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Abstract

Purpose: To test the usability of eye tracking and virtual reality dur-
ing vision rehabilitation training of hemianopia patients.

Methods: Individuals with hemianopia (n = 13) and normal-sighted
controls (n = 4) performed various exercises that are commonly
used in vision rehabilitation for mobility, while wearing a head-
mounted eye tracker or a head-mounted virtual reality (VR) display.
Occupational therapists (n = 4) guided them through the exercises.
All participants (including therapists) filled out a questionnaire, as-
sessing their experience with the used device. Individuals with
hemianopia were split into three groups according to their stage in
vision rehabilitation therapy and performed 1 (beginner), 2 (inter-
mediate) or 3 (advanced) different exercises.

Results: Individuals with hemianopia rated the mobile eye tracker
with a score of 3.97 £ 0.5 points (beginner), 3.8 £ 0.5 points (inter-
mediate) and 4 + 0 points (advanced) the corresponding occupa-
tional therapists with a score of 3.6 £ 0.6, 3.4 + 0.9 and 3.87 + 0.6
points (out of a maximum of 4 points). The VR headset was rated
with 3.9 + 0.5 points by individuals with hemianopia, 3.8 + 0.5 points
by normal-sighted controls and 2.5 £ 1.4 points by the occupational
therapist in a virtual hallway scenario. In a street-crossing scenario,
it was rated with 3.7 + 0.5 points by individuals with hemianopia,
3.7 £ 0.8 points by controls and 2.8 + 1.2 by occupational thera-
pists. In a walking along a pavement scenario the individual with
hemianopia gave 4 + 0 points and the controls 3.8 + 0.4 points on
average.

Conclusions: Both devices were seen as useful additions to vision
rehabilitation therapy, as they enable better feedback to patients
and the opportunity to do different exercises at different levels of
difficulty.
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Introduction

Patients with hemianopia are blind in one half of their
visual field, due to damage to the visual system pos-
terior to the optic chiasm. This large visual field defect
may lead to difficulties in different daily life situations,
such as mobility related activities. There is however a
large variability in how severely different individuals
are impacted by their visual field loss. A crucial factor
that determines if an individual can successfully
adapt to visual field loss is the development of com-
pensatory strategies, such as certain eye movement
patterns (Howard and Rowe, 2018). While some
hemianopia patients are able to spontaneously de-
velop compensatory strategies for their visual field
loss, others retain difficulties, in particular with detect-
ing objects in the periphery in situations when they
are moving, e.g. during walking (lorizzo et al., 2011).
These patients can enter vision rehabilitation to learn
compensatory eye movement strategies (for an over-
view see Pollock et al., 2019). In one type of compen-
satory scanning training, InSight-Hemianopia Com-
pensatory Scanning Training (IH-CST), these pa-
tients learn to make horizontal scanning eye-move-
ments (De Haan et al., 2015) in order to compensate
for the field defect during mobility-related activities. In
IH-CST training, hemianopia patients learn to repeti-
tively perform a triad of saccades including an initial
large saccade made towards the blind hemifield.
Training hemianopia patients in making this type of
scanning patterns improves their detection of periph-
eral stimuli and their avoidance of obstacles while
walking (De Haan et al., 2015).

IH-CST consists of the following exercises:

1. Creating awareness of the extent of visual field
loss. The therapist presents objects in differ-
ent parts of the visual field (while patients keep
their gaze fixated on a single location).

2. Learning the scanning pattern. The patient is
taught to systematically make the eye move-
ment pattern, being seated and fixating ob-
jects in the desired gaze locations at different
distances. The occupational therapist ob-
serves the eye movements of the patient.

3. Further practice to automate the scanning pat-
tern in a static condition. The patient has to call
out numbers presented on a screen. If num-
bers are named correctly and quickly, it is as-
sumed that the scanning pattern is also per-
formed correctly.

4. Applying the scanning pattern in indoor mobil-

ity conditions. Again, the therapist observes
the patient’s eye movements.

5. Applying the scanning pattern in outdoor
mobility conditions. The scanning pattern is
practiced in different traffic situations out-
side the therapy centre with increasing com-
plexity. Patients walk, cycle or drive a mobil-
ity scooter, depending on their needs.

