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Abstract

Objective: To describe preliminary use of a forced-choice preferential looking

task for the clinical assessment of vision in dogs
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Materials and Methods: The vision of 18 pet dogs was investigated in two
separate studies using a forced-choice preferential looking task: multiple
observers watched eye, head and body movements on video recordings to
identify cues suggesting when a dog had seen the feature of interest. Human
observer reliability was determined using eight dogs and computer-generated
stimuli. Visual acuity was assessed using computer-generated grating stimuli: in
real-time, an observer watched each dog’s eye movement patterns and behaviour
to decide whether each grating was or was not seen. Stimuli were presented in a
step-wise manner and were controlled by the observer. Acuity was estimated as

the highest spatial frequency the dog was determined to have seen.

Results: Median estimated visual acuity was better at 1 metre compared to 3
metres. Average test time was longer at a 3-metre distance than at 1 metre.

Inter- and intra-observer reliability was better from 1 metre than from 3 meters.
Conclusion and clinical relevance: Preliminary use of a forced-choice
preferential looking task for measurement of visual acuity in dogs has potential

use as a clinical tool for the assessment of vision in dogs.

Keywords: Canine, dog , functional vision , preferential looking task , vision ,

visual acuity
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Introduction

Accurate assessment of vision in veterinary patients is difficult. Our incomplete
understanding of the components of canine vision, as well as the inability of non-
verbal species to provide feedback, means that tools used to assess vision in
humans are not directly transferable to dogs. Instead, assessment of canine
visual performance in a veterinary clinical setting is limited to methods such as
testing for a menace response, visual placing, tracking objects and navigating
obstacle courses (Ollivier, Plummer & Barrie 2007). These methods do not readily

allow for objective assessments or quantification of visual function.

Visual acuity (VA) refers to the ability to distinguish details of an object with
clarity (Walls 1963) and remains unsurpassed as a clinical tool for vision
assessment in people (Westheimer 2016). VA is determined by an interaction of
optical and neural factors based on an animal’s anatomy and physiology (Odom,
Bromberg & Dawson 1983). While VA is not a complete measure of visual
function, a correlation with quality of life and visual function has been
demonstrated, and VA has been used as a primary indicator of functional vision
impairment in people (Brenner et al. 1993; Carta et al. 1998; Fletcher et al.

1997; Gutierrez et al. 1997; Mangione et al. 1996; Steinberg et al. 1994).

Preferential looking (PL) tasks have been developed to assess the VA of infants

and preverbal children and are based on their preferential fixation on a boldly
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patterned target when it is paired with a blank target of equal luminance (Fantz
1958). In PL tasks the assessor is masked to the location and spatial frequency of
the grating and uses the child’s eye and/or head movement to judge the location
of the stimulus (Gwiazda et al. 1978; Teller 1979). PL and operant procedures
have been used to assess VA of normal infants and children (Atkinson, Braddick &
Pimm-Smith 1982; Boothe, Dobson & Teller 1985; Dobson & Teller 1978) as well
as in those with known or suspected visual disorders (Jacobson, Mohindra & Held
1982; Mayer, D & Dobson 1980), and have been shown to be reliable and easy to

administer in these individuals (McDonald et al. 1985; Teller et al. 1986).

Due to a lack of objective measures of vision in animals, PL tasks may be a
suitable means of obtaining measurable indicators of vision in these species. The
aim of this study was to determine the suitability of a forced-choice PL (FPL) task
for use in the clinical assessment of vision in dogs with no previous training or

acclimatisation to the testing procedure.

Materials and methods

Two separate studies were performed to address each of the main variables in a
FPL task. Human observer reliability was initially assessed to determine whether
the perception that the dog saw the stimulus was consistent between observers.

Assessment of canine visual acuity was subsequently tested.

For inclusion in either study an ophthalmic examination was required for all dogs.

