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Abstract: While many behavioral capacities decline with age, few can be readily noticed in the early stages of aging. 
Visual motion processing is particularly sensitive to aging; yet it is unclear whether decline in motion processing can be 
used to index the visual aging process in its early stages. We examined performance in 63 healthy individuals on a series 
of motion-related visual tasks, in a large age range (21-80 years-old). Three psychophysical tasks were used: dynamic 
contrast detection (a functional precursor to motion processing), contrast-based velocity discrimination (motion 
processing dependent upon contrast signal), and velocity discrimination (motion processing independent of contrast 
modulation). Additionally, cognitive ability was assessed using the WAIS-R (verbal components). Results indicated that 
visual motion performance began to significantly decline between the 51-60 and 61-70 age groups, and this decline was 
most pronounced on velocity discrimination tasks. Cognitive performance did not differ across age groups and was not 
correlated with performance on visual measures. This pattern of results suggests that visual motion processing may be a 
potential indicator of early aging within the visual system.  
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INTRODUCTION 

 Declines in visual functioning across the adult life span 
are well-documented in the literature (for a review, see [1]). 
While certain aspects of visual decline implicate ophthalmic 
deterioration (e.g. decreased density of retinal ganglion cells 
[2]), an increasing body of evidence points to the existence 
of a more general decline within visual cortical systems. For 
example, visually evoked potentials have extended latency 
and decreased amplitude in the elderly [3-5], and this is 
thought to be associated with synaptic loss within the striate 
cortex [6]. Primate studies have further found decreased 
stimulus selectivity as well as increased spontaneous activity 
of visual cortical cells [7, 8]. Performance on sophisticated 
visual perception tasks, such as motion discrimination, is 
mediated in both the striate and extrastriate cortices (e.g., [9, 
10]).  
 While there have been numerous studies on age-related 
visual decline, relatively fewer have investigated the effects 
of aging on dynamic visual processing. Recently, there have 
been deliberate efforts to identify specific age-related 
changes in sensitivity to visual motion. For example, Billino 
and colleagues (2008) [11] observed increased thresholds 
(declined performance) for translational and biological 
motion perception, but not radial motion perception, across 
life span. This suggests that specialized processing mecha-
nisms may differ in their vulnerability to physiological 
changes of aging. Along similar lines, a study by Snowden 
and Kavanagh (2006) [12] found that elderly individuals are 
particularly impaired on slow (as compared to fast) speeds of 
motion detection and coherent motion tasks. This was in 
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contrast to their finding that elderly adults were impaired on 
a speed discrimination task at both slow and fast speeds of 
motion. Declined performance on motion detection has also 
been documented in a more recent study [13].  
 Each of these investigations has provided important 
insights regarding decline in dynamic vision. However, it 
remains to be seen whether certain aspects of visual motion 
processing may be vulnerable to “early aging”. Many 
perceptual studies have compared only young adults with 
elderly adults (e.g. [12]), leaving room for the possibility that 
performance decline may occur during an “early aging” 
stage, such as during middle-age. Most behavioral capacities 
do not undergo noticeable changes in the early stages of 
aging, making them difficult to be detected and assessed. In 
this regard, visual motion processing may be particularly 
useful in that this capacity experiences a greater degree of 
change throughout adult life, and could potentially be 
utilized for studying early aging processes [14]. Moreover, 
many aspects of motion processing such as velocity 
discrimination and dynamic contrast detection have 
functional implications in various aspects of daily life [15, 
16].  
 In the present study, we compared individuals across the 
adult life span (21-80) on dynamic contrast detection and 
velocity discrimination, two visual tasks on which elderly 
adults exhibit degraded performance [17, 18]. In order to 
inspect the relationship between these two domains of 
processing, we also included an additional task in which 
velocity discrimination was modulated by visual contrast. 
While speed perception may be mediated by one or more 
motion mechanisms [19-21], tests in this study were done 
only using speeds of motion 10 degrees/sec (5 Hz, 0.5 
cycles/degree) and greater, as such targeting the visual 
mechanisms which process faster motion speeds. Based upon 
previous findings [17, 22], we hypothesized that the elderly 
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group in this study would be relatively impaired on all tasks. 
Furthermore, with reference to a previous finding of ours 
that individuals in their fifties already begin to exhibit defi-
cient perception of relative velocity [14], we hypothesized 
that the middle-aged groups may be differentially impaired 
on the velocity discrimination task. 

MATERIALS AND METHODOLOGY 

Participants 

 Sixty-three individuals, ranging from 21-80 years-old, 
participated in the study. The age range was divided into six 
decadal age groups – 21-30, 31-40, 41-50, 51-60, 61-70, and 
71-80. Subjects were evenly distributed in these groups, with 
approximately ten in each. Groups were similar in terms of 
verbal IQ, as measured by the WAIS-R [23], as well as years 
of education. Participants were local denizens of the Greater 
Boston area, recruited through advertisements. Inclusion 
criteria were defined as: (1) age between 21-80 years-old, (2) 
verbal IQ greater than 70, (3) visual acuity of at least 20/30, 
as measured by the Rosenbaum Pocket Screener, (4) no 
disorders in ocular health such as astigmatism or glaucoma 
(5) no recent history of drug or alcohol abuse (i.e., within the 
past six months), (6) no history of organic brain disease or 
psychiatric illness. Prospective participants were screened 
using the Structured Clinical Interview - Non-Patient 
Version [24]. The protocol was approved by the Institutional 
Review Board of McLean Hospital, and written informed 
consent was attained from each participant.  

