Biology statistics made
simple using Excel

Neil Millar

Soreadsheet programs such as Microsoft Excel can transform the use of

statistics in A-level science

Statistics is an area that most A-level biology stadents
{and their teachers!) find difficult. The formulae are
often complicated, the calculations tedious, degrees
of freedom mysterious, and probability tables
confusing. But in fact students need no longer grapple
with any of these. In real life, biologists and
statisticians rarely use calculation and tables these
days, but instead use statistical packages such as
Minitab or SPSS. But it fsn’t even necessary to buy
an expensive statistics package, since spreadsheet soft-
ware such as Excel has most of the common statistical
tests built-in.

When using statistics, the first hurdle is to decide
which statistical test to use. Figure 1 (overleaf) is a
flow chart showing when to use the various tests
described in this article. There are many other possible
statistical tests, but this flow chart should be more
than sufficient for A-level biology students. It briefly
summarises the Exce/ formulae and how to interpret
the results, 5o it can be used as a handy guide on its
own once the student is familiar with the tests, This
flow chart should be used when designing an
experiment, not after the experiment is complete. This
will ensure that the correct kind of data are collected
50 that the statistical test will be valid. The rest of the
article describes in detail how to carry out these tests
using Excel and how to interpret the results. It is
divided into five sections:

ABSTRACT

Modern spreadsheet software, such as Microsoft
Excel, can transform the use of statistics in
biology. Instead of being difficult to do and to
interpret, statistical tests become simple to do
and much easler to interpret. This article des-
cribes when and how to carry out many of the

¢ mosi common tests (including mean, standard
deviation, confidence limits, correlation, regress-
in, FHest, x3test and ANOVA) using Excel.

Most school biology experiments will involve some
kind of measurement, such as time, fength, mass,
temperature, absorbance, etc., and in a well-designed
experiment there should be a number of repeats (or
replicates) of each measurement, Once some measure-
ments have been collected the first job is usually to
summarise them using descriptive statistics. Excel has
formulae for the three measures of the centre of a
distribution of replicates. '
The arithmetic mean is given by the formula:

| =AVERAGE (range)]
The median is given by the formula:
| =MEDIAN (range)|
And the mode is given by the formula:

=MODE (range)l
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Figure 1 Flow chart used fo choose an appropriate statistical test.
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These formulae are illustrated in Figure 2. In many
cases the quantities measured in biology will show a
normal distribution, and so the mean is the most appro-
priate statistic to use. It is also the one students are
most likely to know already, and to be able to do by
hand. The median and mode are less likely to be
needed for experimental data, but some A-level speci-
fications require a knowledge of them. It is unfortunate
that Excel uses the word ‘average’ for ‘tean’, as some
textbooks use average as a general term to refer to
any measure of the centre of a distribution.

A statistician will tell you that there is no point in
calculating a mean without also calculating some
measure of the variation or spread of the measure-
ments, but students often don’t bother becatse of the
difficuity of the calculations, Figure 2 shows five
different measures of the spread, and shows how easy
they are to calculate using Excel.

% The range is given by the Exce/ formula:
I =MAX (range) - MIN (rangeﬂ

This is the simplest, but least useful.

#  The variance is given by the Excel formula:
=VAR {range} ,
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This is used in calculations, but has little use as a
descriptive statistic since it is not in the same umits
as the measurements.

# The standard deviation (SD) is given by the Excel
formula:

| =STDEV (range) | |

This 1s common (since it is fairly easy to calculate
by hand) and it gives a good indication of the
variability of a set of data. However it is not the
best statistic to use when comparing different sets
of data, especially if the data sets are different
sizes.

% The standard error of the mean (SE) is given by
the formula:
|_=STDEV (range) / SQRT (COUNT (range)) |
This gives an indication of the confidence of the
mean, and is often nsed as an error measurement

simply becanse it is small rather than for any good
statistical reason,

#  The 95% confidence interval (C) is given by the
formula:

| “CONFIDENCE (0.05, STDEV (range), COUNT (range)) |

SAVERAGE(C2:C7) |
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Figure 2 Eight descriptive statistics. The MODE formula returns #N/A because no values are duplicated, so
there is no modal value in these data. Note that Excel will always return the results of 2 caloulation o about 8
decimal places. This is usually meaningless, and cells with calculated results should always be formatted to a

more sensible precision (Format menu > Ceils > Number tab > Number)
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The value of 0.05 is used to give the 95% (0.95)
confidence interval, and different values can be
used for different levels of confidence, such as
0.01 for a 99% confidence interval. There is 2 95%
probability that the true mean lies within = C1 from
the measured mean, and the upper and lower
values of this range are called the confidence
limits,

Of these five, the 95% confidence interval is the most
useful measure of the dispersion of data around the
mean, and also the easiest to understand. It is not as
well known as the others because it is so difficult to
calculate, but using Excel ¥ is no more difficult to
calculate than the others, It is the preferred statistic to
use when comparing different sets of data, and when
drawing ervor bars on a graph. Students should always
be encouraged to calculate a Cl1 whenever they
calculate a mean, and to refer to it whenever they
evaluate their data. If the CI is small compared to the
mean then the mean is reliable, but if the C is large
compared to the mean then the mean is unrelisble. In
Figure 2 the two sets have the same means but
different spreads, and the statistics all show that the
data in group A have a smaller spread and are therefore
maore reliable than those in group B.

