ISSN : 0974 - 7532

Beseanch & Reviews in
BioSciences

- REgular Peper

RRBS, 8(11), 2014 [407-413]

Volume 8 Issue 11

Optotype recognition visual acuity in the domestic cat

Daria L.Clark?, Robert A.Clark
Family EyeM edical Group, 4100 L ong Beach Blvd, Suite 108, L ong Beach, CA 90807, (USA)
2Depar tment of Ophthalmology, Miller Children’sHospital, L ong Beach M emorial M edical Center,
2801 AtlanticAvenue, Long Beach, CA 90807, (USA)
E-mail : drraclark@yahoo.com

KEYWORDS

Domestic cat;
Discrimination task;
Visual discrimination

ABSTRACT

Behavioral studiesestimate feline vision between 3 and 9 cyclesper degree
(20/67 t0 20/200). To determine cat visual acuity using adirectly comparable,
human optotype recognition task, four cats were trained on a pseudo-

random, two-choice discrimination task using HOTV optotypes. The learning;
minimum resolvable optotype was then determined by sequentially Visual acuity;
presenting smaller optotypes at longer distances. The smallest optotype Vision.

and longest distance successfully completed were confirmed with asecond
test requiring aminimum 27 correct out of 36 consecutivetrials, yieldinga
binomial probability greater than 0.001 of non-random occurrence. Two of
the four cats completed all training and visual acuity testing: M1, a 6.5
year old male gray tabby with +2.00 OU refraction, tested for best visual
acuity of 20/74 and F1, a 1.5 year old female gray tabby with +0.25 OU
refraction, tested for best visual acuity of 20/33. These results demonstrate
that ayoung cat with good focusis capabl e of recognition visual acuity of
20/33, in close agreement to the physiologic maximum. Older age and
uncorrected focusing errors can degrade visua performance. Good lighting,
high contrast targets, long viewing distances, and lack of time pressure
resulted in better feline visual acuity measurements than previously

described. © 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Behaviord studiesestimatefdinegrating acuity be-
tween 3 and 9 cycles per degred1%, or about threeto
ten timesworsethan human vision. Cyclesper degree
can beconvertedinto aSnellen visud acuity equivaent
by dividing cycles per degreeinto 600™Y, converting
thosebehavioral measurements to 20/67 (~ 30 mm
Snellen optotype) and 20/200 (~89 mm Snellen opto-
type), respectively. Based on optical clarity, however,
thecat’s eye is capable of resolving gratings as fine as

20-30 cycles/degree, depending on pupil dilationt2,
or 20/20 to 20/30 Snellen acuity. Based on theretinal
conedengity of 1.7 minutesof arc, compared to human
conedensity of 1.0 minute of arc, thecat’s retina has
the potential for approximately 20/34 Snellen acu-
ity!*34 margindly worsethanthemaximumoptica dar-
ity. Thereisalargediscrepancy, therefore, betweenthe
predicted maximum feline acuity based on opticsand
retind conedensity and theactua fdineacuity measured
inbehaviora experiments. Thislossof acuity hasbeen
attributed to pooling of retina conesinto smaller num-
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bersof retind ganglion cdlls, congrainingtheretind sam-
pling rate and decreasing the overall acuity!*>1", Di-
minished numbersof ganglion cdlsdoesnot explainthe
three-fold range of experimental measurementsof fe-
line acuity, from 20/67 to 20/200, and d so raises ques-
tionsaboutthe purposefor the high conedensitiesfound
inthefdineretina. Why createaconearray withahigh
gpatial resolutionif that information isignored during
upper visual processing?

