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The aim of this project was to examine age-related
declines in the processing of spatial frequency information
Some current theories of spatial vision state that humans
process high spatial frequency Information separately or
differently from low spatial frequency information. There is
also evidence that normal a2ging may affect the processing of
some spatial frequencies more than others. Specifically, it
has been proposed that older adults have deficits in thelr
ability to process low spatial frequency information, and
that older adults process visual information more slowly in

general than young adults. Eight observers in each of three

age groups were tested on a localization task. The spatial

frequency content of distractors presented in the visual
field was varied along with speed of presentation and
clarity of the display. A progressive loss in the extent of
the functional visuval fleld was demonstrated. Results were
consistent with the position that older adults experience
declines in their ability to process temporal informatlion
and that older adults do process visuval information at a

slower rate than young adults,

vii




Chapter 1

Introduction

Current theories of human visual information processing
state that the human visual system processes spatial
frequency Informat.on through different nearal channels
(Campbell & Robson, 1968; Graham & Nach.alas, 1971). More

specifically, thes® theories state that high spatial

frequency visual information (fine detail) is processed

separately from low spatial frequency information (general
form and movement). Some authors have suggested that high
spatial frequency Information is processed via neural routes
labeled sustained mechanisms, while lower spatial frequency
information is processed via neural routes labeled transient
mechanisms (Blakemore & Campbell, 1969; Ku.ikowski &
Tolhurst, 1973; Legge, 1978).

Evidence 2xists that as humans age they experience
declines in their ability to process certain types of visual
information. Some experimental results suggest that an
adult's ability to process both high spat: frequency
information (sustained mechanisms) and lo< apatial frequen
information (transient mechanisms) declines with age (Arden
& Jacoobsen, 1978). Other experimental results suggest the

declines with age occur only with the processing of high




frequency information (Arundale, 1978; Derefeldt,
Lennerstrand, & Lundh, 1979; Owsley, Sekuler, & lemsen,
1981), or with the processing of temporal information
{Sturr, Kelly, Kobus, & Taub, 1962; Walsh, 1976). In
addition, other results show that older adults process
visual information more slowly than younger adults (Kline,
Schieber, Abusamra, & Coyne, 198}).

The purpose of this study was to compare the
performance of older, middle, and younger aged adults on a
task reguiring the processing of both high and low spatial
frequency information pPresented at various speeds. The
pPresent experiment, therefore, would provide more specifie
information on human visual system changes occurring with
normal aging. In addition, the study directly addresed the
question of the specificity of the aging change [i.e., high
or low spatial frequency losses, or both). Finally, by
varying Lresentation speed, the study addressed whether
elder adults process visual information at a slower rate
than younger adults.

Based on past research, several hypotheses regarding
the effect of aging on visual Processing were generated.
First, it was hypothesized that blurring the stimuli would
degrade the performance of clder adults more than younger

adults. This hypothesis was based on the theory that older

adulis experience declines in the transient system.

Secondly, it was also hypothesized that older observers

would have more difficulty performing a peripheral




localization task when the target was embedded in a field of

low frequency distractors. Finally, it was hypothesized that

older observers would have more difficulty performing the
task at shorter exposure durations than younger observers,
and that the older observers would experience move
difficulty than younger observers when stimuli were

presented at extreme ecentricities from fixation.




Chapter I

Literature Review

As stated pPreviously, this study was conducted to
determine changes that may ouvcur with normal aging in the
human visual system, Specifically, concerns were
differential changes in older adults ability to process righ
and low spatial frequency information, and in their ability
to process temporal informatien Imovement). Spatial
frequency refers to the number of pairs of bars imaged
wWithin agivendistance on the retina, with the units of
Spatial frequency being cycles per degree le/deg) of viaual
angle. The fzllowing is a discussion of literature showing
differential response Proparties to low and high spatial
frequency information. This will be related Lo the
sustained/transient model of visual information processing
and other changes that oCcur in the human visual System with

normal aging.

Transient and Sustained Channels

Previous research has shown that the visual aystem may
Process spatial frequency information through difrerent
channels (Campbell & Rabson, 1968; Graham & Nac hmias, 1971).
Numerous studies, both pPhysiclogical and psychophysical,

Provide evidence for the existence of a transient /sustained




physiological evidence that the visual

lower animals may posscss separate high and low
spatial frequency processing systems. lkeda and Wright
11974) took single-cell recordings from cat's cortical cells
while the cat was eXxposed to grating patterns lagrating is
a target consisting of alternating lighter and darker bars)
of various spatial frequencies, They found that some cells
were selectively responsive to gratings of higher spatial
frequencien, and other cells were selectively responsive to
gratings of lower spatial fregquencies. Thus physiological
evidence for separate visual information processing systems
exists for cats. Enroth-Cugell and Robson (]966) measured
the electrical activity in the cat's optic tract and found
cells that responded Lo gratings of varlous spatial
frequencies as the gratings were moved through the cat's
visual field., Other cells did not respond to this movement.
This indicis<d that some neural channels respond
s¢lectively to motion.

The human visual system may also process spatial
frequency information through different neural channels.
These spatial frequency processing channels have been
lubeled the transient channels and the sustained channels.
Although no direct physiological evidence for separate

visval information processing systems exists for humans,

there ic an abundance of psychophysical evidence for these

separate systems. The transient channels are sensitive to

targets of low spatial frequency, less than 1.5 c/deg




{Legge, 1978), and to rapid change, such am motion or
flicker (von Grunau, 1978). They respond within 100 msec
\Legge, 1978}, and respond botter to abrupt stimulus onset
than the sustained channels (Green, 1981; Kline & Schieber,
1981). Williams, Brannan, and Lartigue (1986) have described
the transient channels us functioning in detecting motion
and localizing targets in space, and in directing eye
movements toward the detected target. The transient channels
may function more in peripheral vision, while the sustajined
channels may be more important in central visual field
tasks,

The sustained channels, on the other hand, are
Sensitive to targets of higher spatial frequency, 1.5 c/deg
and greater (Legge, 1978}, and to stationary or slowly
moving targets. The sustained channels respond best to
targets presented at long durations, 1000 msec ILegge,
1978), and to finely patterned targets (Breitmeyer, 1978b;
Kline & Scnieber, 1981). The sustained channels function to
identify patterns and to resolve fine detail once the eyes
orient toward the target,

Psychophysical studies of the human visual system

which have some Learing on the spatial frequency models of

vision have involved measurement of contrast thresholds,
speed of procensing visual information, and studies

involving visual masking and Critical Flicker Frequency
ICFF). The following sections will discuss evidence that

suggests transient and sustained channels process different




¥ information independently as well as
evidence t sujgests the two channels interact in
processing different spatial frequency intormation. Also,
evidence contrary to the existence of a transient/sustained
dichotomy will be discussed.

