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ABSTRACT

Aims: This study investigated the effect of simulateduglsimpairment on the speed
and accuracy of performance on a series of commas#yg cognitive testdl ethods:
Cognitive performance was assessed for 30 youngually normal subjects
(M=22.0yrs:3.1 yrs) using the Digit Symbol Substitution TeBISST), Trail Making
Test (TMT) A and B and the Stroop Colour Word Testler three visual conditions:
normal vision and two levels of visually degradfitters (VistecH") administered in a
random order. Distance visual acuity and contrassisivity were also assessed for each
filter condition. Results: The visual filters, which degraded contrast sénsitto a
greater extent than visual acuity, significantlgreased the time to complete (p<0.05),
but not the number of errors made, on the DSSTthedrMT A and B and affected
only some components of the Stroop t€xtnclusions. Reduced contrast sensitivity
had a marked effect on the speed but not the axcuwfperformance on commonly
used cognitive tests, even in young individualg ittnplications of these findings are

discussed.
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BACKGROUND

It is generally well recognised that degradingraage slows or impairs the recognition
and processing of that image (Harley, Dillon, & lusf, 2004; Pashler, 1984). Indeed,
the speed and processing problems of people withvision are often explained in
these terms. Generally, designers and psycholotgats to think of image clarity in
terms of the size and spatial frequency of theetarguch that the resolution of the
image is the area of primary concern in designiegroor quickly interpretable displays
(Loftus & Harley, 2005). However, an equally imgort consideration, which is often
neglected, is the influence of stimulus contrastcognitive performance. To date the
influence of reduced stimulus contrast, represesmtatf that encountered in individuals

with true visual impairment, on cognitive perfornsarhas not been investigated.

It has been hypothesized that one effect of deggadisual input is that it makes the
initial stages of visual processing more cogniveffortful. The resulting demand on
cognitive resources in turn reduces those availédmeother higher level cognitive
processes, including the encoding of new infornmaiiiomemory and operations such as
comprehension of written information (Wingfield, Mu& McCoy, 2005). This
‘effortfulness” hypothesis was proposed as an axgilan for the findings of memory
studies involving auditory masking (Rabbitt, 1968hat demonstrated that a
participants’ ability to recall the first half ohaeight item list was negatively affected
when the second half of the list was heard in tfesgnce of masking noise. Rabbitt
(1968) proposed that the increased effort assatiadéh trying to identify digits in
auditory noise deprived other cognitive procesdeth® resources necessary to allow
elaborative encoding of the material. Similarlydueed visual acuity and contrast

sensitivity might be expected to have an analogeffisct on cognitive processing.
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However, stimulus contrast may also have effeclsciee to early levels of visual

processing that are not cognitively penetrabley®yl, 1999). In fact stimulus contrast
manipulations are often used to selectively slowtyepattern recognition processes
(Pashler, 1984), presumably as a result of inangasie demands on low level visual

processes.

Lindenberger, Scherer and Baltes (2001) demondtthtd reducing the visual acuity of
middle-aged adults to that of older individualsngspartial occlusion filters did not
impair performance on a range of cognitive testgartantly, however, the amount of
contrast sensitivity degradation under these filtmmditions was not recorded.
However, other studies which have specifically degd the contrast of cognitive test
form material to simulate the effects of ageingéasported a significant slowing of
performance on the Symbol-Digit Substitution Te&ilriore, Spinks, & Thomas,
2006). Similarly, studies which have reduced thentest of computer-based
presentations of cognitive test material have repksiowing (but not increased errors)
in older adults on tests of perceptual matchingcessing speed and associated memory
(Anstey, Butterworth, Andrews, & Borzycki, 2006)daan increase in intra-individual
inconsistency on a vigilance task for older butyminger adults (MacDonald, Hultsch,
& Bunce, 2006). Although these studies indicate amsociation between contrast
sensitivity and cognitive test performance (butvistial acuity and cognition), it is not
known whether these effects would be obtained uledels of visual degradation more
representative of early visual impairment. For anse, Gilmore et al., (2006) used
image processing techniques to simulate the degoadaof a visual stimulus
comparable to that produced by the visual systeraroB0 year old observer. One

limitation of image processing and other technigeesimulating visual degradation is
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that they cannot simulate the effects of intraaclidgnt scatter and glare sensitivity that
are also associated with eye diseases and thatsigaificantly impact on visual

performance.