Procedures 

 Participants were tested over one two-hour session, 
during which all visual tasks and cognitive measures were 
administered. Visual tasks were run using VisionShell 
software on a Macintosh Quadra 650. Visual stimuli were 
displayed on an Apple High-Resolution Monochrome Moni-
tor adapted with a luminance attenuator, which permitted 
fine contrast gradations. The stimulus for all tasks was a ver-
tical sinusoidal contrast grating subtending 13 degrees of 
visual angle, with a mean luminance of 35 cd/m2. Partici-
pants were seated in a darkened room at a distance of 61 cm 
from the monitor and performed visual tasks binocularly.  
 There were three visual perception tasks - (1) dynamic 
contrast detection [25, 26], (2), contrast-based velocity 
discrimination [27, 28], and (3) velocity discrimination 
independent of contrast modulation [29, 30]. Detailed 
instructions and practice trials were administered before 
formal data collection. Each task utilized a two-alternative 
forced choice staircase method: Upon three consecutive 
correct responses by participants, level of stimulus strength 
(independent variable) increased, and with each incorrect 
response, level of stimulus strength decreased. Performance 
on each task was measured by subjects’ perceptual 
thresholds, defined as the minimum stimulus strength level 
required for participants to achieve 79% accuracy. To 
facilitate comparisons of visual and cognitive performance, 
thresholds were converted to sensitivity indices (log of 
1/threshold) for all analyses, unless otherwise specified. 
Thus, higher scores (i.e., lower thresholds) represent better 
performance. For all task conditions, a fixation cross was  
 

provided at the center of the visual field. Within a given trial, 
stimuli were presented for 300 msec, and separated by a 500 
msec inter-stimulus interval. 

Dynamic Contrast Detection 

 Subjects indicated which of two successive time intervals 
(first or second) contained a vertical sinusoidal grating. 
Frequency of the grating was set as 0.5 cycles/degree, and 
temporal modulation was set to 5 Hz, which resulted in 
target movement of 10 degrees/second, either to the right or 
to the left. The threshold was defined as the minimum 
contrast level required for subjects to reach 79% accuracy. 

Contrast-based Velocity Discrimination 

 Subjects determined which of two successively presented 
vertical sinusoidal gratings moved faster. The velocity 
difference between the gratings was fixed at 40% (7 Hz. v. 5 
Hz). As in contrast detection, thresholds were defined as 
minimum contrast level at which participants reached 79% 
accuracy. 

Velocity Discrimination 

 Subjects indicated which of two successively presented 
vertical sinusoidal gratings moved faster. For the initial trial, 
velocity difference between gratings was set to 100% (10 Hz 
v. 5 Hz). The velocity difference changed based upon 
subjects’ responses. Spatial frequency (0.5 cycles/degree) 
and contrast (10%) were fixed. Thresholds were defined as 
minimum velocity difference between gratings at which 
subjects achieved 79% accuracy.  

RESULTS 

 One-way ANOVAs with age as the independent variable 
(21-30, 31-40, 41-50, 51-60, 61-70, 71-80) showed signifi-
cant effects for this factor in all three tasks (dynamic contrast 
detection, F=8.395, p<0.001; contrast-based velocity 
discrimination, F=9.593, p<0.001; velocity discrimination, 
F=8.931, p<0.001). Independent of age brackets, regression 
analyses showed significant correlations between age and 
performance, which ranged from r = -0.37 to r = -0.45 and 
were significant for all visual tasks (p<0.01), and as such 
indicates that declined performance with age (see Fig. 1). 
 To inspect visual decline across age range more closely, 
performance was also compared in abutting age groups. On 
this measure, performances differed significantly (p<0.05) 
for all motion perception tasks between the age ranges of 51-
60 and 61-70. For the contrast-based velocity discrimination, 
there was also a significant group difference (p=0.032) when 
comparing age group 31-40 to age group 41-50. With 
Bonferroni corrections, comparisons between age groups 51-
60 and 61-70 remained significant for two tasks – velocity 
discrimination (p=0.002) and contrast based velocity 
discrimination (p=0.027), indicating more pronounced 
performance declines in these task conditions.  
 Using Cohen’s d, effect sizes (ES) were calculated in 
order to compare visual performance in each age group (e.g. 
41-50 years old) relative to the preceding age group (e.g. 31-
40 years old) (see Table 1). Consistent with the 
aforementioned analyses, ES was large (above 0.90) when  
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comparing persons aged 61-70 with those aged 51-60, and 
largest for the contrast based velocity discrimination (ES = 
1.34) and velocity discrimination (ES = 1.87) tasks. 