Independent Transient/Sustained Channels

Studies supporting the existence of independent
transient and sustained channals involve temporal processing

and speed of processing.

Temporal Processing

Contrast sensitivity

In cne test of the transient/sustained dichotomy,
Breitmeyer and Julesz (1975) measured obsorvers' contrast
sensitivity (the reciprocal of contrast threshold) to
sinusoidal gratings of variable spatial frequency under two
conditions: abrupt onset/offset and gradual onset/offset.
Contrast thresholds, and thus contrast sensitivity, are
measured by asking the observer to determine the point at
which he/she can first detect the presence of a grating. The
abrupt temporal envelope of the gratings increased the
observer's contrast sersit ivity to gratings of lower spatial
frequency, but had no effect on Lhe detecticn of higher
spatial frequency gratings. This Jupported the exlistence of
the dichotomy. Pantle (1970) measured contrast sensitivity
t0 a dgquare-wave test grating with a spatial frequency of
0.38 c/deg drifting at speeds ranging from 0.0 (no motion)

to 22 degrees per second after adapting to grat ings ranging




trom 0 funiform field) to 23 c/deg spatial frequency, When
the test grating drifted ot higher speeds, only lower
spatial frequency adapting gratings elevated the contrast
threshold of the test grating. When the test grating moved
at slower speeds, the higher spatial frequency adapting
gratings had an increased effect on the test gratings
contrast threshold. Thus, both draft speed of the test
grating and the adapting grating's spatial frequency can
affect the contraast sensitivity of a lower apatial frequency
test grating, indicating the presence of neural channels
differentially sensitive to spatial frequency. The contras
Bensitivity of lower spatial frequency gratings appears to
be increased by abrupt stimulus onset and rapid movement,
conmistent with the sustained/transient dichotomy of human
visual information processing,

Critical flicker frequency

Studies invelving the detection of flickering gratings
also provide support for specialized neural mechanisms,
Tolhurst (1973), Kulikowski and Tolhurst (1973), and Keesey

(1972) performed studies whose results suggested that

flicker is processed by low spatial frequency channels. They

found that observers could discern that qratings were
flickering before they could provide information about Lhe
gratings spatial frequency. The less frequently the lower
spatial frequency qratings were flickering, the less
sensitive the cbservers were to the spatial frequency

content of the grating. This Buggests that neural channels




processing lower tpatial frequency information are more
sengitive to [lleker than to (orm, In addition, adaptation
to Elicker raised the detection threshold for low spatial
frequency targets but not for hiagh spatial frequency Largets
{Green, 1981). These studies indicate that the human visual

systom processes visual informat i ar arate neural

mechanisms. Specifically, channels fasiny low spatial

frequency information alno proce movement , “tion of

proposed transient channe
Speed of Processing

Contrast sennitivity

Hachmi RN § Breiim r & Ganz (1977) performed
similar studies measuring the contra thresholds of spatlal
frequency gqrat| ranging fyom 0,44 c/deg to 33.2 cfdeqg
presented at various exposure durations. Both studies
reported that an exposure duration of the test gratings
decreased, contrast sensitivity also decreascd, but more so
for gratings of higher spatial frequencies. These results
indicate a longer integration time for gratings of higher
spatial frequencies, This is suggestive of mechanisms
selectively sensitive to different temporal parameters, with
lower spatial frequency information (Lransient mechanisms)
encoded more quickly than higher spatial frequency
information (sustained mechanisms). Furthermore, Breitmeyer
(1975%) and Vassilev & Mitov (1976) have found that observer
have shorter reaction times to sinusoilal gratings of iower

spatlal [requencies, providing additional credence to the




Froposed tranmient channels have shorter
times than proposed sustained channels.

Masking studie

Legge (1978) performed a masking study whose results
suggested that the human vi ual system ma; require leas time
to process low spatial frequency information than high
spatial frequency information. Masking refers to a reduction
in stimulus visibility as a result of another, stronger
stimulus preceding and/or following the original stimulus,
Contrast thresholds were measured for various spatial
frequency gratings presented at different exposure durations
at the onset and offset of masking stimuli. For unmasked
conditions, sensitivity to low spatial frequency gratings

was independent of exposure duration at shorter exposure

durations than for high spatial frequency gratings. This

indicated that low spatial frequency information requires
less time to be processed than high spatial frequency
information. Mowever, for masked conditions, sEnsitivity to
low and high spatial frequency gratings remained
approximately the same for all exposure durations
indicaiing that the masking stimuli may affect only the low
spatial frequency qratings. This effect could be due to the
abrupt onset of the mask Imovement) inhibiting mechanisms
Processing low spatial frequency information (transient
mechanisms) .

Interactions between Wransient/Sustained Channels

More recent investigations have cast doubt on the




hypothes that these neural channels process spatial
frequency informatior independently in humans. Tolhurst
(1972) adapted observers to square wave gratings before
determining the individual contrast thresholds of the
fundamental and third harmonic components of the square
wave. A square-wave grating is composed of a fundamental
sinuscidal grating of a particular frequency (e.g9., 1 c/deg
added to all odd multiples of thia frequency le.qg,, 1, 5, 7,
etc., cfdeg) in peaks-add phase. These higher frequencies
or harmonics, are reduced porportionally in amplitude or
contrast by the inverse of the spatial freguency le.g., 1/13,
1/5, 1/7, etc., c/degl. He found the independent contrast
thresholds of the third harmonic and furdamental components
of the square wave grating to be less than predicted after
adaptation to a square-wave grating. This suggested that
spatial frequency channels subserving the fundamental and
third harmonic frequencies inhibit each other when the

patterns are suprathreshold. Thus, channels that process

different spatial frequency information can be mutually

inhibitory.

