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stimuli. Four volunteers (two males and two
females; mean age 30 years, range 28-31 years)
were tested with each of five black stimuli (1, 2,
3, 4, and 5/1500 mm) against a white back-
ground, and also with white targets of the same
size on a black background. The ambient illumi-
nation was 150 lux. The peripheral visibility of
both stimulus types on the 225° meridian was
compared.

Effect of variation in illumination on dark and
bright stimuli. The effect of variation in ambient
illumination on the eccentric visibility of black
and white stimuli on the 225° meridian was
examined at two levels of illumination, which
were 13 and 400 lux (that is, a difference of 1-5
log units).

Eight volunteers (mean age 30 years, range 25—
39) were tested with each of the following four
stimulus-background combinations in a random
order: white-on-black, black-on-white, white-
on-grey, and black-on-grey. The grey back-
ground was employed in order to neutralise the
difference in retinal light adaptation levels to
different backgrounds, and to establish whether
the results were due to the stimulus or the
background. In each case a 1/1500 mm (25 min)
stimulus was employed. The percentage change
in stimulus visibility with change in illumination
was calculated with the formula:

[(I—1)/1]x 100,

where I is the isoptre at 400 lux and : is the
isoptre at 13 lux. The percentage change in the
isoptre of the black stimulus was compared with
that of the white stimulus by the paired ¢ test.

Results

Comparison of visibility of black stimuli on white
background and white stimuli on black background.
The disappearance eccentricities of the black
stimuli in the meridian tested were significantly
smaller than those of the white stimuli, the
difference being more pronounced with the
smaller stimulus sizes (paired ¢ test, p<<0-0001)
(Fig 2).

Effect of variation of illumination on black and
white stimiidi. The percentage increase in white-
on-black stimulus disappearance eccentricity
was significantly more than that of black-on-
white stimulus (¢ test, p=0-014). Increasing the
ambient illumination from 13 lux to 400 lux
increased the isoptre of the white stimulus by
59% and the isoptre of black stimulus by 36%
(Fig 3a).

Similarly, the eccentric visibility change due to
illuminance variation was significantly more for
the white-on-grey stimulus than the black-on-
grey stimulus (¢ test, p=0-0016). At the higher
ambient illumination, the black and white stimuli
disappearance eccentricities increased by 75%
and 117% respectively (Fig 3b). Isoptre increases
of lower contrast black-on-grey stimulus and
white-on-grey stimulus were significantly more
pronounced than those of black-on-white (¢ test,
p<0-0001) and white-on-black stimuli (¢ test,
p=0-0069).

Discussion
The campimetry was performed by the oculo-
kinetic technique so as to be able to use a fixed
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Figure2 Peripheral visibility of various sizes of equal dark and bright stimuli in the
inferonasal visual field (meridional hill of vision). The dark stimuli are significantly less
visible than the bright stimuli of equivalent size.

test stimulus, thereby eliminating the need for
manually moving the stimulus using a wand,
which would have caused a shadow on the
background, and which could also have resulted
in tilting of the stimulus. A moving fixation
target was used instead of several printed num-
bers on the screen, as previously described, so as
to prevent bias caused by the patient memorising
the numbers associated with disappearance of the
stimulus.? Contrary to routine conventional
practice, the stimulus moved centrifugally.
Although it is well known that isoptres are
different when the direction of stimulus move-
ment is from seen-to-unseen compared with
unseen-to-seen, pilot studies had indicated that,
when the percentage change in isoptre eccen-
tricity is considered according to the above
mentioned formula, the same results were
obtained whether the location of appearance or
disappearance of the stimulus was determined.

One of the principal findings of this study was
that the eccentric visibility of black stimuli was
less than that of white stimuli of equivalent size.
There are several possible explanations for this
phenomenon. Firstly, light scatter from the
bright surface into the adjacent dark surface on
the campimeter may have caused geometrical
change in the perceived sizes of the stimuli, the

apparent size of the black stimulus being smaller -

compared with the white stimulus. Secondly, the
light stimuli moved through relatively dark
adapted, and correspondingly more sensitive
parts of the visual field than the dark stimuli,
which were presented to bleached parts of the
retina. This explanation is implausible in view of
the fact that the black stimulus was less visible
than the white one even with a grey background.
Furthermore, the phenomenon was observed
under photopic conditions.

An alternative explanation for the reduced
visibility of the dark stimulus may be the fact that
it depended mainly on off centre ganglion cells,
which in the central field are less abundant than
on centre ganglion cells (that is, in a ratio of
approximately 1-2:3). Similar psychophysical
differences between these two parallel visual
pathways have previously been reported for
foveal vision with regard to target detection rates
and reaction times.”* In addition, electrophysio-
logical differences between these two channels

both stimuli. One reason for this finding may be
that at the two different levels of illumination the
differences in the amount of the light reflected by
the black and white stimuli surface were not
constant. However, both type of stimuli main-
tained the same equal and opposite sign lumin-
ance (Weber’s) contrast at each illuminance level
(Fig 1). Therefore an alternative explanation is
that on and off systems may behave differently
with changing levels of ambient illumination.
The practical significance of this difference is
that standardisation of the ambient illumination
may be less important when perimetry is per-
formed with dark stimuli on a bright background
than vice versa. This would render the dark
perimetric stimulus superior to the conventional
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Figure 3A and B The effect of variation in surrounding
tllumination on the perimetric visibility of equal dark and
bright stimuli on tangent screen (mean with SD). The dark
stimulus visibility displayed significantly less change with
changing level of illumination both on opposite and grey
backgrounds. (The illuminance difference is 1-5 log.)
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light stimulus when visual field examination is
performed in the community and in other situa-
tions where it is difficult to maintain standardised
and constant lighting conditions.

In conclusion, this study has shown that the
black perimetric stimulus is less visible and more
stable under variable lighting conditions than the
light stimulus. Whether such differences result
from the differential stimulation of the on and off
visual pathways merits further study.

Dr David Keating helped us on the statistical evaluation of the
results. We were financially supported by International Glaucoma
Association.
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