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Purpose: Previous studies show that some visual field (VF) defects are detectable from
visual search behavior; for example, when watching video. Here, we developed and
tested a VF testing approach that measures the number of fixations to find targets on a
background with spatial frequency content similar to natural scenes.

Methods: Twenty-one older controls and 20 people with glaucoma participated. Partic-
ipants searched for a Gabor (6 ¢/°) that appeared in one of 25 possible locations within a
15° (visual angle) 1/f noise background (RMS contrast: 0.20). Procedure performance was
assessed by calculating sensitivity and specificity for different combinations of control
performance limits (p = 95%, 98%, 99%), number of target locations with fixations
outside control performance limits (k = 0 to 25) and number of repeated target presen-
tations (n = 1 to 20).

Results: Controls made a median of two to three fixations (twenty-fifth to seventy-fifth
percentile: two to four) to locate the target depending on location. A VF was flagged
“abnormal”when the number of fixations was greater than the p = 99% for k = 3 or more
locations with n = 2 repeated presentations, giving 85% sensitivity and 95.2% specificity.
The median test time for controls was 85.71 (twenty-fifth to seventy-fifth percentile:
66.49-113.53) seconds.

Conclusion: Our prototype test demonstrated effective and efficient screening of
abnormal areas in central vision.

Translational Relevance: Visual search behavior can be used to detect central vision
loss and may produce results that relate well to performance in natural visual environ-
ments.

natural eye movements. Consequently, patients often

Introduction

Assessment of visual field loss is a common clini-
cal requirement. Although visual field loss can present
in many forms, damage to the central visual field
has been found to have a specific, direct impact on
daily living activities.! # Typically, routine visual field
assessments are performed using static automated
perimetry that measures contrast detection perfor-
mance for luminance increment targets presented on
uniform luminance backgrounds.’-® Static automated
perimetry has several requirements of people that
are not representative of typical visual behavior. For
example, people are required to maintain steady central
fixation throughout testing, rather than making more
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complain of Troxler fading,” discomfort, and fatigue
during or after the assessment.® Another key differ-
ence between clinical visual field tests and natural
visual environments is that natural scenes typically
have objects of interest embedded in more complex
backgrounds. There is evidence that standard measures
of vision across the visual field may not predict
visual performance in more natural environments.” !
Current clinical visual field tests also have limita-
tions relating to the need for specialized, expensive
hardware, and a need for training on the task, possi-
bly necessitated by the relatively unnatural visual task
requirements.

To address some of the limitations of current visual
field testing procedures, several recent studies have
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developed alternative approaches to measure or screen
for visual field loss by incorporating visual search
behavior.!> ¢ For example, to assess patients’ visual
search performance in everyday life, the pattern of
natural eye movements such as number of saccades,
number of fixations, saccadic amplitude, and saccadic
latency was evaluated in control participants and
people with visual field loss in scenarios such as
watching TV/movies,'” reading,'® %! driving,”*> > and
viewing objects in everyday scenes.”® > The general
conclusion of this body of work is that people with
glaucoma show abnormal patterns of visual search
behavior in visually complex environments, depend-
ing on the severity and the type of visual field loss.
However, because widely varying visual content is
presented in stimuli such as movies or photographs
(for example, widely varying basic visual attributes
such as spatial, color and motion cues, in addition
to higher level attributes such as differences in object
scene gist), it is highly complex to make specific
predictions of performance for any individual visual
scene.

In this study, we develop and test a new method
for screening for central visual field loss that requires
people to visually search for targets on a background
that is designed to represent natural image statistics but
that does not contain specific objects within the image
content. We chose this particular approach because
of the availability of an established theoretical frame-
work linking target detectability within the image to
the predicted number of fixations.’® Here, we present
a screening protocol that is based on counting the
number of fixations to find targets on a background
with spatial frequency content similar to natural scenes
(referred to as 1/f noise).>! We also evaluated whether
the developed prototype test was able to detect central
visual field loss in a group of glaucoma participants.
In this study, we recruited people with glaucoma, an
age-related neurodegenerative disease that is known
to cause visual field loss. However, the current study
results are not specific for glaucomatous central visual
field loss and can be applied to other visual conditions
that affect central vision.

