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SIGNIFICANCE: Head-mounted low vision devices have become a viable alternative to enhance residual vision.
This study supports the use of a head-mounted display to improve aspects of functional vision and quality of life.
Much is still unknown regarding the required frequency, duration, or potential effectiveness of this telerehabilitation
training protocol or what characteristics best identify optimal users.

PURPOSE: A randomized study explored the effect of telerehabilitation on quality of life and functional vision in
individuals with low vision using a head-mounted display.

METHODS:We recruited 57 participants (age, 21 to 82 years; mean, 54.5 years) among new prospective eSight
Eyewear users, randomized 1:1 into two parallel groups; the experimental group received the telerehabilitation
training provided by a low vision therapist, whereas the control group received the self-training standard offered
by the device manufacturer and without involvement of a low vision therapist. The primary outcomemeasures were
the impact of telerehabilitation on validated measures of assistive technology–related quality of life: the Psychoso-
cial Impact of Assistive Devices Scale and the Quebec User Evaluation of Satisfaction with Assistive Technology
scale. Exploratory outcomes were the assessment of self-reported functional vision using the Veterans Affairs
Low Vision Visual Functioning Questionnaire-48 and cybersickness associated with head-mounted display use
with the Simulator Sickness Questionnaire.

RESULTS: Assistive technology–related quality of life was improved when measured by the satisfaction scale but
not the psychosocial scale within the first 3 months, independently of training type. Overall, functional vision improve-
ment was observed within the first 2 weeks of device use and maintained during the 6-month study, independently of
group type. Cybersickness outcomeswere similar between training groups and did not change significantly for 6months.

CONCLUSIONS: eSight Eyewear, either with telerehabilitation or with the manufacturer self-training comparison, im-
proved functional vision and increased users' quality of life within the initial 3 months of device training and practice.
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Visual impairment (blindness and low vision) is globally preva-
lent across the life span and affects at least 2.2 billion people.1

An individual with low vision is defined as a person experiencing
difficulty with accomplishing visuals tasks, even with optimal stan-
dard refraction, and having the potential to enhance his/her ability
to perform these tasks using compensatory visual strategies, low vi-
sion assistive devices, and environmental modifications.2 Low vi-
sion rehabilitation is the primary intervention for individuals with
reduced visual function and can improve independence, functional
visual abilities, and quality of life bymaximizing the individual's re-
maining visual abilities.3 Among the most common forms of inter-
vention in low vision rehabilitation is the provision of, and training
in, the use of low vision aids, including optical and electronic mag-
nification devices4 that are commonly recommended and provided
in face-to-face rehabilitation sessions.

In recent decades, wearable head-mounted displays have under-
gone major technological evolution (i.e., rapid miniaturization of the
camera, image processing, and display electronics) and have become
a viable alternative to enhance residual vision in individuals
with vision impairment.5,6 Among the new generation of
head-mounted displays, eSight Eyewear (eSight Corporation, Toronto,
Ontario, Canada), a semi-immersive system (e.g., virtual reality), wasde-
signed to improve on previous device features, such as magnification,
offering auto focus, contrast enhancement at all distances, hands-free
use, and approximately 30° of field of view through digital image pro-
cessing. In2018, amulticenter prospective trial demonstrated improve-
ment in visual ability including activities of daily living and reading in51
novice eSight Eyewear users, followed for 3 months and benefitting
from a self-training program for 1 month (30 hours) provided by
the device manufacturer.7 The benefits of practice and training
with head-mounted displays have not been extensively studied, al-
though the importance of training in their use has previously been
demonstrated as important, specifically for distant and intermedi-
ate vision, compared with traditional low vision aids.8

Despite the functional and evidence-based benefits of magnify-
ing low vision aid use,9 a scoping review documented highly variable
rates of device nonuse.10 If an assistive device fails to improve func-
tional vision, or if quality of life is not improved or even declines, the
device tends to be abandoned. A cross-sectional study documented
that, of 109 eSight Eyewear users, 17.4% (n = 19) did not use their
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device in the past 3 months,11 reporting multiple reasons. Impor-
tantly, device users who perceived a more positive effect of the de-
vice on their quality of life were consistently more likely to
continue using eSight Eyewear. Day et al.12(p34) stated that “an as-
sistive device should promote good quality of life for the user to the
extent to which it makes the user feel competent, confident, and in-
clined (or motivated) to exploit life's possibilities.” In addition, the
presence of headaches while using the device was determined as a
consistent predictor of eSight Eyewear nonuse.11 More generally,
cybersickness can be described as a range of symptoms including
disorientation, vertigo, headaches, and eyestrain induced by virtual
reality13 and could be considered as an important usability issue, po-
tentially influencing the adoption of such technology.14 Enhanced
image motion, sometimes exaggerated through magnification, in-
creases the risk of cybersickness and other symptoms of visual dis-
comfort15 because the camera included in a head-mounted low
vision enhancement systemmoves with the users' headmovements.
Insufficient training, duration, and frequency have also been identi-
fied as important predictors of magnifying low vision aid nonuse.10

