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Solutions to Additional exercises for Maths for Science Chapter 12

Question 12.1

The expected number of plants in each distance category is
210
10
= 21.

The intermediate stages in the calculation of χ2 are shown in the table below.

Distance
category Oi Ei (Oi − Ei) (Oi − Ei)2 (Oi − Ei)2

Ei

1 62 21 41 1681 80.048
2 43 21 22 484 23.048
3 36 21 15 225 10.714
4 38 21 17 289 13.762
5 19 21 -2 4 0.190
6 9 21 -12 144 6.857
7 3 21 -18 324 15.429
8 0 21 -21 441 21.000
9 0 21 -21 441 21.000
10 0 21 -21 441 21.000

Total 210 210 0 213.048

Thus the value of the test statistic χ2 is 213.048.

Number of degrees of freedom = number of cells containing observed counts − 1

= 10 − 1

= 9

Reading across the row for 9 degrees of freedom in Maths for Science Table 12.3, the value of the test statistic
(i.e. 213.048) greatly exceeds the value of the critical value corresponding to a significance level of 0.01 (i.e.
21.666). The null hypothesis can therefore be rejected at the P = 0.01 significance level. It can be concluded
that Green-winged Orchid plants are not distributed uniformly with respect to horizontal distance from the
nearest ridge crest when ridge crest-to-furrow is divided into 10 equal distance categories. This is the same
conclusion as was reached when the ridge crest-to-furrow distance was divided into five categories.

Question 12.2

The null hypothesis is that the coin is unbiased. The ‘expected’ numbers from 200 tosses are therefore 100
heads and 100 tails. The intermediate stages in the calculation of χ2 are shown in the table below.

Outcome Oi Ei (Oi − Ei) (Oi − Ei)2 (Oi − Ei)2

Ei

heads 82 100 -18 324 3.24
tails 118 100 18 324 3.24

Total 200 200 0 6.48

The test statistic χ2 is 6.48.

Number of degrees of freedom = number of cells containing observed counts − 1

= 2 − 1

= 1
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Reading across the row for 1 degree of freedom in Maths for Science Table 12.3, it can be seen that the χ2

value of 6.48 corresponds to a significance level of less than 0.05 but more than 0.01 (i.e. 0.01 < P < 0.05).
The null hypothesis that the coin is fair must be rejected at the 5% level, though not at the 1% level. On the
basis of your observation you could conclude that the coin is biased.

Question 12.3

The values for (RA)i, (RB)i, Di, Di
2 and

n∑
i=1

Di
2 are given in the table below.

Bill length
/ mm

Rank
(RA)i

Mass
/ g

Rank
(RB)i

Di = (RA)i − (RB)i Di
2

33.5 5 51 4 1 1
38.0 10 59 10 0 0
32.0 3 49 2 1 1
37.5 9 54 7 2 4
31.5 2 50 3 -1 1
33.0 4 55 8 -4 16
31.0 1 48 1 0 0
36.5 8 53 6 2 4
34.0 6 52 5 1 1
35.0 7 57 9 -2 4

n∑
i=1

Di = 0
n∑

i=1

Di
2 = 32

rs = 1 −
6

n∑
i=1

Di
2

n(n2 − 1)

= 1 − 6 × 32
10(102 − 1)

= 0.806

Reading across the row for 10 pairs of measurements in Maths for Science Table 12.7, it can be seen that
P < 0.01. The null hypothesis must therefore be rejected at the 1% significance level. There is a statistically
significant (positive) correlation between the mass of Dunlins and the length of their bills.

Question 12.4

In this case x1 = 15.9 mm, x2 = 20.3 mm, s1 = 4.3 mm, s2 = 4.9 mm, n1 = 23 and n2 = 32.

Substituting the relevant values into Maths for Science Equation 12.5 gives:

S C
2 =

(n1 − 1)s1
2 + (n2 − 1)s2

2

(n1 − 1) + (n2 − 1)

=
(23 − 1)(4.3 mm)2 + (32 − 1)(4.9 mm)2

(23 − 1) + (32 − 1)
= 21.719 mm2
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Substituting the relevant values into Equation 12.4 gives:

SED =

√
S C

2

n1
+

S C
2

n2

=

√
21.719 mm2

23
+

21.719 mm2

32
= 1.274 mm

Substituting the relevant values into Equation 12.3 gives:

t =
x1 − x2

SED

=
15.9 mm − 20.3 mm

1.274 mm
= −3.454

The number of degrees of freedom is

(23 − 1) + (32 − 1) = 53

Reading across Maths for Science Table 12.12 at 40 degrees of freedom (in the absence of rows for 53 or even
50 degrees of freedom and erring on the side of caution), it can be seen that the (absolute) value of the test
statistic (i.e. 3.454) exceeds the critical value corresponding to a significance value of 0.01 (i.e. 2.704). The
null hypothesis (that x1 = x2) must therefore be rejected and the alternative hypothesis (that x1 , x2) accepted.
At the 1% significance level, the fertiliser treatment did have an effect on the early growth of seedlings. Indeed
it appears to have enhanced their growth compared to the control seedlings.

Question 12.5

In this case x1 = 39.0, x2 = 52.8, s1 = 3.3, s2 = 5.1, n1 = 10 and n2 = 10.

Substituting the relevant values into Maths for Science Equation 12.5 gives:

S C
2 =

(n1 − 1)s1
2 + (n2 − 1)s2

2

(n1 − 1) + (n2 − 1)

=
(10 − 1)(3.3)2 + (10 − 1)(5.1)2

(10 − 1) + (10 − 1)
= 18.450

Substituting the relevant values into Equation 12.4 gives:

SED =

√
S C

2

n1
+

S C
2

n2

=

√
18.450

10
+

18.450
10

= 1.921

Substituting the relevant values into Equation 12.3 gives:

t =
x1 − x2

SED

=
39.0 − 52.8

1.921
= −7.184
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The number of degrees of freedom is

(10 − 1) + (10 − 1) = 18

Reading across Maths for Science Table 12.12 at 18 degrees of freedom, it can be seen that the (absolute)
value of the test statistic (i.e. 7.184) exceeds the critical value corresponding to a significance value of 0.01
(i.e. 2.878). The null hypothesis (that x1 = x2) must therefore be rejected and the alternative hypothesis (that
x1 , x2) accepted. At the 1% significance level, temperature did have an effect on the respiratory movements
in the animals, and we can say that the rate of respiration movements in these crustacean animals is higher at
20 ◦C than at 15 ◦C.
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