The prior behaviord studiesonfelinevisua acuity
al haveimportant limitationsthat might explainthelack
of precisionand consistency intheir results. Thefirst
limitationistheuseof relatively low contrast targetsin
testing environmentswithout adequateillumination>48.,
A minimumillumination of 64 cd/m? should beused to
stimulatefeline photopic cones*® and, for comparison,
80-320 cd/m? and 100% contrast (black onwhite) is
considered optimal for human testing*. The second
limitation isaconfined testing areathat limitsthecat’s
viewing distance*®l. Catshave apoor accommodative
ability for near visud targets?”, and that limited accom-
modation should not be overstressed to focus near
targetsif thegoa isto measurethebest possiblevision
under optimum conditionsg?Y. Therefore, the closest
target should ideally be more than 100 cm from the
eyes, instead of the25 cmto 80 cm used in these stud-
iest19, Thethird limitation isthat thesestudiesdid not
check theoptical focusof thecatsprior to testing their
visua acuity™>9. Refraction to determinethefocus must
be performed to diminaetheeffectsof poor focusfrom
compromisingvisua performance®?2, Thefourthlimi-
tationisthequick sequentia presentation of visual tar-
getsinan potentiadly stressful environment(*8, Subjects
require adequatetimeto view and processthetargets
prior to making achoiceto atainther best visua acuity
results. Because cats are not working animalsby na-
ture, suboptimal resultsmay occur if they areforced to
perform dozensof trials per day. Excessive experimen-
tation can lead to loss of motivation and concentration,
resultinginan inferior visual acuity measurement. In
addition, pupillary dilationfrom stress, either fromthe
closed environmentsor from electrical shocksforin-
correct choices®can blur thevison®. Thefifth limita:
tionisdietary restriction to enforceafast and steady
work rate within the test environment®”. Hunger is
unlikely to promote better performance on teststhat
requirefinevisua discrimination and target sel ection,

so whilemaintaining cats at 80-85% of their normal
weight might motivate them to worker harder for
treats,such restrictionsmight impair their grating recog-
nition performance.

Perhapsthe most important limitation, however, is
thecharacter of thetargetsthemselves. Visud acuity is
not just detection, but al so object recognition?. In or-
der to achieve ahuman equiva ent measurement of vi-
sual acuity, the cat should discriminate between two
separate, high contrast targets, atask that involveshigher
centersof visual processing that might enhanceor di-
minish thevisua acuity measurement compared with
simplegrating detection. Because of thecats’ central
roleinhuman visonsudies, includingongoingwork in
amblyopid>?27, retind degenerations?®?, and other
disorderg®, accuratefelinevision assessmentisvital
to furthering the understanding of norma humanvison
anditsresponseto variousdisease processes. Thisstudy
attemptsto estimatefeinerecognition visua acuity us-
ing techniquesdirectly comparableto humanvisud acuity
testing.

MATERIALSAND METHODS

Thesubjectswerefour (threemaeand onefemale)
spayed or neutered gray tabby mixed breed domestic
catswith no known medical or ophthalmic problem.
Prior to testing, therefraction was measured in each
cat with streak retinoscopy through the undilated pu-
pil2234 Thisstudy strictly adhered to the guidelines
withinthe SAE Ethical Trestment for Animals®3. The
catswere maintained on their regular diet, without re-
drictionstofood, activity, or tregts, throughout the study.
Additionally, vision testing was conducted based on
subject interest. During the day, the catsroamed freely
within atwo-story home. They signaled readinessfor
participation by queuing outsidethetestingroominan-
ticipation of performingfor their tregt. This““on demand”’
testing limited thetotal number of trialsto 3-6 per day
throughout thetesting period.

Tofacilitatedirect comparisonswith Snellenvisua
acuity measurements, distanceswererecorded in feet
rather than meters. Trialswere conducted in awindow-
less, 10ft. by 11 ft. uniformwhiteroomwithlight beige
carpeting illuminated by two 13-watt compact fluores-
cent bulbs (60 watt incandescent equivalent), generat-
ing 140 cd/m? measured luminance. Thetesting room
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wasdiagonally divided in half by aseriesof 2ft. tall,
thin wooden panelsof varying lengthsbeginning at the
far corner facing the entrance (Figure 1). The first
wooden panel was 2 ft. long and placed at a45-degree
anglefrom the corner. Thispanel wasnot moved and
provided aminimum distancefrom thewal lsto access
thetreats behind thevisud targets. Two additiond 4 ft.
long panel sweremarked in 1 ft. intervalsand extended
fromthecorner pand towardstheroom entrance. These
panels could be extended or overlapped to create a
variable 6 ft. to 10 ft. room divider, in 1-foot incre-
ments. Depending on extension, theend of thedivider
was 6 to 9 feet from the room entrance and was de-
fined asthe choicepoint for target selection.

< 10’ >
A
D
@
4Iet
S
Tablet S
11
x
v iEntrance

Figurel: Diagram of thewindowless, 11 ft. x 10 ft. testing
area. Theroomwasdivided in half diagonally by aseriesof 2°
tall, thin wooden panels: ‘A’ marksafixed 2ft.long pane and
‘B’ markstwo4ft.long diding pandsthat could beover lapped
toprovidean adjustable6ft.to 10ft. divider. Thetabletswere
set up perpendicular tothebarrier avariabledistancebehind
thechoicepoint (marked with thestar). Thetreat container
‘C’ with the perforated lid was placed behind the tablet
displaying thenegative optotypeand thetreat container ‘D’
with alargecentral openinginthelid wasplaced behind the
tablet displayingthepositiveoptotype.

