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Additional exercises for Maths for Science Chapter 12: Statistical hypothesis
testing

Section 12.3 The chi-squared goodness-of-fit test

Question 12.1

In Section 12.3 of Maths for Science, the χ2-test was
used to determine whether or not a sample of 210
Green-winged Orchid plants were distributed
uniformly with respect to horizontal distance from the
nearest ridge crest when ridge crest-to-furrow distance
was divided into 5 distance categories of equal length.

The distribution of these plants when ridge
crest-to-furrow distance was divided into 10 equal
distance categories is given in Table 12.1.

Re-analyse the data to see if dividing the ridge
crest-to-furrow distance into 10 equal distance
categories rather than 5 makes any difference to the
conclusion. (You will need to refer to the critical
values given in Maths for Science Table 12.3.)

Distance category Observed number

1 (nearest to ridge) 62
2 43
3 36
4 38
5 19
6 9
7 3
8 0
9 0
10 (furthest from ridge) 0

Total 210

Table 12.1: Observed distribution of a sample
of Green-winged Orchids across 10 categories of
distance from the nearest ridge crest.

Question 12.2

In Chapter 11 of Maths for Science you worked out the probabilities of various combinations of results arising
from tossing one or more ‘fair’ (i.e. unbiased) coins. But coins can be weighted! Suppose you observed a
game in which a single coin was tossed 200 times, and noted that it came down heads 82 times. Carry out a
χ2-test to decide whether this particular coin is biased. (You will need to refer to the critical values given in
Maths for Science Table 12.3.)

Section 12.4 The Spearman rank correlation coefficient

Question 12.3

A study of Dunlin on an estuary was described in
Question 11.8 of the Additional exercises for
Chapter 11. The bill lengths and masses of ten of the
birds are given again in Table 12.2. Calculate the
Spearman rank correlation coefficient (rs) for these
data, and use this to determine whether there is a
statistically significant correlation between the mass of
Dunlin and their bill length. (You will need to refer to
the critical values given in Maths for Science
Table 12.7.)

Bill length/mm Mass/g

33.5 51
38.0 59
32.0 49
37.5 54
31.5 50
33.0 55
31.0 48
36.5 53
34.0 52
35.0 57

Table 12.2: Bill length and mass of ten Dunlin
trapped during a study.

c© The Open University 2013 1



Jordan, S., Ross, S. and Murphy, P. Maths for Science

Section 12.5 The t-test for unmatched samples

Question 12.4

An experiment was conducted to test the effect of
application of a mineral fertiliser on the early growth
of a plant species. Two batches of seed were
germinated in seed trays containing an artificial soil.
Some of the mineral fertiliser was added to one tray,
while no fertiliser was added to the other. Shortly after
germination, the width of one of the cotyledons (or
‘seed leaves’) was measured in a sample of seedlings
from each tray. The data are summarised in Table 12.3

Perform a t-test for unmatched samples on these data
to determine whether or not the fertiliser treatment had
a statistically significant effect on early growth of the
seedlings in this experiment. (You will need to refer to
the critical values given in Maths for Science
Table 12.12.)

Control (i.e. no Treatment (i.e.
fertiliser added) fertiliser added)

x̄ / mm 15.9 20.3
s / mm 4.3 4.9
n 23 32

Table 12.3: Mean width (x̄), estimated popula-
tion standard deviation (s) and sample size (n)
for cotyledons measured on samples of seedlings
grown in seed trays to which mineral fertiliser was
either not added (i.e. control) or added (i.e. treat-
ment).

Question 12.5

An experiment was performed in which the number of
respiratory movements (in beats per 15 seconds) made
by two separate samples of 10 crustacean animals were
counted at temperatures of either 15 ◦C or 20 ◦C. The
data are summarised in the Table 12.4.

Perform a t-test for unmatched samples on these data
to determine whether or not temperature had a
statistically significant effect on the rate of respiratory
movements. (You will need to refer to the critical
values given in Maths for Science Table 12.12.)

15 ◦C 20 ◦C

x̄ 39.0 52.8
s 3.3 5.1
n 10 10

Table 12.4: Means (x̄), estimated population stan-
dard deviations (s) and sample sizes (n) for num-
ber of respiratory movements (in beats per 15 sec-
onds) made by separate samples of crustacean an-
imals at two temperatures.
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