The aim of this study was to determine whetheralifiters, which have been shown to
reduce contrast sensitivity to a greater extem thaual acuity and, are representative
of mild to moderate cataracts (Elliott et al 1996puld affect the speed and accuracy of
performance on a battery of commonly used cogntegés. These cognitive tests were
selected to be visually complex and to have a tic@dponent to better capture any
effects of visual degradation on both speed andracyg of cognitive test performance.
The use of a young visually normal group who wemee fof lens opacities was
considered useful as a first step in the invesbgabf this relationship because it
avoided combining naturally occurring lens opasitigith the filters, as young eyes
provide little variability in lenticular functionlf visual function per se influences
cognition and not interactions with other age-eatactors, impairment should be

evident in this group also.

METHODS

Participants

Thirty young, visually normal adults (mean age P2/@s+ 3.1 yrs; age range 18 — 33
years) were recruited from first year Optometrydstuts and their University colleagues
to participate in this study. The sample consistetl4 males and 16 females who were
in good general health, had no self-reported negroal illness or cognitive
impairment and were free of ocular disease. Altip@ants had distance visual acuity

equal to or better than 6/6 (20/20).
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The study was conducted in accordance with theinregents of the Queensland
University of Technology Human Research Ethics Catee and followed the tenets
of the Declaration of Helsinki. All participants megiven a full explanation of the
experimental procedures and written informed cong@&s obtained, with the option to

withdraw from the study at any time.

Simulated Visual Impairment

The visual degradation resulting from age-relateds| changes and cataracts was
simulated using a series of Visté¥hcataract simulation filters (Vistech Consultants
Inc., Dayton, OH). Elliott, Bullimore, Patla and Vithker (1996) found that the
Vistech™ simulation goggles produce wide-angle light seafight scatter between 5
and 20 degrees) with a similar angular distribut@mormal and cataractous eyes. The
filters were found to have a greater effect on @sttsensitivity than visual acuity and
increase intraocular light scatter and glare stsitlike real cataracts, which is the
opposite of refractive blur which has a greatee&fbn visual acuity (Bradley, Hook, &
Haeseker, 1991). Their studies demonstrated thafilber simulates the effect of mild
cataracts (Elliott et al., 1996). We also wishedsimulate the effects of moderate
cataracts. In our previous studies we found thatepts with moderate bilateral
cataracts who were still driving had Pelli-Robsoetter CS scores of 1.43 + 0.16
providing a lower 95% confidence limit of 1.12 lagits (Wood & Carberry, 2006). In
pilot studies we found that two filters used togetheduced Pelli-Robson Letter CS to

approximately these levels and this was used amoderate cataract simulation.
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The cataract simulation goggles were used as difassondition with no filter in
place, condition one with a single Vistech filtand condition two represented by two

Vistech filters mounted together.

Vision Assessment

All testing was undertaken with the participantsptimal refractive correction
appropriate for the working distance together witle cataract simulation goggles.
Distance visual acuity and letter contrast sengjtivere measured binocularly for each
participant for each of the three visual conditigne filter, one filter and two filters

combined); the order of testing was randomised.

Satic Visual Acuity.

Visual acuity was tested using a high contrast (PB%ley-Lovie (logMAR) chart at a
working distance of 3 m under the recommended ilhaton conditions. LogMAR
charts, such as the Bailey-Lovie chart have bectiraestandard for clinical research
and have many advantages over traditional Snellants; including a logarithmic
progression of letter sizes and letter and lineispga equal numbers of letters per line
and letters of similar legibility. A visual acuityneasurement of 6/6 (20/20) in
traditional Snellen notation corresponds to a munmangle of resolution (MAR) of 1
minute of arc and a logMAR of 0.00. Participantsrevinstructed to read the letters
from left to right on the chart and were encouraggeduess letters even when unsure.
Visual acuity was scored on a letter by letter §ashere each letter correctly identified

represented a score of 0.02 log units.
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Pelli-Robson Letter Contrast Sensitivity.

Letter contrast sensitivity was measured using Bedli-Robson chart under the
recommended viewing conditions (Pelli, Robson & Rivis, 1988). This chart uses
large letters which correspond to a spatial freqyesf approximately one cycle/degree
at a testing distance of one metre. The letteraaeaged in groups of three of the same
contrast (triplets), each successive triplet desggan contrast by a factor of 0.15 log
units. Participants were asked to read as far ddwen chart as they could and
encouraged to look at a line of letters and gulesddtter when they were unsure; each

letter reported correctly was scored as 0.05 latgun

Cognitive Tests

The three cognitive tests included in this studyrevselected because they are
commonly used and visually based and therefore rkety to be sensitive to the

effects of visual impairment.