Von Grunau (1978} published results suggesting that
sustained channels inhibit transient channels. In this study
dark boxes were sequentially flashed dark Loxes at inter-
stimulus intervals of 0.0, 25, 50, 75, and 100 msec
separated by 1, 2, and 4 degrees. He then defocused the
flashed boxes to force the use of transient mechanisms by

removing higher spatial frequency information from the
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Etimuli. He found that defocusing the stimuli increased the
perception of apparent motion in the foveal regions of the
visual field, but not in the peripheral! visual field. This
suggested that defocusing the stimuli lessened the
inhibition of the sustained channels on the transient
channels, particularly in the foveal reqions of the visual
field, and that sustained channels' inhibitien of transient
channels is strongest in foveal reglons.

Breltmeyer (1978a) presented results indicating that
under some stimulus conditions transient channels inhib.t
sustained channels, while under other stimulus conditions
sustained channels can inhibit transient channels
Breitmeyer (1978a) measured vernier foveal resolution
(detection of vertical offset in the placement of bars)
masked by flanking bars in the presence and absence of
additional, stationary flanking bars separated from the
by 4 and 20 degrees of visual angle. He found that the
additional flanking bars at 4 degrees lessened the
inhibition of the mask on the foveal vernier resolution
task, Breitmeyer (1978a) suggested Lhat the additional,
Gtationary [lanking bars activated sustained channels
(necessary {ur detecting fine details) and caused them to
inhibit transient channels activated by the mask. It thus

dppears that significant inhibitory interactions can occur

between neural channels processing different spatial

frequency information. The previously mentioned studies

suggest some overlap in the functioning of the "transient®




and "sustained” newury .

What is the basis for the differing exXperimental
resulis regarding the tranaient /sustained dichotony? Studies
Bhowing the shdependence of Spatial frequency channels have
usually tested Btimull near contrast th eshold, while
studies showing interactions of spatial frequency channels
have usually tested Suprathreshold stimuly, Therefore,
before any statements about the independence of spatial
Irequency channels or any interactions among spatial
lroqunnry €an be made, the contrast of the stimull must be
considered,

Evidence 4gainst the ﬂichntugx

Recent investigations have revealed that a strict
dichotomy between pattern and motion (or flicker) detection
systems isg unwarranted Derrington & Henn‘ng, 1981; Green,
1984; ana Stromeyer, Klein, Dawson, & Spillman, 1982),
Derrington and Henning 11981) Fequired observers to
discriminate between vertical and horizontal gratings of

various spatial frequencies that either flickered or did not

flicker. Observers had more difflculey d:arr|n|na!|nq

between the horizontal and vertical gratings when they wore
not tlackox]nq. 4% opposed to when they flickered,
sSuggesting that neural mechanisne relating information about
flicker imotion) alsc relate information on Pattern (form),
Stromeyer, Klein, Pawson, and Spillman (1582) found that
with low spatial frequency gratings (0.12 to 1.0 c/deg

maximal threshold elevations occurred wnen the adapt ing
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grating was the same spatial fre Wy as the test grating.
These results were obtained using test patterns that turned
on and off gradually, activating sustained mechanisms. These
results suggested that some form mechanlsms are optimally
sensitive to low spatial frequencies.

Green (1984) has also disclaimed the transient/
sustained dichotomy of neural processing of visual
information, and proposed a model of visual information
processing wWalch states that all neural channels share the
same response properties. He has proposed that all neural
channels process both form and temporal information, but
some channels predominantly process form Information while
others predominantly process temporal information. Thus, it
is probably the case that channels thought of as "transient™
or "sustained” share the same response properties, but that
stimulus conditions dictate how each channel will respond.

An interest during the present study was differences
that may exist in the processing of high and low spatial
frequency information in the human visual system, More
specitically, the concern was with differences that may
develop with normal aging. Therefore a summary of literature

related to aging and the visual system follows,

Aging and the Human Visual System

Many declines in visual functioning, unrelated to
disease, have been reported for the human visual system. For
exarple, Weale (1975) reports decreases in visual acuity

after age 45. Reduced retinal illumination is alse found in




older eyes, with the 20-year=old eye transmitting roughly
three times more light to the retina than the eye of a 60
year old (Weale, 1963). Furthermore, a survey by Kosnik,
Sekuler, and Kline (1986) revealed that older adults report
more difficulties seeing in poor i1llumination and performing
tasks requiring rapid visual processing.

Walsh (1976) and Walsh, Till, and Williams (1978
performed masking studies using both older and younger
observers. These otudies measured the masking effects of
stralght lines on the detection of letters. They manipulated
the time interval between the mask and the test stimuli and
found that older subjects required a longer interval between
the test stimulus and the masking stimulus to identify the
letter, indicating a slower speed of processing for the
older adults. Walsh (1976) found that the older subjects
required a 240 longer interval between the mask and tes
stimuli to escape the effects of masking for stimuli
presented in the central visual field, Kline and Szafran
(1975) and Kline and Birren (1975) have alseo performed
masking experiments which indicated that older adults
require more time to process visual information.