Studies investigating the effect of eye movement
compensatory strategies, so far, have only com-
pared the performance of participants in certain
tasks, such as visual scanning or detecting obsta-
cles while walking, before and after compensatory
scanning training (Nelles et al., 2001; De Haan et
al.,, 2015). They did not evaluate whether partici-
pants had correctly performed the scanning pattern
during the training exercises. In the practical appli-
cation of IH-CST at Royal Dutch Visio, there is also
no objective measure of the eye movements during
rehabilitation training. Instead, therapists attempt to
gauge the approximate gaze direction of the patient
or judge whether the scanning pattern was correctly
applied based on the behaviour of the patient. As
this procedure is rather subjective and error-prone,
adding eye tracking in the IH-CST training would
provide the patient and the therapist with better in-
sights into the actual scanning patterns made dur-
ing the different exercises. These insights will then
be the basis for better feedback to the patients,
which should in turn improve their progress in visual
rehabilitation.

Secondly, the change in difficulty when transition-
ing from one step to the next in the training proce-
dure can be too large for some people, as it is diffi-
cult to transfer learned perceptual skills to a new
task (Ellison and Walsh, 1998). At present, the train-
ing environment transitions from a rather simple,
static and predictable situation (step 3) to a dynamic
environment (step 4 and 5). Therefore, having inter-
mediate levels of difficulty, complexity and predicta-
bility would ease the transition between these steps.
A possible way to achieve this is by using virtual re-
ality (VR). In VR it is possible to create environ-
ments with increasing complexity, which can be
controlled by the occupational therapist and are
safe by nature (Rizzo, 2005).

An important aspect for successful integration of
eye tracking and VR is that individuals with hemi-
anopia and occupational therapists need to be will-
ing and able to use the devices without external
help.



We therefore want to assess the user experience of
individuals with hemianopia, normal-sighted controls
and the occupational therapists with a mobile eye
tracker (study 1) and a VR headset (study 2) during
different exercises for mobility training. The devices
were tested in exercises that were part of the current
IH-CST protocol. We established a list of require-
ments, which should be fulfilled by the tested devices,
based on the expertise of occupational therapists,
technical staff of Royal Dutch Visio and the authors of
the study. Given this list of requirements we designed
a questionnaire to assess the usability of the devices
(Appendix A and B). The goals of this study are to find
out whether the overall user experience of participants
is sufficiently positive to continue working with these
devices. In addition, we want to establish which criteria
still need improvement based on the feedback of our
participants to make the integration into IH-CST train-
ing possible.

Methods

Questionnaire for both studies

The first part of the questionnaire (part A) consisted of
questions for individuals with hemianopia and normal-
sighted control subjects. The second part (part B) con-
sisted of the questions for occupational therapists.
Each question could be answered by ticking one of four
boxes, which stood for the options: strongly disagree,
somewhat disagree, somewhat agree and strongly
agree. For the analysis, the answers were then con-
verted to a score. This ranged from 1 to 4 if a positive
answer to the question meant that the requirement was
fulfilled. The score ranged from 4 to 1, if a negative an-
swer to the question meant that the requirement was
fulfilled. In addition, participants could comment on
each question in an additional box giving them the op-
portunity to explain their answer and provide details
about problems that occurred.

Study 1) Eye tracking
Participants

Seven individuals with hemianopia (mean age: 53
years, SD 17), who were enrolled in the vision rehabil-
itation program at Royal Dutch Visio in Amsterdam,
and three occupational therapists tested the head
mounted eye tracker. We did not include the normal-
sighted controls in the first study, as the device is in-
tended for usage with individuals with hemianopia. As
the exercises that were performed in this study wer al-
ready established as part of IH-CST training, we knew
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the effect of exposing our participants to these ex-
ercises.

Detailed information about the individuals with
hemianopia who participated in study 1 is provided
in Table 1. All occupational therapists had received
the standard education for their profession in the
Netherlands had several years of professional ex-
perience in visual rehabilitation and they were
trained and highly experienced in providing the IH-
CST.

Materials

We used a head mounted eye tracker (Pupil Labs:
Pupil Core; Kassner, 2014), which field of view hor-
izontally and two eye cameras recording the eye
movements at a sampling rate of 200 Hz. The eye
tracker was connected to a laptop, which had the
Pupil Labs software installed (Pupil Labs, Berlin;
https://github.com/pupil-labs/pupil). The Pupil Labs
software provides an interface through which the
eye tracker can be calibrated, the data can be rec-
orded, and the recordings can be replayed on top of
the video recordings from the world camera.