Examination included slit-lamp biomicroscopy, indirect ophthalmoscopy,

tonometry (Icare TonoVet, Icare, Finland), measurement of tear production
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(Schirmer Tear Test; Merck Animal Health, NJ, USA), and paddle retinoscopy
(Sussex Vision International, West Sussex UK). All procedures and protocols were
conducted in accordance with the Association for Research in Vision and
Ophthalmology statement on the Use of Animals in Ophthalmic and Vision
Research and with approval from the University of Sydney Animal Ethics

Committee.

1. Observer (human) reliability assessment

Animals: The study was conducted on eight privately-owned Lagotti Romagnoli
dogs that had been target-trained to touch a stimulus (the larger circle displayed)
on a screen for separate studies (Byosiere, S-E et al. 2017; Byosiere et al. 2016;

Byosiere, S et al. 2017).

Stimulus: Stimuli were presented on two second-generation Apple iPads (screen
size 9.7 inch; screen resolution 1024x768 pixels) mounted adjacent to each other
on their long side. Display settings on both devices were set to maximum

brightness (device internal settings) throughout the testing procedures.

A specialised optotype (i.e. a letterform used in an eyechart) consisted of the
letter ‘O’ in black, displayed on a white background as used in a standard Snellen
visual acuity chart (constructed on a 5X5 grid so that the size of the critical detail
subtended one-fifth of the overall height). Each optotype was composed of lines
to subtend a visual angle from the testing distance, conforming to the principles
of standard logarithmic visual acuity charts. Acuity was reported on a ‘logarithm

of the minimum angle of resolution’ (logMAR) scale, which is a linear scale
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providing a measure of vision loss (lower logMAR values indicate better visual
acuity). Optotypes were presented in order of decreasing size to test visual
acuities ranging from logMAR 1.6 to logMAR 0.3 (eight trials: 1-metre testing

distance) and logMAR 11.48 to logMAR -0.12 (11 trials: 3-metre testing distance)

(Fig.1).

Experimental procedure: Testing was conducted in the same enclosed room with
the same personnel present for all trials. The owner was present but not involved
in the testing procedure. Each dog participated in four sessions (two trials at 3-

metre testing distance, followed by two at 1-metre testing distance) on the same

day.

An investigator, blinded to the stimulus display location, gently held the dog’s
head at a pre-marked distance (1 or 3 metres from the screens). Investigators A
and B held a shield (94x55cm) to obstruct the dog’s view of the stimuli between
each trial. When the dog looked toward the shield (as identified by investigators A
and B), it was lifted so the stimuli were visible to the dog. The handling
investigator (investigator C) held the dog stationary for 1 second before releasing
the dog’s collar and allowing the dog to approach and touch the screen displaying
the optotype. The dog received a food reward (Good-o treats®) from a remote-
controlled food dispensing device (Treat & Train Remote Reward Dog Trainer®,
PetSafe, Dubai, UAE) for correct identification of the target and for returning to

the start point for the next trial.

For each trial, two investigators (A and B) were obliged to decide whether the dog

‘chose’ its target before leaving the testing mark. If the dog did not touch the
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screen displaying the optotype, or if the dog’s ‘choice’ was determined to have
been made after leaving the testing mark, the previous (larger) optotype was
presented in the next trial. The experimental session ended if three consecutive
errors were made when presented with the same optotype, with correct

identification of the previous (larger) optotype between each of these errors.

Each session was recorded using two digital video cameras (Sony HDR-CX405
Memory Stick HD Camcorder), one positioned directly above the screens, facing
the dog and the other positioned behind the dog to record the dog and both

screens throughout each trial.

Analysis: Three investigators independently reviewed video footage of each trial
at a later date. Each investigator was required to make a choice on five separate
criteria based on their observation of that video clip (Table 1). All trials (517)
were assessed by one investigator on two separate occasions, 2 weeks apart, to
determine intra-rater reliability. Percentage agreement and a one-way intraclass
correlation coefficient (ICC) was used to determine inter- and intra-rater

reliability at both testing distances.

