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a miscellaneous
collection of items all
designed to aid your
study of biology.
Whether dealing with
creatures or concepts,
evolution or exams,
NOTEBOOK will help,
inform and remind
you of things that you
should find useful.

Biological
statistics —
part 2

The first part of this series (see BIOLOGICAL
SCIENCES REVIEW, Vol. 7, No. 4, pp. 38-41)
dealt with the types of variables that
occur in biology, and also with distribu-
tions, measures of central tendency and
variability. This part explains how data
can be dealt with in such a way that they
become meaningful. To do this you need
to know something about statistical tests
— these are not difficult to understand if
you follow the methods and lay your work
out carefully.

Most syllabuses specify the chi-squared
(symbolised %% pronounced ky-squared)
test. Some syllabuses also include the -test
and an understanding of correlation. These
three statistical procedures will cater for
most of the investigations that you are
likely to carry out, even during project
work. Although there are computer pack-
ages for the calculations it is better if you
start off by using a calculator since you
will then be more likely to understand
what you are doing. This Notebook deals
with the chi-squared test; part 3 will deal
with the ¢-test and correlation.

THE CHI-SQUARED TEST —
COMPARISON OF
DISCRETE VARIABLES

This test is used when the data consist of
discrete (discontinuous) variables. Such
data are obtained by counting and so
consist of whole numbers, such as the
number of flowers on a plant, the number
of fleas on a dog etc.. The formula is

where X is the sum of (remember sigma
and sum start with an s), O is the observed
frequency and E is the expected frequency.
The value of % is therefore the sum of the
observed numbers minus the expected
numbers squared, divided by the expected
numbers. To ensure that the test is valid, no
expected frequency should be less than five.
%2 is a measure of the difference between
the observed and expected frequencies —
a high value means a large difference, while
a low value means a small difference.

Example 1: the ‘goodness of fit’ test

Here we are trying to find out whether the
number of things we have counted agree
with some law or theory. For example, in
genetics the expected numbers from a
genetic cross are worked out according to
ratios based on Mendelian principles. The
actual or observed numbers of offspring
obtained that show the particular charac-
teristics are compared with
these expected numbers.

Column A cr Do Zo s i)
Category o
Red-eye

E (0-E) (0-E)? (O-EJ?IE
565 585 20 400 068

Expected numbers — a 3:1 ratio means
3/4 and 1/4 so we divide 780 by 4 = 195
and would therefore expect 3/4 (ie. 195
x 3 = 585) to be red-eyed, and the rest
white-eyed. The best way to carry out the
calculations is to lay them out carefully
in a table, so that you are less likely to
make mistakes (see Table 1).

What does this value of 2.73 for 2
mean? To find out we first have to deter-
mine the number of degrees of freedom
(df). In a %2 test this is simply the number
of categories minus one, and it tells us
where on the appropriate table we have to
look to find the meaning of the 2 value.
In this example there are two categories
of Drosophila — red-eyed and white-eyed,
so 2 minus | = | degree of freedom.
Knowing the degrees of freedom and the
value of > we can work out the proba-
bility of such a result occurring by chance
by looking up a table of the y? distribution.
The first three lines of this table are given
in Table 2 (for a complete table see a
statistical text).

5

White-eye 215 195 20 - 400 2.05
Total = x2=2.73

Table 1

A monohybrid breeding
experiment (a mating of
individuals differing in a
single trait) was carried out
on the fruit fly Drosophila.
Of 780 offspring in the
second generation, 565 had
red eyes and 215 had white
eyes. The expected ratio was
3 red-eyed: 1 white-eyed,
since red-eye is dominant to
white-eye. Do the observed
numbers agree with this
ratio of 3:1? Observed
numbers — 215 white-eyed,
565 red-cyed; total 780.

White-eyed mutant of Drosophila
alongside red-eyed (wild-type)
ruit fiies. >

Table 2
Increase p values Decrease
- e —
df 0.99 0.95 0.90 0.50 0.10 0.05 0.01 0.001
1 0.00016 0.0039 0.016 046 2.7t 3.84 6.63 10.83
0.02 0.10 0.21 1.39 4.60 5.99 9.21 13.82
0.12 0.35 0.58 2.37 6.25 7.81 11.34 16.27
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[image: image2.png]Note that the values of p (for probability)
decrease as you move to the right. What do
these p values mean? Figure 1, which shows
only a small part of the table, explains:

0.05 0.01
p>0.05 p<0.05

(pis greater (pis less

- than 0.05) than 0.05)
- [
Not significant Significant

- (NS) (fairly confident)

Figure 1

The 0.05 value of p is highlighted. In bio-
logy this is known as the 5% level, and
means that differences between O and E
are so large that they would only occur by
chance in 5% (5 out of 100) of cases. Any
value of p greater than 0.05 (>0.05)
means that there is no significant differ-
ence between the observed and expected
numbers — any differences that occur can
be attributed to chance. If, however, the
value of p is less than 0.05 (<0.05) then
the difference between the numbers is
significant and not attributable to chance.