Walt (1961) has ruggested that older adults have
impaired abilities in visual tasks requiring peripheral

vislon. Wolf and Nadroski (1971) measured the sensitivity of

younger, middle aged, and older subjects visual fields and

found that older subjects saw significan'ly fewer targets in

the peripheral visual field than younger subjects. Scialfa,




Kline, and 98 found older adults were leas
accurate in identi ng letters presented in their
peripheral visual field than younger adults, especially when
the latters were embedded in visual noise. Their results
suggest older adults have a lower scan rate and a reduced
field of vision compared to younger adults. Ball (1985) has
also found that older adults perform more poorly on a
peripheral localization task than do younner adults.
Aging and Transient/Sustained Shifts

Age may alvo differentiaily effect the processing of
high and low spatia) frequency information. Kline and
Schieber (1981) have proposed that the aging visual system
experiences a relative loss in the efficacy of the
"transient® channels and becomes “"sustained® dominant. This
suggests that the "transient™ channels leasen their
inhibition of the "sustained®™ channels. Studies that have
some relavence to this model of the aging human visual
sysatem involve the -rocessing of both temporal and spatial
frequency information.
Temporal Processing

Previous research has shown that older adults
experience a decline in their ahility to decect flicker

{Huntingtorn & Simonson, 1965%; McFarland, Warren, & Karis,

1958), and have gr=ater difficulty escaping visual masking

(Walsh, 1976). This suggests that older adults have deficits
in processing temporal information (a transient response),

indicating a lessening of “"transient™ channel inhibition of




"sustained® channels,

Older adults also show a decline in rapid 1ight
adaptation (Sturr, Keily, Kobus, & Taub, 1982; Sturr,
Church, and Taub, 1985). After dark adaptation, younger and
older observers were required to detect a small test [lash
superimposed on a large, intense background flash (transient
condition). Older subjects required a longer time to adjust
to the long intense flash, hampering their ability to detect
the test flash. When younger and older subjects were allowed
to adapt te the lighted condition (steady state or sustained
condition), no difference existed in the younger and older
observers' ability to detect the test flash., Sturr, Church
Nuding, Van Orden, and Taub (1986) found this effect to be
independent of the luminance level of the large, intense
flash. Owsley, Sekuler, and Siemsen (1983) found that
drifting low spatial frequency gratings resulted in an
increased sensitivity for younger observers, bul not for
older observers, suggesting temporal processing impairments
for older adults. The above results consistently indicate
that older adults may experience declines in temporal,
"transient™ type visual functioning, which is consistent
wWith the model proposed by Kline and Schieber (1981).
Spatial Frequency

Other experimental results contradict the transient/
sustained shift model of aging (Kline and Schieber, 1981) by

Suggesting that older adults have difficulty processing

higher spatial frequency (form) information. Ownley,
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Sekuler, and Slemsen (1983) found that older observers had

reased Benoitivity to high spatial Iroqunnry qratings.
Arundale (197g) measured the contrast sensitivity of older
and younger observers' and found that older subjects' peak
Sensitivity occurred at lower spatial frequencies than
younger subjects. Derefelde, Lennerstrand, and Lundh 11979)
found older observers to be less sensivive to middle and
higher spatial frequency gratings than younger observers
Kline, Schieber, Abusamra, and Coyne (1981) reported that
older observers are less sensitive to higher spatial
Irequency gratings even though older observers required more
time to process the Visual information. Thus, it appears
that older adults experience declines in their ability te
Process high Spatial {(equ»n:y 1n{ormat;on, which ig
inconsistent with the results predicted by the model of
Kline and Schicber i1981). However, these results may not be
inconsistent if the evidance BURFarting shared response
Propertios among spatial frequency channels |s incorporated
inte Kline and Schieber's (1981) model,

It seems unclear exactly what types of declines older
adults may experience related to visual information
Frocessing; however, most evidence Buggests that older
adults experience declines in temporal Procesaing,
“transient® type visual functioning, and jn Processing high
Spatial frequency information. Burbeck (1986) and Post ang

Liebowitz (1980) conducted Studies _hat Potentially shed

light on this Juestion. Burbeck found that a peripheral




targe

Curacy at *arget, More specifically, she found that
accurate peripheral localization of high spatial frequency
targets required more time than localization of low spatial
frequency targets. This is consistent with the temporal
response properties of spatial frequency channels. Post and
Leibowitz (1980) measured localization accuracy of single,
flashed dots for both blurred and unblurrea conditions, and
found no difference. in observera' localization accuracy
between blurred and unblurred conditions. Since blurring
defocuses stimuli, causing sharp edges to become fuzzy, it
eftectively lowers the spatial frequency content of a
stimulus. However, the actual spatial frequency <content of
the targets never varied in this study, and there were no
distractors present in the test field to test for
inhibition. Also, neither Burbeck (1986) nmor Post and
Leibowitz (1980) compared older subjects' performance on

these tasks to that of younger subjects' performance.

Comparing older and younger subjects' performance on tasks

similiar to those of Burbeck (1986) and Post and Leibowitz
(1980), where the spatial [requency content of peripheral
localization targets varied, could detect differences that
exist between older and younger cbhservers' ability to
process higher and lower spatial frequency information. This
could point out age dependent differential declines in
*sustained” or "transient” neural channels.

Sekuler and Ball (1986) developed a perimeter t




servers to localize peripherally pr
oval faces hidden among box=like distractors while
performing a concurrent central task. Their task consisted
of localizing a cartoon likeness of a face that appeared
equally often, but unpredictably in each of 24 different
peripheral locations: along eight meridia (four cardinal and
four cbliquel at three different eccentricities 15, 10, 15
degrees) from the display center. Distraction conajsted of
47 outline boxes of the same size that occupied the
remaining 23 positions plus intermediate positions. In
conditions where observers had to perform a concurrent
central task while localizing the peripheral face among
distractors, older observers exhibited higher localization
error rates than younger observers, particularly at extreme
eccentricities, This suggested a loss in the quality of
peripheral vision among older adults. In conditions of no
€oncurrent central task or peripheral distraction, both
yYounger and older observers made few localization errors.
With practice, the older cbservers increased the extent of
their functional visual field by 50%, indicating that

training reduces visual field losses due to age.