Digit Symbol Substitution Test

The Digit Symbol Substitution Test (DSST) (WechslE981) is a measure of general
information processing speed (Spreen & Strauss8)188d has been widely used in
studies of cognitive ageing. The pen and paperoes the test was used, where the
test stimulus is printed on white A4 paper andudek a key at the top of the page
which specifies the particular symbols that coroespto each numerical digit from 1-9.
Under normal room illumination and table seatingrtigipants were instructed to write
the correct symbol corresponding to the randomyawh digits as quickly and
accurately as possible according to the coding Kag. DSST score was recorded as the

number of correct symbols drawn in 90 sec and timber of errors made. Both speed
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and accuracy were equally emphasized in the ingngto ensure consistency (Wong
& Gilpin, 1991). Participants were specifically ingcted to use their non-writing hand

as a page support to prevent them pointing to sigrdrothe key.

Trail Making Tests A and B

The pencil and paper version of the Trail MakingstTéom the Halstead-Reitan
Neuropsychology Test Battery was used (Spreen &S#, 1998) which assesses motor
speed, visual attention, mental flexibility and orotunction (Lezak, 1995). This is a
timed task consisting of two sub-tests: Parts A Briwhich are both presented on white
paper. Part A consists of 25 randomly positionedreled numbers and the subjects
were required to join the numbers in chronologaraer, ie. 1-2-3-4. Part B consists of
randomly positioned encircled numbers and lettes @articipants were instructed to
join the numbers and letters in alternating order1-A-2-B-3-C. Any errors made by
the subjects were pointed out by the examiner inmately and corrected before
continuing the sequence. A participants’ score taken as the time to complete the test

to the nearest tenth of a second; the number ofssmade was also recorded.

Stroop Color Word Test

The Victoria version of the Stroop Color Word TESCWT) (Spreen & Strauss, 1998)
was used and is designed to assess an individakaligy to shift their perceptual set and
iIs a measure of selective attention and speed fofnration processing. The test
consists of three cards labelled part D, W andspeetively, with each consisting of six
rows of four items. In Part D the subject has tme&4 coloured dots printed in red,
green, yellow or blue, as quickly as possible; eaalbur is used six times and the four

colours are arranged in a pseudorandom order wikld@rarray. In part W, the dots are



Running Head: Visual Impairment and Cognitive TRstformance

replaced with a series of words (when, hard, cared) printed in lower case N16 Times
New Roman font. Participants are asked to idemti&/colour that the words are printed
in as quickly and accurately as possifdlee final part of test, part C displays colour
words that are printed in incongruously colourekl, ifor example the word yellow is

printed in blue ink and participants are askedamea the colour of the ink in which the

words are printed. The outcome measures usedsrstiny were the mean time needed
to complete the first two cards as an indicationsohple speed capacity and an
interference score to measure inhibition of a heabitesponse (reading the word). An
interference score was computed by subtractingrtéan score of the first and second

cards from the time needed to complete the third.ca

Experimental Design

The cognitive and vision tests were administeradefach participant under the three
visual testing conditions (zero filter, one and twistech filters). Each participant was
given a practice run to familiarize them with thsk and to ensure that they understood
the task instructions, thereby reducing learninigat$é (Beres & Baron, 1981). The
order of testing and visual conditions was balanggidg a Latin square (incomplete
factorial design). For each visual condition, tlogmtive tests were tested prior to the
vision tests to minimise the expectation that aigaant might have regarding the

effect of a given filter on performance.

RESULTS
Table 1 shows the group mean data for all of ttlsomi and cognitive performance
measures as a function of filter condition. Groupam contrast sensitivity with the

Pelli-Robson chart was 1.980.11) log units at baseline, and was significargyuced

10
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by the filters F(2,58)=593.9p<0.001, partiah®=0.95), with all filter conditions being
significantly different from one another. Visualu#ty was also decreased in the
presence of the filter§=(2,58)=267.4p<0.001, partiah?=0.90): distance visual acuity
for the baseline condition was -0.020(07) which is equivalent to 6/5 (20/16) in
standard Snellen notation or one line better th&no6 20/20. All pairwise differences
were significant (p<0.05). A two-way repeated measutANOVA of lens condition
(with 3 levels: no filter, one filter, and two #its) and visual test (with 2 levels: visual
acuity and contrast sensitivity) was conductedxangne the relative effect of the filter
condition on contrast sensitivity and visual acuifp enable comparison between the
measures both measures were standardized usingedne and standard deviations from
the baseline (no filter) condition, and visual #gwias reversed scored, A significant
two-way interaction (F(2,58)=138.14, p<0.001, @m>=0.83) indicated that contrast
sensitivity was affected to a significantly greagsttent by the filters than was visual

acuity.

