GenStat for Schools
Dolphin Species
This study looks at the measurements of dolphins from the North and South Island to see if these form
separate species.
Open the data file Dolphin.gsh. To do this, click on the File | Example Data Sets menu item as shown below.

This will open the Example Data
Sets dialog shown below. Select the
“NZ Schools Example Data Sets”
item in the in Filter by Topic drop
down list. Then select the “Dolphin”
file and click Open Data Set.

This will open the “Dolphin.gsh” file shown to the right.
This dataset contains the measurements (X1-X6) of 6
bones in the skull of 59 dolphins. This column Island is a
factor column (indicated by the red exclamation mark)
which indicates where the where the dolphin originated
from, either the North or South Island of New Zealand. A
factor is a column that indicates membership of a group,
and is a categorical or classified variable. The groups can
be described with either text (labels) or numbers (levels).
The order of the groups is by default alphabetical for
labels or ascending value for levels, but the groups can be
ordered as required by the user.
The menu item Spread | Factor | Edit Levels and Labels
can be used to change the attributes of a factor and
displays a small spreadsheet to allow these to be edited
(shown below). Alternatively, if the current cell is in the
Island column you can click the Edit Factor Levels and
Labels button in the spreadsheet toolbar.

The labels of a factor only have to be changed once and
then are changed in all cells in the column. The colour
buttons can be used to assign background colours to the
particular cells and you can type in new labels or levels
in the appropriate cells. Changing the ordinals (i.e. the order of groups) will change the order the labels are
displayed in tables.

The counts column gives a quick summary of how many of individuals belong to each group.

To examine the data, various
graphics can be displayed. To
look at a histogram of a
measurement, you can use the
Graphics | Histogram menu item.
This is done for the column X1
in the dialog to the right.
Clicking the Run button will
create a default histogram, but
clicking on the options tab will
allow more control on how the
histogram is displayed. The
default histogram is unlabeled
(as to the right), but the
Options tab can be used to
change this to that below the
default histogram. The number
of groups in the histogram can
change look of the histogram
considerably.
In the histogram, you can see
there is a slight bump of
observations above 300.

A box plot allows the distribution of the data to be looked at in
a simpler manner and allows a number of variates or groups to
be displayed side by side. Using the Graphics | Boxplot menu
opens the dialog to right. For the first boxplot, a boxplot of all
6 variates is produced. This shows X2 and X6 are shorter and
less variable than the other measurements and that X1 has
perhaps more outlying values (shown in green).

If the option, Data variates with single grouping factor is
selected, then one can do a boxplot of say X1 for the two
Islands. You can see that there is not much overlap
between the values of X1 for the two Islands in the graph
below right.
Produce box plots for the other variates X2-X6. Do you
see the same pattern in all the variates? Which variate has
the largest difference between the two Islands?
You can do a box plot of all 6 variates for North vs. South
at once, by entering all 6 variates as shown. This gives the
graph at the bottom of the page. Is this a better display
than the single plots?

We can also examine how the measurements
relate to each other. We can do a two
dimensional scatter plot with the Graphics | 2D
Scatter Plot menu which opens the dialog to the
right. After using the drop down buttons to
choose X1 and X2, we can also select the
grouping factor Island to colour the points for
each island in distinct colours. Clicking the Run
button gives the default plot, but using the Lines
and Symbols tab gives more options to label the
plot and chose alternative colours and symbols
for each island.
Here I have changed the symbols for group 1 to solid black circles
and by dropping down group 2 in the Graph list, solid red squares
where chosen giving the following graph. Note, you need to use the
drop-down Graph list to specify the colours and symbols for each
group.
It can be seen that there is a reasonable linear relationship between
X1 and X2, although with a reasonable scatter around the line, and
the two islands separate so that there is no overlap between the sets
of points, although the separation in two dimensions is no stronger
than that for X2. All the other plots of Xi vs Xj could be
produced one by one but GenStat has a menu that allows
you to plot all 2d scatter plots for a group of variables at
once using the Graphics | Scatter Plot Matrix menu.
This menu is shown on the below and all X1-6 are selected
and plotted separately for the two islands. The plot is
shown on the next page.

This plot shows the correlation of all measurements visually, and it can be seem that X1, X3 and X5 have a
higher level of correlation than with X2 and X4. Two variables that have a perfect linear increasing
relationship have correlation of 1, and decreasing a correlation of -1. If there is no relationship so that the
points show a random scatter around a flat line, then the correlation is 0.

A 3 dimensional plot can be
produced in GenStat using the
Graphics | 3D Scatter Plot
menu shown to the right. The
variates X1, X2 and X3 have
been selected and the Island
used a grouping factor. Using
the Lines and Symbols tab, the
size of the points can be
increased to 3 to make them
standout. The options to
display a key and enclose the
graph in a box are also turned
off on the Options tab, and the
Window number to 3 (full
page) on the Frame tab.
This gives the plot below which isn’t that
informative. However this plot can be rotated
on the screen by double clicking it in the
Graphics viewer, and then using the hand tool
in the Graphics editor (shown right). You can
now click on the plot and drag the points
around in 3d. Cool! The a view of a rotating
points is shown below left.

To formally test whether there is a difference between the two
islands on one of the measurements, we can use a t-test. Open
the Stats | Statistical Tests | One and Two sample t-tests menu to
get the dialog on the right. Use the “Two-sample (unpaired)”
test with the data arrangement “One set with groups” and a twosided test. Clicking OK gives the output below. It can be seen
that the difference between the Island is far too big to have
believe that the measurements in both Islands have the same
mean.

Two-sample t-test
Variate: X2
Group factor: Island

Test for equality of sample variances
Test statistic F = 1.17 on 45 and 12 d.f.
Probability (under null hypothesis of equal variances) = 0.81

Summary
Sample
North
South

Size
13
46

Mean
60.38
50.54

Difference of means:
Standard error of difference:

Variance
6.923
8.076

Standard
deviation
2.631
2.842

Standard error
of mean
0.7298
0.4190

9.841
0.879

95% confidence interval for difference in means: (8.081, 11.60)

Test of null hypothesis that mean of X2 with Island = North is equal to
mean with Island = South
Test statistic t = 11.19 on 57 d.f.
Probability < 0.001

Try doing T-tests on the other measurements.
Are they all significant?

From this
evidence it was
concluded that the
dolphins from the
North and South
Islands were in
fact two species
and the southern
dolphins are
named Hector’s
dolphin and the
northern named
Maui’s dolphin.