Cognitive Measures 

 One-way ANOVAs with age showed that neither 
absolute (raw) nor scaled (relative) scores on verbal 
components of the WAIS-R differed significantly across the 
six age groups (p>0.05). Furthermore, correlations between 
scores on visual and cognitive measures were all non-
significant (p>0.05). Additionally, age-related decline on 
visual motion tasks remained highly significant when 
cognitive measures were used as covariates (p<0.001).  

DISCUSSION 

 While a few studies have found that elderly adults are 
unimpaired or may even improve on specific types of motion 

processing (e.g., [31]), this study shows a pervasive decline 
on dynamic contrast detection and velocity discrimination 
tasks. Moreover, the data also indicate that the onset and 
magnitudes of these declines differed among tasks. Dynamic 
contrast detection gradually declined beginning in the 51-60 
year-old age group. In comparison, there was an unexpected 
performance decline on velocity discrimination tasks – 
between the 31-40 and the 41-50 age groups.  
 A more acute performance decline on velocity 
discrimination tasks was also present in the 61-70 age group: 
Comparing the 51-60 and 61-70 age groups, effect sizes on 
these two tasks were 1.34 and 1.87, as compared with 0.93 
for dynamic contrast detection. These sharper declines were 
further evidenced by additional statistical comparisons (see 
Results), which found significant differences between age 
groups on the velocity discrimination tasks, but not on 
dynamic contrast detection, when more stringent criteria 
(i.e., those based on the Bonferroni correction procedure)  
 

 
Fig. (1). Performance across age groups on each visual task, as well as on the comparison cognitive measure (WAIS-R). The x-axis indicates 
age group; the y-axis indicates the averaged sensitivity or accuracy of each age group for the task/condition. For the visual tasks, sensitivity 
was defined as log of the reciprocal of the threshold. The unit for the threshold of contrast detection and contrast based velocity 
discrimination tasks was % of contrast. The threshold of the velocity discrimination task was % of velocity difference, or unitless. Error bars 
indicate ±1 standard error. Asterisks (*) indicate significant differences between abutting age groups (p<0.01). 
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were imposed. Differential aging on dynamic visual pro-
cessing tasks has been shown previously [11, 32, 33]. Our 
data contribute to this literature by showing different onsets 
and magnitudes of age-related declines on dynamic contrast 
detection and velocity discrimination.  
 Contrast- and motion-based visual processing primarily 
occurs within the striate and extrastriate cortices. Comparing 
old to young adults, neuroimaging studies have found 
decreased responses to visual stimuli in these brain areas 
[34-36]. These decreased responses may result in inadequate 
visual inputs for perceptual and cognitive tasks. Our data, 
besides offering behavioral evidence consistent with this 
interpretation, suggest that age-related changes in the 
perception of motion are not closely associated with the 
verbal cognitive ability across life span. 
 Overall, our results indicate that visual processing of 
dynamic information declines relatively early across life 
span. On all motion perception measures, persons in their 6th 
decade of life exhibited degraded performance relative to 
younger age groups. A recent report by Snowden and 
Kavanagh (2006) [12] similarly found age-related declined 
performance on visual motion tasks prior to persons’ 70s. 
The study by Snowden and Kavanagh (2006) demonstrated 
significant performance differences between the two 
disparate age groups – individuals 17-30 and 54-71 years-
old; yet, it was unclear from this result precisely when the 
performance decline occurred. The present study examined 
how motion perception is incrementally affected across the 
entire adult life span.  
 Declined performance on velocity discrimination in 
middle-aged individuals has two primary implications. First, 
it suggests that visual response to motion signals is 
vulnerable to, and thus can potentially be used as a tool for 
assessing, early aging. Second, many daily activities, 
especially those of dynamic nature such as driving, rely on 
judgments of the relative velocity of moving targets. 
Declined motion discrimination in this early aging stage, 
particularly on the contrast-based task, suggests that the 
perceptual capacities pertaining to dynamic vision may begin 
to change earlier in life than previously thought. This 
functional decline indicates that additional visual signal 
strength may be needed in order to engage in certain daily 
activities like driving. When providing visual environments 
optimized for different age groups, a declined capacity to 
perceive moving targets should be taken into consideration 
prior to what is traditionally classified as ‘elderly adulthood’. 
 

CONCLUDING REMARKS 

 The current study contains a couple limitations, which 
should be mentioned. First, our sample size, when separated 
into decadal groups, was relatively small. Thus, the results, 
while generally producing robust effect sizes, should be 
confirmed in a larger sample. Secondly, the comparisons 
between visual tasks and verbal cognitive measures were 
useful; however, introducing a different set of cognitive 
measures – i.e., those which directly depend on visual inputs 
– would have provided additional insight into the 
relationship between visual and cognitive declines.  
 In summary, the results of this study suggest that visual 
motion processing declines relatively early across life span, 
generally beginning in persons’ fifties to sixties, and may be 
an early marker of a more global decline in the visual 
system. 
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