Procedure

Study 1 was performed at Royal Dutch Visio in Am-
sterdam. The study was approved by the Ethical
Committee of the Psychology department of the
University of Groningen and all participants pro-
vided informed consent. Each participant completed
one, two or three exercises from the IH-CST proto-
col while their eye movements were tracked with a
head mounted eye tracker. Some exercises were
repeated several times during a training session and
eye movements were recorded each time. Partici-
pants were instructed to perform the scan pattern
that they had already learned in previous steps of
IH-CST training. As participants with hemianopia
were clients of Royal Dutch Visio, who were at dif-
ferent stages of their rehabilitation, they only per-
formed exercises that were suitable for their current
training stage. They could be split into three groups:
beginners (2 participants), intermediate (3 partici-
pants) and advanced (2 participants). Beginners
only performed exercise 1, intermediates performed
exercise 1 and 2, and advanced participants per-
formed exercise 1, 2 and 3. Table 1 shows which
participant performed which exercises. The eye
movement datasheet and the movie of the eye
movements projected onto the visual field of the pa-
tients were saved. Individuals with hemianopia and
their occupational therapist watched the video re-
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cordings of the eye movements directly after each ex-
ercise, with one exception where the video recording
was discussed about a week later. The occupational
therapists assessed whether the required scanning
pattern had been performed correctly based on the
video recordings and gave feedback to the individuals
accordingly. Individuals with hemianopia filled out
part A and the occupational therapist, who accompa-
nied them, filled out part B of the questionnaire after
a test session. This means that beginners rated the
eye tracker based on their experience in exercise 1,
intermediates based on their experience in exercise
1 and 2, and advanced participants based on their ex-
perience in all exercises. This is the same for the ther-
apists who accompanied them. We determined the
average score over one questionnaire of each partic-
ipant, as well as the average score over all question-
naires of each participant group (beginners, interme-
diates, advanced and their corresponding occupa-
tional therapists). A score of above 2 out of 4 points
indicates an overall positive user experience. We also
collected the comments that were made by all partic-
ipants about a certain criterion to illustrate which spe-
cific aspects need to be changed to improve the usa-
bility of the mobile eye tracker.

Exercise 1: Applying the scanning pattern in a static
condition

Participants had to call out 30 or 60 numbers pre-
sented on a large screen (2x2 m, viewing distance:
85 height of the numbers: 3cm). They initially fixate a
cross in the centre. Then numbers were displayed at
different locations on the screen. The patient needed
to use the learned scan pattern (without head move-
ments) to see all numbers. Each exercise took on
about 1-3 minutes, the exact time depending on the

reaction times of the participant. Participants wore the
head mounted eye tracker while performing exercise
1, seated in a chair with the laptop, to which the eye
tracker was connected, outside their field of view.

Exercise 2: Applying the scanning pattern in a simple
indoor environment with static obstacles.

Individuals with hemianopia walked along a hallway
of 17 m length and 1.5 to 3 m widths in the therapy
centre, while performing the learned scanning pat-
tern. This exercise can be varied, by introducing ob-
stacles and targets on the walls, that the participant
needs to see. In this study participants performed
the exercise with coloured cards pinned to the
walls, of which they have to report the colour to the
therapist. Individuals with hemianopia performed
this exercise wearing the head mounted eye
tracker, while the occupational therapists accompa-
nied them carrying the laptop, which was connected
to the eye tracker. Individuals with hemianopia were
instructed to perform the scanning pattern while
walking, as they would usually do this exercise dur-
ing the IH-CST. This exercise takes approximately
3 minutes, in which the participant walks along the
hallway in both direction.

Exercise 3: Applying the scanning pattern in outdoor
mobility situations.

Individuals with hemianopia and occupational ther-
apists crossed a road and walked down a footpath,
while the individuals with hemianopia were wearing
the head mounted eye tracker and a backpack with
the laptop was connected to. The individual with
hemianopia was instructed to perform the learned
scanning pattern while walking. All participants

Table 1. Information on participants (individuals with hemianopia) in study 1.