The most common approach for delivering low vision rehabilitation
in-office may be a barrier in the process of acquiring and incorporat-
ing magnifying low vision aids, given the need for transportation to
and from the session.16 This is particularly a challenge given the
paucity of specialty services and the limited access to care in rural
areas of geographically dispersed countries.17

Telerehabilitation has become a viable alternative for delivering
rehabilitation services, allowing individuals to remain at home
while receiving services through Internet-based communication
technology.18However, a Cochrane systematic review reported very
few applications and no published outcomes in the context of low
vision.19 The visually impaired population, however, tends to use
more and more mobile mainstream devices with built-in video sys-
tems (e.g., smartphone and tablet), suggesting that they could be
used to deliver telerehabilitation services.20,21 Considering the ab-
sence of previous randomized controlled studies in the context of
low vision telerehabilitation and to help guide evidence-based
practice recommendations, the present study was conducted with
the primary objective of determining whether administering several
low vision rehabilitation training sessions using an Internet-based
video platform can improve users' quality of life. One of the instru-
ments used in this study measured three quality-of-life domains re-
lated to the use of assistive technology, specifically competence,
adaptability, and self-esteem. In the context of head-mounted dis-
plays, device factors (e.g., interpupillary distance)22 and general
ergonomics (e.g., heavy and inappropriate fitting headsets) are re-
sponsible for physical discomfort and can also contribute to
cybersickness symptoms that can weaken the visual experience.23

Awareness of these factors and individualized attention commonly
offered by vision rehabilitation services is essential to increase the
adoption of the technology. Thus, secondary objectives were to de-
termine if a personalized telerehabilitation intervention plan could
improve self-reported functional vision and/or reduce symptoms of
cybersickness.

METHODS

Study Design

The protocol of this prospective randomized intervention feasi-
bility study has previously been published in more details.24 The
study complied with the Declaration of Helsinki and was approved
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by the institutional review board of the Centre de recherche
interdisciplinaire en réadaptation du Montréal métropolitain
(CRIR no. 1286-1217).

Initial Contact

Directly after renting or buying an eSight device, potential par-
ticipants were informed by an employee of eSight Corporation of
the opportunity to participate in this research project. A letter intro-
ducing the study was sent by e-mail at the time of device delivery,
and a paper version was included in the parcel, providing the
contact information of the research team to the users, so they
could express their interest in participation. In addition, the de-
vice manufacturer sent the users' telephone contact to the re-
search team to optimize recruitment.

Validation of Eligibility Criteria and Recruitment

Once a potential participant had expressed interest in the study,
the research team verified inclusion criteria and explained the ob-
jectives and the schedule of the study and finally obtained in-
formed written consent via a scanned, photographed, or mailed
consent form. We enrolled novice users of eSight Eyewear aged
18+ years with self-reported low vision who had a tablet, desktop,
or laptop computer with Internet access and recently bought
(<1 month) or were renting eSight Eyewear. Exclusion criteria are
detailed in the published protocol.24 Participants were randomized
(1:1 ratio) to receive 30 hours of either personalized low vision
training through telerehabilitation, or the self-training standard
provided by eSight using the eSkills User Guide.25 This guide
was available both in PDF and paper versions and written in large
print and was completely self-administered at home by the partic-
ipants. It spans 1 hour per day for 1 month (30 hours) to be per-
formed self-guided at home and is divided into 4 consecutive
weeks of exercises. The self-training focused on the technical as-
pects of using the eSight device and provided instructions about
the settings for distance vision and reading as well as viewing tech-
niques with other media (i.e., digital tablets, TV). The personalized
training consisted of six 1-hour online training sessions within the
first 2 weeks (6 hours), 12 additional hours of homework in parallel
during the same 2 weeks, and an additional 12 hours of homework
in the following 2 weeks. Telerehabilitation focused on the func-
tional aspects of using eSight. In addition to distance vision and
reading exercises, participants were trained on specific writing
(i.e., crosswords, drawing, or painting) and other eye-hand coordi-
nation tasks, according to each person's needs (i.e., playing cards,
sewing). Eye movement control and, if needed, eccentric fixation
were trained using exercises extracted from standard/well-estab-
lished clinical low vision guides (the McGill Low Vision Manual26

and the VisExc-INLB eccentric fixation program27). Participants
in the telerehabilitation group trained themselves at home using
the eSkills learning and training guide and additional personalized
exercises extracted from the two cited low vision guides. In both
groups, participants had optional access to standard support for
technical issues available through eSight Corporation staff. Both
interventions are described in the detailed protocol publication,
and a summary is available in the parallel study.28 Fig. 1 summa-
rizes the design of the study.

Sample Size

A previous multicenter prospective study7 exploring the short-
andmedium-term effects of eSight Eyewear reported various effect
sizes that cover the secondary outcome measures proposed in the
1; Vol 98(6) 583



FIGURE 1. Chart showing participant flow that summarizes the design of the study with each following aspects: recruitment, enrollment, allocation with
intervention types, evaluation timeline, and primary and secondary outcomes.
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present protocol, ranging fromω2 = 0.04 to 0.83. Choosing a conser-
vative average effect size ofω2 = 0.23 to calculate the sample of the
present study (mixed-design ANOVA), power analysis using G*Power
(Heinrich-Heine-Universität Düsseldorf, Düsseldorf, Germany) indi-
cated that, with a desired power of 0.95 and α level of 0.05, the nec-
essary sample size is n = 60, with n = 30 in each arm, a sample size
commonly used in feasibility studies.

