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ABSTRACT

Furpose. To determine if age differences in contrast
detoction thresholds extend to suprathreshold con-
trast discrimination. Methods. Psychophysical con-
trast detection and discrimination thresholds were
determined In 56 adults ranging inage from 22 to 72
vears, In experiment 1, thresheids were measured
using a two-interval forced-choice procedure across
a range of pedestal grating contrasts. In experiment
2, detection and discrimination thresholds were meas-
ured at two spatial frequencies ahd two luminance
levels. Results. When normalized to the contrast de-
tection threshold, contrast discrimination thresholds
were simifar in young and older adults. This resuft is
akin to previous findings for clinical patients with
contrast detection deficits. In addition, contrast dis-
crimination in the elderly is independent of mean dis-
play luminance as has been found in young adults.
Conclusivns. Normalized contrast  discrimination
functions have the same shape in young and older
aduits and show no changa with a #-fold reduction in
luminance.

Key Words: spatial vision, aging, contrast sensitivity,
suprathreshold contrast, visual masking

Much rescarch has been devoted to under-
standmg low contrast processing in the aged vi-
sual system. Psychophysical measurements uging
both an external grating and laser interferometry
have shown that older observers, who are free of
ocular pathology, show deficits in contrast detee-
tion for intermediate and high spatial frequency
patterns.’"® Comparatively little age-rolated re.
search has been devoted to measurements of su-
prathreshold contrast discrimination.” We wished
to determine if age-related changes in contrast de-
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tection extend to contrast discrimination measure-
ments, '

Contrast diserimination paradigme are usefol
for examining low and high contrast processing,
In & typical contrast discrimination experiment,
observers distinguish between two slightly differ-
ent contrast stimuli, One stimulus is called the
background, or pedestal, whereas the test stimu.
Ius is an increment in contrast that is added to
the pedestal contrast, The contrast diseriming-
tion threshold is the lowest test contrast needed
to digcriminate between the pedestal stimulus
alone and the pedestal plus test stimulus,
Changes in test contrast threshold (¢,) at various
levels of pedestal contrast (c,) provide valuable
wformation about visual filter characteristics as
well as sources of noise in the visual system,5-10

Contrast discrimination curves (c, ve. ¢,) are
dipper-shaped when the test and pedestal stimu.
lus spatial and temporal characteristics are sim-
ilar. 115 The test contrast detection threshold ie
measured at ¢, = 0 (in the absence of a pedestal
stimulus). At low pedestal contrasts (¢, slightly
greater than the detection threshold), there is &
facilitation in test stimulus visibility that way be
caused by increased certainty about the test ston~
ulus to be detected because the pedestal is
stightly suprathreshold.!® As pedestal contrast
wicreases, test thresholds climb steadily, approx-
imating Weber's law behavior.! That contrast
diserimination follows a systematic increase with
contrast permits precise predictions of how a1
background stimulus masks, or obscures, the vig-
ibility of low contrast patterns.

The contrast discrimination function shape
may be predicted by the contrast detection
threshold. '™ Detection thresholds are profoundly
affected by such factors as the spatial frequen-
ey, 131728 retinal illurainance, 17 18 oy eccentrici-
ty'? of the stimulus. The relation between con-
trast detection and diserimination Lies in the
masking ability of the pedestal {c,). Namely, the
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tion thresholds are low. Convergely, the €,'s effec-
tiveness is less when the detection threshold ig
high¥7 The outcome is an apparent invariance of
contrast discrimination thresholds at high cop-
trasts across many stimulus variables. Normal-
ization of contrast discrimination thresholds to
the detection threshold results in superimposed
contrast diserimination functions, Baged upon
these findings, we hypothesized that in the eld.

ance in contrast discrimination thresholds at high
S contrasts, Young and old contrast diserimina-
fion functions should be similar after normaliza.
tion to their individual detection, thresholds.

