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The magnitude of stereopsis in peripheral visual fields
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Objective: We investigated the magnitude of the stereopsis of peripheral visual fields using
"CyberDome" (Panasonic Electric Works Co., Ltd.) developed to test binocular visual function.
Methods: Sixteen volunteers (mean age, 21.1 ± 1.5 years old), with normal visual fields and stereopsis,
were enrolled in this study.  The subjects were asked to fix their attention on a central fixation target
on the screen, and the stereopsis target was shown with a binocular disparity so that it stood out from
the surrounding images.  In this system, stereopsis targets were indicated randomly at 10°, 20°, and 30°
on 8 meridians radiating from the central target.
Results: The perception of stereopsis declined significantly the further away a target was from the
central target (mean stereoacuity of 8 meridians radiating on 10°, 474 ± 202 arcsecs; 20°, 725 ± 704
arcsecs; and 30°, 1,223 ± 1,101 arcsecs).  Moreover, stereoacuity from the central target to 30°
directly below it tended to be better than that in other directions.
Conclusions: When the stereo images appeared in the peripheral visual fields, normal subjects,
between the ages of 20 to 22 years old, recognized stereo images of 3,600 arcsecs and over within the
central 30° of the visual field.  Furthermore, the stereopsis in the lower visual field was clearer than in
the other visual fields.
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Introduction

t is well known that stereopsis is the most advanced
binocular visual function.  Stereopsis is disturbed by

poor visual acuity in one or both eyes, aniseikonia,
strabismus, abnormal retinal correspondence, or defective
development of the visual cortex.1  Numerous studies2,3

have been conducted on stereoacuity at the fovea, but
examination of past reports revealed only a few studies
on detailed peripheral stereoacuity.  Previous studies on
peripheral stereopsis4,5 have suggested that stereopsis
declined with distance from the center of the visual field.
Sometimes, patients with visual field defects complain
of a lack of a sense of distance and, for example, have
slipped on a stairway, or have failed, by misjudging
distance, to quickly pick up a pen from a desk.  Stereopsis
has a close relationship with quality of life6-8 and
understanding stereopsis on peripheral visual fields is

important to consider for the daily life of visual field
impaired patients.

Recently, three-dimensional (3D) imaging technology
has been developing rapidly and has spread gradually in
homes.  The CyberDome (Panasonic Electric Works Co.,
Ltd.) is the virtual reality display system and can project
3D images.  Handa et al. improved CyberDome to be
able to measure a binocular function and reported that it
was useful in the evaluation of binocular function, for
example, simultaneous perception, fusion amplitude, and
stereopsis.9  This device uses special image-correcting
technology to provide a distortion-free image on the dome
screen.  This technology contributes to provide accurate
3D images on peripheral visual fields. In this study, we
investigated the magnitude of stereopsis of 8 meridians
radiating from the center within 30° of peripheral visual
field by using the new CyberDome device.
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Subjects and Methods

The subjects were 16 volunteers (21.1 ± 1.5 years old,
spherical equivalent of right eye: -2.97 ± 2.49D, spherical
equivalent of left eye: -2.87 ± 2.50D) with a corrected
visual acuity of 1.0 (decimal visual acuity) or better in
both eyes, and stereoacuity better than 100 seconds of
arc (arcsecs) in a Titmus stereo test (Stereo Optical Co.,
Inc., IL, USA).  There was no significant abnormality in
the visual field test using a Humphrey Field Analyzer
(Carl Zeiss Meditec Inc., CA, USA), like that determined
from the criteria proposed by Anderson and Patella.10

Informed consent was obtained from all subjects after
the purpose and experimental procedures to be used in
this study were carefully explained to them.  We certify
that all applicable institutional and governmental
regulations concerning the ethical use of human
volunteers were followed during this research.

