Quantitative Visual Field Tests using Tablets and Virtual Reality Headsets
Chris A. Johnson, PhD, DSc1
Paul Harris, OD2
1

Department of Ophthalmology and Visual Sciences, University of Iowa, Iowa City, IA
2

Southern College of Optometry, Memphis, TN

ABSTRACT
Purpose:

To evaluate the use of tablet displays and virtual reality headsets for performing
quantitative visual field testing and other visual function tests, examine test-retest
consistency, compare with Humphrey Field Analyzer (HFA) results, determine
the compatibility of secure internet web site and tablet tests, assess the influence
of moderate amounts of refractive error and evaluate the influence of ambient
illumination.

Methods:

Testing was performed on a Microsoft Surface Pro tablet display, a PICO virtual
reality headset with eye tracking (TOBII) capabilities and a secure internet web
site. The tablet and web site have four tests (30-2, 24-2, 10-2 and screening).
Forty healthy participants with normal vision (33 female, 7 male, average age 24
years) were tested twice with the 24-2 test on the HFA (SITA Standard), tablet
(ZEST) and web site (ZEST). One web site test was performed at the clinic and
the other at their home using a computer display system. The headset includes
the visual field tests, plus an Esterman visual field screening test, a ptosis visual
field examination, a frequency doubling test and a stereoacuity assessment
procedure,

Results:

The tablet and web site results were within about 4 dB of the HFA sensitivity
values. The web site and tablet had a smaller intensity range (30 dB) than the
HFA (greater than 40 dB), so sensitivities above 30 dB could not be attained.
When sensitivities above 30 dB were excluded from analysis, the differences
were about 2.3 dB. When compensation for the different background was
accounted for (3 dB) the values for the HFA, tablet and web site were highly
consistent. Differences between tablet and web site were generally less than 2
dB and test-retest consistency for tablet and web site was also less than 2 dB.
Ambient room illumination and moderate amounts of refractive error did not
appreciably influence results. Examples of headset test results will also be
presented.

Conclusions: Both tablet displays and virtual reality headsets are able to perform quantitative
screening and threshold sensitivity tests in an efficient manner in a variety of
settings with different ambient illumination conditions. This opens up the
possibility for remote testing (screening, home testing, waiting room prior to
seeing eye care provider, non-ophthalmic health care personnel, etc.).
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Purpose
Glaucoma clinics worldwide are under pressure. Home monitoring of visual fields
(VF) may lead to timelier and/or more frequent monitoring, and potentially shorter
appointments.
This study explores the acceptability of VF home monitoring among people with
glaucoma, using the Eyecatcher® program on both a laptop device and smart
glasses.
Methods
For the laptop-based study, 20 adults (10 female; median age 71 years) with a
diagnosis of glaucoma were recruited in the United Kingdom (UK) through an
advertisement in the Glaucoma UK newsletter. All participants were issued a tabletperimeter (Eyecatcher®) and asked to perform one VF home-assessment per eye,
per month, for 6 months (12 tests total).
For the smart glasses program, 3 adults (3 male, aged 70, 74 and 77) from the
previous study were recruited. All were issued with a pair of smart glasses,
programmed with Eyecatcher® and asked to perform one VF home-assessment per
eye every 2 weeks, for 3 months (12 tests total).
At the end of the study, participants completed a semi-structured interview regarding
acceptability of home monitoring. For the smart glasses study, participants also
completed a system usability questionnaire.
Interview transcripts were thematically analysed using NVivo 12 (QSR International,
Cambridge, Massachusetts, USA).
Data collection for the smart glasses arm of this project is ongoing and a further 3
participants are scheduled to start home monitoring.
Results
Participants could successfully perform both VF testing programs at home. Interview
data were coded into overarching themes regarding experiences of undertaking VF
home monitoring and attitudes towards its wider implementation in healthcare.

