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Mesopic radial frequency CSF for young and older adults
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Abstract

The objective of the present study was to determine contrast sensitiv-
ity curves of concentric circular patterns with radial frequencies of
0.25, 0.5, 1.0, 2.0, and 4.0 cycles per degree in young and older adult
volunteers. These parameters were also compared with sensitivity
contrasts for sine-wave gratings. All participants had normal acuity
vision and were free of identifiable ocular illness. Contrast sensitivity
was measured in 6 young adults aged 19 to 23 years and 6 older adults
aged 60 to 69 years using the psychophysical forced-choice method.
In this paradigm the volunteers had to decide which of two stimuli
contained the above radial frequencies at low contrast levels. The
other neutral stimulus was gray with homogeneous luminance. We
detected a decline in contrast sensitivity for older adults at all radial
frequencies compared to young adults. Also, contrast sensitivity for
sine-wave gratings at all measured frequencies was better, as pre-
dicted, for all young adults. Maximum sensitivities in the radial
frequency contrast sensitivity function and contrast sensitivity func-
tion occurred at 0.25 and 0.5 cycles per degree, respectively, for both
young and older adults. These results suggest age-related changes in
the contrast sensitivity function for concentric symmetrical stimuli.
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Alterations in the optic and neural char-
acteristics of the human visual system occur-
ring with age have been the subject of sev-
eral studies which have tried to relate these
alterations to the contrast sensitivity func-
tions (CSF) for vertical sine-wave gratings
and angular frequency stimuli defined in
Cartesian and polar coordinates, respective-
ly (1-7). Although there is no general con-
sensus about the frequency ranges that are
affected by aging, psychophysical studies on
humans using photopic conditions found i)

reduction of contrast sensitivity in medium
and high spatial and angular frequencies with
age, and ii) significant declines in CSF, only
when volunteers were 50 years old (3,6-10).

In the present study, we determined the
CSF for concentric circular patterns, i.e.,
radial frequency CSF stimuli (rCSF) for
young and old adults, under mesopic condi-
tions using a forced-choice psychophysical
method. Radial frequency stimuli are de-
fined in polar coordinates, where the spatial
frequency varies along the radius and is
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modulated by spherical Bessel functions, j0

(see details in Refs. 11,12). They are re-
ferred to in the literature as J0 targets (cylin-
drical Bessel functions), Bull’s eye or circu-
lar gratings (11). Contrary to sine-wave grat-
ings, radial frequency stimuli are circularly
symmetric and have a fixed center.

The aim of the present study was to relate
the human aging process to the rCSF, par-
ticularly at low luminance levels. Studies on
human vision measuring sensitivity to radial
frequency stimuli are dispersed, have rarely
been conducted on young adults (11-13) and
are non-existent for the older population.
Six young adults (19 to 23 years old) and six
older adults (60-69 years old) participated in
the present investigation. They were free of
ocular diseases and had been examined by
an ophthalmologist during the last 12 months.
Both groups had normal or corrected to nor-
mal acuity vision.

Stimuli were generated on a CRT-based
Clinton Medical digital monochromatic video
monitor (New York, NY, USA) with a 21-
inch display, high resolution (1280 x 1024),
a 75-Hz frame rate, and with input con-
trolled by a microcomputer. Measurements
were made at a distance of 150 cm from the
monitor screen. Mean luminance was 0.5 cd/
m2 measured with an Asahi Pentax 1º spot
meter (New York, NY, USA). The minimum
and maximum luminance values were 0.3

and 0.7 cd/m2. The walls of the room were
gray for better control of ambient luminance.

The achromatic radial frequency stimuli
used to measure the rCSF were 0.25, 0.5,
1.0, 2.0, or 4.0 cycles per degree (cpd) of
visual angle. The aperture was circular and
had a diameter of 7 degrees of visual angle
(Figure 1).

Measurements were made using a tem-
poral two-alternative forced-choice method
(similar to those found in Refs. 5,6,11, and
13). This method is based on the probability
of consecutive correct choices made by par-
ticipants following the presentation of two
stimuli, in this case, one at mean luminance
(0.5 cd/m2, neutral stimulus) and the other
containing one of the radial frequencies. The
correct choice was to select the radial fre-
quency stimuli (first or second of each pair).
The number of consecutive correct answers
required to lower contrast by one unit (0.08%)
was set to three. Contrast was always in-
creased by the same unit after each incorrect
choice. This yielded a probability of per-
ceiving the radial frequency stimuli set at
79%.