Ball {1985) investigated the question of why

distractors presented a problem for older adults. Using a
localization task identical to that of Sekuler & Ball
11986), he measured younger, middle, and older aged
observers' ability to localize both oval=shaped and box=

shaped peripheral faces presented at exposure durations of




120 msec and 90 msuc. Observers' were then trained on
detecting either box or oval faces presented at 120 m

and then retested on both box and oval faces presented at
120 msec and 90 msec. Initially, older observers performed
more peorly on the localization task than did younger
observers. Practice on either oval or box face targets
improved periormance on the pract lced condition for all age
groups. However, this improvement in performance transferred
to the untrained target condition only for younger

observers. Transference from 120 msec, trained condicions to

90 msec, trained conditions occurred for all age groups, but

transference to 90 msec, untrained conditions did not occur
at all. Ball (1985) therefore hypothesized that improvements
in performance of older observers on trained conditions
resulted from learning to ignore the irrelevant atimuli
rather than a generalized increased speed of central
processing.

However, Ball did not address the question ol why
younger observers exhibited fewer localizatlion errors across
all target types compared to older observers, even after
practice, nor did he explain why the box face tarqets woerae
harder to localize than the oval face targets. A modified
version of Sckuler and Ball's (1986) localization task could
answer this question, and shed light on age differences in
processing highar and lower spatial frequency information or
age dependent differential *sustained/transient” neural

channel declines, 1f the model of Kline and Schieber (1981),




which states that older adults have deficits in transient
channels, 13 accurate, then older chservers could be
expected to be less accurate than younger observers on the
localization task when forced to use their "transient™
mechanisms to process visual ‘nformation. This could be
accomplished by varying the spatial frequency content of the
distractor stimuli and blurring the display screen via
positive lens (von Granau, 1978). Also, sirce Kline and
Schieber (1981) hypothesized that aging lessens the
"transient™ channels inhibition on “"sustained® channcls,
older subjects could be expected to exhibit more
localization errors with decreasing test stimulus exposure
time.
Hypotheses

Several hypotheses were tested. If older observers have
deficits in transient mechanisms, then conditions forcing
the use of these mechanisms should cause older adults to
make more localization errors than conditions forcing them
to use sustained mechanisms., Since blurring the stimuli
would force the use of transient mechanisms, older observers
would therefore be expected to make more locallzation errors
under blurred cocnditions than under unblurred conditions. In
addition, if transient deficits exist then older observers

would be expected to make more localization errors with low

spatial frequency distractors than with high spatial

frequency distractors.

Previous studies suggest that older observers process




visual information at a slower rate, in general, than
younger observers. I{ so, then older observers should make
dl!’orenually more localization errors at shorter exposure
durations than at longer durations regardless of other
stimulus conditions, 1f transient mechanisms procens visual
information more quickly than sustained mechanisms, then
forcing observers to use their transient mechanisms should
Improve performance on the short exposure duration
conditions, Lastly, it was hypothesized that 48 mcoentricity

increased all cbservers would make more localization errors,

and that this effect would be more pronounced for the older

adults,




Chapter 111

Method

Observers

Eight observers were tested in each of three age
groups. The young adults tested were in the 24-28 years age
range (4 males, 4 fomalos); middle aged adults ranged from
19-50 years (2 males, 6 females); and older adules ranged
from 60-77 years of age (1 male, 7 females). Thin division
of age groups allowed an evaluation of developrental changes
throughout adule life.

Since this research concerned visual system changes
related to the normal aging process all observers were
screened for ocular pathology prior to their Paticipation,
Several eye diseases producing visual losses occur more

frequently in later adulthood (Lelbowitz, et al., 1980), and

often difficulties arise when separating biological changes

due to age from changes resulting froem disease fLudwig,
1%80). Also, many older adults exhibiting no ocular
patholegy report visual problems (Kosnik, Sekuler, & Kline,
1986), and these adults were the focus of this experiment.
The following screening pProcedure wat employed to
gather informatiun toncerning all observer's eye health.

a. After €ontacting a person about participating in the

24




research, an explanation of the study's nature and purpose

w provided, specificvally mentioning that the research's
pPrimary focus wad visual changes occurring in later
adulthood, and that only individuals with no eye discase
history would be tested. Before initiating *esting, a
screening interview was conducted in which the potential
participant was questioned about the presence of any type of
eye disease (other than refractive error] indicated by an
eye-care specialist. Macular diseases, glaucoma, cataracts,
Gptic neuritis, and diabetic retinopathy were specifically
mentioned. Potential observers were also questioned about
their history cencerning diabetes and neuroclogical problems,
If potential observers indicated they suffered from any of
these problems, it was explained that they could not

Participate due to the experiment's nature and purpose, and

they were thanked for their interest. A copy of the Subject

Information Sheet used to record potential observer's
angwers i1s included in Appendix A.

b. If the interested potential observer reported no eye
disease history, he/she was asked to read and sign an
intormed consent form. A copy of this form is included in
Appendix B. The observer was informed of how many sessions
would be required and three appointments were scheduled.,

€. Each observers' acuity was measured near the
experimental viewing distance, as a final health measure, to
ensure that all obsevvers had normal acuity for their age

Acuity measurements for distance (Ten feet) were obtained




uUsing a Baily-Lovie Distance Chart. Acuity measures for

near distances (57 centimeters) were obtained using the
Bally-lovie Near Charts. Since all observers were requlred
to perform tasks in blurred and unblurred conditions, each
observer's acuity for near distances was also measured with
the observer wea. ing lenses of +3.0 diopter optical power
above normal correctd vision. The average near acuitics
Iminimum angle resolvable) for the young, middle, and older
4ge ochservers were .76, .80, and -8B, respectively, The
average near acuities [(minimum angle resolvable) for young,
middle, and older age cbservers while wWearing the +J diopter
optical power lens were 1,28, 1.25%, and 1.22, respectively.
If corrective lenses were needed for best corrected aculty,
the observer wore them during the experimental sessions. The
*3 diopter lenses were clipped onto the observer's
corrective lenses to blur the target images. 1f the observer
did not wear corrective lenses, then the +3.0 diopter lenses
were clipped into a pair of trial frames for the observer to
wear.