Category Visual field

Beginner Hemianopia on left side
Beginner Hemianopia on left side
Intermediate Hemianopia on left side
Intermediate Hemianopia on right side
Intermediate Hemianopia on right side
Advanced Quadrantanopia upper left
Advanced Hemianopia on right side
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Age Gender Glasses/Lens

63 M OD: S +0.50 OS: S +0.50
20 F OD:S-0.5 0S:S -1

70 M OD: S-6.25 0S: S-5.25
41 M OD: S-4.25 0S: S-4.50
65 M OD: S-2.75 0S:S0

53 M OD: S +1.50 0S: S +1.25
52 M No glasses



crossed the same road and walked along the same
footpaths. As this exercise was performed in public
space, the traffic conditions were not the same for all
participants. Crossing a road once took about 1 min
and walking along a footpath was recorded for 1:40
minutes per recording.

Study 2) Virtual reality

Participants

Six individuals with hemianopia, four normal-sighted
controls (3 male, 1 female, mean age: 48 years, SD:
22 years) tested the VR headset. One occupational
therapist guided them while performing the exercises.
The therapist explained the virtual environment,
which task to perform and guaranteed the safety of
the person wearing the headset, while they moved
within the setup. Detailed information on the individu-
als with hemianopia can be found in Table 2. Normal-
sighted controls were included to test the effect of a
visual field defect on the experience of virtual envi-
ronments. This way we could control for the possibil-
ity that individuals with hemianopia had a negative
experience with VR due to the presence of their visual
field defect. The occupational therapist had received
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the standard education for their profession in the
Netherlands, had several years of professional ex-
perience in visual rehabilitation, and was trained
and highly experienced in providing the IH-CST. In-
dividuals with hemianopia were enrolled in the vi-
sion rehabilitation program at Royal Dutch Visio in
Haren. They had completed different stages of IH-
CST training at the time of the experiment. All par-
ticipants were naive to using a VR headset. The oc-
cupational therapist was involved in planning the
tests and therefore had about 4 months time to fa-
miliarize with the technology.

Materials

The exercises in virtual reality were presented with
a HTC Vive (Manufacturer, City; horizontal visual
field size: 110 degrees, refresh rate: 90 Hz, resolu-
tion: 1080 x 1200 pixels per eye). Two motion sen-
sors (called Vive base stations) tracked the position
of the headset in space by creating infrared pulses
that are detected by the headset. The range of mo-
tion, which that can be tracked, is determined by the
distance between the two sensors. They are there-
fore placed at opposite ends of the setup.

Table 2. Information for participants with hemianopia and normal-sighted controls in Study

2

Visual field defect

Hemianopia on right side
Hemianopia on right side
Hemianopia on right side, sparing at 20 degrees
Hemianopia on right side

Hemianopia on left side with sparing (intact vision in the
foveal region of the visual field)

Bottom right quadrantanopia

Intact

Intact
Intact

Intact

Age Gender Glasses/Lenses

46 M Multifocal, +1,2

70 M Multifocal, +0,8

65 M Multifocal, +1

58 M Multifocal, +1.25

56 F +0.8

65 F Multifocal +1

65 M Glas.sgs (.no further
specification)

27 M Glas'sgs ('no further
specification)

30 M No glasses or lenses

70 F Glasses (no further

specification)
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We used two different setups of the hardware. The
first setup was used while developing the virtual
environments. The second one was used in the fi-
nal experimental session with our participants.

Setup 1: The VR headset was connected to a
laptop that was placed on a table, with a cable of 4
m length. The maximum range of movement of the
person wearing the headset walking in a straight
line was about 4 m. due to the size of the room in
which the experiment was performed. The motion
sensors were placed at either end of the setup,
meaning that they were approximately 4 m apart.

Setup 2: The VR headset was connected to a
PC that was placed on a cart. The motion sensors
were placed about 5.5 m apart. The therapist
moved the cart with the PC so that the range of
movement for the participant was 5.5 m. Virtual en-
vironments were developed by the ‘The Virtual
Dutch Men’ using Unity (https://thevirtualdutch-
men.com).