2. Canine vision (estimated visual acuity) assessment

Case selection: Ten privately-owned dogs with no history of ophthalmic disease
or vision impairment, and no previous training to interact or respond to a
computer-generated stimulus were included. Dogs were excluded if there was any

refractive error detected on streak retinoscopy.
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Stimulus: Stimuli were generated using PsychoPy coding software(Peirce 2009)
on an Apple MacBook Pro (Intel HD Graphics 4000 1536 MB; Apple MacBook Pro
2011) and presented on a 21.5-inch screen (1920 X 1080 pixels) resulting in 72
and 212 pixels per degree, and a horizontal field of view of 27° and 9° when
viewed from 1 and 3 metres respectively. Testing was conducted in a room with
overhead lights on and average luminance on the stimulus of 30 candelas/m?. A
stimulus panel consisted of one patterned stimulus and one homogenous grey
stimulus. The patterned stimulus was a static square sinusoidal grating that
varied in spatial frequency (0.28 to 15 cycles/degree) with average screen
luminance of 85 candelas/m? and Michelson contrast of 90% (Fig.2). Luminance
of the grey stimulus matched the mean luminance of the patterned stimulus, and
was close to that of the background screen to minimise contrast at the edge of
the stimuli. Two additional ‘anchor’ stimuli, a blank and a 10 cycle/degree
grating, were available for use as necessary to provide anchor points for the

investigator’s judgment during testing.

Experimental procedure: A rapid-assessment FPL task based on that used in the
assessment of visual acuity in human infants (McDonald et al. 1985) was
designed for this study. Grating acuity was tested with a two-alternative forced-
choice paradigm in which the grating was oriented vertically in a random order
and displayed in a random position on the screen. Dogs were given breaks as
deemed necessary by the investigator. Each dog had two sessions at two
separate clinic visits. Each testing session consisted of assessment from both 1-

and 3-metre distances. All sessions were conducted in the same room with the
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same equipment and by the same investigator to ensure consistency between

conditions.

The dog was held at the appropriate viewing distance for that session. The
investigator (observer) was shielded from view by a screen behind the display
monitor to minimise distractions in the dog’s visual field. This observer had a
laptop which controlled display of stimuli. Testing was conducted in a manner
similar to that reported for the rapid test of infant acuity (McDonald et al. 1985).
Briefly, stimuli of low frequency as well as blank anchor cards were initially
displayed, allowing the investigator to become familiar with the ‘looking style’ of
each dog in the presence and absence of a visible stimulus. Stimuli were then
presented in a random order. The investigator could also choose to display anchor
cards as a known stimulus, or a separate animation with accompanying sound to

catch the dog’s attention (Fig.2b).

For each grating, the investigator pressed a key according to their choice: left
arrow indicating ‘yes’ (the dog had seen the grating) or right arrow indicating ‘no’
(if the dog appeared not to see the grating). If the investigator could not make a
choice, the up-arrow key presented a stimulus of the same spatial frequency
(Fig.2c-d). Gratings of the same spatial frequency were displayed until the left or

right arrow key were pressed. The estimated VA was the highest spatial

frequency with a ‘yes’ decision in that subset.

Data Analysis
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For analyses of estimated visual acuity, notations were converted to the logMAR
equivalent to enable calculation of the geometric mean and standard deviation as
previously described (Holladay 1997). A Wilcoxon matched-pairs signed rank test
was identify differences in estimated acuity between testing distances.
Spearman’s correlation was used to measure the strength and direction of the
association between estimated acuity at 1- and 3-metre testing distances.

Estimates of VA were converted into commonly used units.

Results

Baseline demographics, ophthalmic findings and refractive errors are presented in
Table 2. There were no structural ophthalmic abnormalities, history or clinical
signs of ocular disease, nor any evidence of vision impairment in any dog. One
dog used in proof of concept trials (G) was being treated for diabetes mellitus
diagnosed 15 months before testing, but had no evidence of cataract formation

and physical examination was unremarkable.

