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Previous studies have demonstrated that human contrast sensitivity curves have marked extremes [4]. This
phenomenon has not yet been investigated. The present report describes studies of plots of frequency-con-
trast characteristics obtained using gratings with orientations of 0°,90°, and 135°. The results showed that:
1) periodically located extremes were marked on the averaged curve obtained using gratings with an ori-
entation of 0°, while use of gratings with orientations of 90° and 135° gave weak peaks; 2) on repeat test-
ing, the amplitudes of extremes decreased sharply, to the level of disappearance by day 5 of testing. These
data lead to the suggestion that the phenomenon of local extremes is not associated with random errors by
the subjects but reflects the specific characteristics of information processing by the visual system.
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Classical human visual system contrast sensitivity
curves in the form in which they are usually presented in
textbooks (Fig. 1, A) have a smooth, bell-like shape [2, 9].
However, more detailed analysis using larger numbers of
optotypes has demonstrated periodically located extremes
over the greater part of the curve (Fig. 1, B). This led to the
suggestion that these local changes are not due to random
errors by the subjects or methodological artifacts, but rep-
resent a phenomenon reflecting the ordered organization of
the visual system [4]. However, the small number of sub-
jects (n = 2) and some methodological features imposed
restrictions on the interpretation of the results. At the same
time, this is the only study we identified addressing local
changes in contrast sensitivity.

In daily life, such variations in contrast sensitivity can-
not influence perception. However, in threshold observation
conditions (thick fog, turbid water, twilight), they can lead to
degradation of the perception of individual objects of partic-
ular sizes. This shows the need for detailed study of this phe-
nomenon. The aim of the present work was to describe the
main features of local extremes of contrast sensitivity
curves, using a representative sample set.

15th Central Research Laboratory of the Navy, 25 Konstantinov-
skaya, 198510 Petrodvorets, Russia; e-mail: gbyjxtn@yandex.ru.

METHODS

Visocontrastometry. Contrast sensitivity was mea-
sured using a programmable instrument including a person-
al computer with a high-resolution cathode ray tube monitor
running the Ergotest 2.0 program, written at the I. P. Pavlov
Institute of Physiology. Subjects were presented with stim-
uli using 15 sinusoidal gratings of different spatial frequen-
cies — from 0.08 to 5.80 cycles per degree of the observer’s
visual field. One of the test stimuli is shown in Fig. 1, C.
One of the 15 gratings is shown on the monitor at the begin-
ning of presentation, when it had maximal contrast. The
spatial frequency (number of pairs of light and dark bands
per degree of the observer’s visual field) of this grating was
1.66 cycles/degree. Its spatial orientation (the orientation of
an imaginary line whose brightness changed in a strictly
sinusoidal manner) was 0° (or 180°).

Gratings were presented in random order at a distance
of 160 cm. The contrast of each grid ranged from O to 1 on
a logarithmic scale. The subject’s task was to press a mouse
button at the moment at which he ceased to see the stimu-
lus and release the button at the moment at which it was
detected. Groups of three responses to each stimulus were
averaged. Measurement results provided the frequency-
contrast characteristic, i.e., the inverse of the threshold con-
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Fig. 1. Contrast sensitivity curves. A) Classical human contrast sensitivity curve [9]. The abscissa shows spatial frequency,
cycles/degree; the left-hand ordinate shows contrast sensitivity, units; the right-hand ordinate shows test stimulus threshold
contrast, units; B) averaged contrast sensitivity curve for two subjects at high resolution (the curves were not averaged in the
original) [4]. The abscissa shows spatial frequency, cycles/degree; the ordinate shows threshold contrast, units; C) stimula-
tion apparatus used for measurement of contrast sensitivity using the Ergotest method.

trast at which the stimulus was detected and the spatial fre-
quency of the Gabor elements.

