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ABSTRACT

Most of us do not know how a visually impaired person perceives and acts within the
environment in everyday life. In this context, an experimental study was conducted using a
virtual reality simulation in which sighted people were immersed in low vision situations:
Blurred vision, Tunnel vision, central Scotoma. After a brief familiarization procedure with a
virtual reality tool called “SENSIVISE” which includes a virtual apartment, 24 adults had to
explore two rooms through low vision simulation or full vision (as control group) to identify
their location, and then were instructed to find particular targets. Perception and actions
performances were measured in terms of time needed to answer questions related to visual
perception, and distances between the participants’ body and the screen. The results show that
low vision simulation impairs perception among sighted people. It was expressed by a
statistically significant effect of lower times needed to execute tasks compared to the control
condition. Consequently, the sighted individuals realized how it is difficult to perceive and
move when vision is limited.

1. INTRODUCTION

According to the World Health Organization, visual impairment affects nearly 246 million worldwide,
including 1.7 million in France with congenital or late visual deficiency (Sander et al, 2005). With an aging
population, the number of visually impaired people is growing rapidly due to multiple visual affections such
as age related macular degeneration (AMD). AMD often results in vision loss to the central 15-20 deg. of the
visual field (i.e. central Scotoma), and frequently afflicts both eyes (Cheung & Legge, 2005). Peripheral field
loss (Tunnel vision) is a severe constriction of the peripheral field leaving only the central 5-10 deg. of the
field functional. These forms can present varying degrees, in which the available visual field (central vs.
peripheral visual-field loss), residual visual acuity, level of contrast sensitivity are all factors that play a role
in influencing cognitive performance (Merabet et al., 2005) and behavior in daily life. For example, AMD is
associated with decreased quality of life (Brown et al., 2002) and depression (Rovner & Casten, 2002).

When visually impaired people cannot control their daily interactions with the surrounding world, rupture
with the family, social and professional networks, will operate. If we know that visually impaired persons are
unable to watch the television from a normal viewing distance due to their Blurred vision, the most important
information about their difficulties and needs are still misunderstood. And therefore, providing them
assistance represents a challenge to family or sighted individuals who may lack knowledge about their
relative’s visual impairment and the impact of visual acuity and central or peripheral vision on functional
abilities. But this lack of knowledge leads the family members to overprotection (Ponchillia, 1984).

Otherwise, when family members include vision impairment, the independence feeling of their visually
impaired relatives is enhanced (Cimarolli and Boerner, 2005). In addition, studies on teachers’ attitudes
towards students with disabilities showed a significant impact on the educational experience (Kenny and
Shevlin, 2004).



The use of Virtual Reality (VR) for rehabilitation and learning in the public health domain had already
given positive results (Rizzo et al, 1998; Klinger et al, 2010), notably in the field of visual impairment
(Lahav, 2006; Sanchez and Zuniga, 2006). VR has also been used to enhance awareness of educators or
caregivers about difficulties met by people with disabilities in daily life (Pivik et al, 2002; Klinger et al,
2007; Passig, 2011).

In this global context we developed the SENSIVISE VR-based tool that proposes the simulation of three
graduated visual impairments (central Scotoma, Blurred and Tunnel vision) whose levels have been defined
with professionals of low vision at the Institut des Hauts Thébaudiéres. It allows sighted users to navigate
and interact within a virtual environment (VE) that includes an apartment with several rooms, and to
experiment the difficulties of visually impaired people during activities of daily life. SENSIVISE tool
proposes adaptations of the VE in order to facilitate the understanding of the environment and of the tasks.

The objectives of this study are to examine: 1) the impact of visual impairment simulation on perceptions
in a VE; 2) the relevance of the adaptations of the VE to improve the perceptions.

2. METHOD
2.1  Participants

This study involved 24 sighted participants (12 M and 12F); all volunteers, recruited by a call for volunteers
posted to schools and university library of Laval, France. Their ages ranged between 18 and 74 years (35 +
13.8).