1. Observer (human) reliability outcomes

A total of 517 trials (243 trials at 1 metre; 274 trials at 3 metres) were
completed. One dog (M) did not approach the stimuli in sequential trials during
the third session and was withdrawn from the study at that point. The remaining

seven dogs completed all four sessions.
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Intra-observer reliability for all trials was 82.4% (426/517); the values for each
distance were 94.2% (ICC 0.91; 95% CI: 0.85, 0.94) at 1 metre (229/243), and
79.8% (ICC 0.72; 95% CI: 0.67, 0.76) at 3 metres (197/247) (p<0.001). Inter-
observer reliability was better at 1 metre (81.3%, ICC 0.84; 95% CI: 0.75, 0.83)
than 3 metres (60.2%, ICC 0.64; 95% CI: 0.58, 0.66) (p<0.001). Agreement
between observer decision and correct stimulus location was highest when the
cue was the direction the dog looked before moving (67%), and when the cue

was any one or more behaviours/movements of the dog (67%).

2. Estimated visual acuity outcomes

All dogs completed all trials conducted and a total of 40 estimates of VA were
made from each viewing distance. Average test time was longer from a 3-metre

testing distance (6.2 minutes) compared to 1-metre (4.8 minutes) (p=0.032).

The highest estimated VA for each dog from each testing distance, and expressed
in frequently used units, is presented in Table 3. The median estimated VA was
better from 1 metre (logMAR 0.6; range 0.3-1.1; 95% CI: 0.663-0.76) compared
to 3 metres (logMAR 0.8; range 0.6-1.3; 95% CI: 0.78-0.88) (p<0.001) (Fig.3).
There was a moderate, positive monotonic correlation between estimated VA
from 1 and 3 metres (n=40, rs=0.510; p<0.001) (Fig.4). Poorer estimates of

acuity were obtained with greater frequency from a 3 metres than from 1 metre.

Discussion
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In this study, preliminary use of a FPL task was used to obtain measures of visual
function (estimated VA) in dogs with clinically normal eyes. Development of a test
that provides an objective and quantifiable measure of vision would provide a
useful tool in both veterinary ophthalmology and neurology to aid in diagnosis
and management of diseases such as glaucoma and retinopathies that result in
vision loss, and in assessment of central nervous system lesions affecting the
visual pathway. Because formal two-alternative FPL testing may require a large
number of trials (Teller 1983), such procedures are not practical for use in pet
dogs, especially in a clinical setting. Instead, the study presented here was
modeled on a rapid FPL test for use in infants (McDonald et al. 1985), where
limitations in time and co-operation are also encountered. FPL procedures are
used clinically and allow accurate subjective estimates of binocular and monocular
VA in human infants (Atkinson, Braddick & Pimm-Smith 1982; McDonald et al.
1985; Teller et al. 1986). This pilot study suggests clinical use of a FPL task may

be of similar use in dogs.

The use of optokinetic nystagmus (Bloom & Berkley 1977; Cameron et al. 2013;
Ezeh et al. 1990; Schmid & Wildsoet 1998) and other preliminary tools (Graham
et al. 2018; Miller & Parisi 2018) to measure vision have been described, yet,
there is no ‘gold standard’ measure of visual acuity or visual function in dogs.
Establishing validity of our test as a measure of VA is therefore difficult. The
initial trials assessing human observer reliability were performed to identify
specific criteria (behaviours or cues) that might be used by the investigators to
reliably make a choice about whether the dog saw the stimulus. In this study, no

