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Our work is part of the world-wide and ongoing efforts of GeoGebra and other
technology communities to increase the pace of change in development of new
tools to facilitate and faster the doing of mathematics, the teaching and learning of
mathematics, and applications of software.1 The article is result of the research done
with regard to the applications of mathematics in special directions such as: solving
problems of physics, biology and astronomy by using technology as a bridge. With
GeoGebra can be performed lot of simulations of physical phenomena from Mechanics
discipline and solved computational problems.2 Our main focus is the vision problems
derived from the weakening of the eye muscles, although they are very strong. Our
opinion is that it is possible to recover or strengthen the eye muscles by the use of
computer-based exercises.
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Introduction
Vision therapy is a physical therapy, a non-surgical treatment
for many common visual problems such as lazy eye, crossed eyes,
double vision, convergence insufficiency and reading and learning
disabilities. It works on the eyes and visual system. In vision therapy
can be used prisms, eye patches, filtered lenses etc. In the present time
are used computerized systems to conduct therapy sessions. There are
progressive programs of vision exercises or procedures that help to
fit the visual needs of the patient. The computer-based exercises for
impairing the vision can be conducted at home or in office, in short
sessions. Our paper is concentrated in the vision problems derived
from the weakening of the eye muscles, although they are very strong.
Our opinion is that it is possible to recover or strengthen the eye
muscles by the use of computer-based exercises. One special and very
comfortable mean is GeoGebra software.1 The use of GeoGebra and
other programs relates to the massive and global use of computers and
cell phones irrespective of the age. Consequently, the need for muscle
re- education to restore vision function is grown dramatically. The
computer-based exercises help to improve fundamental visual skills
and abilities, improve visual comfort, ease, and efficiency. There are
a number of studies using computer games to aid in the rehabilitation
of individuals with both neuromuscular and musculoskeletal disorders
with the majority focusing on upper limb rehabilitation.3–5
We address here the use of Pulfrich Effect as a game for home
or office-based vision therapy is targeting a common sensory
and neuromuscular binocular eye movement disorder known as
convergence insufficiency. This treatment relies on exercises that
require repeated convergence of the eyes by following the movement
of the pendulum. We are of the opinion that the use of an interactive
virtual medium, provided by GeoGebra software, will make therapy
more fun and encourage the patients to persist in completing their
prescribed therapy with successful outcomes.

Visualization of pulfrich phenomenon with
geogebra
The Pulfrich phenomenon or effect is a psychophysical perception
related to the apparent spatial disparity between the two eyes when the
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sight of one of the eyes is purposely passed through a filter. The effect
was observed in an experiment with a swinging pendulum that was
first performed in 1922 by a German physicist called Carl Pulfrich.6
The classical demonstration of the Pulfrich Effect is as following: The
pendulum is swung back and forth and its movement is observed with
both eyes. Care must be shown that the movements of the pendulum
stay in the same plane parallel to the viewer’s forehead, which is
making the observation. The meaning of this is that the swinging be in
the plane which is vertical to the observer’ sight rays (the trace of the
pendulum is a circular part lied in this plane), in other words: not in
a way that the pendulum shifts near and far of this plane (in this case
its trace is a circle that cuts the plane). When viewed normally with
both eyes, the pendulum just seems to swing back and forth. When
a filter is placed in front of one eye, the pendulum suddenly seems
to be swinging in an ellipse parallel to the floor. In other words, the
pendulum should appear to be tracing an oval path. This is an optical
illusion. Dimming the light equally to both eyes does not cause the
illusion in (Figure 1).

Figure 1 The real path of the pendulum is in a plane (left). The Pulfrich
pendulum appears to move in an elliptical path, toward and away from the
observer (right).

The Pulfrich Effect, which happens when a filter is placed in front
of one eye, is an optical illusion in which an object which is moving
in a plane parallel to the viewer’s forehead seems to move out of
the plane mentioned above. It looks as if the pendulum approaches
(or recedes from) the viewer. This illusion is stereoscopic: it occurs
only when the moving object is being viewed with both eyes and a
filter is placed in front of one eye.6 Pulfrich was never able to observe
the phenomenon because he was blind in one eye. He explained the
phenomenon without observing it. For this reason, this phenomenon
bears his name.
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Explanation of pulfrich phenomenon
The placement of the filter in front of one eye (usually it is a
neutral density filter) is “causing a time delay for the neural signal in
the eye”.7 Therefore, the perceived position of the swinging pendulum
in the filtered eye falls” slightly behind that in the other eye for a given
moment, creating this way a spatial offset between what is perceived
in the two eyes”.7 In the case, when the right eye is covered by the
filter: when the pendulum swings from left to right, the “spatial offset
corresponds to a binocular disparity that shifts the perceived depth
of the pendulum towards the observer “ and, when the pendulum
swings from right to left, the “spatial offset corresponds to a binocular
disparity that shifts the perceived depth of the pendulum away from
the observer “.7 As said earlier, the target which is oscillating at eye
level in a front parallel plane appears to rotate out of its oscillating
plane when a coloured filter is placed in front of one of the observer’s
eyes. Pulfrich (following a suggestion by Fertsch) accounted for the
depth displacements in terms of a difference in the hypothesized visual
latent periods of the two eyes. The visual latent period of each eye was
assumed to be a reciprocal function of the level of retinal illumination.
Thus, the eye covered with the filter presumably “signals” a position
of the oscillating target that lags behind the position that was signalled
by the uncovered eye. Lit, Alfred and others have studied the effects
of conditions of illumination of visual latency, measured by several
different monocular and binocular experimental procedures, in which
the magnitudes of the far and near displacements of the Pulfrich
stereo-phenomenon were measured at various levels of illumination.8
The size of these shifts depends upon how fast the object is moving. A
swinging pendulum moves at its fastest in the middle of the swing (the
minimum point of the circular trace), and comes to a momentary stop
at the ends, where it changes direction. Consequently, when viewing
a pendulum with one eye dimmed, the apparent distance shift will be
greatest in mid-swing and zero at the ends of the swing. The result
is that the pendulum seems to follow an elliptical path. The applet
of demonstration of the Pulfrich effect is created using GeoGebra
software, and it can be downloaded from the wiki. Visiting the link,
http://www.geogebratube.org/student/m30375, you can watch the two
phases of the pendulum swinging, even with repetitions. The path is
almost elliptical.9,10
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