Telerehabilitation Equipment

In the case of personalized trainingby telerehabilitation, participants
received distance training sessions delivered to their home via video
conferencing, with the study's low vision therapist located at the School
of Optometry of the Université deMontréal. Each participant was able
to interact in real time using a secure and password-protected con-
nection, with the low vision therapist using the REACTS telehealth
platform, accessible for all through their computer or digital tablet
at specific appointments (https://www.iitreacts.com).

Outcomes

Primary Outcomes

The primary focus of this study was the effect of telerehabilitation
on eSight users' quality of life and encompassed two standardized
measures: the Psychosocial Impact of Assistive Devices Scale,29 a
26-item questionnaire composed of three subscales (competence,
adaptability, and self-esteem), and the Quebec User Evaluation of
Satisfaction with Assistive Technology30 scale, a 12-item outcome
measure that assesses user satisfaction with device and services, both
of which are reliable and validated in English and French. In addition,
we administered open- and closed-ended questions specifically devel-
oped for this study.24 For example, participants were asked towhat ex-
tent (entirely, half, more than the half, not at all) they considered that
they had completed their training (eSkills manual for control group
and online training sessions as well as the eSkills manual and VisExc
program for the experimental group).

Secondary Outcomes

We assessed the effect of personalized telerehabilitation on
functional visual ability using the Veterans Affairs Low Vision Visual
Functioning Questionnaire-48.31 The four functional domains of
this questionnaire are reading (reading newspaper, print on televi-
sion, or street signs), visual information (recognizing faces, finding
an item on a crowded shelf), visual motor (activities of daily living
such as pouring a liquid into a cup, preparing a meal, or self-
grooming), and mobility (use of public transport, navigating stairs,
and getting around in unfamiliar places). Scores were converted
into logit units using the algorithm developed by Stelmack and
Massof32 for use in clinical settings and small samples.

We measured cybersickness, given its potential link to
head-mounted display use, with the Simulator Sickness Ques-
tionnaire.33 It is a widely applied measurement tool in research
studying cybersickness and a standard for accessing virtual reality–
related sickness. It assesses 16 symptoms grouped into three cate-
gories, namely, nausea that refers to motion sickness condition
(i.e., increased salivation, sweating), disorientation related to simu-
lator sickness (i.e., vertigo blurred vision), and oculomotor issues
that refer to cybersickness (i.e., fatigue, headache, eyestrain). All
questionnaires were administered at baseline by the low vision ther-
apist and self-administered online through a URL link at 2 weeks,
3 months, and 6 months after randomization. Questionnaires were
administered to participants orally (by telephone) at baseline by
www.optvissci.com Optom Vis Sci 202
the low vision therapist. They were instructed to answer as if they
were using their habitual visual assistive devices other than their
eSight unit. Please note that all participants reported to already be
using at least one assistive device for reading or magnification at
baseline. For follow-up assessments, the questionnaires were self-
administered, available via a URL link, and included written instruc-
tions for participants to answer as if they were using their eSight unit.

Statistical Methods

Statistical analyses were conducted using JASP version 0.9
(University of Amsterdam, Amsterdam, the Netherlands) and
JAMOVI version 1.0.5 (Sydney, Australia) software. The analysis
plan consisted of three steps. For step 1, descriptive measures,
including participants' demographic and clinical characteris-
tics, were summarized as means and standard deviations, and
medians and interquartile ranges and by counts and percentages as
appropriate. For steps 2 and 3, given the repeated-measures compo-
nent of the study and to accommodate potentially missing data, the
analyses were conducted using a mixed-effects model and post hoc
tests using Bonferroni correction (P < .05). Linear mixed-effects
models with repeated-measures design quantified the dependent var-
iables, Psychosocial Impact of Assistive Devices Scale, Quebec User
Evaluation of Satisfaction with Assistive Technology, Veterans Affairs
Low Vision Visual Functioning Questionnaire-48, and Simulator
Sickness Questionnaire scores, as a function of the two categorical
predictors: group (i.e., personalized telerehabilitation training/
control), consumer type (i.e., renter/buyer), as well as their group-
by-time/group-by-consumer type/time-by-consumer type interac-
tions, according to a 2 � 2 � 4 factorial design approach (Fig. 1).
Weconstructed four separate linearmixed-effectsmodels that analyzed
each of the dependent variables scores as a function of their predictors.
RESULTS

Baseline Characteristics

Recruitment took place from June 2018 to June 2019. A total
of 333 eSight users were assessed for eligibility and approached
by eSight Corporation. We recruited 57 participants, their mean
(standard deviation) age was 54.5 (16.7) years (range, 21 to
82 years), median age was 59.0 years, and 58%weremale. Partic-
ipant characteristics at randomization are presented in the parallel
study28 and show comparable descriptive characteristics, albeit
with more men in the control group and more retired participants
in the control-renters subgroup. Descriptive statistics of the out-
come measures for all dependent variables across the four time
points are displayed in Appendix Table A1, available at http://
links.lww.com/OPX/A494. Participants' compliance with the train-
ing in the control group did not differ from the experimental group
(χ23 = 2.58, P = .46) when measured at 3 months.

