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1 A researcher is investigating whether there is a relationship between the population size of cities and
the average walking speed of pedestrians in the city centres. Data for the population size, x thousands,
and the average walking speed of pedestrians, yms_1 , of eight randomly selected cities are given in
the table below.

X 18 43 52 94 98 206 784 1530
y| 1.15 0.97 1.26 1.35 1.28 1.42 1.32 1.64

(i) Calculate the value of Spearman’s rank correlation coefficient. [5]

(ii) Carry out a hypothesis test at the 5% significance level to determine whether there is any
association between population size and average walking speed. [6]

In another investigation, the researcher selects a random sample of six adult males of particular ages
and measures their maximum walking speeds. The data are shown in the table below, where ¢ years is
the age of the adult and wm s is the maximum walking speed. Also shown are summary statistics
and a scatter diagram on which the regression line of w on # is drawn.

t 20 30 40 50 60 70
w | 249 2.41 2.38 2.14 1.97 2.03

n=6 Xt=270 Iw=13.42 I*=13900 Iw’=30254 Itw =584.6

2.8

2.6

b
24 \<

2.2

2.0 o

1.8

(iii) Calculate the equation of the regression line of w on . [5]

(iv) (A) Use this equation to calculate an estimate of maximum walking speed of an 80-year-old
male. [2]

(B) Explain why it might not be appropriate to use the equation to calculate an estimate of
maximum walking speed of a 10-year-old male. [2]
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Clover stems usually have three leaves. Occasionally a clover stem has four leaves. This is considered
by some to be lucky and is known as a four-leaf clover. On average 1 in 10000 clover stems is a
four-leaf clover. You may assume that four-leaf clovers occur randomly and independently.
A random sample of 5000 clover stems is selected.

(i) State the exact distribution of X, the number of four-leaf clovers in the sample. [2]

(ii) Explain why X may be approximated by a Poisson distribution. Write down the mean of this
Poisson distribution. [3]

(iii) Use this Poisson distribution to find the probability that the sample contains at least one four-leaf
clover. [2]

(iv) Find the probability that in 20 samples, each of 5000 clover stems, there are exactly 9 samples
which contain at least one four-leaf clover. [3]

(v) Find the expected number of these 20 samples which contain at least one four-leaf clover.  [2]

The table shows the numbers of four-leaf clovers in these 20 samples.

Number of four-leaf clovers 0 1 2 >2
Number of samples 11 7 2 0
(vi) Calculate the mean and variance of the data in the table. [3]

(vii) Briefly comment on whether your answers to parts (v) and (vi) support the use of the Poisson
approximating distribution in part (iii). [31]

The number of minutes, X, for which a particular model of laptop computer will run on battery power
is Normally distributed with mean 115.3 and standard deviation 21.9.

(i) (A) Find P(X < 120). [3]
(B) Find P(100 < X < 110). [3]
(C) Find the value of k for which P(X > k) = 0.9. [3]

The number of minutes, Y, for which a different model of laptop computer will run on battery power
is known to be Normally distributed with mean p and standard deviation ©.

(i) Given that P(Y < 180) = 0.7 and P(Y < 140) = 0.15, find the values of u and o. [4]

(iii) Find values of a and b for which P(a < Y < b) = 0.95. (4]
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4 A gardening research organisation is running a trial to examine the growth and the size of flowers of
various plants.

(i) In the trial, seeds of three types of plant are sown. The growth of each plant is classified as good,
average or poor. The results are shown in the table.

Growth Row
Good Average Poor totals
Coriander 12 28 15 55
Type
Aster 7 18 23 48
of plant
Fennel 14 22 11 47
Column totals 33 68 49 150

Carry out a test at the 5% significance level to examine whether there is any association between
growth and type of plant. State carefully your null and alternative hypotheses. Include a table of
the contributions of each cell to the test statistic. [12]

(ii) It is known that the diameter of marigold flowers is Normally distributed with mean 47 mm and
standard deviation 8.5 mm. A certain fertiliser is expected to cause flowers to have a larger mean
diameter, but without affecting the standard deviation. A large number of marigolds are grown
using this fertiliser. The diameters of a random sample of 50 of the flowers are measured and the
mean diameter is found to be 49.2 mm. Carry out a hypothesis test at the 1% significance level to
check whether flowers grown with this fertiliser appear to be larger on average. Use hypotheses
H,:u =47 H, : 1 >47, where i mm represents the mean diameter of all marigold flowers grown
with this fertiliser. [5]
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(i)

X 18 | 43 | 52 | 94 | 98 | 206 | 784 | 1530

y 1151097 |1.26|135]1.28|1.42|1.32|1.64

Rank x 1 2 3 4 5 6 7 8

Ranky | 2 1 3 6 4 7 5 8
d -1 1 0 -2 1 -1 2 0
& 1 1 0 4 1 1 4 0
_.6zd® . 6xI2

n(n® —1) 8x 63

= 0.857 (to 3s.f.) [ allow 0.86 to 2 s.f]

M1 for attempt at ranking
(allow all ranks reversed)

M1 for &

Al for =d* =12
M1 for method for 7

Al fit. for |r| <1
NB No ranking scores zero

(ii)
Hp: no association between X and Y in the population B1 for Hy
H;: some association between X and Y in the population B1 for H;
Two tail test critical value at 5% level is 0.7381 B1 for population SOI
Since 0.857> 0. 7381, there is sufficient evidence to reject NB Ho H; not ito p
HO’
i.e. conclude that the evidence suggests that there is B for £0. 7381
association between population size X and average walking M1 for sensible
speed Y. comparison with c.v.,
provided |r <1
A1l for conclusion in
words f.t. their »,and
sensible cv
(iii) t= 45, W =2.2367 Bl for ¢ and w used