RESULTS

Three groups of subjects (n = 67) took part in the
study; each subject was a member of only one group.
Subjects of group 1 (n = 36) were presented with vertically
oriented gratings, those of group 2 (n = 18) with horizon-
tally oriented gratings, and those of group 3 (n = 13) with
diagonally oriented gratings.

In group 1, local changes in contrast sensitivity differing
in terms of depth (amplitude) and spatial frequency were seen

in all subjects. These were also clearly visible in contrast sen-
sitivity curves plotted for the mean values obtained from all
subjects in the group (Fig. 2, A). This supports the hypothesis
that the positions of peaks on the curve in most subjects are
not random. Maxima were seen at the following spatial fre-
quencies: 1.24,2.49, 3.73, and 4.56 cycles/degree; the mean
distance between maxima was 1.11 cycles. Minima were seen
at the frequencies: 1.66, 3.31, 4.14, and 5.39 cycles/degree;
the mean distance between them was 1.24 cycles. The mean
distance between extremes was 0.59 cycles, i.e., close to the
resolving ability of the method (the distance between experi-
mental points), which was 0.41 cycles. Thus, if the number of
experimental points had been 1.5 times fewer, most of the
extremes would not have been detected.



Phenomenological Description of Local Extremes on Contrast Sensitivity Curves 459

250
200
150
100

50

300 -
250
200
150
100

50 -4 TestV

80
70
60
50
40
30
20
10

0

SN -]

V Test

1N
11 I IV

B

300 —e— 135°

ceenyennn 90 ©

250 O 0°

200 |
150
100 [ 1
501

Fig. 2. Results from the first study. A) Averaged contrast sensitivity curves for 36 subjects. The abscissa shows spatial frequency,
cycles/degree; the ordinate shows contrast sensitivity, units. The vertical bars show significant intervals at a significance level of
95%; B) changes in the mean heights of local extremes on repeat measurements; C) contrast sensitivity curves for the first and fifth
tests. The abscissa shows spatial frequency, cycles/degree; the ordinate shows contrast sensitivity, units; D) contrast sensitivity
curves obtained using gratings with different spatial orientations (0°, 90°, and 135°). The abscissa shows spatial frequency,

cycles/degree; the ordinate shows contrast sensitivity, units.

Four repeat tests were performed in 12 of the subjects
in this group, with four-day intervals. In these experiments,
the mean height of the extremes (mean difference in con-
trast sensitivity between maxima and minima) decreased
sharply to the point of disappearing (Fig. 2, B, C), mainly
because of increases in sensitivity in those ranges at which
minima were present on first testing (Fig. 2, C). This indi-
cates that the oscillating shape of the curve was initially due
more to decreases than to increases in contrast sensitivity in
individual spatial frequency ranges.

In group 2, measurements also revealed marked con-
trast sensitivity extremes in all subjects. However, the oscil-
lations were very weak on the averaged plot (Fig. 2, D),
because of significant variability in their positions on the
curves for each individual subject. A similar result was
obtained in group 3.

DISCUSSION

It is difficult to compare the results obtained here with
results reported in [4] both because of the reasons identified

in the Introduction and because of a number of method-
ological differences. Stimuli in the present study were pre-
sented using a computer monitor, while Evseev et al. [4]
used an oscilloscope and an atlas containing photographs of
gratings. Furthermore, the resolution of our method was
almost twice as high as that used by Evseev et al.
Nonetheless, it is possible to draw conclusions based on
generalization of these different investigations. Comparison
of the plots in Fig. 1, A, B and Fig. 2, A clearly shows that
Evseev et al. studied the right-hand (descending) part of the
contrast sensitivity curve, while our study addressed the
left-hand (ascending) part. Local extremes were seen in
both cases, which means that this phenomenon is present
throughout the contrast sensitivity curve with the exception
of the lowest frequencies.

