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A Statistical Approach to Analysis of Saccadic Eye
Movements
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— Abstract —
In this study we propose an approach based on statistical method which use the whole of saccades

instead of using a few points of saccades in the quantitative analyse saccades. We computed statisti-

cal parameters such as mean velocity, quadratic mean velocity, standard duration, skewness of sac-

cades velocity, flattness factor of saccades velocity, and mean delay by considering eye velocity as

a probability density function. The results abtained are the following as : This parameters showed

the same trend like that of the main sequence. They were not biased by the systematic errors due

to the arbitrary threshold. They were also less sensitive to noise, which was tested through the mo-

del simulation. So they are expected to provide a more comprehensive quantitative description of

the dynamic properties of saccade in the diagnostic field.

1. Introduction

It is well known that saccades are the fastest
eye movements which serve to rapidly redirect the
position of the eyes to fixate different objected in
the visual world. They are elicited by rapid jumps
of small target spot from a central to an eccentric
position. Many behaviorally distinct movements
such as fast tracking movements, voluntary or in-
voluntary scanning eye movements, eye moveme-
nts produced during reading and fast phases of
nystagmus belong to the class of saccadic eye mo-
vements. It has been reported by many authors*”
that important pathological situations induce signi-
ficant modifications in oculomotor responses. So
many study have been reported for the quantifica-
tion of eye movements.

In general, the analysis of saccadic eye move-
ments is to quantify the dynamic behavior of sac-
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cades using the main sequence’ such as amplitude
vs. duration and amplitude vs. maximum eye velo-
city relation. Although the main sequence is a rea-
dily applicable tool for characterizing dynamic pro-
perties of saccades, we should be aware that it de-
pends on only the correct identification of both de-
gining and end point of saccades. It can be pointed
out that maximum velocity is sensitive to the noise
affecting the recorded saccaded eye movements.

In this study we propose a statistical approach
which is less sensitivite noise and is less depen-
dent on signal processing for the quantitative anal-
yses of saccades. The approach to be presented
uses the whole of saccades unlike the main seque-
nce using a few isolated points(beginning and end
of saccades).

2. Methods

Measurements were done on 5 subjects with
ages ranging from 20 to 40 years. The subjects
were seated in a darkened room facing an array
of LEDs extending from 30 deg. left to 30 deg. ri-
ght with their head fixed. For the stimulus, LEDs
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were switched on and off at random intervals to
produce symmetrical target jumps of different am-
plitudes ranging from 5 deg. to 40 deg. with step
size 5 deg. and 16 target jumps were produced for
each amplitude. For the recording of saccadic eye
movements we used classical EOG method. The
raw eye position signal were low pass filtered(—3
db at 150Hz) and sampled at a rate 500 Hz. Eye
velocity was computed by using the central diffe-
rence algorithm”.

For the analyses of saccades we computed the
classical parameters at first by following the main
sequence. The begining and end points of saccades
were identified by comparing eye velocity with a
threshold that was adjusted by the operator accor-
ding to the noise level. Secondly, we computed
statistical parameters such as, both mean velocity
and quadratic mean velocity(square root of the
mean value of squared saccaed velocity)to by com-
pared with maximum velocity, the standard dura-
tion(square root of the 2nd order moment of sac-
cade velocity) to be compared with the saccade
duration, the skewness of saccade velocity, the fia-
ttness factor of saccade velocity, and the mean de-
lay(delay of the center of gravity of saccade velo-
city to the stimuius) to be compared with saccade
latency, by considering the eye velocity as a pro-
bability density function.

3. Results

Fig.1 shows the average values of saccadic ma-
ximum velocity, mean velocity and quadratical
mean velocity vs. saccade amplitude for one typical
subject. In this figure, the values of both the clas-
sical and statistical parameters mainly depended
on saccade amplitude. We could ovserve slight dif-
ference with different eccentricity. We could obse-
rve the maximum velocity increase with amplitude
showing saturation trend for the larger amplitudes.
This corresponded to the results already described
by many authors.”” The statistical parameters rep-
resented the similarity like the classical one, and
comparable standard deviation. We could take si-
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milar consideration when comparing the saccade
latency with the mean delay and the saccade dura-
tion with the standard duration. The statistical pa-
rameters were comparable with the classical one
in inter-subject variability. We could also abserve
the increase of skewness with amplitude from
about 0.2 for deg. saccade to 0.5 for 40 deg. and
increasing dissymmetry between the acceleration
and the deceleration phases. These results confir-
med the earlier suggestion in the literature™ with
slight difference that skewness increased with am-
plitude. The flatness factor showed an almost con-
stant value of about 2.3 indepenedently on ampli-
tude and symmetry, which meaned that the velo-
city profile remained sharp.
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Fig.2 represents the variations of each parame-
ter vs. noise level in the simulation of 10 deg. sac-
cade in order to show the effect of noise on each
parameter. In this figure we could find that statis-
tical parameters were less sensitive to noise. It re-
sulted from using the whole of saccade in stead of
a few points of saccade. For this simulation we
used the 6th order model of the oculomotor plant
described in literature." A Gaussian white noise
was added to the output of the model. The simula-
ted noise saccades were submitted to the same
processing like real saccades. The velocity para-
meter were compured for different values of the
signal to noise ratio.

4. Conclusion

In this study, we have attempted a statistical ap-
proach to quantify the saccade dynamic by using
whole saccade instead of a few points. With this
approach we could find that they are not biased by
the systematic errors introduced in the classical
parameters by use of arbitrary thresholds. The
statistical parameter seems to give a more comp-
lete description of the saccade than the traditional
parameter, due to their strict dependency on the
profile of saccade velocitiy. The statistical parame-
ters also were less sensitive to noise as a result
of their dependency on the whole saccade. This
fact also was discovered through the simulation of
10 deg. saccade by using the model described in
literature."” This approach could justify the increa-
sed computer efforts needed to evaluate them.
This approach is expected to give us much intere-
sts in the quantification of pathological saccades.
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