Primary Outcomes

Assistive Technology–related Quality-of-life Measures

Our first linear mixed-effects model revealed a main effect of
time on the Psychosocial Impact of Assistive Devices Scale score
in both the experimental and control groups (F3,129 = 2.83,
P = .04, η2 = 0.05). However, subsequent pairwise comparisons
between the different time points (baseline, 2 weeks, 3 and
6 months) did not reveal any specific effects, given that the overall
effect size was too small to render any conservative comparisons
1; Vol 98(6) 585



FIGURE 3. Results of the Quebec User Evaluation of Satisfaction with
Assistive Technology (QUEST) at baseline, 2 weeks, and 3 and
6months after randomization. The scores statistically significantly im-
proved over time in both study groups. The mean (standard deviation)
baseline score was 29.46 (10.80), which improved to 34.85 (8.19)
after 3 months of device use and training. Scores did not demonstrate
a significant change after 3 months (all, P > .05). *P < .05.
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statistically significant (Fig. 2). However, the comparison approached
significance as a statistical trend for this improvement from base-
line to 3months (P = .10), when collapsing both groups. Amain ef-
fect of consumer type was observed (F1,58 = 5.04, P = .03,
η2 = 0.08), indicating that Assistive Devices Scale mean scores
from buyers were significantly higher than those of renters. The
mean Psychosocial Impact of Assistive Devices Scale score of the
participants in the control group was not statistically significantly
different (F1,58 = 0.35, P = .56) from the experimental group. Re-
garding the Psychosocial Impact of Assistive Devices questionnaire
subscales, three supplemental models were conducted and re-
vealed main effects of consumer type for the competency
(F1,55 = 6.35, P = .02, η2 = 0.10) and the adaptability subscales
(F1,57 = 6.64, P = .01, η2 = 0.11), indicating that the buyers'mean
was significantly higher than that of renters. No subscales im-
proved statistically significantly over time (all, P > .05), and no
trends were observed.

Our second model revealed that the Quebec User Evaluation of
Satisfaction with Assistive Technology scores improved over time in
both the experimental and control groups (F3,131 = 3.14, P = .03,
η2 = 0.05). Pairwise comparisons between the different time
points indicated that the mean pre-intervention was significantly
lower than that at 3 months after intervention (t135 = 2.80,
P = .04, d = 0.61; Fig. 3). None of the other pairwise contrasts or
the main effects of group or consumer type were significant (all,
P > .05), and no trends were observed. Fifty-seven percent of the
participants (30/53) were satisfied with the ease of use of their
eSight device (a specific item on the Quebec User Evaluation of
Satisfaction with Assistive Technology). There were no differences
in our assistive technology–related quality-of-life measures based
on age or sex (P > .05).
Secondary Outcomes

Visual Functioning

Using the Veterans Affairs Low Vision Visual Functioning
Questionnaire-48, we constructed five separate linear mixed-effects
models to examine the overall visual ability score, as well as its sub-
scales using the same analysis pattern as in the previous analyses.
FIGURE 2. Results of the Psychosocial Impact of Assistive Devices
Scale (PIADS) at baseline, 2 weeks, and 3 and 6months after random-
ization. The result patterns were similar in the three subscales of this
questionnaire. Therefore, the results for the self-esteem, or the compe-
tency, or the adaptability domains are not presented here. The score
statistically significantly improved over time across participants in
both study groups. However, subsequent pairwise comparisons did
not reveal any specific effects. None of the subscales improved statis-
tically significantly over time (all, P > .05).
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The overall model revealed that visual ability improved over time
in both the experimental and control groups (F3,124 = 32.54,
P < .001, η2 = 0.37). Subsequent pairwise comparisons between
the different time points indicated that the mean from
pre-intervention (baseline) was significantly lower than that from
2 weeks (t120 = 8.03, P < .001), 3 months (t126 = 7.47,
P < .001), and 6 months after intervention (t126 = 7.61,
P < .001; Fig. 4). No other pairwise contrast was significant. A
main effect of consumer type was observed (F1,58 = 4.82,
P = .03, η2 = 0.08), indicating that the mean from the participants
who bought the eSight device was significantly higher than that
from the participants who rent it. Our subsequent models revealed
that all the subscales (i.e., reading, visual mobility, visual informa-
tion, and visual motor) improved over time in both the experimental
FIGURE 4. Results of the Veterans Affairs Low Vision Visual Function-
ing Questionnaire-48 (VA LV VFQ-48) at baseline, 2 weeks, and 3 and
6 months after randomization. Results for the reading, or the visual in-
formation, or the visual motor, or the mobility domains are not pre-
sented here because the patterns were similar in four subscales of
the questionnaire. Visual ability statistically significantly improved
over time in both study groups. The mean (standard deviation [SD])
baseline visual ability score was 0.99 (0.93) logit units, which im-
proved to 2.19 (1.07) logits, 2.35 (1.05) logits, and 2.38 (1.07) logits
after 2 weeks and 3 and 6 months of device use and training, respec-
tively. *P < .05.
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and control groups (reading: F3,124 = 26.58, P < .001, η2 = 0.33;
visual information: F3,124 = 31.93, P < .001, η2 = 0.37; visual mo-
tor: F3,124 = 22.26, P < .001, η2 = 0.29; and visual mobility:
F3,121 = 8.35, P < .001, η2 = 0.13, respectively). Pairwise compar-
isons indicated that the mean from pre-intervention was signifi-
cantly lower than that from 2 weeks, 3 months, and 6 months
after intervention for reading, visual information, visual motor,
and visual mobility (Table 1). No other pairwise contrasts were sig-
nificant (all, P > .05). Amain effect of consumer type was observed
for the visualmobility–relatedmodel only (F1,56 = 10.11,P = .002,
η2 = 0.16), indicating that the mean score from the buyers was sig-
nificantly higher than that of renters. Overall, in each of the five
models tested, scores of the participants of the experimental group
were not statistically significantly different from the control group.
Participants who remained in the study did not report better success
in the two quality-of-life or functional vision measures compared
with those who withdrew from the study (t51 = 1.75, P = .09;
d = 0.52, U = 358, P = .23, rank biserial correlation = 0.21; and
t51 = 1.15, P = .26, d = 0.34, respectively). There were no differ-
ences in visual functioning measures based on age or sex (P > .05).