Thus, local extremes did not result from random errors
by the subjects; the positions of the extremes showed a
clearly periodic character. But what is their cause? The
authors are not inclined to conflate questions of phe-
nomenology and etiology — the errors of this approach were
demonstrated in the 1960s [1]. Nonetheless, an attempt to
answer the purely phenomenological question of whether
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Fig. 3. Monitor panels as a possible source of the appearance of local extremes on contrast sensitivity curves. A, B) Two-dimensional
amplitude-frequency Fourier spectra of the image of a monitor with a grating (taken from Fig. 1, C) and the same monitor without a grating.
For explanation see text; C) one-dimensional profile of the spectrum of the monitor with a grating with an orientation of 0°. The abscissa
shows spatial frequency, cycles/degree; the ordinate shows amplitude, units. The contrast sensitivity curve from Fig. 2, A is shown for

comparison (right-hand ordinate, units).

the phenomenon observed is a methodological artifact leads
to the need to discuss some aspects of its etiology.

The observed fact of a decrease in the amplitudes of
local extremes on repeat testing, to the level of complete dis-
appearance of extremes (Fig. 2, B, C), points to a qualitative
difference in contrast sensitivity at spatial frequencies corre-
sponding to local minima and maxima. Smoothing of the
curve on repeated measurements occurred because of a non-
uniform increase in contrast sensitivity in the areas of
extremes, which was more marked at minima than at maxima.

Evseev et al. explained local extremes in terms of the
existence of discrete visual spatial frequency channels.
From this point of view, local maxima on the contrast sen-
sitivity curve are seen at the frequencies corresponding to
the optimum tuning of these filters. Sensitivity minima are
seen at the spatial frequencies at the margins of the tunings
of two neighboring filters and are beyond their optima [4].

This hypothesis cannot be accepted, because it contra-
dicts both factual evidence and the concept of discrete spa-
tial frequency channels. Firstly, as noted by Evseev et al., the
distances between the extremes reported by them were three
times smaller than the bandpass range of the individual spa-
tial frequency channel measured in [10]. In our study, the
distances between extremes were two times smaller than
those reported in [4]. That is, the distances between
extremes on contrast sensitivity curves were almost six
times smaller than the widths of the hypothetical spatial fre-
quency channels. Secondly, the channels concept cannot
explain the fact of the absence of marked extremes on con-
trast sensitivity curves obtained using gratings in different
orientations (Fig. 2, D). The anisotropy of contrast sensitiv-
ity has long been known. Contrast sensitivity is greater for
horizontal and vertical than for diagonal orientations. This
anisotropy is not associated with astigmatism and probably
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corresponds to the spectra of natural visual scenes [7].
However, in this case, anisotropy is fundamentally different
in nature.

We will attempt to address the problem of the etiology
of the phenomenon observed here using empirical general-
izations. There is some factor which leads to the appearance
of local extremes, because of the selective suppression of
contrast sensitivity at particular spatial frequencies. What-
ever it is, its influence can be described formally as the
action of visual noise (interference) with a characteristic
spatial frequency spectrum. A spatial frequency “portrait”
of this noise can be constructed using the data obtained.
The positions of maxima in its spectrum must be periodic,
coinciding with the positions of minima on the contrast sen-
sitivity curve. Furthermore, this noise is characterized by
orientational anisotropy, i.e., the maxima in its spectrum are
more marked in the horizontal orientation than in the diag-
onal or vertical orientations.

Finally, this spatial frequency “portrait” cannot yield a
definitive spatial picture of the interference of interest. A
multitude of different patterns can be synthesized whose
spectra will resemble that of the “portrait.” Nonetheless,
one external factor can be identified for which the spectral
similarity compared with the “portrait” is very significant.
On testing, the subject’s visual field contains, along with the
stimuli themselves, other objects, which can be regarded as
potential background noise. The background immediately
surrounding the stimulus is the major item in the overall
noise background. This is the monitor panel.