Procedure

Study 2 was performed at Royal Dutch Visio in Ha-
ren. The study was approved by the Ethical Com-
mittee of the Psychology department of the Univer-
sity of Groningen and all participants provided in-
formed consent. We first met with our VR develop-
ers for two development sessions, where they pre-
sented a first version of the requested virtual envi-
ronments for three different exercises. These first
versions were tested by one individual with hemi-
anopia, an age matched control and authors of the
study. Two of these exercises were further devel-
oped into their final versions and tested in an ex-
perimental session by the participants mentioned
in the ‘participants’ section above. For complete-
ness we will describe all three exercises, including
the first version of exercise 3, which was per-
formed by one individual with hemianopia (70
years) and 3 controls (mean age 43). Individuals
with hemianopia and normal-sighted controls filled
out a questionnaire after each exercise. The occu-
pational therapist filled out one questionnaire for
each exercise at the end of the experimental ses-
sion. We computed the average score that was
given for exercises 1 and 2 of each participant
group (individuals with hemianopia, normal-
sighted controls and the occupational therapist) in
their final versions. We also computed the score
that was given by the individual with hemianopia
and each of the controls given to exercise 3. In ad-
dition, we collected the comments that were made
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by each participant about each exercise to evaluate
how we can improve the exercises in the future.

Exercise 1: Walking along a virtual hallway

Normal-sighted controls and individuals with hemiano-
pia started walking at one end of the virtual hallway and
had to walk to the other end. The view for the partici-
pant when starting this exercise is shown in Figure 1A.
Figure 1B shows the entire hallway from above to get
an overview over the full trajectory (not shown to the
participant). The position of the headset was tracked in
space so that participants perceived motion in VR in
synchrony with their actual motion in the setup. As the
range of motion, that our final setup allowed, was too
short to complete a walk along the entire trajectory of
the hallway, participants turned around after 5.5 m.
While turning around, a black screen was shown and
the virtual environment was turned 180 degrees, so
that the participants continued to walk along a new part
of the hallway.

Three different versions and six scenarios (differing
in the amount of obstacles in the hallway) of a virtual
hallway scenario were developed. Details about these
versions and scenarios can be found in Table 3. Partic-
ipants tested several scenarios of this exercise, de-
pending on how long completing a certain scenario
took. The number of scenarios tested differed between
participants.

Exercise 2: Crossing a virtual street

The exercise started with the participant standing on a
pavement facing a two-lane road. The virtual environ-
ment was scaled in such a way that the participant
walked the same distance in the virtual scenario as in
the real-world setup. This means that they stood on one
end of the setup and walked in a straight line to the
other end of the setup to cross the virtual street, com-
pletely.

Two scenarios of this exercise were implemented.
Crossing the street with or without traffic (see Table 3).
Figure 1C shows the scenario with traffic from above to
give an impression of the virtual environment and the
relative sizes of the objects in it.

Exercise 3: Walking along a pavement

Participants were placed on a pavement, which was sur-
rounded by houses. The pavement was partly blocked
by a construction site. Participants were instructed to
walk past the construction site. Figure 1D shows this en-
vironment from the initial perspective of the participants.
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Table 3. Versions, setups and scenarios per exercise used in virtual reality.

Exercise Scenarios

: Empty hallway with open and closed doors

: Hallway with traffic cones

: Hallway with more traffic cones than in scenario 2

: Hallway with traffic cones, windows and doors

: Different obstacles, like plants, cupboards, bins, traffic cones
: With people, other hallways on the side, windows and doors

Walking along a virtual hallway

: Without traffic or pedestrians
: With traffic and pedestrians

N = O 0 B ODN =

Crossing a road

—

Walking along a pavement : with construction site

Figure 1: (A) Initial view of the participant in exercise 1 (walking along a hallway)
of version 5 of the exercise showing different obstacles, as well as doors, windows
and avatars. (B) View from above in exercise 1 (walking along a hallway) of ver-
sion of the exercise. This figure shows the whole trajectory the participants have
to walk along, while having to turn around every 5 m within the setup. (C) View
from above in exercise 2 (crossing a street) of version 1 of this exercise with traf-
fic, showing an overview over this environment. (D) Initial view of the participant in
exercise 3 (walking along a pavement) showing the pavement with construction
site and surrounding buildings.
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Results
Study 1) Eye tracking
All exercises

The overall feedback for the head mounted eye
tracker was very positive with a mean score of 3.7 +
0.5 given by the beginners, a mean score of 3.8 £ 0.5
given by the intermediates and a mean score of 4 £ 0
given by the advanced individuals with hemianopia.
The corresponding therapist questionnaires gave an
average score of 3.6 £ 0.6, 3.4 + 0.9 and 3.8 + 0.6.
Figure 2 shows the average score and standard de-
viations of each participant.