Pairwise comparisons indicated that themean frompre-intervention
(T0) was significantly lower than that from 2 weeks, 3 months, and
6months after intervention for reading, visual information, visualmotor,
and visual mobility subscales. The results are combined from all partic-
ipants in both study groups.

Cybersickness

We constructed a linear mixed-effects model that followed the
same structure as the previous models. No significant differences
emerged (all, P > .05), indicating that scores were stable over the
6-month period, and training type did not affect cybersickness
scores. When analyzing the different subscores of the question-
naire after 2 weeks of device use, to the question evaluating how
much the symptom is affecting the user and considering the
oculomotor-related symptoms subscore, 29% responded none, 43%
TABLE 1. Veterans Affairs Low Vision Visual Functioning Questionnaire-48 su

Mean difference

(logits) 95% confidence interva

Reading subscale

T0–T2 weeks −2.2 −6.26 to 1.87

T0–T3 months 1.02 −5.33 to 7.38

T0–T6 months −2.17 −5.72 to 1.38

Visual information subscale

T0–T2 weeks −1.29 −3.58 to 1.01

T0–T3 months −1.30 −3.63 to 1.02

T0–T6 months −1.41 −3.85 to 1.04

Visual motor subscale

T0–T2 weeks −1.03 −3.14 to 1.09

T0–T3 months −1.17 −3.25 to 0.91

T0–T6 months −1.11 −3.65 to 1.44

Visual mobility subscale

T0–T2 weeks −0.66 −2.80 to 1.49

T0–T3 months −0.88 −2.97 to 1.22

T0–T6 months −0.73 −3.04 to 1.57
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slight, 23% moderate, and 5% severe. Regarding the nausea-related
symptoms subscale, 89% responded none, 8% slight, 3%moder-
ate, and 0% severe. Finally, regarding the disorientation-related
symptoms subscale, 75% responded none, 17% slight, 7% mod-
erate, and 1% severe.
DISCUSSION

We carried out a randomized study of telerehabilitation for per-
sons with low vision using a head-mounted display to assess the ef-
fect of this rehabilitation modality on quality of life, self-reported
functional vision, and cybersickness. We observed that the Psycho-
social Impact of Assistive Devices Scale and scores on the Quebec
User Evaluation of Satisfaction with Assistive Technology question-
naire increased for all participants (in both the experimental and
control groups) between baseline and 3months of device use, indi-
cating that assistive technology–related quality of life improved in-
dependently of the type of training during the early months of use.
We detected improvement in early (within the first 2 weeks) func-
tional vision outcomes using the Veterans Affairs Low Vision Visual
Functioning Questionnaire-48 in all participants, regardless of
group types. Either the training is indeed sufficient, which explains
why a plateau is reached within the first 2 weeks for functional ca-
pacities or after 3months for quality-of-life measures, or the training
is not sufficient and needsmore sessions to exceed this plateau. Be-
cause the effects of training and practice are difficult to dissociate, it
is also possible that the improvement is only related to the use of the
eSight device and not to training. It is important to mention that the
findings for the training are relevant for this group of participants
who may or may not be representative of all individuals who obtain
an eSight device. Indeed, there was a high proportion of eligible in-
dividuals who declined to participate (79%) likely because of a lack
of interest in the study. They may have different training needs
bscales statistical analyses pairwise comparisons

l df t P Cohen d value

119 7.659 <.001 1.24

126 6.513 <.001 1.14

127 6.365 <.001 1.35

120 7.962 <.001 1.16

126 6.987 <.001 1.26

126 7.854 <.001 1.46

120 6.610 <.001 1.03

125 6.464 <.001 1.09

125 6.059 <.001 1.04

118 4.395 <.001 0.58

124 4.395 <.001 0.86

124 2.889 .03 0.67
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from those who were studied. We did not observe changes in
patient-reported cybersickness outcomes in either group.