TwoiPad 2 tablets (Apple®, Cupertino, CA) were
used to present the optotypes. Thetabletswere set to
maximum brightness (luminanceequal to 410 cd/nyfor
whiteand 0.43 cd/m? for black for acontrast ratio of
99.9%0)1% and wereencased withinidentical black plas-
tic and rubber stand cases oriented in landscape mode
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tilted 15 degreesfromvertical.

For optotype selection, the preverbal Landolt C
and Tumbling E eye chartswererg ected astoo similar
to gratings because they test for detection — find the
gap intheoptotype— instead of recognition. One of the
smplest recognition chartsisthe HOTV eyechart, com-
monly used to screen toddlers as young as 30
monthg3+%¥1, “0” was chosen as the positive optotype
becauseit matched the shape of thecats’ usual dry food
diet. “T” was chosen as the negative optotype because
of itsdigtinct vertica and horizontal ements, providing
aclear contrast with the positivetarget. Targetswere
created asasingle, centered black optotypeon awhite
background in different sizesfrom 20/60 to 20/10to
exactly match astandard HOTV eyechart.

All tria sweretwo-choicediscrimination taskswith
thelocation of the positivetarget following apseudo-
random Fellows sequence™. To set up eachtrid, iden-
tical treatswere hidden in plastic containers behind
each tablet. Thenegativetarget hid acontainer witha
lid that was perforated with small holesto alow scent
to escape but no access, whilethepositivetarget hid
acontainer withalid with alarge, centra openingto
allow access (Figure 1). After thetargets concealing
thetreatswerein place at the proper distance behind
the choice point, the catswere admitted oneat atime
into thetesting area. Initially, video surveillancewas
attempted but deemed unsuccessful becausethe cats
appeared anxiouswhen left doneintheroom, sitting
motionless|ooking back toward the room entrance,
and did not try to choose atarget. Instead, ahuman
observer remained in the room near the entrance dur-
ing each trial, positioned out of view when the cats
faced thevisua targets. Thisindividual was careful to
avoid any verbal or nonverbal cues, only providing
stereotypic comments such as, “Find the circle” or
“Go get your treat”.

The catswereallowed unlimited timeto view the
targets, but were removed from the room without a
treat if they lost interest inthetask (e.g. layingonthe
ground, grooming, exploringtheroom, etc.) and nore-
sult was recorded for that trial. If the cat passed the
choice point headed towards the positive target, the
trial wasrecorded as asuccess; the cat received posi-
tiveencouragement and was allowed to est the treat. If
the cat passed the choice point headed towards the
negativetarget, thetrial wasrecorded asafailure; the
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cat wasremoved from the room without any positive
feedback or treat.

The visual acuity testing was divided into three
phases. Thetraining phase began with detection train-
ing to choosethe 20/60 “O” optotype versus a blank,
white screen. Thevisua targetswere presented at the
choice point (zero depth), 9 feet from the room en-
trance. Various combinations of treatsweretested to
determineacombination that produced the highest work
rate. Thebest work ratewasobtained usingafew pieces
of dry, solid cat treat intermixed with afew pieces of
beef jerky, and that combination was used throughout
the study. Successful training was defined asachieving
abinomid probability of non-random occurrenceat the
0.01leve: 7 consecutive correct choices, 9 correct out
of 10trias, 11 correct out of 13 trids, 13 correct out of
16trials, or 16 correct out of 20trials. After success-
fully compl eting detectiontraining, recognitiontraining
proceeded using the same 20/60 “O” optotype versus
a20/60 “T” optotype at a 2 ft. depth from the choice
point, utilizing thesamesuccesscriteria

Oncethe cats passed the training phase for both
detection and recognition, the next phasewasthe op-
totype challenge. Using a 4 ft. depth, successively
smaller optotypeswere presented asthe catsachieved
the same success criteria. The catsfailed an optotype
sizewhen they compl eted two consecutive Fellows se-
guences®® below 50% correct (lessthan 12 out of 24
consecutivetriascorrect). After failureat 4 ft., testing
resumed with the smallest successful optotypeat 4 ft.,
thistime presented at increasing depth from the choice
point based onthe successcriteria, until thefailurecri-
teriawasmet again.