2.2  Material

SENSIVISE is a VR-based application which was designed to inform and raise awareness about low vision.
It simulates the entrance of a building and an apartment with a living room, a bedroom, a bathroom and a
kitchen with a laundry room. All the rooms are equipped with 3D objects and furniture, as in a real
apartment. Thanks to shaders (i.e. a computer program used to calculate rendering effects on graphics
hardware), SENSIVISE proposes the simulation of three visual impairments (scotoma, blurred and tubular
vision) which were chosen by the professionals of the Institute of Hauts Thébaudieres according to their
expertise in low vision. They also defined three levels of difficulty for each impairment: increasing the
blurred aspect, decreasing the size of the tunnel, increasing the size of the scotoma (Figure 1). In order to
improve perception of places and objects, SENSIVISE also proposes environmental adaptation options such
as contrast (e.g. between the walls and the bath), light (e.g. dim light in the bedroom), objects choice (wrong
versus right alarm clock in the bedroom) (Figure 2). Finally, SENSIVISE proposes games such as finding
items and putting them in a correct order. During this VR-based game, participants are asked to collect pair
of objects. The purpose is to show that putting the objects at the right place is very important for visually
impaired people, and that looking for objects can become a difficult activity.

When participants interact with SENSIVISE, at first they choose the type and the level of low vision
simulation thanks to a menu (Figure 1a). Then they walk in the virtual world using the keyboard and the
mouse, and they interact with the objects using the mouse.

Choix de la déficience visuelle
Ty

Blurred vision

Tunnel vision

s

Central scotoma

a) b)

Figure 1: A snapshot of the environment. a) allows to choose form and intensity of low vision
displayed (on the left); and concurrently inform about the selected form (on the right); b)
results of the three simulations; Control condition and Blurred vision on the left and right top
respectively; central Scotoma and Tunnel vision down left and right respectively.
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Lighting adaptation

Figure 2: A snapshot of rooms before and after adaptations; light adjustment in the bedroom;
right top; and contrast in the bathroom, middle; alarm clock adaptation, right down.

2.3 Experimental Design

In order to reach our objectives, four groups were tested corresponding to the control and the three low vision
simulated conditions: blurred vision, central scotoma and tunnel vision. Two-rooms, “the bedroom” and “the
bathroom”, were chosen for the tests according to a predefined scenario. Participants had to follow three
steps: 1) a pre-test, 2) a test and 3) a post-test. In the first step, participants had to answer to a brief
questionnaire (Q1) about how they rated themselves as users of computer (keyboard and mouse) according to
the following definitions: “beginner”, “expert” and “intermediate”; and if they had prior knowledge about
low vision. Then they had to carry out a familiarization procedure with the tool, without any low vision
simulation. The testing phase involved the execution of the scenario in each room, in one of the low vision
conditions, and was followed by a short questionnaire (Q2). The experiment was completed by a third
questionnaire (Q3 post-test) related to self-assessment on the use of the VR-based tool “SENSIVISE” (See
Table 1)

Table 1: The experimental design.

Pre-test Test Post-test
P: Q1 Scenario 1 ‘ P:Q2 Scenario 2 ‘ P:Q2 P:Q3
Landing Room 1 Room 2
LV1 LvV2

Q 1, 2, 3: Questionnaire ; P: Participant ; LV 1, 2 : Low vision condition

2.4 Procedure

SENSIVISE's application was displayed on a 22 inches screen which was located at 35 cm from the edge of
the desk. The participants sat on a chair in front of the screen, with a mouse and a keyboard on the desk. The
evaluator sat behind the participant with a keyboard and a mouse also connected to the application in order to
select conditions and adaptations during the test. In addition, the evaluator used a laptop in order to fill out an
online questionnaire created for this experiment.

18 participants out of 24 experiment each of the three visually impaired conditions in the bedroom and in
the bathroom respectively. Tests were alternated between the participants in order to obtain at the end of the
experiment six individuals in each condition: blurred, central scotoma and tunnel vision. The six remaining



participants followed the same scenario but in a control condition without any simulation of visual
impairment. The test took one hour and each participant was tested individually and only once.

The experiment started with the familiarization step (pre-test) at the first floor of the VE in order to get
familiar with the use of the keyboard to navigate and of the mouse to look up, down and around (i.e. head
movements). Then the test step took place in the apartment, at the entrance of each room (bedroom and
bathroom) in a visual impaired condition. The participant had to follow the predefined scenario which was
enunciated by the evaluator: visual exploration followed by exploration through action while moving inside
the room. During the unfolding of the test, participants had to answer to some questions.