specific cue (head turn, eye movement, body movement) achieved greater
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agreement between observer perception and stimulus location than when one
specific cue was used. No defined behaviour or cue was therefore used to
determine whether the dog had seen the stimulus in the subsequent pilot study.
This lack of definition increases subjectivity in this FPL task, and this limitation is
also encountered with human infants (Atkinson, Braddick & Pimm-Smith 1982;
McDonald et al. 1985; Teller et al. 1986). With a range of behaviours that may
indicate that the subject has seen the stimulus, limiting identification to one or
more specific cues may decrease sensitivity of the tool. To minimise the impact of
this variable in this pilot study, personnel experienced in working with animals
(rather than personnel experienced in conducting similar assessments in humans)
were used to assess inter- and intra-observer reliability, and a single observer
used in assessments of estimated visual acuity. Caution must be used in drawing
conclusions as this subjectivity means validation of the FPL task as a clinical tool
requires a large sample population with multiple assessors. It is for this reason,
that the results using those dogs previously trained to interact with a screen-
display, and approach the stimulus, were discarded in the analysis of VA
estimates. In clinical veterinary medicine, it is more appropriate that this
limitation be considered rather than avoided, and thus the term ‘estimated visual
acuity’ has been used in this study with the acknowledgement of different
measures of acuity obtained with behavioural and electrophysiologic testing

paradigms in domestic animal species (Clark & Clark 2013).

Inter- and intra-rater reliability were assessed using percent agreement in this

study. Justification for using this method included the small sample size, previous
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training of the dogs and experience of each observer, as well as the use of pre-
determined ‘rules’ by which observations should be made. Percent agreement
does not account for choices when the observer may have guessed the location of
the stimulus. Therefore, there is a possibility that inter- and intra-reliability may
overestimate the true agreement among observers in this study. Further
assessment of this task as a clinical tool requires appropriate sample sizes that
allow valid statistical analyses including the assessment of disagreement, ‘no

agreement’, and consistency within and between observers.

The nature of a FPL task presents two variables that might influence results: the
visual capability and performance of the dog and the investigator’s perception of
whether the presented stimulus was seen by the dog. Despite the limitations of
both dog and observer variables in a FPL task, estimated VAs were comparable to
those previously reported using alternative methods (Ezeh et al. 1990; Murphy et
al. 1997; Odom, Bromberg & Dawson 1983; Tanaka et al. 2000). To limit the
number of variables in this pilot study, only emmetropic dogs were included. In
addition, results from those dogs with previous training responding to a
computer-generated stimulus that were allowed to approach the stimulus (as
opposed to remaining at the testing distance) were excluded from analysis in
calculating estimated VA. Ongoing validation of the technique to include dogs
with measured refractive errors is indicated as these are reported in association
with size (Gaiddon, Bouhana & Lallement 1996) breed (Black et al. 2008; Kubai
et al. 2008; Mutti, Zadnik & Murphy 1999; Williams et al. 2011) age (Kubai et al.
2008; Murphy, Zadnik & Mannis 1992; Ofri 2013) and skull shape (Gaiddon,

Bouhana & Lallement 1996; Ofri 2013). With validation of the technique, some
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determination of the impact of factors such as hypermetropia, myopia and

astigmatism on functional vision, might be made.

Although this testing method was developed based on techniques used in non-
verbal people, caution must be used in using VA obtained using these procedures
to compare visual capabilities between these species. According to the World
Health Organization criteria for defining visual ability (Virgili et al. 2006), most
dogs in this study would be classified as having poor vision. Whilst the apparent
lack of any visual impairment in all dogs assessed may be attributed to the
paucity of appropriate measures of vision in domestic animal species, it is
essential to consider the other components of vision, and that the relative
importance of these factors varies considerably between species. For this reason,
a clinical tool such as this FPL task must be utilised as what it is - a means of
obtaining a measurable indicator of one of the components of vision. Other
available tests as well as clinical and ophthalmic examinations must be performed
in conjunction with any tool such as a FPL task in order to obtain the most well-

rounded assessment possible.