The final phase was the optotype confirmation
phase. Testing for the smallest successful optotype at
thelongest successful distance wasrepeated for three
consecutive Fellows sequences®. To confirm success,
each cat needed to correctly identify 27 out of 36 con-
secutivetrids, achieving abinomia probability of non-
random occurrence at the 0.001 level. The Snellen
equivaent visonwasthen calculated using the size of
that optotype and that distance from the choice point
(e.g. 20/20 optotypeat 5ft. trandatesto 20/80 acuity
at 20ft.). Thisfinal acuity representsaconservative
estimate because the cats madetheir decision avari-
abledistancebeforethe choice point, alonger distance
thanwas used for thiscal cul ation.

RESULTS

Two of themal e cats could not compl etetraining
and weredisqualified from therest of the experiment.
One cat becameanxiouswhen placed inthetest room
and would not look for thetreat; the other cat would
not cons stently work for thetreat. Theremainingmae
(M1-6.5 years old, refraction +2.00 OU) and female
(F1— 1.5 years old, refraction +0.25 OU) cats com-
pleted thetraining and were used for the optotype chal -
lengeand confirmation phases.

During thedetection phase of training, M1 reached
success criteriawith 9 out of 10 correct after 27 total
trialsover 9 days. F1 reached success criteriawith 11
out of 13 correct after 61 tota trialsover 21 days. F1
initially appeared to try multiple guessing strategies—
alternation, same side, and other side based on prior
test failure— before learning to recognize the target.
During therecognition phase of training, M 1 reached
successcriteriawith 11 out of 13 correct after 116 total
tridsover 26 days. M1 hadinitid difficulty trangtioning
to distingui shing between the two optotypes (recogni-
tion instead of detection), but gradually improved to
successfully completethetraining phase. F1 reached
successcriteriawith 11 out of 13 correct after only 18
total trialsover 6 days.

During the optotype challenge phase, M1 pro-
gressed to successfully passthe 20/15 optotype at 4
ft., thenfailed the 20/10 optotype at 4 ft. M 1 attempted
20/15at 6ft., but failed again. At thispoint, hischoices
clearly deteriorated to an aternation strategy based on
prior failureinstead of optotype recognition. Hewas
retestedwith the 20/15 optotype at 4 ft. and reached
thefailurecriteriaquickly. Dueto hisperformance de-
generationinto srategic guessing, thedecisonwasmade
toretrain M 1 with the 20/40 optotypeat 1 ft. torelearn
the recognition task. Theretraining took 55 trialsto
reach thesuccesscriteria. M 1 then quickly progressed
to successfully compl ete the 20/30 optotypeat 2 ft.,the
20/20 optotype at 2 ft., andfinallythe 20/15 optotype
at 2 ft. At that point, he was deemed ready to proceed
to the optotype confirmation phase using the 20/15
optotypeat 4 ft.

F1 progressed to successfully passthe 20/10 opto-
typeat 4ft., thesmalest optotypeavail ableon the stan-
dard HOTYV eyechart. F1 thenreached failure criteria
withthe 20/10 optotypeat 7 ft., but successfully passed
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the 20/10 optotype at 6 ft. She was deemed ready to
proceed to the optotype confirmation phaseusing the
20/10 optotypeat 6 ft.

During the optotype confirmation phase, M 1 con-
firmed the 20/15 optotype at 4 ft. by correctly choos-
ing 29 out of 36 trids(binomia probability =0.00012).
Thisoptotypeand distancetrand ated toa20/74 Snellen
equivaent, or 8.1 cyclesper degree. F1 confirmed the
20/10 optotypeat 6 ft. by correctly choosing 31 out of
36trids(binomia probability = 0.000005). Thisopto-
typeand distancetrand ated to a20/33 Sndllen equiva
lent, or 18.2 cycles per degree.