Assistive Technology–related Quality-of-life Outcomes

The data indicate that assistive technology–related quality of
life did not improve within the first 2 weeks. This may be because
this construct is related to more global changes, which may take
longer to manifest. Different psychosocial factors have been re-
lated to each other in the two complementary questionnaires that
were used and that focused on the assistive technology experience.
They are included within the construct of quality of life and consti-
tute at least a portion of this complex construct. The quality-of-life
improvement across time measured in eSight users, as reflected in
improved Psychosocial Impact of Assistive Devices Scale scores
(i.e., perceiving a higher positive impact of the device on their qual-
ity of life) and Quebec User Evaluation of Satisfaction with Assis-
tive Technology scores (i.e., reporting higher satisfaction with the
device), could explain the relatively low rate of eSight discontinu-
ance. Indeed, this rate was reported as being 16% in a publication
focusing on the feasibility aspect of this study28 compared with the
23% measured in eSight users during the 3-month study period7

and the 30% discontinuance rate of assistive technology use tradi-
tionally observed in the literature.34 These results align with predic-
tors of head-mounted device use documented in a cross-sectional
study, whereby device owners who reported higher scores in these
two assistive technology–related quality-of-life questionnaires were
consistently more likely to continue using eSight Eyewear.11 Con-
trary to the Psychosocial Impact of Assistive Devices Scale scores,
different reasons may explain why we only found a main effect but
no differences on subsequent pairwise comparisons among the dif-
ferent time points for the Quebec User Evaluation of Satisfaction
with Assistive Technology scores. One plausible hypothesis is that
the latter questionnaire focuses specifically on the user satisfaction
with the device and involves practical/immediate changes (i.e.,
weight, size, efficiency, delivery services), whereas the former in-
volves more global changes (i.e., self-esteem, competency, adapt-
ability) that may take longer to manifest. The context of our small
sample size may also make it more difficult to find effects among
the different time points. Insofar as all participants were already
using at least one assistive device for reading or magnification at
baseline, it is also likely that quality-of-life scores at baseline were
already high and did not allow the eSight device to significantly im-
prove the scores. In addition, it is worth highlighting that the Que-
becUser Evaluation of Satisfaction with Assistive Technology score
improvement at 3 months was not maintained at 6 months. After
extended use of the device and potential exposure to new activities,
it is likely that the eSight device was unable to meet or no longer
met certain needs. After several months, it is also probable that so-
cial desirability35 was less pronounced and that participants pro-
vided more realistic/honest responses. We did not observe a
difference between the two training approaches, suggesting that
the technical training offered by the company has the same effect
on these quality-of-life measures as individualized training provided
by a low vision therapist through telerehabilitation. It is possible that
no training would also have an increase in assistive technology–
related quality-of-life scores just by virtue of using the eSight unit
only and should be considered in future studies.

Very few studies have explored human and quality-of-life factors
in relation to head-mounted display use. One study emphasized that
head-mounted display users perceived ease of usability (especially of
device controls and screen) as equally important as visual improvement
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(Jeganathan VSE, et al. IOVS2019;60:ARVOE-Abstract 4036). In this
study, semistructured usability interviews documented that, among
threehead-mounteddisplay types, 50%ofparticipants showedanover-
all preference for the eSight device (vs. NuEyes [NuEyes Technologies
Inc., Newport Beach, CA] or Epson [Epson America, Inc., Los Alamitos,
CA]). This finding supports the subjectively reported success of this de-
vice by their users and aligns with the ease of use reported by the ma-
jority of our participants. It should be highlighted that insofar as a
sizable proportion (43%) of participants are less satisfied with ease
of use of the eSight device, the research and development department
of the company should focus future efforts on optimizing usability.

Functional Vision Outcomes

Unlike the quality-of-lifemeasures that improved after 3months
(intermediate effects) of practice and training with the device,
eSight usage and training yielded immediate (within the first
2 weeks) improvements (large effect) in self-reported functional vi-
sion as reflected in the overall visual ability score and all its
subscores (i.e., reading, visual information, mobility, visual motor)
and continued to improve during the first 3 months. These results
align with a previous multicenter study,7 whereby eSight introduc-
tion yielded immediate improvements in visual ability measured
with the Melbourne Low Vision Activities of Daily Living Index.36