We identified four main criteria that were most im-
portant for the user experience, based on the com-
ments mentioning them:

1. Usability in mobile situations and outside
2. Usability with glasses

3. Improvement of feedback
4

Being easy to use (no disruption of regular
procedure of therapy session)

Table 4 provides an overview of the comments
made by individuals with hemianopia and occupa-
tional therapists.

Score
nN

—_
T

[l Individuals with hemianopia
[ ]Occupational therapists

Beg.1 Beg.2 Int.1 Int2 Int3 Adv.1 Adv.2

Figure 2: Average score given to the
head-mounted eye tracker by each
participant and their corresponding
occupational therapist. The error bars
represent the standard deviation.
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Study 2) Virtual reality

Exercise 1: Walking along a virtual hallway

The feedback of individuals with hemianopia and
normal-sighted controls was more positive than the
feedback from the occupational therapist for this ex-
ercise.

Individuals with hemianopia rated this exercise
with an average score of 3.9 + 0.5, controls with an
average score of 3.8 + 0.5 and the occupational
therapist with an average score of 2.5 + 1.4. Figure
3 shows the score given by each participant.

The most important challenge in this exercise
was to simulate the movement of the participant
over a distance of several meters in the virtual en-
vironment, which is much longer than the range of
movement in exercise 2. The current setup of the
hardware did not allow for a large enough range of
movement to walk all the way to the other end of
the hallway, although using setup 2 improved it. Our
approach of letting the participants turn around be-
fore continuing along the next section of the hall-
way, was not a good solution as it led to a feeling of
insecurity by participants, when they had to turn
around without visual input. This comment was
made in several questionnaires. An overview over
the comments, which were specifically relevant for
this exercise, is shown in Table 5.

5

4

3 L

o
1] ol
o
wn

2 -

1 F [ERIndividuals with hemianopia
[l Controls
[_JOccupational therapist

O [ [ [R [§ ) T TR |

h1 h2 h3 h4 h5 h6 c1 c2 c3 c4 otl

Figure 3: Average score given to the
virtual hallway scenario by individu-
als with hemianopia, normal sighted
controls and the occupational thera-
pist. The error bars represent the
standard deviation.
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Table 4. Score and comments for the head mounted eye tracker for each criterion evalu-
ated by patients and therapists.

Comments
Criterion
Patients Therapists
Would be better to do the exercise with
tablet (1)
Usability in mobile Would be more comfortable without

Laptop carried in backpack (2)

Calibration can be difficult under varying
luminance conditions(1)

situations and outside  the cable (1)

Uncomfortable to wear with own pair  Calibration can be difficult with

L5 Dillty with glessos of glasses (1) glasses/lenses (2)

Watching the eye movements to give
feedback is a good addition to the
performed exercises (1)

Confirmation that the client is actually
doing the scan rhythm (1)

Have not watched the recording, but
expect it to be good material to reflect
on exercise(1)

Watching the eye movements to give
feedback is a good addition to the
performed exercises (1)

Improvement of
feedback

Need practice to perform setup of device
(1

Eye cameras in the field of view, could
be corrected (1)

Easy to use/ no Laptop cannot be closed; that would
disruption of regular Eye cameras in the field of view, stop recording (1)

procc_edure of therapy could be corrected (3) Battery of the laptop was empty before
gt end of session (1)

In exercise 1 (calling out numbers
presented on a large screen) it is not
possible to watch eye movements and
screen at the same time (1)

Exercise 2: Crossing the street ted that they did not like the aesthetics of the virtual
environment. The occupational therapist rated the

This exercise was rated with 3.9 + 0.5 points by indi- . P :
range of motion as not sufficient in this exercise.

viduals with hemianopia and 3.7 + 0.8 points by nor-
mal-sighted controls. The occupational therapist gave Exercise 3: Wa/king along a pavement
this exercise a mean score of 2.8 + 1.2 points. Figure
4 shows the score and standard deviation of each
participant. An overview over the comments made
about this exercise are shown in Table 6.

The range of motion was sufficient to cross the
road entirely. Several participants (individuals with
hemianopia and normal-sighted controls) commen-

Table 7 shows the comments that were made about
this exercise. Participants had a positive opinion
about this virtual environment. The individual with
hemianopia rated it with a score of 4 £ 0 points and
the normal sighted controls with a score of 3.8 + 0.4
points.
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Table 5. Score and comments on criteria that are specifically important to use the VR headset
for walking along a virtual hallway.