DISCUSSION

This study demonstrates that cats are capabl e of
much higher recognitionvisual acuity than previoudy
measured*1%, A young cat with near-perfect focusand
adeguatelighting can resolve ahigh contrast 20/10 op-
totype (~4.4mminsize) a arelatively long viewing
distanceof 6 ft., converting to aSnellen visual acuity
measurement of 20/33. Thisvaueclosely matchesthe
cat’s physiological limits of optical clarity!?? and retina
conedensity**, and provides evidence against the
contention that upper visual processing created by the
smaller numbersof retind ganglion cellscompared with
retina conesblursthevisud potentia of thecat’s opti-
ca system4,

Themeasurement of ahigher felineacuity than pre-
viously suspected reinforcestheimportance of main-
taining aphys ologicenvironment to achieveoptimd re-
sults in behavioral experiments. Motivated cats in
brightly illuminated, adlib environments, unsurprisngly,
far surpassed theresults obtained when catswere con-
strained within dark, enclosed testing areaswith re-
stricted movement. In addition, s mple observation of
normal felinestaking behavior providesampleevidence
that acat takestimeto processvisud information prior
to making the decision to strike. The human observer
withinthetesting room noted similar controlled, delib-
erate behavior asthe cats approached the visual tar-
getsand choicepoint. Visud acuity testinginhumansis
not aspeed or intelligencetest, and accuratetestingin
young children or thosewith devel opmental issuesre-
quirespatience. Thegoa of behavioral testingismaxi-
mize performance by all owing the subject to process
al information withintheir environment beforemaking
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achoice.

M1 demonstratesthe significance of ascertaining
therefraction prior to testing visual acuity. Inthecat,
uncorrected refractive error hasbeen shownto blur the
optical system by approximately 25% per 0.50 diopt-
ersof defocus?. Thus, thetwo diopters of hyperopia
measured in M 1 effectively doubl esthe size of mini-
mum resolvabledetalsby creeting gpproximately 100%
image blur compared with perfect focus. If F1’s results
represent themaximum potentid visud acuityinayoung
cat with near-perfect focus, adoubling in the size of
discernabledetailsshould beenough todecrease M 1’s
optotype resol ution from 20/33 to 20/66, closeto his
measured acuity. Accommodation can overcomesome
of that hyperopid®, but M1 clearly did not posses
enough accommodeativeability to overcomehishypero-
pia, resultingin hisrelatively poor performanceon vi-
sud acuity testing.

Thisstudy hassevera important limitations. Only
two subjects compl eted the experiment, reflecting the
difficulty of training cats, but thissmall number iscom-
parableto other animal behavioral experimentsinlit-
erature. Furthermore, rdaively few totd trid swere per-
formed, creating moreweight for each trial withinthe
results. Allowing the catsto progress quickly down the
eye chart while maintaining their interest in the
experimentin afreerocaming environment required care-
ful planning and efficient execution. The confirmation
phase, requiring more successful trialsat ahigher level
of Satistical certainty, was essential tovaidatethere-
aults

Idedlly, the experiment woul d have been conducted
with ahidden observer and video surveillance. It ispos-
siblethat the catsreceived some cuewithinthetesting
room, either verbal or nonverbal, from the human ob-
server that influenced their choicesdespiteaconcerted
effort toeliminateany clues. Repetitivetestingfalures
at the same optotype level, however, provide strong
evidenceagainst any factor other than visud acuity af-
fecting theseresults.

Another potentid limitation wastheuseof asingle
optotyperather than smultaneoudy presenting multiple
optotypesinaline. Studiesin humans suggest better
visud acuity measurementsfor singleoptotypesin both
normal and especially amblyopic subjects®”¥, The
study’s goal, however, was to determine maximum vi-
sua acuity, not detection of amblyopiaor other patho-
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logic conditions. Theuse of asingleoptotype madethe
test less confusing for the catsand prevented adetect-
abledifferenceinluminancefrominfluencingtheresults.
Eventhelargest optotype, 20/60, only covered 1.2 %
of the screen, so the luminance was overwhelmingly
whiteon both tablet screenseven during detectiontrain-
ing.

In conclusion, thisstudy demonstratesthat young
catswithideal focusare capabl e of recognition visual
acuity of 20/33. Optimum conditions, such asadequate
lighting, time, and space, arerequired to produce ac-
curate resultsduring the physiol ogic testing of higher
cortical functionslikevisua acuity. Conducting fewer
trials per day and allowing moretimefor completion
preventsfactorssuch asintdligence, fatigue, gpprehen-
sion, and inattentivenessfrom affecting theresultsand
producing asub-maximal performance. Uncorrected
focusing problems and age can significantly degrade
visud performance. Theseresults provideevidencethat
thecat visual system may not be constrained by retina
ganglion cell density, but instead is capable of
maximumresol ution near the physiologiclimitscreated
by the opticd clarity and retina conedensity of thefe-
lineeye.
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