The %2 value obtained from the inves-
tigation using Drosophila was 2.73. Where
does this value lie? Examine the first line
in Table 2 which gives %2 values for one
degree of freedom — moving across the
values you will find that 2.73 lies just to the
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right of 2.71 and thus left of the 0.05 p
value (>0.05) — the result is not significant,
that is, the observed numbers do not differ
significantly from the expected 3:1 ratio.

Example 2: three categories

A student carried out an investigation
on the distribution of the orange star lichen
on graveyard headstones. It appeared to
her that the distribution of this lichen was
influenced by the direction the headstone
faced and so she recorded the numbers
of colonies on each of three similar head-
stones. Her results were as follows: north-
facing, 21;south-facing, 33; west-facing, 54.

She can use the ¥? test to find out if
such a distribution of lichen colonies is
simply due to chance or if some factor is
involved.

If aspect did not affect the number of
colonies then each headstone should have
about the same number of colonies thus:
21+33+54 = 108. Divide by 3 = 108/3 =
36 colonies each. The numbers are set out
as usual (see Table 3).

0 E  (0-E) (0-ER (0-EVIE
21 36 15 225 6.25
0% 3 9 025
54 3 18 324 9.00
¥2=155
 Table 3

Where does this value of 2 lie in the
table? There are 3 categories (north, south
and west), so there are 2 degrees of
freedom (number of categories minus 1).
Look at Table 2 and enter it at 2 df. As
you move to the right, the value of 15.5
for %2 is found to lie off the table to the
right. Since this x2 value for 2 degrees
of freedom is greater than 13.82, p is less
than (<) 0.001. What does this mean?
Look at Figure 2.

Since p is <0.001 the result is very
highly significant and the student can be
almost certain that the growth of the
lichen must have something to do with the
direction in which the headstone is facing.
She can now go on to suggest hypotheses

Northants with respect to what factors might be
NN13 5SJ. important.
Figure 2
, . oos 0.01 0.001
pis greater - pisless pisless pisless
. than 0.05 ~ than 0.05 than 0.01 than 0.001
(p>0.05) - (p<0.05) (p<0.01) (p<0.001)
- , > = e
~ Not significant Significant Highly significant Very highly
(NS) (very confident) significant

 (fairly confident)

(almost certain)

Such tests can include as many cate-
gories as you wish, but remember that the
number of degrees of freedom is always
one less than the number of categories.

Self-test question 1
In an experiment investigating inheritance
in Drosophila, long-winged, light-bodied
flies were crossed with vestigial-winged,
ebony-bodied flies. The F1 generation was
all of the wild-type, being long-winged and
light-bodied. This generation was allowed
to cross and the numbers obtained in the
F2 generation were as follows: long-winged,
light-bodied 26; long-winged, ebony-bodied
8; vestigial-winged, light-bodied 10; vesti-
gial-winged, ebony-bodied 4.

Do these figures agree with the appro-
priate Mendelian ratio?

Example 3 : 2 x 2’ contingency tables

In the examples considered so far there are
several categories or attributes into which
the observations can be placed. The obser-
vations are tabulated and such tables are
described by the number of columns and
rows that they contain. So far they have
been of the one column type. If there are
two sets of observations and two categories,
and thus four possible combinations, then
the data can be set out as in Table 4.

Cells _ Row totals
a b a+b
c d c+d
Column a+c b+d a+b+c+d
totals Grand total (n)
Table 4

This is known as a 2x2 (‘two by two’)
contingency table.

A student carried out an investiga-
tion to find out if two species of winkle
tended to occur at different positions on
the shore. He collected random samples of
rough winkles (Littorina saxatilis) and
edible winkles (Littorina littorea) from
the lower shore (up to 5 m above the low
water mark), and from the upper shore
(higher than 5 m above the low water
mark). The results were set out ina 2x2
contingency table (see Table 5) since there
are two positions on the shore and two
organisms. This test can be used to find out

Type of winkle
L. saxatilis - L. littorea
Upper shore 24 18
Lower shore 15 31

Table 5
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[image: image3.png]if there is any connection or association
between the type of winkle and its position
on the shore.