Importantly, the visual acuity for all filter conins at a working distance of
approximately 40 cms for all participants was clatad to be at least six lines better
than the visual requirements calculated for themsions of either the DSS (logMAR
0.84), and the Trails A and B tests (logMAR 0.7B)at is the printed targets used in
the DSS and Trails tests were four times largen tih@ size required for recognition
with the visual acuity levels achieved with theefik, thus it is not merely the ability to

resolve the target that changed the speed of @imges

Group mean data for the cognitive tests underhheetlevels of visual impairment are

also given in Table 1 and demonstrate that in géneognitive test performance

11
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became worse as the number of visual filters waeased. The filters had a significant
degrading effect on DSST performané&¢2,58)=52.36,p<0.001, partiain®=0.64, and
time to complete the TMT A and B;(2,58)=23.61,p<0.001, partiain®=0.45, and
F(2,58)=32.79p<0.001, partian®=0.53, respectively. For DSS performance, both the
one and two filter conditions were significantly ise than the no filter condition, and
were significantly different from one another. Haxweg for both the Trails A and B
tests the two filter condition was significantly ige than for either one or no filters, but
there was no significant difference between the filter and the no filter conditions.
For the Stroop test only the Stroop D and W wegaicantly affected by the visual
filters, F(2,58)=14.15,p<0.001, partialn®=0.34 andF(2,58)=6.33,p=0.003, partial
n=0.18 respectively, where the two filter conditias significantly worse than the no
filter condition for both tests, and the two filteondition worse than that for one filter
for the Stroop W. Neither the Stroop C or the Strdaterference effect were
significantly affected by the presence of visudtefs F(2,58)=2.64,p=0.08, partial
n=0.09 andF(2,58)=1.19,p=0.31, partialn®=0.04 respectively. The visual filters had

no significant effect on the error scores for ahthe tests.

DISCUSSION

In this study we demonstrated that visual filterkich strongly degrade contrast
sensitivity but have only a modest effect on visa@lity have a marked effect on the
speed but not the accuracy of cognitive performdacall of the tests included in this
study with the exception of the Stroop C. This nisimportant finding given that the
visual acuity of all participants when viewing thgh the filters was at least four times
better than the visual resolution required to nesahe numbers and letters of both the

DSS and the TMT, even for the worst filter conditigwo filters together). Indeed, the

12
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filters have the greatest effect on measures ofrasinsensitivity rather than visual
acuity (Elliott et al., 1996), reducing letter cadt sensitivity to levels commensurate
with that of patients with early cataracts for tree filter condition and that of moderate

bilateral cataracts for the two filter condition ¢ad & Carberry, 2006).

The finding that a reduction in contrast senskivinpairs performance on a range of
visually based cognitive tests is in accord witle findings of Skeel, Schutte, van
Voorst and Nagra (2006) who reported that diffeesnia contrast sensitivity accounted
for substantial levels of unique variance in nesyahological test performance, even
when the effects of age were controlled for. Isaeple of older adults, Anstey et al.,
(2006) also found that contrast sensitivity wa®esded with processing speed and that
performance on measures of perceptual matching;epsing speed and associative
memory was slower when the visual contrast of #s stimuli was reduced. In fact,
researchers have frequently employed manipulabdrssimulus contrast to selectively
slow pattern recognition (Pashler, 1984), presugnad a result of increasing the
demands on low level visual processes. This commius supported by experimental
evidence demonstrating that the effects of vamatim the quality of a visual stimulus
are additive with the effects of other factors (exgmber of items that need to be
memorized) that influence higher level cognitivegss of processing. Recently, Harley
et al., (2004) investigated the effects of reduseohulus contrast on perception and
visual memory and concluded that “contrast is a-lewel variable that operates at a
stage prior to that at which the system “knows” iétanulus is being analysed” (page
225). Thus reduced contrast may slow but not nacdsslter the output of low level
pattern recognition processes. It is also posdide the absence of any effects on

accuracy derives in part from the fact that thentoge tests did not place a sufficient

13
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demand on higher cognitive processes, includingooetive encoding or the
maintenance of information in working memory. Impatly, the effects of the filters
on cognitive processing cannot merely be explaingdrms of a difference in legibility
of the pencil and paper tests, as performance wasady degraded in the colour

naming component of the Stroop D, which does nmqtire reading.