Subjects were able to experience visual perception
giving the impression of being surrounded by visual
images, a feature of the CyberDome (Panasonic Electric
Works Co., Ltd.) hemispherical visual display system.
Visual images to the right and left eyes were projected
and superimposed on the dome screen, allowing test
images to be seen independently by each eye using
polarizing glasses.  The hemispherical visual display was
1.4 meters in diameter.  Corrected images are reflected

by a flat mirror in front of the projectors, and a compact
image is projected onto the dome screen.  Synchronous
processing is performed by two slave computers and one
master computer to project a three-dimensional image.9

At examination time, the distance between the display
and the subject's face (which was fixed by the chin rest)
was 1 meter (Figure 1).  This device uses a special image
correcting technology to provide a distortion-free image
on the dome screen.  This technology contributes to
provide accurate 3D images on peripheral visual fields.
For this reason, we think that the CyberDome is suitable
for this study.

There is one central fixation target (without parallax)
on the center of the display and 24 sites where targets
(size, 4°; shape, diamond; color, blue) are indicated at
10°, 20°, and 30° in the visual field on all 8 meridians
radiating from the center (Figure 2).  When the fixation
was on the central fixation target, sometimes only one of
the 24 targets showed parallax.  The subject would answer,
"Yes," when he or she recognized a parallax target and
then stated where it was.  The parallax angle was changed
from 420 arcsecs to 840, 1,800, 3,600, and 7,200 arcsecs

Figure 1.  The CyberDome

The CyberDome consists of 3 PCs, 2 projectors, 1 hemispherical screen,
and 1 chin rest.  The chin rest is placed 1 meter in front of the screen.

Figure 2.  The central fixation target and peripheral targets

One central fixation target (blue circle) and 24 peripheral
targets (blue diamonds) were placed in the 10°, 20° and
30° peripheral visual fields on 8 meridians radiating from
the center and were projected on a hemispherical screen.
One of the 24 peripheral targets has parallax, and the
subjects answered where this target was.  In this figure, the
20° straight-down target has parallax.
Up, upper meridian radiating; UpRt, upper right; Rt, right;
LoRt, lower right; Lo, lower; LoLt, lower left; Lt, left;
UpLt, upper left.
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Stereopsis of peripheral visual fields

Figure 3.  Stereoacuity of peripheral visual fields

There were significant differences between the 30° peripheral visual field and the 10° and 20° fields.
**P < 0.01 (Bonferroni test)

Figure 4.  Stereoacuity of peripheral 10°, 20°, and 30° from the central visual field of each of the 8 directions

The magnitude of stereopsis in the lower visual field tended to be superior to that in any other part of the 30°
peripheral visual field.  *P < 0.05 (Bonferroni test)
Abbreviations on the horizontal axis are the same as in Figure 2.
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each for 10 seconds.  Examination at 7,200 arcsecs
resulted in a target whose parallax was too large and
caused a double image.  For analysis, therefore, we used
parallax targets that were 3,600 arcsecs or smaller.  The
minimum parallax at which the subject recognized a 3D
target correctly was defined as the magnitude of stereopsis
at that site.  Also, observation of the subject's fixation on
the central fixation target was confirmed visually.  If the
central fixation was unstable, the result was not recorded,
and a retest was performed.

For statistical analyses the Kruskal-Wallis test and
the Bonferroni test were used.  P values of less than 0.05
were considered statistically significant.  For stereoacuity,
the smaller values indicate better stereopsis ability.

Results

All subjects had monocular single vision, and peripheral
stereopsis was measured with the CyberDome.  The mean
stereoacuity was 474 ± 202 arcsecs at a diameter of 10°
in the visual field, 725 ± 704 arcsecs at 20°, and 1,223
± 1,101 arcsecs at 30°.  The farther from the center of
visual field, the more significantly the magnitude of
stereopsis was declined (Bonferroni test, P < 0.01), and
the more widely it varied (Figure 3).