A second line of reasoning leads us to the same
prediction of an age-related imvariance in contrast
discrimination, Although the lochis of age-related
elevation in contrast detsction thresholds is still
not clear, recent evidence suggests that optical
factors are the main contributor to these thresh.
old increases (e.g., see Burton et al% for a brief
review). The elevation in contrast detection
thresholds with age would be expected to elevate
the low contrast portion of the contrast discrimi-
nation function, but would have little effeet on the
high contrast portion of the curve, There is fittle
reasen to predict that the near- ‘eber relation (~
0.7) seen in young ohservers wauld significantly
change with age.

sing a contrast diacriminatiﬂn; paradigm, Leat
and Millodot” found that contrast discrimination
thresholds for siunacidal gratings were elevated
in the elderly (N = 8). Older adults had higher
Weber fractions (e, suggesting!that the pedes-
tal stimulus had greater masking power in eld-
erly visual systems than in the young. They also
found a greater relative incresse in the Weber
fraction of older observers to a bhigher contrast
pedestal compared to the young chservers. This
suggests that the contrast discrimination fune-
tion slope may change with age.

Leat and Millodot's” measurements were made
at two contrast levels, 1.0 and 1.5log unit above
detection threshold, and were Huiited to spatial
frequencies less than 8 cpd. In our first experi-
ment we measure contrast detection and contrast
discrimination thresholds m young and older
adults across g Jarge range of pedestal eontrasts
to determine if contrast discrimination is differ.
ent in the aged visual system as suggested by the
Leat and Millodot? data Using a gimilar para.
digm, our weasurements were taken at 10 cpd,
where age differences in contrast detection
thresholds are evident.

Contrast diserimingtion threshalds in young
adults are robust to the display mean luminance
level ¥? Conversely, contrast detection thresholds
are strongly affected by changes in mean lumi-
nance, particularly in the elderly,® [ » second
experiment, we measured contrast detection and
diserimination thresholds 45 8 function of display
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hominsmee in young, middle-aged, and older
adults to determine i (unlike young adults) the
display luminance is » salient factor at suprath-
reshold contragt levels in older observers, The
combined results of the, two experiments show
that although contrast cietection thresholds are
elevated in our older observers (N = 29), there i
little age-related diffevence in normalized eon-
trast diserimination thresholds,

METHODS

Experiment 1
Sinuscidal grating stimu); (10 ¢pd) were gener-

+ -

ated using a Prisma VR 1060 Grating Generator
(Millipede Electronic Graphics). The display had

& mean luminance of 50 ed/m?2 and consisted of a

circular opening subtending 2.5° vigual angle
from & viewing distance of 118 cm. We wsed a
surrounding mask of the same color and mimilar
mean luminance (33 ¢d/m?) to the display. Al

with 2 natural pupil,

and offset were abrupt. To help minimize stimy.
lus uncertainty effects, a stimulug preview was
shown before each get of trials. Stimuli were pre-
sented for 500 s, separated by an interstimuylus
wmterval of 1 g, during which the screer was blank
but of the same mean luminance as the sine wave

stimulus. Becanse there may be an age-related

increase in stiraulug persistence,?® g pilot exper-
ment was performed to determine an mterstimu.

showed that interstimulug intervals of 500 and

500 ms produced similar thresholds. Test
thresholds were determined in the presence of
pedestal gratings ranging from 0.0 to 64.0% cun-
trast. The order of pedestal contrast testing wag
randomized,

only the pedestal stimulug (co), whereas the other
interval contained the pedestal plus test stimulug
(c, + ), ’I’hg interval containing the test stimulye

as to the higher contrast wnterval, On subsequent
trials, the test stimulyg contrast was adjusted

LR = e



“according to the observer's performance, Specifi-

cally, test contrast was reduced after 3 consecu-
tive correct responses and increased after 1 incor-
rect response, thus estimating the 84% correct
threshold level.?! A staircase was terminated af-

“ter 12 reversals in contrast, This procedure pro-
‘vided percent correct scores for a range of {est
‘contrasts that were analyzed using Probit analy-

sie,”® which estimated the 75% correct threshold
level. After at least 300 practice trials, 2 to 8§
threshold estimates were made at each pedestal

contragt. Reported thresholds are the peometric

mean of the thresholds calculated using Probit

analysis. Standard errors are based on the greater

of the between. and within-staircase variances,
Nine young (age range 22 to 36 yoars; mean =