While it might have been anticipated that perforoeaan Stroop C would improve with

the two filter conditions we found no such effe@umenik & Glass (1970) did report a
reduced Stroop color interference effect when gigdints viewed words positioned
behind a mask consisting of diagonal (45°) opaduess However, the effects of

contrast and a visual mask are likely to diffethe degree to which they interfere with
the global perception of a word. For instance, dpaque strips used by Gumenik &
Glass (1970) reduce words to small visible linensegts that may not form an effective
Gestalt of a word. By comparison, the effectsmitcast which are manifested in early
stages of visual processing (Harley, Dillon, & Lt 2004; Li, Sweet, & Stone, 2005)
appear to slow but not qualitatively alter the onte of the word recognition process

and consequently may not eliminate the Stroop effec

Reduced contrast sensitivity might also slow penfmnce by influencing the visual
search strategies that participants employ. Gilmatral., (2006) found that young
participants who were presented with different feraf the symbol-digit substitution
test that were digitally filtered, so that the sglatontrast of the forms was equivalent to
the reduction in contrast produced by the visuatesy of an 80 year old, performed
worse on the age-simulated contrast condition timmthe normal condition. They

proposed that in response to lower stimulus contdsservers set a lower activation

14
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threshold for stimulus features that are sharethbyobject of the visual search. This,
however, has the detrimental effect of increasihg humber of false alarms by
elements in the display that are not related totahget. Consequently, the participants
adopt a slower serial search rather than a moreiesft parallel search which in turn
moderates their performance on timed cognitivestaégthile speculative, this line of

reasoning suggests another way in which contragitaiffect performance.

It is yet to be determined how and under what dom@s slowing would impact on
working memory or other higher order processingaasesult of reducing the total
cognitive ability. However, our findings demons&rathat even modest visual
degradation impacted on cognitive test performang@unger subjects, slowing down

test performance rather than increasing the nuwiberors made.

In summary, these results demonstrate that perftzenan some cognitive tests may be
impaired in the presence of filters which simul#ite effects of mild to moderate
cataracts and have potential implications for ctgmitesting. The results suggest that
for cognitive tests, similar to those included hinststudy, it is critical to ensure that the
contrast of testing materials is as high as posshb to identify whether patients have
any ocular diseases that might impair contrast iehg such as cataracts and
glaucoma, and to interpret cognitive test perforoeaim the light of these deficits. The
results also provide the basis for further studubsch determine the critical level of
contrast sensitivity below which there is a deceemsperformance on these specific
cognitive tests and to identify the scope of cdgeitests for which these effects are
relevant. The findings also have potential implications fdwe tdesign of stimulus

displays and panels, including those used in veldakhboards and in-vehicle displays.

15
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These results suggest that, even for younger dritbese displays should be of the
highest contrast possible in order to minimise tinge required to extract relevant

information and therefore the time that a driveedeeto take their eyes off the road.
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Table 1: Group mean visual and cognitive perforceaas a function of visual

impairment condition

Mean Performance (SE) ANOVADp value

0 Filter 1 Filter 2 Filters (df 2,58)
Visual acuity -0.09 (0.01) -0.00(0.01) 0.15(0.01) 267.4 <0.001
Pelli-Robson 1.98 (0.02) 1.57 (0.02) 1.12 (0.02) 3.99 <0.001

Digit Symbol Substitution 73.23 (2.31) 70.73 (2.45) 62.87 (2.08) 52.36 <0.001
Test (correct in 90s)

Digit Symbol Substitution 0.17 (0.08) 0.10 (0.06) 0.30 (0.09) 1.79 0.175
Test (errors)

Trail Making Test A (S) 20.68 (0.91) 20.94 (0.97) 8.&2 (1.44) 23.61 <0.001

Trail Making Test 0.10 (0.07) 0.13 (0.06) 0.03 (0.03) 0.69 0.504
A (errors)

Trail Making Test B (s) 45.02 (1.73) 46.29 (1.91) 3.48 (3.07) 32.79 <0.001
Trail Making Test 0.23 (0.09) 0.20 (0.07) 0.13 (0.06) 0.43 0.653
B (errors)

Stroop D (s) 10.54 (0.42) 10.71(0.39) 12.06 (0.4514.15 <0.001
Stroop D errors 0.00 (0.00) 0.034 (0.034) 0.06048) 1.00 0.374
Stroop W (s) 11.76 (0.37) 12.30(0.42) 13.24 (0.58p.33 0.003
Stroop W errors 0.00 (0.00) 0.034 (0.034) 0.03830) 0.491 0.614
Stroop C (s) 16.63 (0.66) 16.01 (0.51) 17.89 (1.002.64 0.08
Stroop C errors 0.034 (0.034) 0.034 (0.034) 0.77@87) 2.10 0.10

Stroop (C-W) (s) 4.87 (0.52)  3.72(0.33)  4.65(0.82 1.19 0.31
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