Figure 3, A shows the amplitude Fourier spectrum of a
stylized image of the monitor (Fig. 1, D). The adjacent panel,
Fig. 3, B, shows the spectrum of the image of this same
monitor, but with the screen blank (without a grating). The
spectra were obtained using a program written at the Vavilov
State Optical Institute [11]. The spectra are presented in
polar coordinates, i.e., the coordinate origin is located at the
center. Each point on the spectrum corresponds to an indi-
vidual Fourier component (Fourier components are the
same gratings as used in visocontrastometry) and its spatial
frequency is defined by the distance from the center, its
contrast by its brightness, and its orientation by the angle
relative to the coordinate origin. The spectra show a range
of spatial frequencies (allowing for the distance of the sub-
jects to the monitor during contrast sensitivity measure-
ments) from 0.07 to 18.40 cycles/degree.

A characteristic feature evident on both spectra is the
anisotropic distributions of amplitude in different orienta-
tions. In the horizontal orientation (0° and 180°) changes in
amplitude with increases in spatial frequency were periodic.
In the vertical orientation (90° and 270°), there was virtual-
ly no periodicity. This is because the left- and right-hand
panels of the monitor (unlike the upper and lower) were of
identical width. The Fourier components corresponding to
each panel for a periodic spectral profile in the correspond-
ing orientation and the differences in the upper and lower

panels cause the amplitudes in the vertical orientation to lose
this periodicity. As regards the diagonal orientation, ampli-
tude in this case was very low, as the image of the monitor
contained little in the way of diagonally oriented elements.

In Fig. 3, C, the horizontal profile of part of the spectrum
of the image of the monitor is compared with the contrast sen-
sitivity curve in Fig. 2, A. It is clear that the spatial frequen-
cies of the maxima on this profile coincide with the spatial fre-
quencies of the minima on the contrast sensitivity curve.
Ultimately, this coincidence may be random, as the stylized
image of the monitor is notably different from the design of
the Sony Trinitron monitor used for presenting gratings in the
study. However, the ability of monitors to influence the per-
formance of various visual tasks has long been known. For
example, the effects of display parameters such as screen
brightness and angular size on the shape of the contrast sensi-
tivity curve were described as long ago as the late 1970s [5].
However, the possible role of the monitor panel in producing
local extremes on contrast sensitivity curves needs to be veri-
fied experimentally. At present, we can only say that there is
a lack of factual evidence to contradict this hypothesis. The
studies of Evseev et al. did not use a monitor; local extremes
were detected both on curves constructed on presentation of
gratings from an oscilloscope and on curves obtained by pre-
sentation of photographic images of gratings from an atlas.
However, in the former case, the oscilloscope panel provides
a source of interference, while the “field” of the atlas provides
a source in the latter case.

In any case, even if this hypothesis is correct, there are
no grounds to accept that the phenomenon of local extremes
in contrast sensitivity is a purely methodological artifact.
The monitor panels and screen are spatially separated, such
that the panels cannot create interference for perception in
the spatial area. They can only provide interference for the
perception of gratings if “translated” from the “spatial” lan-
guage to the “spatial frequency” language. And if the visu-
al system uses spatial frequency analysis (this possibility
has been discussed throughout the second half of the 20th
century [2, 3, 6, 10, 12]), then the factor inducing the phe-
nomenon of local extremes should be regarded as being not
only the monitor panels, but also the specific features of
information processing in the visual system.

Finally, the phenomenological description of local
extremes in contrast sensitivity cannot be regarded as com-
plete. It remains unknown whether this phenomenon
occurs in natural perception conditions. There is also the
need to assign a name, which cannot yet be done because
its position among other known visual perception phenom-
ena has not been identified. There is insufficient material
for empirical generalization. One of our future reports will
therefore provide a description of another phenomenon
which, of the currently known visual perception phenome-
na, has the properties closest to that of local extremes in
contrast sensitivity. As regards visual noise leading to the
appearance of local extremes on the contrast sensitivity
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curve, other hypotheses as to what this noise could be will
be presented in future reports.
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