Comments
Criterion
Patients

Turning around a lot is irritating,
would prefer to continue walking (2)

Cables are in the way when turning
therefore | have to remember which

Large range of mobility

way to turn (2)

Safety
5
4 L
3 L
9-.) ——
o
(]
(%]
2 -
1r[E nividal with emnoia
Controls
[ ]Occupational therapist
0 [ 5 i 1 L L
h1 h2 h3 h4 h5 h6 c1 c2 c3 c4 otl
Figure 4: Average score given to the
virtual street-crossing scenario by indi-
viduals with hemianopia, normal
sighted controls and the occupational
therapist. The error bars represent the
standard deviation.
Discussion

The main finding of this study is that the user experi-
ence of individuals with hemianopia and normal-
sighted controls was generally positive for both tested
devices. While the occupational therapists, who eval-
uated the head mounted eye tracker, also reported a
positive user experience the occupational therapist,
who evaluated the virtual reality setup, reported a
more negative experience. Below, we describe our
findings, conclusions and these experiences in more
detail.
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Scenery going blank when turning
leads to problems with balance (1)

Controls

Range of mobility too short for this
exercise (1)

Cable in the setup make it harder to
move in VR (1)

Higher risk of injury than when
exercise is done in actual hallway (1)

Providing feedback by showing replay of eye move-
ments improves the user experience of individuals
with hemianopia and therapists in mobility training.

A positive aspect, noted by individuals with hemiano-
pia and therapists, of using the head mounted eye
tracker during the therapy sessions was that it offers
the possibility to replay the eye movements to give
feedback to the participant. This was seen as a way
to improve therapy progress, as individuals with hem-
ianopia are able to reflect on their own viewing behav-
iour. Moreover, it helps the therapists to explain the
(need for) compensatory strategies. All participants
and therapists saw the recording of the eye move-
ments during the four exercises as a beneficial addi-
tion to the training The device fulfilled most of the re-
quirements of individuals and therapists.

A problematic aspect was the usability with
glasses, as the eye tracker was less precise in track-
ing the pupil when participants were wearing their
glasses, especially under varying luminance condi-
tions. This is a common problem for eye trackers, as
glasses and contact lenses and changes in lumi-
nance distort the image of the eye that is captured by
the eye tracker (Dahlberg, 2010; Fuhl et al., 2016).
The Pupil Labs eye tracker provides a confidence in-
terval of the recorded data, which can be used to
judge the reliability of the recorded eye tracking data.

VR Scenarios

All participants (individuals with hemianopia and nor-
mal-sighted controls) reported a preference for ‘lively’
and ‘realistic’ scenarios in virtual reality. Most partici-
pants thought that adding exercises in virtual reality
would benefit vision rehabilitation therapy. They also
think that if we can add the possibility to replay a re-
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Table 6. Comments on criteria specifically to use the VR headset for crossing a street. The
occupational therapist who tested this exercise did not make any comments.

Comments
Criterion
Patients

Did not feel as safe as when walking in the
hallway: cars were too close to me (1)
Avatars were walking through me (2)
Stood too close to the street (2)

Blue line that marks end of mobility range

Immersive and pleasant
virtual environment
irritating (1)

Cars are too close, too large (1)
Pavement needs to be wider (2)

Controls

Adding sound would be helpful;
horn before collision with car (1)
Blue line that marks end of
mobility range irritating (1)

Cars show up too late in scene (1)
Faces of people do not look
realistic (1)

Table 7. Comments on criteria that are specifically important to use the VR headset for

walking along a pavement.

Comments
Criterion
Patients

Immersive and pleasant
virtual environment

Avoid motion sickness

Moving in VR

cording of the exercise from the point of view of the
participant, which also shows the eye movement be-
haviour, this will improve feedback.