In the visual exploration step, participants had 15 seconds to tell in which room they were (Question 1) by
exploring the space with head movements. If beyond that time participants did not give a right answer, the
evaluator activated adaptations: lighting at first, substituted by contrast if the answer was always bad, and
finally both together.

In the exploration through action step, participants had 60 seconds to perform the requested task while
moving inside the room. In the bedroom, participants had to find the alarm clock that was on a shelf near the
bed (Question 2). Once in front of it, they were asked to read the time (Question 3). If participants were
unable to read the time displayed on the alarm clock, two adaptations were tested: lighting and then another
type of alarm clock. In the bathroom, participants had to navigate to reach the tablet near the sink and to list
all the objects that they perceived on it (Question 2). Adaptations were activated when participants were
unable to see all the objects: color contrasts. Then a game was performed, without time-limitation or
adaptations, in which the participants had to put in order identical objects by clicking on the objects with the
mouse (Question 3).

At the end of each tested room, participants were asked to answer the post-test questionnaire (Q3) about
how they perceived the VE, how they interacted, their feeling about low vision and more generally about
SENSIVISE.

2.5 Data Analysis

Visual and interacting explorations were performed to assess: 1) the impact of visual impairment simulation
on perception; 2) the relevance of the adaptations on perception improvement.

The impact of visual impairment simulation on perception was determined by comparing qualitative and
quantitative parameters between low vision conditions and control condition. These parameters include:
responses to questions, time of response measured with a chronometer, or behavior assessed by the distance
between the participant and the screen. Except for the game, response time was collected only for the good
answers (less than or equal to 15 seconds or 60 seconds respectively for the visual exploration and for
exploration through action). The time of response was the time elapsed between the end of the formulated
question by the assessor and the response made by the participant. The statistical analyses were done using a
non-parametric method of Kruskal-Wallis and the significant difference between conditions was analyzed
using the Wilcoxon test.

3. RESULTS

Results presented in this section were collected among 24 subjects, 6 in each tested condition (control,
blurred vision, tunnel vision, central scotoma). Data from the two sessions for each low vision condition were
compared to the control condition. As visual exploration is common to both tested-rooms, data were
analyzed in the same part. Data from exploration through action are presented separately for the bedroom and
for the bathroom.

According to Questionnaire 1, 75% of the participants consider themselves as expert users of computer
(keyboard and mouse) and 50% declared to be familiar with low vision in a general way.

3.1  Impact of Visual Impairment Simulation on Perception

3.1.1 Visual exploration. Individual performance was documented by the number of good answers and the
times needed by the participants to answer questions related to the visual exploration session. These data
were recorded and analyzed for each study group (Table 2). In the bedroom, all participants of the four
groups were able to give the right answer. Participants from the tunnel vision group were the longest to
answer. In the bathroom, only three subjects of the blurred vision group gave good answers against 6 in the
other groups.



The Kruskal Wallis test comparisons between the control condition with each of the low vision conditions
revealed a statistically significant effects (p vawe = 0.012). A post-hoc analysis realized by the Wilcoxon test
revealed that this statistically significant effect concern only the participants from the tunnel vision group (T)
in the bedroom (W= 3, p vae= 0.009) and participants from the blurred (W= 0, p vae= 0.016) and tunnel
vision (W= 0, p vae= 0.003) groups in the bathroom (See table 2).

The distance between the participant and the screen was also analyzed (Figure 3, in the bathroom).
Compared to the participants from the control condition, participants from blurred vision and central scotoma
condition were closer to the screen. The Wilcoxon test revealed a significant difference between participants
from the control and blurred vision conditions (W=33, p vae= 0.013).

Table 2: Means, Standard deviations, and test of Wilcoxon values (w and p) on the recorded
data for participants in low vision simulated conditions and controls

6 individuals in each condition Control condition Blurred vision central?coloma Tunnel vision
(C) (B) (S) (M)

Meanage 29383 36.2x11.6 45.227.8 32.8+21.1
Number of good answers 6/6 6/6 6/6 6/6

In the Bedroom | Mean Time duration (Seconds) 10 1.8+1.2 1.841.2 7352
Significant difference =3 pvuu=0.009*
Meanage 29.3+83 42.2+20.5 30.5+133 41.5%6.1
Number of good answers 6/6 3/6 6/6 6/6

Inthe Bathroom | Mean Time duration (szconds) 1.1=04 10.6=5.1 18220 8.5=5.2
Significant difference =0  Pvane~=0.016* =0  pvaw.=0.003%

*p < 0.05. significant difference between the control and the low vision group. using the non parametric Wilcoxon test.