An experimental session started with a
brief beep followed by the presentation of a
given test stimulus for 2 s, followed by an
inter-stimulus interval of 1 s and by the
presentation of the other stimulus for 2 s,
followed by the volunteer’s response. The
inter-trial interval was 3 s. A different beep
gave feedback about each correct answer.
The duration of an experimental session de-
pends on the responses given by the partici-
pant and ended only after 5 pairs of peaks
and valleys had been obtained (i.e., 10 point
estimate values). Duration usually was about
10-15 min.

Each point estimate was measured at least
twice, always on different days, for each
participant. A total of twelve functions (of
five point estimates each) was measured for
both groups of participants, yielding a sample
of about 120 point estimates for each radial
frequency stimulus under measurement.

Figure 1. Examples of radial fre-
quency stimuli (e.g., 0.25, 0.5,
1.0, and 2.0 cpd) which were
originally calibrated to be seen
at a distance of 150 cm on the
21" display.
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Figure 2 shows the rCSF for young and
older adults. Contrast sensitivity estimates
are shown as a function of radial frequen-
cies. The standard error of the mean (error
bars) was corrected for sample size to repre-
sent the 99% confidence interval.

The functions (rCSF) for both groups
showed maximum sensitivity at the radial
frequency of 0.25 cpd, i.e., the lowest fre-
quency, but the older age group needed 2.2
times more contrast than the young adult
group (Figure 2A). Older adults needed 2.1,
1.5, 1.4, and 1.4 times more contrast than
young adults at the remaining radial fre-
quencies, i.e., at 0.5, 1.0, 2.0, and 4.0 cpd,
respectively (Figure 2A).

One-way ANOVA showed a significant
difference between young and older adults
(F9,1119 = 22.15; P < 0.001). The post hoc
Tukey HSD test applied to the rCSF data
showed that the differences between groups
were statistically significant at all radial fre-
quencies (i.e., P < 0.001 for 0.25 cpd, P <
0.001 for 0.5 cpd, P < 0.001 for 1.0 cpd, P <
0.001 for 2.0 cpd, and P < 0.003 for 4 cpd).

These data show that the mesopic sensi-
tivity to radial frequencies was higher for
young adults at all frequencies compared to
older adults.

The main purpose of this research was to
characterize the visual systems of young and
older adults by measuring the rCSF under
low luminance levels and to evaluate pos-
sible visual process changes with aging. The
data showed that this function is different for
young (19-23 years old) and older adults
(60-69 years old). There was a decrease in
sensitivity with age at all radial frequencies,
similar to that found for spatial frequencies
in the literature (4,8-10,14-16). The use of
lower level contrast (i.e., medium luminance
of 0.5 cd/m2) explains in some way the dis-
placement of the maximum sensitivity range
towards the very low radial frequency (i.e.,
0.25 cpd). The CSF shape changes accord-
ing to viewing conditions (8,9).

We also measured the mesopic CSF for

spatial frequencies using sine-wave gratings
(i.e., 0.25, 0.5, 1.0, 2.0, and 4.0 cpd) with the
same participants, the same method and
equivalent experimental conditions (Figure
2B). Our results for the CSF under these
conditions are similar to those reported in
the literature that show less contrast sensi-
tivity for older adults at all spatial frequen-
cies (8-10,16). These results also show a
similar trend in the data for radial frequen-
cies (Figure 2A). One-way ANOVA showed
a significant difference between young and
older adults (F9,1119 = 125.9; P < 0.001).
Analyses applying the post hoc Tukey HSD
test to contrast sensitivity function data
showed that all differences between groups
were statistically significant (i.e., P < 0.046
for 0.25 cpd, P < 0.001 for 0.5 cpd, P < 0.001
for 1.0 cpd, P < 0.001 for 2.0 cpd, and P <
0.001 for 4.0 cpd).

Therefore, it is possible that aging alters
the nervous system in a diffuse way (17),
with changes in the mechanisms involved in
the processing of spatial frequency and ra-
dial frequency stimuli. The available litera-
ture suggests that these stimuli (i.e., radial
frequency and sine-wave gratings) are most

Figure 2. Radial frequency sen-
sitivity functions for young and
older adults (A) and spatial fre-
quency contrast sensitivity (for
vertical sine-wave gratings) for
the two groups (B). Data are
means ± SEM or SD for 6 sub-
jects in each group. Error bars
are corrected to represent the
99% confidence interval. cpd =
cycles per degree.
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likely processed by different visual cortical
areas (for instances, see Refs. 11,13,18-20).
Our results are preliminary and we are still
running additional related experiments to
better establish the effects of aging on the

visual processing of radial frequencies.
All measurements were approved by the

University Ethics Committee and written
informed consent was obtained from each
volunteer.
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