To allow better interprotation of age differences,
€riterion [ree measures of Sensitivity or discriminability
were obtained by using a forced choice procedure. Ubservers
were reguired to make a response following each
presentation, eliminating any differences due to varied

criteria.

Stimuly

The test stimuli resembled those used by Sekuler and




Ball (1986). A box (which wWan a s o shape) outline of
0.0171 footcandles luminance with no internal detall
subtending 2.25% x 4.5 degroes served asn the peripheral
target. This box appeared unpredictably, but egqually often,
in each of 24 differeont positions on a L3S cmx 135 cm video
screen (30 x 90 degrees) under computer control. The 24
positions were along eight meridia (four cardinal meridia
and four intermediate, oblique meridia) at three different
eccentricities (7.5, 15, or 22.5 degrees). These
eccentricities were different from those used by Ball (1985)
and Sekuler and Ball (1986) because the viewing distance wan
adjusted (which changed the target eccentricities) to keep
the frames of the trial lens {rom abstructing the observers
view of the video screen.

Distractor stimuli were cartoon likenesses of human
faces of 0.016 footcandles luminance subtending 2.25 x 4.5
degrees on the screen in one condition, or outline aval
faces of 0.0131 footcandles luminance with no internal
detail in another condition. The concurrent central task
consisted of an additional face (identical to the cartoon
faces with internal detail) which was present or absent in

the venter of the fixation box.

Procedure

Observers were seated with their heads positioned in a
chin rest 42.75 cm from the display screen. Their eyes were
level with the screen (nd viewing was binocular. At this

viewing distance, | cm on the screen reprosented 1.5 degrees




»f visual angle., Prior to beginn the experiment, ecact
observer was famjliarized with the required tark and given a
chance to afk questions about the experiment., During the
experiment, the room was dimly lit, and stimull were
presented against a dark background.

Each trial cousisted of four successive displays
ccntrolled by a computer. First, an outline box (6 x 7.5
degrees) directed the observer’s fixation to the center of
the screen. After one second, the test stimulus appeared on
“he screen for either 75, 100, 125, or 150 moec. These
expesure durations were used to span the range, as indicated
by an informal pilot study, where young observers would have
difficulty performing the localization task on short

durations, but where all observers could perform the

localization task woderately well at longer durations. After

this, the entire display was replaced by spatially random
visual masking noise to cover any residual afterimages on
the screen. The figural characteristics of the mask should
not have interfered with the ability of obeervers to
localize the peripheral target stimuli (Turvey, 19751.
Finally, after one second, a radial pattern apoeared with
eight equally spaced spokes numbered | to 8. This pattern
rercsined until the observer made a radial localization
rezpcnse by selecting one of the eight numters located on a
keypad in front of him/her. Trials were grouped in sets of
24, one trial with the peripheral target at each of its 24

possible positions.




The observer made two respenses at the end of each
trial. First, the observer indicated if the central face was
present or absent by pushing one of two buttons on a keypad,
Next, the observer indicated the radial locality of the
peripheral box by pushing one of esight numbered buttons on
the keypad. 1f the observer provided an incorrect central
response no additional responses were permitted. Computer
gencrated tones provided the cbserver with immediate
feedback on the correctness of his/her response. Any
terminated trials were re-presented later in the block of
trials.

Two distractor conditions were employed. In the tirst
condition the box, as the target, was accompanied by 47

cartoon human faces (filled faces, which had two dots for

eyes and a line for a mouth) of the same size as the target

box. These distractors occupled all possible remaining box
positions and three positions between the eight meridia. In
the other distractor conditions, the stimull were the same
except the cartoon human faces were replaced by the outline
oval faces with no internal detall (unfilled faces).
Observers also viewed the two conditions under two
levels of clarity. At the first leve! the cbserver viewed
all 24 trials of a condition at his/her best corrected
acuity. At the second level, the observers viewed the 24
trials through lens of +3.0 diopters optical power *to
slightly blur the images, eliminating some of the high

spatial frequency information from the images.




There were thus four difforent combinations of
dintractor and clarity levels: filled faces/blurred images;
filled faces/normal imagas; unfilled facen/blurred imageng
and unfilled faces/normal images. Each cbserver viewed each
of the four combinations at the previously mentioned
exposure times of 7%, 100, 125, and 150 msec. This resulted
in each subject completing 16 blocks of 24 trials. Each
observer viewed all four of the distractoriclarity level
combinations in a random order, and each distractor/clarity
level combination was viewed randomly at each of the four
exposure times.

The 16 blocks of 24 trials were presented to
participants over three consecutive days. On the first day,
the observer practiced the task for a brief period to
familiarize him/herself with the task, and then completed
the first four blocks of 24 trials. On the second day, each

observer completed six more blocks of trials, followed by

the remaining six blocks of trials on the third day. All

observers received $6.00 Per session for participation in
the experiment to enhance their motivation to complete the

experiment.




Chapter IV

Results and Discussion

The main focus of the study was on the distribution and
humber of errors made in radial localization. Errors were
summed acrosc the eight meridia and converted to
percentages. The resultant Proportions (percent errors)
were normalized by taking the inverse sine of the square
root of the percent errors for the purpose of statistical
and graphical data analysis. On this scale, a transformed
error score of 1.2 corresponds to chance performance (87.5%
errors), .79 corresponds to 50% errors, and 0.0 corresponds
to 0N errors.