Participants

Twenty-one control participants (age range, 61—
79 years) and 20 people with glaucoma (age range,
59-84 years) were recruited. There was no significant
difference (independent ¢-test, 39 = 1.81, P = 0.078)
in the mean age between the groups (control, mean
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[+ standard deviation {SD}] age = 69 4 5.58 years;
glaucoma, mean [+ SD] age = 72.5 + 6.45 years).
All participants underwent a complete ocular examina-
tion to ensure study eligibility, including visual acuity
measurement (Early Treatment Diabetic Retinopathy
Study chart), slit lamp biomicroscopy, and ophthal-
moscopy. In addition to the complete ocular exami-
nation, all participants underwent optic nerve head
and macula assessment using the Heidelberg Spectralis
with the Glaucoma Module (Heidelberg Engineering
GmBH, Heidelberg, Germany) and central visual field
assessment using a Humphrey Field Analyzer (HFA
10-2 SITA Standard; Carl Zeiss Meditec, Dublin,
CA, USA). All 41 participants were required to meet
the following inclusion criteria: best-corrected visual
acuity better than or equal to 6/9.6 Snellen acuity
(0.20 log MAR equivalent), distance refractive error
within £ 5.00 D sphere or less than —2.00 D cylinder,
and normal ocular health. Participants with glaucoma
were required to have a clinical diagnosis of glaucoma
with established visual field defects using the 24-2
test pattern assessed using SITA Standard (HFA).
The optical coherence tomography (OCT) data were
not used for inclusion purposes for the glaucoma
group; however, control participants were required
to have macular scans that were deemed normal by
visual inspection using the Spectralis OCT (Heidelberg
Engineering, GmBH, Heidelberg, Germany). Partici-
pants taking any medication known to affect contrast
sensitivity or eye movements were excluded from
the study. The study was approved by the Human
Research Ethics Committee of the University of
Melbourne (HREC Ethics ID 1750215.3). Written
informed consent was obtained from the participants
before the experiment, and all study protocols were
in accordance with the tenets of the Declaration of
Helsinki.

Apparatus

The experimental software was coded in Psychopy
V1.85.2%2 and the stimuli were presented on a 32-inch
gamma-corrected Display++ monitor (Cambridge
Research Systems Ltd., Rochester, UK) with a refresh
rate of 120 Hz, resolution of 1920 x 1080 pixels and
a mean luminance of 50 cd/m”. The fixations made
to locate the targets were simultaneously monitored
using a Gazepoint GP3 eye tracker (GP3, Software
version V4.0.13; Gazepoint, Vancouver, Canada) with
a sample rate of 60 Hz. Participants were seated at
80 cm from the monitor using a chin rest to maintain
steady chin and head position. Individual refractive
correction for 80 cm in a trial frame was provided while
performing the test.
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Figure 1. (A) Schematic illustration of the 1/f noise background and the locations at which the stimulus was presented.The stimulus was
presented in one of the 25 locations for each presentation in the search task. (B) An example of stimulus presentation sequence for the
visual search task determining the number of fixations to locate a stimulus on 1/f noise. (C) A result for one control participant (with normal
visual field and visual acuity) with each box containing the number of fixations required to find the target at a location. The box-whisker plot
represents data for 20 repeated presentations per location, with the box showing the twenty-fifth to seventy-fifth percentile, the bold line

the median, whiskers the range up to 1.5 times the box length, and the circles extreme values.

Stimuli

The stimuli for the experiment were similar to
those used by Najemnik and Geisler.*® The 1/f noise
background was designed to simulate the complex
spatial frequency and orientation information of a
natural scene. Natural scenes contain objects of varied
orientation and spatial frequency content (biased
toward low spatial frequencies) and are typically biased
toward lower contrasts.’!-33-3* The power spectrum (2D
representation of spatial frequency) of natural scenes
is approximately proportional to the inverse of the
frequency of the spectrum, and the relative log ampli-
tude falls off roughly by a factor of 1/f*' Random
filtered Gaussian noise images were initially created

and then adjusted to the factor of 1/f“ by setting the
a value to 1.7 and an image size of 576 x 576 pixels
(Fig. 1A). A total of 1000 noise images were created
where root mean square (RMS) contrast was defined
using two times the standard deviation of the normal-
ized pixel luminance across the whole image and scaled
to 0.20. Individual images were chosen at random from
this bank of 1000 images, to be the background for the
target in the screening test (described in detail in the
next sections). At the viewing distance of 80 cm, the
background images subtended 15 degrees of the visual
field and the remainder of the screen was filled with
gray (mean luminance of 50 cd/m?) as shown in Figure
1A. The 1/f noise backgrounds used in this study were
isotropic, and the visual search target was a six cycles
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per degree Gabor patch (sine wave grating masked by a
Gaussian distribution of SD 0.17°) oriented orthogo-
nal to the visual field meridian as shown in Figure 1A.