These findings are in line with a study by Ishoel
and Kanstad (2017), who tested different head
mounted VR displays and concluded that VR is a
promising method for vision rehabilitation therapy.
While Ishoel and Kanstad developed a mini game,
which is supposed to support therapy progress, we
attempted to make the current virtual reality scenario
resemble the real-world exercise as much as possi-
ble by letting our participants walk within the setup.
This approach makes it easy for participants to un-
derstand the task and, especially for individuals with
hemianopia, to understand the objective of the exer-
cise and transfer learned skills. It has previously been
shown that using VR to train patients with unilateral
spatial neglect can improve their visual — spatial per-
formance, as well as their ability to cross a real street

Controls

Scenery was a bit too crowded (1)

Scenery stopped moving due to an
error. This led to dizziness (1)

Range of movement too short (1)

(Katz et al., 2005). However, the setup described by
Katz et al. was not immersive and did not require the
participants to move. In a study by lorizzo et al.
(2011) individuals with hemianopia and normal-
sighted controls were presented with an immersive
virtual environment in which they had to detect bas-
ketballs that were presented in the periphery. This
task was performed seated as well as while walking
in an L-shaped path. They found that individuals with
hemianopia had more difficulty detecting targets in
the periphery when walking than the control group.
This finding emphasizes that it is necessary for indi-
viduals with hemianopia to practice eye movements
while walking. Under ideal circumstances, the immer-
sive VR environment that we created can be used
while a large space is available in which the partici-
pats can safely move the required distances. To walk
through the complete virtual hallway at once, the
available real walking distance should be long
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enough, for example the same length as the actual
hallway, in which the exercise is performed. Prefera-
bly, it would be even larger to allow for directional er-
rors. At present, this was technically not feasible as it
would also require that the sensors of the VR headset
had to be placed much further than 5.5 meters apart,
which would have made tracking of the headset im-
possible. In the first version of this exercise, we
tested two options to compensate for this. The first
idea was that one step in reality corresponded to sev-
eral steps in the virtual world. The second idea was
to let the participant continue along a new part of the
hall virtual hallway when they turn around at the end
of the setup. The participant could continue to walk
along the virtual hallway by walking back to the other
side of the room. As the first caused dizziness and
insecurity when walking, the second idea was imple-
mented in the following sessions. Our solution to let
participants turn around after a few meters however
interrupted the flow of the task and this was experi-
enced as irritating by the participants, both the nor-
mal-sighted controls and the individuals with hemian-
opia. Another problem of our current setup 2 was that
the cart with the computer had to be dragged along
next to the participant. In our setup, the power cable
for the computer was often in the way causing prob-
lems to move the cart. Therefore the occupational
therapist was assisted by two people to move the
cart, which is an undesirable solution in an actual
therapy sessions. When turning around at the end of
the setup, the cable of the VR headset was also often
in the way and participants had to be instructed such
that they would only turn around in one direction.

Therefore, to be able to perform these exercises
within a regular training session, the setup will need
to change fundamentally. Despite these difficulties,
the participants and the therapist were of the opinion
that adding VR exercises to the regular training ses-
sions will be beneficial. Instead of using a larger
space, which can be costly or simply not available,
the space issue may also be solved by adding an all-
directional treadmill to the VR setup that will enable
walking longer distances in all directions (e.g.
https://www.virtuix.com). A further way to improve fu-
ture setups is to add eye tracking to the VR exercises,
which is technically feasible by now (e.g. https://pupil-
labs.com/products/vr-ar/).

Limitations

In this study, not all of our participants completed and
evaluated the same exercises. This has some practi-
cal reasons. In study 1 the eye tracker was tested dur-
ing regular training sessions of the participants.
Therefore they only performed exercises that were
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suitable for their current training stage. VR exercise 3
was not included in the final test session, due to time
constraints, meaning that there was too little time for
the developers to continue developing this exercise
and there would also not have been enough time on
the day of testing to let all participants perform another
exercise. We still decided to report the results of the
questionnaire for this exercise here, as the partici-
pants liked the virtual environment and we therefore
plan to continue its development in the future. This
study does not evaluate the benefit in terms of training
progress of adding eye tracking and VR to the current
protocol. This will be the topic of a follow up study. The
results of this study represent the subjective experi-
ences of our participants. In our opinion a positive
user experience is an important aspect for the suc-
cessful integration of these devices in the IH-CST
training.

Conclusion

This study shows that integrating eye tracking and
VR technologies into vision rehabilitation therapy
may positively impact training outcomes. Individu-
als with hemianopia are able to use these technol-
ogies and they consider these helpful additions to
the existing training exercises. Therapists welcome
the additional objective information provided but in-
dicate that VR setups first need to allow for a larger
range of mobility. Moreover, integrating eye track-
ing into the setup could further increase the value
of VR. relevant for this exercise, is shown in Table
5.
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