26.3 years) and 10 older (age range 62 to 72 years;

mean = 67 years) adults participated in this
study. The results of one older adult are not pre-
sented because he did not complete the experi-
ment. Observers, recruited from the Fast San
Francisco Bay area, were in excellent general
health and were all living independently in the
community, Ophthalmologic regords were ob-
tained from private ophthaimelogism. Eye exam-
inations, received within 8 montha before the ex-
periment, included indirect ophthalmoscopy,
slitlamp examinations, assessmente of imtraccu-
lar pressure, near and far acuity, motility, and
visual fields (Humphrey Field Analyzer, Program
30-2). These examinations indicated that all ob-
servers were in good ocular health showing no
obvicus signs of disease. Interocular pressures
were less than 19 mm Hg. Older adults did not
exhibit drusen, although they did exhibit subtle
macular and lenticujar density changes, which
are comumon to aging individuals. If these macular
and lenticular changes had been considered un-

- usual by the attending ophthalmologist, that ob-

server would not have been included in our data
analysis. On an initial visit to our laboratory,
refraction was performed to ensyre best corree-
tion during experimental testing, Mean visual
acuities (in logMar) were -0.02 for our young ob-
servers and 0.06 for the elderly, gongistent with
population age trends in genity &

A control experiment wag performed to ensure
that temporal uncertainty would not differen-
tially mmpair the elderly because of the increased
memory load of a temporal two-interval foreed-
choice design as compared to a spatial two-alter-
native design. Two older adults weTe tested. Tem-
porai and spatial forced-choice idesigns were
compared. The same sort of results were found for
the spatial and temporal designs lin these older
adults.

RESULTS

We measured test contrast thrésholds over a
range of pedestal contrasts. Analysis of variance
on the contrast detection and discrimination data

Contrast Detection in Young and Oider Adults—Beard et al,

showed a significant difference between the
young and older obgservers’ datn IF1,18) =
104.56, p < 0.0001], That the interaction term
batween age and task (detection vs. diserimina-
tion) was not gignificant [F(1,8) = 0.99, p > 0,05]
suggests that both detection and discrimination
thresholds were elevated in the elderly.

Because there are age differences in the com-
trast detection threshold, we normalized each ob-
server's discrimination data to their detection
threshold to equate these visibility differences.
Fig. 1 presents normalized contrast discriminga.
tion thresholds for young observers tested at p24]

- epd. The normalized test contrast threshold is

plotted against pedestal contrast {also normalized
to the detection threshold). The observers’ ages
are shown in parentheses next to their initials,
The horizontal dashed lne indicates no facilita-
tion or masking. As previously reported, 14 young
observers show a dipper-shaped contrast digcrim.
ination function, There is facilitation near the
contragt detection threshold, followed by a grad-
ual increase in contrast discrimination thresholds
ap pedestal contrast increases.

Using a formuls which originated from the
transducer function discussed by Kloin and Levi 0
and later modified by Beard et al. 2* we fitied the
raw (prenormalized) data with the function:

¢ = [(1 + ¢,3(1 + nw))¥s — oI, (U

where ¢, is the test contrast threshold, ¢, is the
pedestal contrast, n is the transducer exponent, w
i3 the intrinsic Weber fraetion, and T, ie.a detec-
tion threshold estimate. This function has the
classic “dipper function™ shape, which specifies
the test threshold across pedestal contrast. The
amount of facilitation eeen in the curve is ex-
pressed in 1n. The intrinsic Weber fraction,
where thresholds increase proportionally to ped-
estal contrast, is expressed by the parameter w.
Although the term “Weber” implies a slope with
exponent of 1.0, most contrast diserimination ex-
ponent estimates are around 0.7.° These fits are
presented on the normalized data in Fig. 1 and’
are shown by the solid curve. The smount of fa-
cilitation differed among individuals within this
young age group. Although the parameter T, ap-
proaches unity, it differs from the detection
threshold because it also depends upon diserimi-
nation thresholds at low pedestal contrasta,

Fig, 2 shows normalized contrast discrimina.-
tion thresholds for the older observers. These
data were also fitted with the model in equation 1.
Individual differences are again evident where
some elderly observers performed similarly to the
young observers, whereas others appear to show
no facilitation effect. These individual differences
in thresholds point out the importance of looking
al individual scores in geriatric studies and may
help explain the small age effects typieally found
for averaged datg,
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Figure 1. Nurmalized contrast discnimination thresholds for young observers tested at 10 cpd. Test contrast in

contrast threshold units is plotted against pedestal contrast
& three-parameter model fitted 1o the data (see equation 1).
threshold. Standard error barg represent the greater of the be

in parentheseos.