Data were analyzed with a repeated measures ANOVA.
Renults are shown in Table l. The only between groups
variable was age, with clarity (blurred stimuli versus
unblurred stimuli), distractor condition (£illed faces
versus unfilled faces), eccentricity (7.5, 15 versus 22.5%
degrees), and speed (7% msec, 100 msec, 125 msec versus 150
msec) all repeated measures for each of the three age
groupr. A diagram of the cxperimental design is illustrated
in Figure 1. Results will be discussed in the context of

Kline and Schieber's 11981) model of the aging effect on the

"transient/sustained® dichotomy of visual informaticn

n




Table 1

ANOVA Summary Table

Source

B2.662
39.559

Clarity (B)

B x A

Distractors (F) 1.524

F x A 975

Error

Speed (5)
5 x A

Error




Source

Eccentricity (E)

E x A

Error







AGE
Young, Middle, Old

Clarity
Condition / \
Distractor >
Condition Filled Faces Unfllled Faces Filled Faces

/ [\ /

7.5

Eccent . ‘
E. .
h:f:;:lt::!; g 49k 45k 4k 4 SJ% 90k 45 49 4 gk

Figure 1, Schemat jo diagram of the experimental design

Blur No, Blur

Ay
Untille

P 4 s 4k




processing. In addition, the 1mplic [ those results
for the couclunjons of Ball (1985 will also be discussed.
Iin the review of literature concerning age related
spatial frequency information processing in humans, it wac
hypothesized that older observers would have more difficulty
processing low spatial [regquency information than younger
adults. The results of this study supported this hypothesis.
First, although there was a significant overall ellect of
clarity (F=4,607 df=1,217 p<.0%), blurring the stimuli
significantly increased localization errors for only the
oldest age group. This was shown through a post-hoc analysis
of the significant interaction between the variables clarity
(blur versus no blur) and age (F=4.09%; df=2,21; p<.05).
Mean percent error rates for younger observers were .40 for
blurred conditions and .42 for unblurred conditions, for
middle aged observers .81 under blurred conditions and .78
under unblurred conditions, and for older observers 1.1]
under blurred conditions and .99 under unblurred conditions.
A Tukey test indicated that the differences between young
and middle aged cbaervers under blurred and unblurred
conditions were nonsignificant, while the older ocbservers

performed significantly worse under blurred conditions

ip€.05). Since blurring the images effectively lowers the

spatial frequency content of the stimuli, It appears that
the older observers had difficulties locallzing the target
stimulus when it's spatial frequency content was lowered.

This result is consistent with the sustained/transient shift




*ussed by Kline and Schieber (1981).

It was also hypothesized that the lower spatial
frequency content of the unfilled faces distractor
onditions would result in more localizatjon errors among
older subjects than younger subjects., This result was not
‘bserved. The distractor conditions did not seem to
differenttally affect the performance of oider adults.
However, there was a significant interaction between
clarity, distcactor condition (filled veraus unfilled
faces), anJd age (F«4.65; df=2,21} p€.05). The performance of
young, middle, and older age groups under both clarity
conditions is shown for both distractor conditions in
Figure 2. Mean percent error rates for Young cbservers under

unblurred conditions were .52 and .116 for filled and

unfilled distractor conditions, respectively. A Tukey test

revealed this difference to be significant Ip€.05). No other
significant differences between filled and unfilled
distractor feues were revealed, however, for either blurred
or unblurred conditions. This indicates that young
observers made significantly fewer localization errore when
distracted by unfilled faces {unfilled symbols) than when
they were distracted by filled faces (filled symbols) in the
unblurred conlitions.

For the cldger observers, no significant differences
existed in the amount of localization errors for either
distractor condition. This indicates that older observers

may have more difficulty in processing low spatial frequency
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information, since younger observers performed better when
distracted by unfilled faces (less high spatial frequency
intormation) than by filled facesn. The older ocbservers
performed poorly with both types of distractar. Also note in
Figure 2 that older adults made significantly more
localization errors under blurred conditions regardless of
distractor conditions, as indicated by a Tukey test 1p€.05).
Tiws, it appears that older adults may have deficits in
processing low spatial frequency information, which is
consistent with the mode 1 of the aging human visual system
propused by Kline and Schieber (1981). These results also
support the findings of Burbeck (1986) who found that the
spatial frequency content of a peripheral localization
target could effect localization accuracy of that target.
These findings contradict those of Post and Lelbowitz
(1980), however, who found that blurring stimuli did not
effect localization accuracy for those stimuli.

An alternative explanation for the results presented in
Figure 2 is that among younger subjects the high spatial
frequency content of the filled faces distractor condition
inhibits mechanisms processing low spatial frequency
information. This interaction may not have been observed in

the older age groups because of the brief exposure durations

employed. It is possible that given longer exposure

durations, which would be more likely to tap the sustalned
system, older cbservers would exhibit similiar results. This

type of sustained/transient interaction is consistent with




the work of v Grunau (1978).

Directly related to the above hypothesis t also
hypothesized that older adults process visual information at
a slower rate than younger observers. The results of this
study supported this hypothesis. In general, as exposure
duration decreased, the number of localization errors made
by cbrervers increased (F=5%6.207 df«3},63; p<c.0001). In
addition, there was a significant interaction between age
and exposure duration (F=2.59; df=3,6; p<.05). Results are
presented graphically tor each age group at all exposure
durations in Figure ). The circular symbols represent the
performance of the young observers, the triangular symbols
represent the middle aged observers, and the square
symbols represent the performance of the older aged
observers. Mean percent error rates for young subjects were
.191, .305, .494 and .653 for preseiatation speeds of 150
msec, 125 msec, 100 msec and 75 msec, respectively. At a
presentati_-n speed of 100 msec, the mean percent error rate
for older observers was 1.104 compared to .858 for middle

age observers. A Tukey test revealed significant

differences between the performance of young observers and

the performance of midéle and oldey age observers at all
praesentation speeds, with young observers making fewer
localization errore at wach presentation speed (p<.05). A
Tukey test also indicated that older observers made
nignificantly more localization errors than middle aged

observers at a presentation speed of 100 msec (pC.05).
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Figures 4 and 5 |llustra the age x clarity =
distractor condition interaction for exposure durations of
75 mpec and 150 msec for young and older observers. Notlce
in Figure 4 that young cbservers made fewer localization
errors when distracted by unfilled faces regardless of
clarity condition for both exposure durations. This
difforence was greater at exposure durations of 7% masec than
at exposure durations of 150 msec. In Figure 5, however, the
older observers are shown to make fewer localization errors
when distracted by filled faces under unblurred conditions
at 75 msec. This relationship was reversed, however, for the
blurred conditions. At 150 msec exposure durations

distractor conditions had no effect on the number of

localization errors made by older observers, indicating the

effect of distractor condition and clarity on older
cbserver's from Figure 2 was progressive with decreasing
exposure duratjion.