For the smart glasses, the System Usability Scores (maximum score of 100) were
92.5, 92.5 and 100 demonstrating excellent and best imaginable usability.
Conclusion
Glaucoma patients were widely accepting and highly capable of home VF testing.
Eyecatcher® was compared positively to conventional VF testing using HFA for both
programs. Specific concerns and limitations were raised, the details of which shall be
presented and discussed. Home monitoring of VFs may improve glaucoma service
delivery in secondary care.
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Title:
High-precision bundle-based tracking of visual fields at home in patients with glaucoma

Purpose:
Visual field testing provides imprecise data for tracking loss of vision in patients with glaucoma.
In a conventional test, each location will be tested 4 times on average; a standard deviation of 1
dB in mean deviation (MD) is not uncommon for glaucomatous eyes. Loss of 1 dB per year is
clinically actionable fast progression, but it takes several years to detect it under realistic clinical
conditions. We asked whether using new psychophysical procedures at home can make ultrahigh-frequency testing realistic. If so, the necessary precision could be achieved through
averaging.
Methods:
Virtual-reality oculo-kinetic perimetry (VR-OKP) was developed and tested during the four years
since IPS 2018. VR-OKP differs from conventional perimetry for encouraging eye movements,
removing stimulus’ temporal uncertainty, recording “where” rather than “whether” responses,
giving feedback after every stimulus, using decrement stimuli, and other properties. Patients
were recruited from the UCSF Glaucoma Clinic and trained by teleconference (zoom) to take
the test at home. 54 locations in a 24-2 layout were tested per eye per test.
Results:
20 patients (38 eyes) were tested. Patients completed the 10-session bundle of tests several
times over 15 months, resulting in 30 to 50 separate tests per patient. As reported previously,
the test was deemed less fatiguing than conventional perimetry. Comparison with HVFA and
structural data showed good agreement by both global and sector-wise measurements.
Conventional perimetry collects insufficient data for the computation of a standard error, but a
bundle of 10 VR-OKP tests supported this computation which averaged 0.3 dB equivalent MD
per bundle in glaucomatous eyes. Mathematically, progression at -1 dB/year that can be
detected in a patient with power 0.8 at alpha = 0.05 in 36 months using two conventional tests
per year can be detected with quarterly bundles of VR-OKP in 12 months or less; or with

sensitivity 0.99 and specificity 0.98 in 21 months or less. The time series for each tested
location was similarly tracked.
Conclusions:
VR-OKP appears to be a clinically realistic method for monitoring field loss at home over time
with unprecedented precision and good patient acceptance. It may soon be possible to identify
progression more quickly, and even to replace the prophylactic treatment of all glaucoma
suspect eyes with at-home monitoring to detect progression.

Figure 1: Patient at-home test dates and bundle means with standard errors.