To show more clearly the amourt of facilitation
and magking between the age groups, Fig, 4 pro-
sents a plot of the parameters n and w from the
model given in equation 1 as a fanction of each
observer’s contrast detection threshold. These are
the contrast detection thresholds uged to normal-
ize the data in Figs. 1 and 2. The reciprocal of
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{also in contrast threshoid units}. Tha solid line represents

The horrontal hashed tine shows the contrant detection

tween- and within-error estimates. Observer age ts shown

parameter n, the transducer exponent, describes
the amount of facilitation seen in tost thresholds.
The young observers' daty are represented by cir.
cles and the older observers’ dats by trinngles.
The age difference in contrast detectjon threshold
is immediately evident because the older obgerv-
ers’ data are shifted to the right. In general the
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Figure 2. Normalized contrast discrimination threstiolds for older observers tested at 10 cpd. All Information is the
‘same as in Fig. 1. :

amount of facilitation is similay in the two age 10 cpd gratings at & mean screen luminance of 50
groups, suggesting that even af lower pedestal  cd/m® Research has shown that contrast detec-
‘contrast levels, contraat discrimination is similar tion thresholds in the elderly are more greatly
in young and older adults The Weber fractions  affected at lower luminances and high spatial fre-
{bottom panel) are also similarin young and older quencies than they are in the young.!® In our

adults. second experiment we examine the effect of mean
luminance level and spatial frequency on contrast
A detection and discrimination thresholds across

Our first experiment showed no age-related dif-  the adult age span (38 adults ranging in age from
ference in normalized contrast discrimination for 93 to 75 years). To show age trends in our data,

r Experiment ?
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Figure 3. Plots of ihe parameter gstimates from the
madef (equation 1) as a function of tha contrast detection
threshold, The upper panet presents estimates of ths
“dipper” or facilitation seen in the tve gurves for each
observer. The lower panel shows estimates of the Weber
fraction for each obsarver, Young (circles) and older (iri-
angles} observers' data are shown I each panel. Error

“bars reprasent the error in the parameter fit using a least

square algorithr. There are no age differences for elther
of these parameters.

observers were divided into three age groups. It is
not known if inereased age effects resulting from
decreased luminance levels for contrast detection
transfer to suprathreshold confrast levels, al-
though previous research has showmn contrast dis-

crimination thresholds in young lobservers to be

relatively invariant with the mean luminance
level and display spatial frequengy.?

To increase our chances of receiving full data
sels on each observer, we limited measurements
to contrast detection (¢, = 0%) and contrast dis-
crimination thresholds (¢, = 30%) at two gpatial
frequencies and two rean luminance levels (8
conditions x 3 repetitions). Contrast discrimina.
tion thresholds were measured for vertically ori-
ented antisymmetric Gabor patches with peak
frequencies of either 2 or 10 epd. For the Gabor
patches centered at 2 cpd, there were 6 young {age
range 23 to 89 years; mean = 30.1 years), 4 mid-
dle-aged (age range = 42 to 50 years: mean = 455
years), and 7 older observers (agejrange 61 to 75
years, mean = 65.4 years) tested. For Gabor
patches centered at 10 epd, there were 9 young
(age range 23 to 39 years; menit;= 24 vears) 0
middle-aged (age range = 40 to 53 years; mean =
46.6 years), and 8 older observers age range 63 to
70 years; mean = 66 years). Five of the young, 1
raiddle-aged, and 1 older ohserver were tested at
both 2 and 10 cpd. Each ohseprver practiced both
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detection and discrimination tasks for az least five
trial blocks. Each block contained approximately
100 trials, Mean screen luminance was either
12.5 or 50 cd/ro® with a darker surround. The
lower luminance level (ie., 12,5 ¢d/m?) was
achieved through the usd of a 0.6 neutral density
filter placed in front of the observer's eve. Frosted
glass was used to occlude the untested eve gllow-
ing light, but not pattern, to pass through.