Overview of Experimental Requirements

Each participant underwent two distinct tasks: (a)
a repeated visual search task; (b) a contrast detec-
tion task. The order of the two tasks was randomized.
Participants attended either one or two test sessions,
each of approximately two hours duration, includ-
ing training sessions and breaks. Two sessions were
scheduled for several of the glaucoma participants for
the following reasons: inability to complete all of the
measurements in one session because of fatigue or
greater than average practice required to familiarize
with the task; strong participant preference to split
into two testing sessions for logistical reasons. Each
trial started with a calibration check where all partic-
ipants performed a nine-point calibration followed by
real-time validation of the gaze data. Calibration was
considered to be acceptable when the nine calibra-
tion points were classified as valid according to the
Gazepoint control software and the participant’s gaze
was within a calibration error of £1° of visual angle.
Calibration was repeated if these calibration criteria
were not satisfied. Participants who did not meet the
calibration criteria even after multiple attempts were
not included in the study

Visual Search Protocol

All participants performed the visual search proto-
col (Fig. 1B) that measured the number of fixations
to locate the Gabor patch on 1/f noise background.
For each stimulus presentation, the participant was
asked to look at the fixation target (small diamond,
1° radius white) at the center of the computer screen
before the start of the experiment. The participants
were instructed to start the task by a button press
when looking at the central fixation. If the central
fixation was within 1° tolerance of the fixation target,
the stimulus presentation began with an auditory tone.
If the central fixation was outside 1° tolerance, the
participants were reinstructed to look at the center
fixation target, and the stimulus presentation began
after they had passed the fixation check. The fixation
check at the beginning of each stimulus presenta-
tion was performed to ensure that all participants
commenced the visual search from the center of the
fixation target. After the central fixation check, partic-
ipants were required to search for the Gabor patch
embedded in the background 1/f noise (RMS noise
0.20). Once the participants located the target, they
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were asked to look at the target and simultaneously
press the button to indicate their final fixation on the
target. If the participant could not find the target
despite searching, they were asked to press another
button to indicate a “non-seen” target presentation.

Testing was performed monocularly where the
dominant eye was chosen for the control group, and
the worse eye as per the mean deviation of the 24-2
visual fields was chosen for the glaucoma group. The
non-testing eye was patched through an Infrared-pass
through filter to block the stimulus and also allow
reliable gaze tracking. Throughout this document, we
refer to a single stimulus presentation of the visual
search protocol for each location as a presentation, a
group of presentations involving 25 test locations (as
shown in Fig. 1A) tested only once each as a trial,
and a group of trials as an experimental run. The
1/f noise background was chosen at random from the
1000 created images (mentioned in an earlier section),
with a new selection made for each presentation. A
total of 20 trials were tested in the control group, and
10 to 15 trials were tested in the glaucoma group.
The visual search task was repeated up to 20 times to
collect data to pool to establish control performance
limits and to determine the trade-off between test time
and performance of different numbers of replicates,
which was used as an input to the later specificity and
sensitivity analysis. Note: it is not intended that any
future application of the screening procedure would
have so many replicates. For each presentation, the eye
tracker provided the gaze points and the timestamp
for each fixation. Gazepoint eye tracker uses a propri-
ety algorithm based on displacement (correspondence
from the manufacturer) to detect fixation. A position
variance technique® is used where the sequence of
gaze data spatially located within an area of interest
over a specific time period is determined to belong to
the current fixation. Any subsequent data outside this
area is the beginning of a new fixation. The number
of fixations for each presentation was estimated using
the number of timestamps (detected as fixation by the
eye tracker). The initial fixation from the center of
the fixation marker was verified and included in the
fixation count.

