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Some years ago, an experiment was carried out dable 1.
the orientation of a certain type of turtle. 76 of the
turtles, considered to be a random sample, were taken

to an experimental site at sea and released. The initial .Bearing x Frequency
directions of their travel were recorded. The data, (in degrees)

measu'red in the conventional way as bearings 000 < x < 030 8
clockwise from North, were as shown in Table 1. .

. . . : 030 = x < 060 18
Figure 1 shows a diagrammatic representation of 060 090 18
these data. sx<

090 s x < 120 12
Inspection of the data shows that the majority of the 120 = x <150 1
turtles went in a direction roughly North-East 150 =x <180 3
(‘homewards’), but a substantial minority went in 180 = x <210 1
almost exactly the opposite direction. Also there were . 210 s x <240 5
a few which went in other directions. One 240 s x <270 6
interpretation is that the turtles have a fairly strong 270 < x < 300 1
sense of orientation but some confuse ‘forwards’ with 300 < x < 330 1
‘backwards’. 330 s x < 360 2




Fig 1. representing the directions as vectors.

Referring again to figure 2 and representing the
directions by vectors of unit length, addition of these
vectors in the usual way for vector addition gives a vector
pointing East. This is shown in figure 3. A vector
obtained in this way, by adding together two or more
other vectors, is called tesultant vectoof the other
vectors.
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Data of this kind are calledirectional data. This resultant vector was obtained by adding three other
Describing and analysing such data statisticallyectors, so if we divide its length by 3 but leave its
presents interesting problems. To simplify thdirection unchanged we get a vector that can sensibly
situation, suppose that there are just three turtles dmel regarded as theean vectoiof the original three
that their directions are NorthEast, East and Southectors. This is shown in figure 4.

East. This is shown diagrammatically by figure 2. It

is clear that the ‘average direction’ is East. Fig 4
Fig 2. e ——————— .
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The direction of this mean vector would be recorded as
If we represent these three directions conventionald@0 if measured in the conventional way as a bearing or
as bearings measured clockwise from North, they adedegrees if measured in the usual way as an angle.
045, 090 and 135. Working out the mean in the usudbweverpoth of these mean the same thiing-direction
way gives (045 990 + 135)/3 = 090, which agreesis East. Thus the mean vector obtained in this way gives
with our intuition from figure 2. unambiguously the ‘average direction’.

However, mathematicians usually measure angl&®t only does the mean vector give the average direction,

anti-clockwise from East. If we do this, the directiondut also it gives a measure of how variable the directions

of these three turtles (in degrees) are 0, 45 and 38%¢. To see how this is so, imagine that the three original

The mean direction is then (0 + 45 + 315)/3 = 120nit vectors start from the centre of a circle of unit radius,

degrees, which is fairly near North-West. This iwith their tips on the circumference of the circle, as

clearly wrong! shown in figure 5The mean vector is also drawn in
figure 5. The length of this mean vector is 0.8047, so its

The problem is that there is no natural ‘starting pointip falls short of the circumference of the circle by

for measuring directions; any direction can be chose®,1953.

arbitrarily, as the ‘base-line’. It is also completely

arbitrary as to whether to work clockwise or anti-

clockwise. However, this can be overcome by



Fig 5.
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In this way, theshortfall of the tip of the mean vector
from the circumference of the circle gives a direct
measure of how variable the original directions are.

These ideas can be applied to the turtle data in the
original table. Taking the mid-points of the ranges in
the usual way, the mean direction has bearing 065.5 if
measured conventionally as a bearing, or 24.5 degrees
if measured in the usual way as an angle, and its length
is 0.484. This gives a summary of the diagrammatic
display in figure 1the mean direction (bearing 065.5 is
roughly North-East but the mean vector is fairly short
indicating that there is a considerable amount of
variability.

Now suppose the three original vectors were all in

directions very near Eashy with bearings 085, 090

and 095. The mean vector would point East and would Reference
have length very near 1 so that its tip would fall only The turtle data are due to E Gould of Johns Hopkins
very slightly short of the circumference of the circle. School of Hygiene. They were first cited by M A

Stephens (1969) in ‘Techniques for directional data’

If, on the other hand, the three original vectors still (Technical report No 150, Department of Statistics,
had an average direction of East but were much moreStanford University) and have been cited by many

spread outsay with bearings 005, 090 and 1#te

authors subsequently.

mean vector would point East but would have only a
short length. Thus its tip would fall a long way short

of the circumference of the circle.