Stimuli were presented on = Tektronix 608
monitor (P31 phosphor), The digplay subtended a
visual angle of 1.5 x 2.5° when viewed from a
distance of 3.05 m held constant by a chinffore-
head rest. Best correction for this distance was
provided using trial lenses inserted into & fixed
frame mount. All observers were given a thorough
eye examination at the SUNY Optometric Center
after study completion, Inclusion criteria were
the same as those used in the firat experiment,
Two older observers (in the 10 cpd group) were
excluded from data analysis becanse of disbetic
relinopathy in 1 and Parkinson’s disense in the
other, Mean corrected visual acujties were <0,04
logMar for the young observers, -0.02 logMar for
the middle-aged group, and 0.08 logMar for the
older group.

For rapid threshold messurement we again
used a two-interval forced-choice staircase tech-
nique. Both the 71 and 84% points on the paycho-
metric funetion were estimated nging two ran-
domly interleaved staircases. The 84% staircase
was as described above. For the 71% staircase,
test contrast was reduced after two eonsecutive
correct responses and increased after gne incor-
rect response. Two to three threshold estimates
were obtained for both the 71 and 849 eorrect
threshold levels in all observers. The data for both
71 and 84% staircases were poaled and analyzed
using Probit analysis, We analyzed the psycho-
metric function slopes and found no significant
difference between young and older obgervers, 25
suggesting that the amount of noise in the adult
visual system is age-invayiant.

The upper two panels of Fig. 4 present contrast
detection thresholds (% contrast} at the lower
wean luminance of 12.5 ¢d/m? as a function of
detection thresholds (% contrast) obtained at the
higher luminance of 50 cd/m? for 2.0 {left panel)
and 10.0 cpd (right panel) Gabor patches. Ob.
server age is again represented by different sym-
bols (young = circles, middle-aged = squares,
older = triangles). The obligque line passing
through the data represents thresholds when
there is no effect of Juminance level. At 2 ¢pd,
display luminance was not an effective variable
for any age group. But, at 10 cpd the lower lumi-
nance resulted in incrensed threshold in some
elderly and middle-aged observers, although
analysts of variance for repeated mogsures re.
vealed that this trend did not reach statistical
significance [F(2.32) = 0.95, p > 0.05].
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per degree data are shown In the laft pansls and the right
panels present 10 epd data. Young(clrcles), middle-aged {squares), and older {triangles) are shown in each panel,

ed/m?® as a function of threshoids at 50 cd/m?. Two cycles

We wished to determine if the elderly show
elevated thresholds relative to y oung observers at
suprathreshold contrast levels when the digplay
mean luminance ig lowered. Thé lower two panels
present contrast diserimination thresholds at the
low vs. high display luminance levels at 2 and 10
epd. For all age groups, lominance wag not an
effective variable at suprathreshold contrast
levels,

DISCUSSION

In support of much previous literature, we
found an age-related elevation in contrast detec.
tion thresholds in older adults who had no sign of
ocular pathology and had vigual acuities within
the normal range. We extended these threshold
measurements to suprathresheld levels of con-
trast using a contrast discrimination paradigm.
When age differences in pattern contrast detec-
tion threshold were accounted for, little age-re-
lated difference in suprathreshold contrast dis-
crimination was found. Qur results suggest that
although the detectability of contrast changes
with age, contrast discrimination above threshold
shows similar nonlinear characteristics in young
and older adults.

Klein and Levi’® and Beard bt al®' have sue
cessfully tested a model of temporal contrast dis-
crimination data in young ohservers. We used

Contrast Detaction in Young and Older Adulte—Beard st al,

this model {equation 1) to compare contrast dis-
crimination eurves in aduitg ranging in age from
22 to 72 years. One parameter of this model re-
lates to the amount of facilitation séen in the low
pedestal contrast portion of the dipper-shaped
curve. Although two elderly observers showed no
facilitation effect, seven of the elderly showed fa-
cilitation similar to that seen in the young observ.
ers. A second model parameter relates to the We-
ber fraction at high pedestal contrasts. We found
similar Weber behavior in the observers from
both age groups. For both young and older adults,
normalized contrast discrimination thresholds
rise steeply on a log-log plot once the pedestal
stimulus ig slightly above the contrast detection
threshold. Normalized contrast diserimination
thresholds change little across the age span.