Contrast Detection Protocol

The contrast for the visual search stimulus was
fixed at each location based on previously determined
estimates of the stimulus contrast leading to 95%
probability of seeing (methods described in Srinivasan
et al.’®) collected from a different dataset in older
controls (N = 28). The contrast of the stimulus at
each location was constant throughout the testing.
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(A) A schematic of the stimulus and trial sequence for the two-interval forced-choice detection task. In this task, the interval of

the noise image in which the participants saw the Gabor stimulus was recorded by a keyboard button press (for example, the second noise
image). A gray background has been used in first and third image in the flowchart to represent mean luminance that was shown between
the stimulus presentations. (B) Proportion of correct expressed as a percentage for the same control participant whose number of fixations

are shown in Figure 1C.

In this experiment we measured the actual propor-
tion of correct responses of these same targets for all
participants in this study. The rationale was in part
to confirm that the probability of correct for these
stimuli was indeed suprathreshold for our new group
of control participants and to allow analysis of the
relation between the probability of correct and perfor-
mance on the visual search task. That is, the data were
used to confirm the validity of the approach; they were
not designed to be part of the recommendations for the
screening protocol.

Participants performed the detection protocol as a
two-interval forced-choice procedure with a method of
constant stimuli to estimate the proportion of correct
responses for detecting the target at each location on
the noise background (RMS contrast = 0.20). For each
presentation, the participant was instructed to look at
the fixation target (small diamond, 1° radius white) at
the center of the computer screen. The target and the
stimulus contrast were the same as the visual search

task as shown in Figure 1A. At each presentation of the
method of constant stimuli, the stimulus was presented
at one of the 25 locations as shown in Figure 1A.
After the presentation of the fixation target, a 1/f noise
background appeared for 250 ms, which was followed
by an interstimulus interval of 500 ms and then another
250 ms interval 1/f noise background (Fig. 2A). Each
interval was distinguished by an auditory tone. The
participants were asked to report the interval of the
noise image in which they saw the Gabor stimulus by
a keyboard button press (for example, the second noise
image in Fig. 2A). A total of 20 trials were tested for
the control group, and 10 to 15 trials were tested for
the glaucoma group within the testing time frame. In
the control group, to achieve 20 trials, four experimen-
tal runs were required where each run consisted of five
trials (125 presentations) that took approximately five
to six minutes per run. In the glaucoma group, two
or three experimental runs were performed. Less data
were collected on the glaucoma participants because
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the visual screening task described above required a
longer test duration in many of these people and the
total session duration was limited for logistical and
fatigue reasons. Rest breaks were offered between runs.

Data Analysis

Statistical analyses were conducted using R Version
3.4.4.7 The proportion of correct, and the number of
fixations were not normally distributed (Shapiro-Wilk
test, P < 0.001) for both control and glaucoma groups.
Therefore, for nonparametric measures, summary
statistics are presented as the median with a measure
of spread in brackets referring to the twenty-fifth and
seventy-fifth percentile, respectively. The distribution
of the number of fixations at all locations was positively
skewed in the control group; therefore Gamma distri-
butions were fit to the number of fixations at each
location using dgamma function in R where the shape
and rate parameters were adjusted by minimizing the
sum of squared differences. From the fitted Gamma
distributions, the 95%, 98%, and 99% control perfor-
mance limits were derived using the ggamma function
in R, and the values were rounded to the nearest whole
number. For the purpose of making recommendations
regarding future implementation as a screening proce-
dure, we determined a criterion for the entire central
visual field to be considered abnormal. Three parame-
ters were explored to determine the criteria of abnor-
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mal: k represents the number of locations in which the
number of fixations was outside the control perfor-
mance limits at level p of either 95%, 98%, or 99%;
and n is the number of trials required for the testing.
Receiver operating characteristic curves were plotted to
determine the specificity, sensitivity, and the area under
the curve (AUC) for the screening approach for varied &
values across each n and p value, with higher specificity,
higher sensitivity, and a greater AUC being considered
as the better performance.

Figure 3A shows the median and interquartile range
for the number of fixations made to locate the target
across 25 locations determined by the visual search
task for the control group. A median of two or three
fixations was observed depending on location; this
includes the initial fixation on the central fixation
marker at the beginning of the presentation. The time
taken (median) by the control participants to perform
a single presentation for each location as per the stimu-
lus sequence shown in Figure 1B was 1.68 (1.30-
2.23) seconds, and the total time taken (median) by
the participants in the control group to perform a
trial containing 25 locations including the interstimu-
lus interval of the visual search task was 42.86 (33.25-
56.77) seconds. Figure 3B shows the median and

B

Eccentricity (degrees)

Figure 3.