These results were also consistent with the model of
Kline and Schieber (1981) which states that the reduced
inhibition of the "transient® channels on the "sustained®
channels with age should increase processing time of visual
information processing among older cbservers. However,
neither the age x specd x distractor nor the age x spoed
clarity interactions were significant. This is consistent
with the interpretaticon that older adults experience a
jeneral slowing in their speed of processing and within the

range of duration tesnted here only the transient system was
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capable of rosponding.

Some indication of the degree of slowing in the oclder
qroup can be gained by reexamining Figure 3. Notice the
large gap in the amount of localization errors made by
younger observers compared to the middle aged and older
observers. This suggests that speed of processing begins to
decline before obeervers reach the older ages tested In this
study. Also notice that middle and clder aged observers made
roughly the same amount of localization errors at CeRposure
durations of 75 msec and 125 msec, although they made

significantly more localization errers at exposure durations

of 75 maec as indicated by a Tukey test (p<.05). However,

middle aged cbservers made slgnificantly fewer localization
@rrors at exposure durations of 100 msec. This pattern
suggests that the critical exposure duration at which older
adults can no longer accurately localize peripheral targets
lies somewhere between 75 msec and 125 msec.

Finally, it was hypothesized that as targot
eccentricities increased localization errors would increase,
and that this effect would be more pronounced for older
observers. The results of this study supported this
hypothesin, In general, as target eccentricities increased,
localization errors increased (F=47.8%: df=2,42; p<.0001).
However, this effect was not more pronounced for the older
observers, as indicated by the insigni:ficance of the age x
eccentricity interaction. There waiu, however, a significant

interaction between clarlly condition, target eccentricity,




and age (F

The age larity interaction is broken down as a
function of centricity in Figure 6. Both the young and
middle aged observers performed equally well at
eccentricities of 1.5 and 15 degrees (solid lines and
dotted lines, respectively) regardless of clarity
conditions. However, a Tukey test indicated that both
groups made significantly more localization errors at teast
stimuli ecceatricities of 22.% degrees Isquare symbols) for
both clar ty conditions (p<.05). This pattern differed for
the older observers. Under unblurred conditions the older
observer's performance was consistent with the performance
of the young and middle ajed observers. However, under
blurred conditions the older cbserver's performance was not
consistent with the performance of the young and middle aged
observers. There was not a significant difference in error
rates under blurred conditions at eccentricities of 7.5 and
22.5 degrees, but a Tukey test revealed that older observers
made fewer localization errors at 1% degrees cccentricity
(p<.05). Error rates in general were higher for the older
subjects under blurred conditions, indicating that under
conditions of blur, targe: eccentricity did effect
localization srror rates for older adults more than younger
adults. Thews results are consistent with previous results

obtained by Ball (1985) and Sekuler and Ball (1986).

Conclusions

In coenclusion, It appears that older adults do
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experience a progressive loss in their ability to precess
low spatial frequency information. Older adults also seem
to have a slower speed of processing visuval information.
These results are consistent with the model of Kline and
Schieber (1981}, who proposed that older adults experience
declines in transient visual information processing
channels. However, in light of experimental evidence
contradicting a distinct transient/sustained systum
dichotomy, care should be taken when viewing these deficits
as strictly in "transient®™ mechanisms. These results should
only be viewed as suggesting deficits in processing low
spatial frequency information among older adults.

The present study may also help explailn the results of
Ball (1985}, whe found that older adults had more difficulty
localizing peripherally presented faces than younger adults,
and that box faces were harder to localize than oval faces
for all observers. Perhaps a slower speed of processing
among older adults can account for some of the older adults
localization errors, in addition to the finding that older
adults initially have difficulties separating relevant from

irrelevant targets. Aleso, there may have been some

difference in the spatial frequency content between the box

and face targets that could account for the box target being
more difficult to localize. Future research might examine
older adults performance using box face and oval face
‘argets presented at a wider variety of exposure durations

and various levels of clarity compared to younger observers




performance on the same E Future studies should vary
! frequency con it of the stimuli systematically
to galn a more preci view of how older and younger adults
process Jdifferent spatial frequency information. Future
research could also focus on more precisely determining at
what age the observed slowing of visual processing begins to
occur. Using observers of ages between the ages used ih the

young and middle aged groups in this experimant could more

precisely locate the point where the slowing of visual

processing begins to occur. Finally, by extending the range
3t exposure durations, future work could more accurately
determine at what exposure durations older subjects begin to
experience difficulties processing visual information. As
ment ioned plev:nusiy. extending the range of exposure
durations might reveal sustained channel inhibition of
transient channels in the older age groups. kesearch such as
this could elucidate the bases for declines experienced by

older adults in the extent of the functional visual field
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Subject Information Sheet
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Appendix B

Informed Consent Sheet




RESEARCH PROJECT: _IMPROVEMENT OF VISUAL PROCESSING

Participant Consent Form

1, » voluntarily consent to

participate in & research study on how the aging process affects
vision, The study will take place in the Vision Laboratory at
Western Kentucky University, Bowling Green, Kentucky and will fnvolve
no more than 10 one hour sessions. The mature and purpose of the
study have been explained to me. I understand that I will be asked
to view a video monitor and indicate when I see certain patterns
on the screen. These sessions use standard eye exam and exercise
procedures that involve no risk to the participant. In the event
of eye or position fatigue, I know that I can take rest periods
when | feel the need and can ask questions at any time,

1 understand | will receive compensation for my participation,
In addition to any improvements to my visual functioning | may alse
(participants over 60 years of age) receive a free ophthaimological
exam,

All results and eye examinations will be treated as confidential
information.

Any questions about the research may be directed to
Dr. Karlene Ball (phone 745-4438).

I further understand that | may discontinue participation

at any time.

Date Sfgnature

Funds for this research program are provided by the National Institutes
of Health and Western Kentucky University,
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