It has been suggested that contrast detection
and discrimination may be mediated by different
mechanisms.?® Before normalization to the detec-
tion threshold, our older observers showed con-
trast discrimination curves which had a right-
ward shift and decreased facilitation. These
characteristics are similar to those found under
conditions where the stimulus detection thresh-
old is increased, such as in the periphery®” 26
and in amblyopic observers.'*® Bradley and
Ohzawa,'" for example, found that the elevation
m contrast detection thresholds found in ambly-
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opic ohservers could prediet the reduced facilita-
tion and elevation seen in their coptrast diserim.

. ination funetions. Others have found that age-
- related contrast gensitivity losges may be

compensated so that performance on a contrast

- matching task is relatively unimpaired.*® The re-

sults of these experiments auggest. that contrast
sensitivity may set the gain control in a contrast
discrimination tagk, Further work should explore
the relation between captrast detection thresh-
olds and suprathreshold contragt diserimination,

In the first experiment, there was a difference
between the mean screen luminance and the
white surround. For two reasond we do not think
that this small luminance change at the edge of
the sine wave gratings differentially affected our
two age groups. First, the log of the ratio betwesn
the sereen and surrounding mask was only 0.18,
Second, in experiment 2, where we uged spatially
limited Gabor stimuli that did not appioach the
screen edge, we found results similar to those in
the first experiment. For these two reasons, we do
not think that the abrupt sereen adges had g
differential effect on our elderly observers'
thresholds,

If contrast diserimination thresholds are af-
fected bgr alterations in noise in the visual 8ys-
tem,? 3% then the psychomstrie function slope
would be flatter for the older observers than for
younger observers, We have analyzed the slope of
the psychometrie function using) Probit analysis
and Quick’s® formula and found that the slopes
of the paychometric functions were not signifi-
cantly different in young and older observers.™
Thus, there is no evidence that inereased noise in
the aging visual system can account for their el
evated (hefore normalization) coptrast diserimi-
nation thresholds.

Our thresholds are comparable to those re-
ported in the lHterature using similar visual stim-
uli. In our second experiment, contrast thresholds
for antisymmetric Gabor patches were elovated
as compared with other experiments using sine
wave gratings.® ¥ However, the detection thresh.
olds for the Gabor stimulus were gimilar to those
reported by Peli et al 3 why lalso measured
thresholds for 2.0 cpd Gabor patches. It has been
shown that contrast threshold increases when the
number of stimulug cycles present in the visual
display decreases.?” Because Gabor stimuli have
a limited number of cyeles and tHerefore limited
spatial extent, this could raise detection thresh-
olds substantislly, On the other hand, contrast
discrimination thresholds for sine waves and Ga-
bor patches in our two experiments were hoth
similar to these obtained by | Bradley and
Ohzawa.'” This can be explained by the finding
that contrast processing above 10% contrast is
mvariant with number of grating cycles. 14

There are several practical and clinjeal impli-
cations of this study. Previous studies have shown
that individual differences in confrast detection

790 OPTOMETRY & VISION SCIENCE

thresholds may be used to better nnderstand and
predict complex object discrimination thregh.-
olds.®® If go, then individusl differences in con-
trast diserimination thresholds may relate to gn
individual’s ability to see under high visibility
conditions in everyday hitnations. Our results
suggest that individuals showing deficits in con-
trast detection thresholds may not have deficits
in contrast diserimination, Low vigsibility deficits
in the elderly may be eliminated effectively
through maximizing contrast in tasks such as
reading. The results of these experiments may
have important implications for older antomobile
drivers and the elderly in vision-intensive octu-
pations, Becauge older adults show some humi-
nance-dependent deficits in threshold contrast,
driving under conditions of reduced contrast such
48 rain or fog might be safest for them during
daylight hours (high luminance). Under high Tu.
minance conditions, gome elderly may only be at 2
slight disadvantage,

In summary, these resulis suggest that when
normalized to the contrast detection threshold,
suprathreshold contrast diserimination is sizmiar
acrose the adult age span and shows no change
with changes in mean luminance level, These re-
sults extend meagurements of contrast detection
threshold, providing a more comprehensive as-
sessment of the aging visual system. If we assume
that coatrast discrimination functions reveal
principles of vision such as contrast coding, then
the coding process is similar in young and older
adults.
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