(A) Median and interquartile range across 21 control subjects for the number of fixations made to locate the target on the 1/f

noise background at 25 locations at which the stimulus was presented. (B) Median and interquartile range across 21 control subjects for the
proportion of correct on the 1/f noise background at 25 locations at which the stimulus was presented. The number inside the small circles
represents the median value, and each circle is color coded based on their interquartile range (Quartile 3-Quartile 1).
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Figure 4. A histogram of the number of fixations required to find
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The solid curve is a fitted Gamma probability density function. The
solid vertical line represents the 95% limit, dashed vertical line repre-
sents the 98% limit, and dot-dashed vertical represents the 99% limit
for the number of fixations at that particular location.

interquartile range for the proportion of correct across
25 locations determined by the detection task in the
control group expressed as a percentage. The median
proportion of correct across 25 locations ranged from
85% to 100%. Figure 3B confirms that the stimuli
chosen for the visual search task were super thresh-
old in our control group and verifies the approach
of setting the screening threshold from our previously
collected data.*

Figure 3B confirms that the target was easily
detectable by the control participants. For the visual
search task, the number of fixations from all the
trials in the control group was used to estimate the
control performance limits (Fig. 3A). Figure 4 shows
an example of how the control performance limits were
derived for each location through fitting a Gamma
distribution. For instance, in Figure 4, the 95% upper
bound limit has a fixation number of 6; hence, individu-
als with a fixation number higher than 6 will be consid-
ered as outside the 95% control performance limits
for that location. For each of the glaucoma partic-
ipants, any fixation number higher than the control
performance limits was considered abnormal for that
location. The 95%, 98%, and 99% control performance
limits of fixations for each location are provided in
Supplementary Table S1.

After determining the control performance limits
for each location, the data from glaucoma partici-
pants were used to assess the diagnostic ability of the
screening test to identify areas of abnormal central
vision. Figure 5 shows an example of the propor-
tion of correct and the median number of fixations
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Figure 5.

(A-C) An example of the visual search task output showing an average performance from a glaucoma participant where the

small circles represent the median number of fixations made to locate the target on the 1/f noise background across 25 locations. Red circles
represent the locations with the median number of fixations outside p = 95% (A), p = 98% (B), and p = 99% (C); white circles in A-C represent
the locations with the median number of fixations within p = 95% (A), p = 98% (B), and p = 99% (C). (D) Same participant’s proportion of
correct on the 1/f noise background across 25 locations. The numbers inside the small circles represent the median proportion of correct.
White circles represent the proportion of correct between 90% to 100%, light gray circles represent proportion of correct between 60% to 80%,
and darker gray circles represent proportion of correct lower than 50%. (E) The total deviation plot and (F) the pattern deviation plot from
the HFA 10-2 SITA standard result obtained from the same participant. MD, mean deviation; PSD, pattern standard deviation; dB, decibels.

over 20 trials from a glaucoma participant and illus-
trates locations where the fixation number falls outside
normal limits. For this observer, the median number of
fixations ranged from 3 to 22 (Figs. 5SA-5C).

To decide on a single criterion, we chose the combi-
nation of parameters that gave the highest partial AUC
(pAUC calculated as AUC computed for specificities
higher than 80%) and the highest specificity possible in
our data was less than 100% (95.2%). It can be seen
from Table 1 that the best criterion under this defini-
tion is with parameters n = 2 where k > 3 locations
at p = 99% giving a sensitivity of 85% (95% CI, 70%—
100%) with pAUC of 0.88 (95% CI, 0.75-0.98). The
median number of the fixations for n = 2 and the
measured proportion of correct across the 25 tested

locations for all glaucoma participants are provided
in Supplementary Tables S2 and S3. The results of
the visual search task for the glaucoma cohort accord-
ing to the final screening classification recommendation
along with comparison to clinical visual field measure
as measured with the HFA 10-2 SITA Standard proto-
col are shown in Figure 6.