Mirroring our results, functional vision performance did not change
further after the 3-month follow-upperiod.7 In this study, overall, partic-
ipants' Veterans Affairs LowVision Visual FunctioningQuestionnaire-48
scores (administered at baseline and after 3 months of use) indicated
significant improvement (intermediate effect) in their visual abilities
with device use and training. This improvement was largely driven by
the reading subscale (large effect), followed by changes in the visual in-
formation items (large effect). However, contrary to our present findings,
there was no significant change among themobility items. This may be
explained by the device design differences between the two studies,
with eSight 3 being less immersive than eSight 2. Improvement in mo-
bility may be attributed to change in the perception of the environ-
ment observed through the head-mounted display. Insights into
how computer-assisted sight enabled individuals with visual im-
pairment to see the environment in ways previously unavailable
was recently explored.37 Interestingly, the steps described by
eSight users to build a mental model of their physical environment
are similar to the strategy used by a game designer creating a vir-
tual environment. Some participants self-reported the experience
of seeing better than family or friends in their environment with
normal sight, for example, being able to see small details at a great
distance using the eSight device, blurring the borders between as-
sistive and augmentative technology. Replicating previous find-
ings,8 a new generation of head-mounted displays being used in
augmented reality improved the ability to perform timed daily living
tasks at all viewing distances (Kammer R, et al. IOVS 2019;91:
ARVO E-Abstract 989). Previous research on head-mounted low vi-
sion aids has reported that device usage and/or training is impor-
tant for reading.38 This was especially the case when aiming to
improve complex functional vision tasks38; similarly, our partici-
pants self-reported improvement in their reading skills over time.
Interestingly, eSight buyers exhibited higher scores of quality of life
related to assistive technology and functional vision. One hy-
pothesis that may explain these findings is of a psychological
nature, whereby cognitive dissonance39 may explain that the
money spent to purchase a device can induce a change in judg-
ment and motivate buyers to use their device more than people
who have rented it.
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Cybersickness and Visual Discomfort Symptoms

The cybersickness score was stable over the 6-month period
and was independent of training type. Most users reported having
only slightly oculomotor-related symptoms (cybersickness condi-
tion), whereas only few were severely affected. In parallel, a low de-
vice use discontinuance rate was reported with these participants.
Insofar as oculomotor-related symptoms (headache) associated
with head-mounted display use have been identified as a predictor
of use discontinuance,11 these findings are congruent. The large
majority of users did not experience nausea-related symptoms (re-
ferring to motion sickness condition) and/or disorientation-related
indications (reflecting simulator sickness condition), and few of
them reported having felt such symptoms severely.40 Among those
who withdrew from the study or discontinued eSight usage, none
had reported any of these symptoms as being the cause. Of the
74 participants who joined a previous multicenter trial, 17
discontinued their usage during the 3-month study period. Among
them, only one exhibited nausea,7 one of themost extreme and un-
pleasant symptoms. However, the presence of general discomfort
or eyestrain was not associated with use discontinuance11; how-
ever, it is possible that the presence (and type and severity) of
cybersickness and related symptoms is underestimated because
it was not systematically investigated then.

Although cybersickness and visual discomfort were more exten-
sively and accurately investigated in the present study, few partic-
ipants were severely affected. This may be explained by the fact
that head-mounted displays, such as eSight, do not use a complete
immersive virtual environment made of a synthetic image but a
semi-immersive environment with a real image and an unoccluded
peripheral visual field. Other potential reasons may include the du-
ration of the exposure to the virtual environment and the likely sen-
sory adaptation; for instance, one study documented that the
experience of cybersicknessmainly occurredwithin the first 10minutes
of exposure to the virtual environment.14 A systematic review docu-
mented that children have the greatest susceptibility to cybersickness,
and this rapidly decreases from adolescence to adulthood.41 Given
the older population recruited in the context of our study, this could
explain why our participants were less susceptible to exhibit nota-
ble experience of cybersickness. Device factors, such as lag,13 cal-
ibration of interpupillary distance, and general ergonomics, such
as heavy and inappropriate fitting headsets,23 can also contribute
to cybersickness symptoms. Awareness of these factors is essential
to increase the adoption of the technology and the continued im-
provement of the virtual technology.

Different potential reasons may explain why we did not find dif-
ferences on our outcome measures between the two interventions.
It is possible that the selectedmeasures did not allow for the differen-
tiation of the effects of telerehabilitation compared with self-training.
Exploration ofmost commonmeasures, such as standardized read-
ing speed tools, reading speed (meaningfully improved in hand-
held magnifier users receiving telerehabilitation42), or evaluation
of functional vision with more practical functional vision assess-
ments (e.g., the Melbourne Low Vision ADL Index36 test) may have
beenmore sensitive to reveal a difference between the two interven-
tions. Eccentric fixation training was only provided in the context of
telerehabilitation, and as suggested by the low vision therapist, it is
likely that six sessions for 2 weeks were insufficient, especially for
participants who needed eccentric fixation training, to detect
difference between the two interventions. Because the low vision
therapist focused on relatively simple activities of daily living (e.g.,
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spot reading), it would bemeaningful to follow up participants beyond
6 months to explore if telerehabilitation has a long-term and trans-
ferable effect on more complex activities (e.g., gardening, playing
an instrument, or a specific sport) compared with self-training.
Another potential reason that could explain the lack of differences
in outcomes between the intervention groups may be related to the
characteristics of the participants. They were potentially tech-savvy,
mostly younger to middle-aged adults who may be able to indepen-
dentlymaster using the eSight technologywithout needingmuch train-
ing or professional assistance. Although we chose to focus on a new
form of visual aid that is increasingly used by the low vision population,
we anticipate that it could be feasible to provide telerehabilitation to
optimize the use ofmore common low vision aids (e.g., handheldmag-
nifiers and closed-circuit televisions). This modality has already been
applied to users of magnifiers in small samples where the authors
indicated the need to conduct a larger-scale randomized study
(Bittner AK, et al. IOVS 2019;60:ARVO E-Abstract 4030).42