,_ Stw_584.6-270x13.42/6 _ ~19.3

Stt 13900 —270° /6 1750
_ 584.6/6-45x2.2367 _ 3218 _ 0.011

13900/6 -45°  291.6667
hence least squares regression line is:

w—w=b(t—1)
= w—2.2367 =—0.011(s — 45)
=>w=-0.011r+2.73

=-0.011

OR D

(SOI)

M1 for attempt at
gradient (b)

Al CAO for -0.011
M1 for equation of line

A1 FT for complete
equation
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(iv)
4) For ¢t = 80, predicted speed Ml
=-0.011 x80+2.73= 1.85 A1 FT provided b< 0
(B) The relationship relates to adults, but a ten year old El extrapolation o.e.
will not be fully grown so may vyalk more slowly. El sensible contextual
NB Allow E1 for comment about extrapolation not in context
comment 4
TOTAL 20
Question 2
(i) Binomial(5000,0.0001) B1 for binomial
B1 dep, for parameters 2
(i) n is large and p is small B1, Bl
(Allow appropriate
numerical ranges)
/= 5000 x 0.0001 = 0.5 Bl 3
(iii) - 05° M1 for correct calculation
PX>1) =1-¢ ol = 1-0.6065=0.3935 or correct use of tables
Al )
or from tables =1—0.6065 = 0.3935
(iv) | P(9 of 20 contain at least one)
20 . 0 M1 for coefficient
= 9 x 0.3935" x 0.6065 M1 for p°’ x (1-p)'", p from
part (iii)
=0.1552 Al 3
(V) Expected number = 20 x 0.3935 = 7.87 M1 A1 FT 2
Vi Y 7+4 11 B1 for mean
v Mean—if=—=——0.55
n 20 20
Variance = (ijcz — n; ) M1 for calculation
n f—
1
=—(15-20x0.55")=0471 Al CAO 3
19
(vii) | Yes, since the mean is close to the variance, B1
. , . E1 for sensible comparison
and also as the expected frequency for ‘at least one’, i.e. 7.87, B for observed frequency
is close to the observed frequency of 9. =7+2=9 3
TOTAL 18
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Question 3
(i) 120-115.3

(4) P(X<120) = P| Z< 19 M1 for standardizing

P(Z<0.2146)
d(0.2146) = 0.5849

Al forz=0.2146

A1l CAO (min 3 sf, to
include use of difference
column)

3
(B) P(100 <X <110) =
p 100-115.3 <7< 110-115.3 M1 for standardizing both
21.9 21.9 100 & 110
= P(-0.6986 < Z <—-0.2420) .
M1 for correct structure in
= 0(0.6986) — @(0.2420) calc”
= 0.7577 - 0.5956 Al CAO
~0.1621 3
(C) From tables @' (0.1)=-1.282 B1 for £1.282 seen
k—1153 M1 fqr equation in £ and
Z T 1282 negative z-value
21.9
k=1153— 1.282 x 21.9 = 87.22 ATCAO 3
(i) | From tables, B1 for 0.5244 or £1.036
-1 _ -1 _ seen
@ (0.70)=10.5244, & (0.15) 1.036 M1 for at least one
180 =u+0.5244 0 equation in x and ¢ and
-1
140 = 1t — 1.036 & ©" value
40=1.5604 o M1 dep for attempt to
_ _ solve two equations
0=25.63, 11 =166.55 A1 CAO for both 4
(iii) | ©'(0.975)=1.96 B1 for +1.96 seen
a=166.55—1.96 x 25.63 = 116.3 ! for either equation
b =166.55+1.96 x 25.63 = 216.8 Al
[Allow other correct 4
intervals]
TOTAL 17 |
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Question 4

Ho: no association between growth and type of plant; B1 (in context)
Q) H;: some association between growth and type of plant;

EXPECTED Good Average Poor M1 A2 for expected

Coriander 12.10 24.93 17.97 values (to 2 dp)

Aster 10.56 21.76 15.68 (allow A1 for at least

Fennel 10.34 21.31 15.35 one row or column

correct)

CONTRIBUTION Good Average Poor M1 for valid attempt at

Coriander 0.0008 0.3772 0.4899 (O_E)Z/E

Aster 1.2002 0.6497 34172 A1 for all correct

Fennel 1.2955 0.0226 1.2344 N ks cannoLbe fmplicd by &
X?=28.69 M1 for summation

Al for X¥> CAO

Referto y; Bl for 4 d.o.f.

Critical value at 5% level = 9.488 B1 CAO for cv

Result is not significant
There is not enough evidence to suggest that there is some Ml

association between reported growth and type of plant; Al
NB if Hy H; reversed, or ‘correlation’ mentioned, do not award first 12
Blor final Al
(i)

_ 49.2 —-47 2.2 M1 correct denominator

Test statistic = = =1.830 Al
8.5/4/50 1.202
1% level 1 tailed critical value of z = 2.326 B1 for 2.326
M1 (dep on first M1) for

1.830 < 2.326 so not significant. sensible comparison
There is not sufficient evidence to reject Hy leading to a conclusion

A1 for fully correct

There is insufficient evidence to conclude that the flowers are conclusion in words in 5
larger. context
TOTAL 17
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