Traditional testing of VA involves the use of high contrast optotypes or gratings

even though VA is understood to transcend optical resolution.(Westheimer 2016)
The importance of discrimination mechanisms other than resolution (e.g. contrast
reduction, noise and contour perturbation) on canine vision remains unknown and

was not explored in this study. Measures of various components of vision,
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including functional vision using obstacle courses,(Annear et al. 2013; Garcia et
al. 2010) visual acuity using target detection,(Tanaka et al. 2000) colour
perception,(Neitz, Geist & Jacobs 1989) brightness discrimination,(Pretterer et al.
2004) and techniques to assess specific areas of the visual pathway(Ekesten et
al. 2013; Willis et al. 2001) have been reported in dogs. These techniques require
specialised equipment, facilities, anaesthesia and/or prior training, making them
unsuitable for widespread clinical use in veterinary patients. In this pilot study,
testing of untrained dogs in a veterinary clinic using equipment already available
in the clinic (with purpose-developed software) was timely (4.8 — 6.2 minutes per
testing interval) and well tolerated by dogs. Validation of the technique, and
assessment of responsiveness (the ability to detect change) in a large population
with multiple testers (observers) as would be expected in a clinical setting, is

therefore warranted.

Differences between testing paradigms make direct comparisons between studies
of VA difficult. By converting reported acuities into a common unit of measure,
comparisons between studies may be made, though these conversions should be
interpreted with caution as different paradigms measure different types of acuity.
Studies in humans have shown fairly good agreement between optotype and
grating acuity estimates in normal populations (Dobson et al. 1995; Mayer, DL &
Dobson 1982), and discrepant findings with disease (Kushner, Lucchese & Morton
1995; Mash & Dobson 1998). This shows a need for a single paradigm that can
be implemented on a large scale to allow direct comparisons within and between

dogs.
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This study describes preliminary use of a forced-choice preferential looking task
with potential clinical use in the veterinary setting. To justify intervention and
treatment of vision impairing ophthalmic diseases in domestic animals and to
determine its efficacy, veterinarians and vision researchers need to incorporate
objective and/or quantifiable measures of visual function into clinical practice and
vision research. The intended use of this test is for the clinical assessment of
vision in dogs in conjunction with other tests and clinical examination. This must
be considered when interpreting results which are not designed to provide
definitive measures of canine visual acuity. We suggest that these results warrant
further investigation to assess the validity, reliability and responsiveness of the
technique by different observers using a suitably sized study population, including

dogs with and without vision-impairing disease.
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Figure 1. Relative differences in the size of optotypes and their corresponding

visual acuity values, as used in the assessment of human observer reliability.

Figure 2. a) Schematic diagram representing stimulus panel used to assess
visual acuity. The position of the grating stimulus (top left of screen) and
homogenous grey stimulus (bottom right of screen) were randomly generated by
software. Contrast and luminance are not measured in these representative
diagrams; b) Sample animated diagram displayed on screen (with accompanying
sound) to re-focus dog’s attention at the discretion of the investigator
(iStock.com/bandian1122); c-d) Altered positions of stimuli on panel displaying
gratings of the same spatial frequency. This sequence was selected by the
investigator (up arrow key) when the investigator could not make a ‘choice’ on
where/whether the dog looked at the stimulus, and could be repeated until the

investigator made a choice.

Figure 3. Box and whisker plot showing median (range) of estimated visual

acuity in dogs. Mean VA represented by cross (+).

Figure 4. Correlation between estimates of visual acuity as measured from 1-

metre (x-axis) and 3-metres (y-axis)

Table 1. Criteria for investigator decision making in proof of concept trials

(determining inter- and intra-rater reliability in a forced-choice looking task)

Table 2. Characteristics and baseline data of subjects
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Table 3. Highest estimated visual acuity recorded for each dog expressed in

commonly reported notations

Online supplementary files

Figure A. Schematic of frontal view displaying stimulus (as presented to dog)
showing display monitor in front of a screen concealing the investigator. The
investigator views the dog through a small opening in the screen (black
rectangle).

Figure B. Schematic representation of testing room in which vision assessments
were conducting demonstrating layout of apparatus and personnel (investigator
in chair behind desk using laptop which controls the stimulus presentation;

handler/owner restraining dog on stool at 1m or 3m testing distance)
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