At diameters of 10° and 20°, the magnitudes of
stereopsis did not differ among the 8 meridians radiating
from the center, while at 30°, the magnitudes differed
between the left and lower parts of the visual field
(Bonferroni test, P < 0.05).  The stereopsis in the lower
visual field tended to be better than that for the other
meridians at a diameter of 30° in the peripheral visual
field (Figure 4).

Discussion

So far, numerous studies2,3 have been conducted on
stereoacuity at the fovea, but a few detailed studies4,5 of
stereopsis in peripheral visual fields have appeared.  In
the present study, within the 30° peripheral visual field,
the subjects with normal binocular vision had mean
stereoacuity.

It is common knowledge that the stereoacuity at the
fovea under the right conditions is several arcsecs.2,3  The
magnitudes of stereopsis in peripheral visual fields were
474 arcsecs at 10° in the visual field, 725 arcsecs at 20°,
and 1,223 arcsecs at 30° and declined significantly and
varied widely the further the measurement was made (up
to an angle of 30°) from the fixation point.  We think that
these results were caused by decreases of amount and of
quality of the visual information in the peripheral visual

fields.  In the past, Curcio reported that the greater the
distance from the fovea, the less connection there is with
the retinal ganglion cells and cones, and, in addition, the
lower the portion of the cone itself.11,12  The cortical
magnification factor (CMF) indicated how many neurons
in an area of the visual cortex are responsible for
processing a stimulus of a given size, as a function of
visual-field location.  In the center of the visual field,
corresponding to the fovea, a very large number of
neurons process information from a small region of the
field.13  The values of CMF differed by a factor of
approximately 100 between the representation of the
fovea and that of the periphery in the primary visual
cortex of primates, but stereoacuity sometimes showed
different gradients.14  Accordingly, the magnitude of the
decline of stereopsis increases in the peripheral visual
field, because the amount of visual information decreases.
It is known that visual acuity declines markedly outside
the fovea.  While the visual acuity of the fovea was 1.0
(decimal visual acuity), in the periphery 20° from the
center, it decreased markedly to 0.1.15  Moreover, Jennings
et al.16 investigated optical characteristics of the human
eye as line-spread function by use of a double-pass
photoelectric method and reported optical characteristic
decline farther from the optic axis.  Therefore, the
magnitude of stereopsis declines in the peripheral visual
field because the quality of visual information decreases.
The magnitude of stereopsis in the peripheral visual field
was thought to decline according to the amount and the
quality of visual information.

The visual functional advantage of one visual
hemifield over the other was demonstrated in previous
reports for visual acuity, optokinetic nystagmus,
multifocal visually evoked potentials, and other
characteristics.11,17-19  The visual functions of the temporal
visual field are superior to those of the nasal visual field,
and the visual functions of the lower visual field are
superior to those of the upper.20  These facts were
explained in terms of the embryology of the eye and the
anatomy of photoreceptor cells.  In the present study,
stereopsis of the lower field was superior to that of the
upper, in a similar way to the other visual functions.
Because the lower visual field plays an important part in
daily life, any defect in it contributes to a deterioration of
the quality of life, for example, in jogging and walking.
Therefore, that there is superiority of stereopsis in the
lower visual fields makes sense in relation to daily living.

In the present study, it was difficult to set up the
various amount of the parallax of peripheral targets, so
that it was impossible to change targets in detail at each
measurement point.  If we could use a different target
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which had a smaller parallax, smaller size, or different
shape, we might investigate more detailed peripheral
stereopsis.  Furthermore, it was unclear whether or not a
minimum detectable parallax was different among
different age groups.  Because there were few subjects in
the present study, it is possible that we were able to
confirm only rough outcomes of peripheral stereopsis.
A larger study is warranted.  However, in our settings in
the present study, when the stereo images appeared in
the peripheral visual fields, the subjects recognized stereo
images of 3,600 arcsecs and over within the central 30°
of the visual field.  Moreover, these results suggest that
the stereopsis of the central visual field has excellent
functionality, reliability, and consistency, within the
central 10°, among young subjects in particular.
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