Figure 2. Observation time to detect rapid (rate = -2 dB/year) change in mean sensitivity.
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Lens Fogging in Virtual Reality Visual Field Devices in a Remote Setting
Hounsh Munshi, Danielle McLaughlin, Alana Grajewski
Purpose: With the increasing popularity of virtual reality visual field (VRVF) testing come new unique
challenges in remote testing. The purpose of this study is to describe one of those challenges, the
characteristics of lens fogging in the use of VRVF, and recommend guidelines for mitigating it.
Methods: Patients with a recent Standard Automated Perimetry (SAP) exam (≤3 months) were mailed
a VRVF device. Using a video platform, a researcher virtually instructed participants on VRVF
operations, such as Wi-Fi set-up and application of protective liners, and assisted with their initial
exam (V0). Participants tested remotely without assistance once a week for 4 weeks (V1-4), with and
without the lenses treated with an antifog solution. They were requested to take notes and fill out a
survey after every exam. Additionally, one author underwent a visual field exam using a VRVF with
cooled lenses to examine the results with maximized fog. Threshold values, VFI, test duration, and
visual field images were recorded.
Results: Fogging in VRVF exams affected the means variably. The range of differences between fog
and no fog was 0 to 26 dB. VFI was reduced up to 12 points in fogged fields. A maximally fogged lens
was unable to produce an absolute scotoma in a normal eye.
Conclusions: Condensation occurring on the glass lenses of a virtual reality device due to moisture
and a temperature gradient in the closed space between the lens and the user’s face is called
fogging. It can present a barrier to accurate visual field testing in a remote setting, by scattering the
incoming light and affecting the field in unpredictable ways. Fogging appeared frequently and to
varying degrees in this sample. Antifogging solution is an effective precaution against moisture buildup on the glass lens of a VRVF device for the duration of a visual field test. The fog present on the
chilled lenses failed to completely obstruct the light from passing at any single point on the visual
field, indicating that fog cannot reduce the decibels to 0 in a normal field. In such cases, a physical
obstruction must be considered. Future studies may compare the efficacy of alternative methods of
defogging.
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Figure 1. Visual field results from each patient. SAP: Standard Automated Perimetry – to establish
baseline visual field. Pre: Visual field result measured before the application of antifog solution to the
lens. Post: Visual field result measured after the application of antifog solution to the lens. Each row
represents a single patient.
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Purpose
Technology for virtual reality offers a new way of visual field testing, allowing both eyes to be tested
simultaneously without occlusion, and without need for a darkened room. Commercially available
head-mounted displays are affordable compared to standard clinical devices so may facilitate visual
field assessment in clinics in less economically developed countries or for home monitoring,
potentially making more frequent monitoring for disease progression easier to achieve. We created
a perimetry test using the Oculus Rift, a commercially available virtual-reality head-mounted display.
We piloted the perimetry test on normally-sighted participants and glaucoma patients to assess its
reliability and validity against the Humphrey 24-2.
Methods
Goldmann size III stimuli were presented using an Oculus Rift CV1 head-mounted display of
background luminance 10 cdm-2. Stimuli were presented in a 24-2 pattern, and had a maximum
luminance of 81 cdm-2. Thresholds were determined by a 6 presentation ZEST procedure at 4 initial
‘seed’ locations for each eye, and 4 trials for all other locations. 46 normally-sighted adult
participants aged under 40 years were tested on the new visual field test in two independent
sessions. 15 patients with primary open-angle glaucoma aged 39-78 (mean: 64 years) were tested on
the Humphrey 24-2 (one eye: MD -11.8 dB; std 6.1 dB) and the new test (both eyes) in two sessions.
Two patients completed one session only (MD -10.55; std 13.6 measured using the Humphrey 24-2).
Results
The new perimetry test showed high test-retest reliability for the normally-sighted participants for
mean threshold (ρ=0.79, p<0.0001, n=92 eyes). It also showed high test-retest reliability for the
glaucoma patients for mean threshold (ρ=0.88, p<0.0001, n=30 eyes). The Humphrey 24-2 showed
high test-retest reliability for the glaucoma patients for mean threshold (ρ=0.78, p<0.0001, n=15
eyes). The correlation between the new test and the Humphrey 24-2 was moderate for mean
threshold (ρ=0.65, p<0.0001).
Conclusions
Our visual field test administered via a commercially available head-mounted display showed testretest reliability for mean threshold for patients as high as that of the Humphrey 24-2. There was a
moderate correlation between the new test and the Humphrey 24-2. Visual field testing is viable
with head-mounted displays, which could reduce costs, improve accessibility and facilitate a more
comfortable patient experience.
The work was supported by a research grant from the International Glaucoma Association (now
Glaucoma UK) awarded to JMB, REH and AJA. There is no conflict of interest.
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Purpose: To assess accuracy and adherence of visual field (VF) home-monitoring in a pilot sample of glaucoma patients using the Eyecatcher®
program and smart glasses
Methods: Participants with an established diagnosis of glaucoma were issued with smart glasses (Figure 1), and asked to perform one home
assessment VF per fortnight, for 3 months (12 tests in total). Before and after home-monitoring VFs were performed in-clinic using Automated
Perimetry (SAP; 4 tests in total, per eye). Usability was assessed using the System Usability Score (SUS). Data collection for the smart spectacles
arm of this project is ongoing and a further 3 participants are scheduled to start home monitoring.
Results: All participants (to date: n=3, all male, aged 70, 74 and 77) were able to perform fortnightly VF home-monitoring (adherence: 100%)
see Figure 2. Concordance between VFs measured at home and in the clinic, as well as test-retest repeatability will be presented following
analysis. Home-monitoring of VFs with Eyecatcher smart glasses showed good usability (median SUS Scores 92.5).
Conclusions: Home-monitoring of VFs is viable for some glaucoma patients, providing clinically useful data. Smart glasses are a feasible
method to carry out home monitoring. Key practical issues will be highlighted and discussed following analysis of the findings.
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Figure 1. Eyecatcher and Smartglasses

Figure 2. Participant carrying out the test