The current study aimed to develop a visual
search task on a background with spatial frequency
content representing natural scenes, with the number



translational vision science & technology

Screening Visual Fields Using Visual Search

24-2MD -3.70 dB, P < 1%

MD-4.14 dB, P < 1%
PSD 2.24dB, P < 2%

24-2 MD -4.52 dB, P < 0.5%

24-2MD -1.76 dB, P < 10%

24-2MD -2.80 dB, P < 2%

24-2MD -1.31 dB.

04

MD-10.24 dB, P < 1%
PSD 14.40 dB, P < 1%

24-2 MD +0.03 dB

MD -0.92 dB
PSD 1.26 dB

24-2 MD -2.07 dB, P < 10%

MD-8.94 dB, P < 1%
PSD 13.66 dB, P < 1%

24-2 MD -6.96 dB, P < 0.5%

TVST | February 2022 | Vol. 11 | No. 2 | Article34 | 9

05

24-2 M B, P <2%

X

24-2

242 a8, P <5%

MD -3.38 dB, P < 2%
PSD 1.72dB, P < 5%

24-2MD -4.85 dB, P < 0.5%

MD -2.83 dB, P < 2%
PSD 1.57 dB, P < 10%

24-2MD -4.38 dB, P < 0.5%

MD-1.13d8
PSD2.12dB, P <2%

24-2 MD -2.97 dB, P < 2%

s X

G|

MD-1.92dB, P < 10%
PSD2.63dB, P < 1%

MD-3.3248, P <2%
PSD5.90 dB, P < 1%

18dB, P <2%
PSD 1.57 dB, P < 10%

Eccentricity (degrees)

24-2 MD -9.99 dB, P < 0.5% 24-2MD-17.31dB, P < 0.5% 24-2 MD -1.45 dB

MD -7.90 dB, P < 1%
PSD 959 dB, P < 1%

24-2 MD -0.68 dB.

MD -1.36 dB MD P<1%

MD-0.73 dB

PSD 1.47 dB, P < 10% PSD7.73dB, P <1% PSD 1.07 dB

24-2MD -5.12dB, P < 0.5% 24-2MD -25.79 dB, P < 0.5%

MD -14.96 dB,P < 1%
PSD9.25dB, P < 1%

MD-14.72 dB,P < 1%
PSD 13.36 dB, P < 1%

MD -3.22 B, P < 2%
PSD 1.41dB

i

MD-12.62dB, P < 1%
PSD 10.87 dB, P < 1%

MD-2.72dB, P<2%
PSD 1.96 dB, P < 2%

MD +0.63 dB
PSD 1.23dB

Eccentricity (degrees)

Figure 6. The results of the visual search task for each eye tested in the glaucoma cohort along with their visual field status as determined
by standard automated perimetry. The grayscale picture represents the visual field status obtained from the HFA 10-2 SITA Standard with the
corresponding 10-2 MD and PSD values in black text. The HFA 24-2 SITA Standard MD values of the participant are also provided in red text. A
green tick indicates that the participant passed the visual search test according to the final screening classification recommendation, and the
red cross indicates that the participant failed the test according to the final screening classification recommendation. MD, mean deviation;
PSD, pattern standard deviation; dB, decibels. Grayscales were generated using software from Jones.>®

of fixations made by the participants to find targets on
the 1/f noise background as the outcome measure. We
also evaluated whether the developed visual search task
can be used to detect areas of abnormal central vision.
Our results show that the current protocol can detect
abnormal central visual field with 95.2% specificity and
85% sensitivity within an average time of about 1.5
minutes using low-cost hardware. The total testing time
(median) taken by the control participants to perform
the task for two trials was 85.71 (66.49—-113.53) seconds.
It has been proposed that gaze scan paths/eye
positions may be abnormal in people with visual field
loss,!” with previous studies demonstrating an increase
in the number of fixations in people with visual field
defects compared to controls when viewing a driving
scene”? or while performing a static visual search task.*
In this study, we also demonstrated a higher number of
fixations in glaucoma participants who had visual field
defects (Fig. 6, Supplementary Tables S2, and S3).
Figure 6 shows that some of the glaucoma partici-
pants with normal 10-2 visual fields failed our screening
assessment. There are several possible reasons for these
glaucoma participants to fail the screening. First, four
of the participants had macular defects noted on OCT