First of all, the numbers expected by
chance alone have to be calculated. This is
done by constructing a table (see Table 6)
and entering the observed numbers (O).
The expected numbers are calculated using
the following equation:

expected _ column total x row total

number grand total

For L. saxatilis on the upper shore the
expected number will be the total for
L. saxatilis (39) multiplied by the total for
the upper shore (42) divided by the grand
total (88) = 18.6. For L. saxatilis on the
lower shore it will be the total for L.
saxatilis (39) multiplied by the total for
the lower shore (46) divided by grand total
(88) = 20.4. L. littorea on the upper shore
= (49x42)/88 = 23.4; L. littorea on the
lower shore = (49x406)/88 = 25.6.

These expected numbers (E) are now
entered in Table 6.

_ Type of winkle
o L.saxatilis - L. littorea
Location =~ O E ©F i
Upper shore = 24° 18.6 18 234
Lower shore 15 204 31.256
Totals 39 49
Table 6

From these figures we can sce that there
appear to be more L. saxatilis than ex-
pected by chance on the upper shore (24
compared with 18.6) and less than expected
on the lower shore (15 compared with
20.4), and vice versa for L. littorea.

BARRIE .V

Totals

Now that we have all the observed and
expected values the usual table for carrying
out-the calculations is set up (Table 7) —
remember, always be methodical!

0 E -(0-E) (0-E) (0-EYIE
24 186 54 2916 157
15 204 54 2916 143
18 234 54 2916 125
31 256 54 2916 134

Total = x? = 5.59

Table 7

Note that in column 3 all the values are
the same — this is a good check that
your calculations are correct. Adding
up the final column gives a 32 value of
5.59. The degrees of freedom for a
contingency table are (c-1)x(r-1) i.e.
(the number of columns minus one)
multiplied by (the number of rows
minus one), so fora 2 x 2 table it is (2—
1)x(2-1) = 1. If there are
more than 2 columns or
2 rows the method of calcula-
tion is the same (e.g. for a
4 x 5 table there would be
42 (4-1)x(5-1) = 12 degrees of
W freedom). Looking back to

Table 2, a 2 value of 5.59
88 lies between p = 0.05 and

0.01, so p is <0.05 and the

result is therefore significant,

indicating that the position of
the species on the shore is unlikely to be
due to chance and that L. saxatilis is
more likely to occupy the upper shore
and L. littorea the lower shore. Such
conclusions can, of course, lead to further
hypotheses to try to explain why this is so.

Edible winkles (Littorina littorea) and barnacles on a rocky shore.

Self-test question 2

The thrush is a common predator of
the banded snail (Cepaea nemoralis). It
smashes open the tough shell of this
mollusc by holding the shell in its beak
and hitting it against a stone, which is
appropriately called an ‘anvil’. Shells of
Cepaea were collected, grouped and
counted according to the following cate-
gories: broken and banded 68, broken and
unbanded 30, intact and banded 342,
intact and unbanded 195. Is there any rela-
tionship between banding and predation
by the thrush?

Song thrush using an anvil to smash snails
open.

Answers to questions 1 and 2 can be found
on p. 23. )

In Part 3 of this series [ will deal with
the two remaining statistical techniques
that you will need — the f-test and corre-
lation. &

FURTHER READING

Clegg, F. (1982) Simple Statistics — a
Coursebook for the Social Sciences,
Cambridge University Press.

Garvin, J.W. (1986) Skills in Advanced
Biology, Vol. 1: Dealing with Data,
Stanley Thornes.

Rowntree, D. (1981) Statistics Without
Tears, Penguin Books.

Webb, N. and Blackmore, R. (1985) Stat-
istics for Biologists, Cambridge Univer-
sity Press.

Wilbert Garvin

Wilbert Garvin is a Lecturer in Education
(Biosciences) at Queen’s University of
Belfast. He is Director of the Northern Ireland
Centre for School Biosciences and author
of the Skilis in Advanced Biology series of
books. His main area of research is biotech-
nology education.

JANUARY 1997

°
>3
Q
@
E
w
Q
3
i o
2
o
2
&
=)
<
(o]
B
Z
3
2
=
H
z
5
2
w
g
=
z
<