Graphs are an important part of data analysis and are
closely connected to statistics, since the choice of
graph is conmected to the choice of statistical test, as
the flow chart in Figure 1 shows. If you are investigat-
ing an association between two variables, then you
should plot a scatter graph; if you are comparing
different sets of data, you should plot a bar graph;
and if you are collecting frequency data, then you may
plot a bar or pie chart, or a graph may not be
appropriate. In Excel it is quite easy to plot these
graphs, as well as many other types. First enter the
data into columns or rows, and select them, Then click
on the chart wizard (or Insert menu > Chart). This
wizard has four steps:

1 In Graph Type, select the type you want and press
Next. Choose ‘Colwmn’ for bar charts or ‘XY
(Scatter)” for line and scatter graphs. Do et
choose ‘Line’, which plots the data against row
nutber. This 1s a very comimon mistake.

2 In Source Data, if the sample graph looks about
right, then just press Next. If it Tooks wrong, you
tan correct it by clicking on the series tab, and
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then the red arrow at the end of the X Values box.
Then highlight the cells containing the X data in
the spreadsheet and press the red arrow again.
Repeat for the Y Values box.

3 In Chart Options, the most important tasks are to
type in snitable titles for the graph and the two
axes. You can also turn off gridlines and legend,
which makes the chart look better,

4 In Graph Location, just press Finish. This puts
the chart beside the data so you can see both.

Excel graphs are quite flexible and almost everything
about them can be changed. Just double-click (or
sometimes right-click) on the part you want to change.
For example, you can move and re-shape the graph;
change the background colour (white is usually best);
change the shape and size of the markers (points);
Join the points; change the axes scales and tick marks;
or add a trend line or ervor bars. Students should be
discouraged from using 3D or shadow effects, which
only serve to obscure the graph trend, Itis worth taking
some time to get the graph right, because you can use
an existing graph as a template. Simply type the new
data in place of the existing data, and the graph
automatically changes. The sheet can then be saved
as a new file,

Error bars

If you are plotting averages on a scatter or bar graph,
then error bars are a very good way to iflustrate the
confidence of the data on the graph. Again, they are
awkward to do by hand, but quite easy with Excel,
and students should be encouraged to use error bars
as a matter of course. Error bars usually show = CJ,
although you could also plot them from SD or SE.
Double-click on any data point or bar to get the Format
Data Series dialogue box, and choose the Y Error Bars
tab. Click in the Custom + box, and highlight the range
of cells containing your confidence intervals, Repeat
for the Custom ~ box, and then press OK. Error bars
are useful for the evaluation part of student
investigations. Small error bars suggest reliable data;
large error bars suggest dubious data. A line of best
fit should pass through the error bars, and a good
question to address in an evaluation is *Could I draw
a different line through my error bars? (in other
words, do the data support a different conclusion?),
Figure 3 shows a graph where a curve has been drawn,
but in fact & straight line would also pass through the
error bars, so a linear relation is also supported by the
data.
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Figure 3 A scatter graph showing error bars. A curved line of best fit has been drawn through the data points,
but in fact a straight line can also be drawn within the error bars, 50 alinear relationship is not ruled out.

Lines

Scatter graphs often have lines; which either join the
data points ot form a smooth ‘line of best fit’ (or trend
line) through the middie of the points. The choice
depends on the circumstances, but generally, if there
should be a continuous smooth relation between X
and Y, then a trend line 15 appropriate; otherwise the
points should be joined by straight lines. Trend lines
are best drawn on the graph by hand, unless you want
alinear regression line (see below). To join the points
with lines: double-click on any data point, select the
Patterns tab and click on Line-Automatic, It is not
usually a good idea to have Excel draw a curved or
smoothed line, as these curves can be highly
misleading and can create spurious peaks and woughs
for which there is no evidence.

A common task in data analysis is to investigate an
association between two variabies. This can be a
correlation to see if two variables vary together, or a
regression to see how one variable affects another,
We'll see how to do each of these in Excel. In both
cases a scatter graph should be plotted first.

Correlation

A correlation tells us whether the two variablies vary
together, i.e. as one goes up the other goes up (or goes
down). The most common tests for correlation are
the Pearson product-moment correlation coefficient
() for normally-distributed (parametric) data, and the

Spearman rank-order correlation coefficient (r) for
data that are not normally distributed (non-parametric
data). Both vary from +1 (perfect correlation) through
U (no correlation) to—1 (perfect negative correlation).
In Excel the Pearson coefficient can be found by two
alternative formulae:

| =CORREL (range 1, range 2) |
or
| =PEARSON {range 1, range 2) |

There is no direct formula for the Spearman
coefficient, but it can be calculated by first making
two new columns for the ranks of the original data.
For each ofthe two variables the largest value is given
a rank of 1, the next largest a rank of 2, and so on.
This can most simply be done by hand, or for Jarge
data sets, by using Excel’s =RANK command,

The Spearman coefficient is then simply the
Pearson coefficient calculated on the rank data,
ignoring the original data. Both coefficients are
demonstrated in Figure 4, This shows measurements
on the size of breeding pairs of penguins to see if
there is a correlation between the sizes of the two
sexes. The Spearman coefficien: r {0.77) is more
conservative than the Pearson coefficient 7 (0.88), but
both show a strong positive correlation.

Linear regression

Regression is used when we have reason to believe
that changes in one variable cause the changes in the
other. A correlation is not evidence for a causal
relationship, but very often we are aware of a causal
relationship and we design an experiment to
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