(Fig. 6: 07, 08, 17, 19), specifically macular pucker.
Three of these individuals had a 10-2 MD flagged at
the P < 2% level, suggesting some generalized loss. It
is also possible that the specific stimulus conditions of
detecting stimuli on a nonuniform background results
in reduced detectability of the target.?¢ It is well known
that presenting targets on complex backgrounds results
in surround interactions.?!***-4> Center surround inter-
actions are known to vary with age,** 4’ and recently
it has been shown that there are age and eccen-
tricity interactions for detecting objects on stimu-
lus conditions similar to the current study.® In this
study, while the Gabor stimulus contrast and the on-
average contrast of the 1/f background were fixed, the
background noise images were selected at random from
a battery of 1000 images generated randomly at the
beginning of each experiment. Therefore local varia-
tions in the 1/f noise images may result in local differ-
ences in the relationship between the Gabor stimu-
lus and its surround at a given location from trial to
trial. We do not have sufficient replicates to explore
whether there were any specific background images
that resulted in unusual outcomes. Part of the ratio-
nale for the multisampling approach, and the random
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selection of images on each presentation, is to ensure
that the results are not peculiar to a specific noise
background image.

In this study, we did not collect a true normative
database. A representative normative database would
require the collection of data on many individuals
tested once. Instead, we pooled data from our 21
control participants each tested 20 times as a pragmatic
substitute within this proof-of-concept study. Any
future clinical application would require collection of
age-relevant normative data and might result in slightly
different cutoff limits than reported herein. Similarly,
the selected single criterion for flagging a visual field
test as abnormal (number of fixations greater than the
p =99% for k = 3 or more locations with n = 2 repeated
presentations) may not prove to be the most appropri-
ate criterion for future clinical application. Our intent
is not to suggest final parameters for a clinical imple-
mentation of this procedure but to demonstrate that
the approach shows promise for the detection of central
visual field damage.

Here, we tested people with glaucoma to validate
our screening approach. However, the visual search
task was not designed to be a glaucoma-specific test.
Indeed, the patients with macular pucker who failed
our screening test suggest that the developed screening
protocol may be widely useful for differentiating people
with subtle visual functional abnormalities; however,
more extensive trials are required to confirm. Because
we were interested in the ability of the test to screen
for visual disorder in general, we deliberately did not
use the OCT macular scans for inclusion purposes in
the glaucoma group. Instead, these were inspected to
identify any ocular comorbidity that contributing to
vision loss as the intent was to develop a screening tool
that would direct people to have a full eye examination.

It is well known that contrast processing beyond
standard perimetric targets is known to be impaired
in glaucoma.*® > Consequently, there may be effects
of glaucoma that are detected when a stimulus is
presented on a nonuniform background, relative to
standard perimetric testing. Further work is required
to explore this possibility. The stimulus and behav-
ioral methods used in this study were chosen based
on prior work?® that demonstrated a link between the
detectability of targets within an image to the predicted
number of fixations required to detect the target using
visual search. We evaluated whether similar stimuli
and methods could be used to identify central visual
loss and therefore matched the field size to that prior
work (15° in diameter). We anticipate that the methods
can be used to assess a wider visual field angle, but
additional data need to be collected to confirm this
assertion. It is also worth noting that the target used
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in this study was six cycles/degree, which is a relatively
high spatial frequency stimulus and therefore likely to
be susceptible to cataract and metamorphopsia.>*->*
This was a deliberate and potentially useful feature,
because the aim was to develop a screening test for
visual disorder, rather than a specific test pertaining to
glaucoma.

Given that the current screening test uses
suprathreshold stimuli and does not have critical
timing requirements in terms of stimulus display, the
stimuli are suitable for standard monitors or tablets,
connected to portable eye tracking devices. Using an
eye tracker clipped onto a tablet has been demon-
strated to be feasible for eye movement perimetry and
has the potential to be used in settings such as triage in
clinical waiting areas or for community vision screen-
ing.!” Another alternative would be to incorporate
the current screening protocol into existing virtual
reality-based headset perimetry tests with eye-tracking
capabilities.

In summary, in this study we created and tested a
rapid screening test that uses visual search behavior
to detect areas of abnormal central vision. The visual
search task was designed to take advantages of the
various features of natural vision, and to be easy and
intuitive for participants. An advantage of the devel-
oped protocol is that performance might have more
validity in relating to the quality-of-life measures or
self-reported visual dysfunction than standard perime-
try; however, this requires future research to establish.
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