Limitations

The study participants were not representative of the general low
vision population, and the study findingsmay not be generalizable to
all future eSight users. Indeed, the study population had greater ac-
cess to technology (all owned a computer, had access to the Inter-
net, and were already accustomed to using other visual assistive
devices) than did most people with low vision who are older adults,
possibly leading them to be more willing to try technology used for
telerehabilitation and/or video conferencing. However, this limita-
tion will probably be less contextual over the next decades with up-
coming generations. Even if it was not the case for low vision
individuals who are the recipients of an eSight device, it is important
to highlight that the requirement to have a computer or tablet may
have excluded those with demographic disparities related to age,
sex, or socioeconomic status or people who are not accustomed to
using technology. Self-selection bias needs to be considered, as
we enrolled participants who spontaneously decided to rent or pur-
chase eSight Eyewear. In addition, a very large proportion of those
who were eligible for the study had declined to participate (79%);
there may be inherent differences among those who choose to par-
ticipate versus those who did not, which could affect the study find-
ings and conclusions about the two interventions. A limitation of the
current study that may impact outcomes is that the two randomized
groups were not balanced in terms of duration and level of visual im-
pairment. Amethodological limitation concerns the difference in the
administration methods for the questionnaires at baseline versus
follow-ups. The potential influence of the low vision therapist at base-
line toward participants' answer (e.g., social desirability, whereby par-
ticipants want to please the therapist and may report more positively)
versus self-administration at follow-ups (e.g., they may be more com-
fortable reporting their actual experience and perceptions) may have
induced a bias in the outcomes. Another potential limitation that re-
lates to the online survey nature of data collection is the lack of objec-
tive visual function measures (i.e., visual acuity or contrast sensitivity)
that could contribute to amore holistic description of our participants.
However, allowing for enrollment and participation across both rural
and urban environments, our approach made it possible to reach a
wide range of individuals with visual impairment using eSight Eye-
wear. Isolating the effect of providing the device from the intervention
modality would only be possible by adding a third group to the
implemental design that receives a devicewith a delayed intervention;
however, future studies would need to first overcome the ethical
and commercial implications of such an approach. Despite high
1; Vol 98(6) 589
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accessibility and acceptability of the telerehabilitation,28 challenges
may have been underestimated in the protocol. Telerehabilitation
may challenge personal privacy and confidentiality,43 as video confer-
encing makes the participants' personal space visible to the clinician
andmay be perceived as an intrusion into their home.44 Although spe-
cific attention had been taken to ensure privacy (user empowerment,
controlling when and how the session is initiated and terminated), it
was unknown if privacy was an issue because it was not assessed dur-
ing the study. Future studies will need to address this limitation. Fi-
nally, we did not assess the cognitive status of our participants;
however, the low vision therapist systematically judgedwhether partic-
ipants had sufficient cognition to complete protocol procedures using
her clinical judgment and excluded them if comprehension and/or
communication was challenged. Insofar as most people with low vi-
sion are older adults, it would be relevant for future studies to use a
cognitive screening measure. We did not observe differences in our
outcomes based on age or sex; however, future studies will need to fo-
cus on older adults who acquire eSight Eyewear to explore if they need
more support via telerehabilitation with a therapist, as compared with
younger low vision participants.

CONCLUSIONS

This is the only randomized study we are aware of that explores
the impact of telerehabilitation on quality of life and self-reported
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functional vision in individuals with low vision using assistive tech-
nology. Independent of the training type, head-mounted display
users' visual abilities and quality of life increased over time, after
2 weeks and 3 months of device use, respectively. The study findings
fail to demonstrate a difference between conducting telerehabilitation
and self-training where quality-of-life outcomes are concerned. Future
studies should specifically focus on further exploring whether it is
more resource- and time-efficient to allow head-mounted display
users to self-train using the device manufacturer's instructions rather
than involve a professional rehabilitation therapist. Insofar as the cur-
rent study findingsmay not be generalizable to all future eSight users,
it will be important to determine whether participant characteristics
are predictive of training success when learning to use eSight or other
virtual reality/augmented devices for vision augmentation. Our partic-
ipants did not extensively report cybersickness; it remained stable over
the 6-month period and was independent of training type and did not
emerge as a widespread usability issue. Given the increasing use of
such technologies in low vision rehabilitation and the limited literature
available on the link between cybersickness and head-mounted
displays for low vision, further exploration of its mechanisms and
associated factors is essential to improve methods to reduce
cybersickness. To the extent that the use of such technologies in-
volves a physical and psychological transformation, the systematic
evaluation of the psychosocial factors and potential cybersickness
should be included during the acquisition of head-mounted dis-
plays to optimize their adoption.
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