the means is the record
of these variations.

For large samples these are normally distributed with the mean of the sample
means equal to the population mean x  = µ

(b) Null hypothesis:  There is no difference in the price of petrol between urban and
rural areas.

Alternative hypothesis:  There is a difference in the price of petrol between urban
and rural areas.

Degrees of freedom (nu + nr −−−−2) = 9 + 8 −−−− 2 = 15

Critical t = 2.13/2.95

uxΣ  = 6.889 , � xr = 6.282

ux = 0.7654 , rx  = 0.7853

uS = 0.0247 , sr = 0.0262

or �( ux  −−−− ux )2 = 0.004886 , �(xr −−−− rx )2 = 0.004788

s = 
2−+

−Σ−Σ

ru

rruu

nn
xx xx 22 )()(

s = 0.0254

t = 

ru

ru

nn

xx
11S +

−

  = 0.7654 −−−− 0.7853

0.0254 
8
1

9
1 +

  = 
0.0123
0.0199  = 1.61

Conclusions: The calculated t value is less than the critical t value therefore accept the null
hypothesis.  There is no difference in the price of petrol between urban and rural areas.
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QUESTION 7

(a) Explain how the mean chart and range chart are used in quality control procedures.
(4 marks)

(b) A company in its quality control procedures sets the warning limit at the 0.025 probability point
and the action limit at the 0.001 probability point.  This means, for example, that the upper action
limit is set so that the probability of  the mean exceeding the limit is 0.001.

The weight of a product is normally distributed with a mean weight of 300 grams and a known
standard deviation of 1.5 grams.  To check the process samples of 9 are taken from the
production line.

(i) Draw a control chart to monitor the process.
(8 marks)

(ii) The first 8 samples taken had the following mean weights (in grams):

299.6 299.5 299.8 299.6 299.4 299.6 299.3 299.8

Plot these data on your control chart and comment appropriately.
(3 marks)

(iii) If the mean value had been wrongly set at 299.7 grams, what is the probability that a sample
mean lies outside the lower warning limit?

(5 marks)

(Total 20 marks)

Model Answer to Question 7

(a) The mean chart is used to check that the process is working satisfactorily by producing items
whose mean value are close to the specified value.

A range charge is used to ensure that the variability within the sample is acceptable, otherwise
individual items may exceed the limits.

(b) (i) Warning limits = 1.96±x
n

s

= 300 1.96± x 
9

1.5

= 300 0.98±

= 299.02 to 300.98 (299 to 301)

Action limits = 3.09±x s/ n

= 300 1.545±

= 298.45 to 301.55

Axes, titles, scale

Plot of chart lines
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Model Answer to Question 7 continued

(ii) Plot of points

Comment: All means below 300 grams

and ∴ set up is incorrect

(iii) z = 
ns/
xx − =

0.5
299.7299.02 −

= 1.36 (1.4)

Probability (<299.02) = 1 −−−− 0.919

= 0.081

(b) (i)
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QUESTION 8

(a) Explain the difference between one-tailed and two-tailed tests.
(4 marks)

The records of a company contain the following production data for the last two weeks:

Week 1 Week 2
Mean output per worker 295 308
Standard deviation 7.5 8.6
Sample size 50 65

(b) Has there been an increase in the mean output per worker between the two weeks?
(8 marks)

(c) In the previous year a proportion 0.03 of the production was rejected as faulty.  In the past week a
random sample from 250 items showed that a proportion of 0.012 of the production was faulty.

(i) Test to find if there has been a significant fall in the proportion of items that are faulty.
(6 marks)

(ii) What would be the effect if a two-tail test was used? (2 marks)

(Total 20 marks)
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Model Answer to Question 8

(a) A one-tail test tests if a difference exists that is either greater than or less than the
stated parameter.

A two-tail test tests if there is a difference from a stated parameter irrespective of
the direction.

(b) Null hypothesis:  there is no difference in the mean output.

Alternative hypothesis:  there is an increase in the mean output.

Critical z = 1.64/2.33

z =

2

2
2

1

2
1

21

nn
ss

+

− xx

= 295 −−−− 308
22

65
8.6

50
7.5 +

13 13
= 1.1381.125 +  = 2.2   =  8.64

Conclusion.  The calculated value of z exceeds the critical value of z of the 0.01
level therefore reject the null hypothesis.  There has been an increase in output.

(c) (i) Null hypothesis: There has not been a change in the proportion faulty

Alt hypothesis: The proportion faulty has fallen

Critical z value 1.64/2.33

p −−−− π =   0.012 −−−− 0.03

z =
n

)(1 ππ − =
250

0.97x0.03

= 1.67

Conclusion: Reject the null hypothesis at the 0.05 level.  There is evidence to suggest the
proportion faulty has fallen but at the 0.01 level there is insufficient evidence to reject the null
hypothesis.

(ii) The conclusion drawn would be the same at the 0.01 level but at the 0.05 level there is
insufficient evidence to suggest the proportion faulty has fallen.
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LEVEL 3