Visual exploration in the bathroom
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Figure 3: Mean distances and standard deviations for each group: Control condition ( C ),
Blurred vision ( B ), Central scotoma ( S ), Tunnel vision ( T)

3.1.2 Exploration Through Action.

A — In the bedroom. Participants were asked to reach the alarm clock by walking through the VE in one of the
selected conditions. All participants from control and blurred vision condition reach the alarm clock, against
five participants from the central scotoma and tunnel vision groups (Table 3). The Wilcoxon test revealed
significant differences between participants from the control and the blurred groups and between the control
and the central scotoma groups. Participants from the blurred vision and central scotorma group were longest
to reach the alarm clock compared to the other groups.

In order to perform the next step of the procedure, the two participants who failed to reach the alarm
clock belonging to the central scotoma and the tunnel vision groups were placed in front of the alarm clock
after 60 seconds. All participants were asked to read the time on the clock. The results showed that, in case of
low vision condition, only two participants, belonging to the tunnel vision group, were able to tell the exact
time displayed on the alarm clock.



B - In the bathroom. Participants were asked to reach the tablet near the sink to list all the objects they
perceived. Participants had to list nine objects, perceived by the control group. Results show that none of the
participants from the low vision groups was able to list them in full (Table 4). Comparisons between the
control group and each low vision group revealed a statistical significant with Wilcoxon test (W= 36, p vaue=
0.002%).

Table 3: Number of good answers and Mean times (seconds) with the Wilcoxon values.

Yt Bodvoein Control condition Blurred vision central Scotoma Tunnel vision
(C) (B) (S) (T)
Number of good answers 6/6 6/6 5/6 5/6
Mean Time duration (seconds) 8§.3+3.67 27.3+22.1 50.8+13.1 21.6+21.14
Significant difference =55 praw=0046% | =0 pyg.=0.0068*

*p < 0.05. significant difference between the control and the low vision group. using the non-parametric Wilcoxon

Table 4: Mean number of items found and standard deviation.

Inthe Bathroom Control condition Blurred vision central Scotoma Tunnel vision
(€) (B) (S) (T)
Mean Number of items found 9.0+0.0 3.8+1.47 3.342.25 4.6=1.21

3.1.3 The game. During this step in the bathroom, participants had to put in order 5 pairs of identical objects
by clicking on the objects with the mouse. Data from the game performed by each participant from the low
vision conditions were compared to the control condition.

The Wilcoxon test gives significant differences between the control group and each low vision group (see
table 5). All participants from the three low vision groups took more time to find and arrange the objects than
participants from control group, especially participants from the blurred group and from the tunnel group.
The distribution of these times duration is shown on figure 4.

Table 5: Mean time and standard deviation, recorded from the game in each test condition.
Wilcoxon values

Inthe Bathroom Control condition Blurred vision central Scotoma Tunnel vision
<) (B) (S) (T)
Mean time duration (seconds) 62.33=32.18 239.66=146.34 195£87.28 34329048
Significant difference =10 puan.=0.004* =05 puaw=0006% | #=00 pvy,=0.002*%

Game in the bathroom

200
1

Time duration to answer (seconds)

100
1

Displayed conditions on screen

Figure 4: The game performance: Distribution of time duration to answer in each group:
Control condition ( C ), Blurred vision ( B ), Central scotoma ( S ), Tunnel vision ( T )



3.2 Relevance of Adaptations

In order to attempt to improve perception, adaptations of the VE were proposed to the participants who failed
to give good answers. The adaptations were introduced one by one and then combined. During visual
exploration, reducing lighting was sufficient to help the three participants from the blurred group who failed
to give good answers when they had to recognize the bathroom.

During exploration through action,

= In the bedroom, with a dim light or a digital clock none participant was able to read the time in blurred
vision or central scotoma. Contrariwise, 3 out of the 4 participants who were not able to read the time,
succeeded after changing the clock. And then, the combination of the two adaptations helped the only
person who failed in the group to read time.

= |n the bathroom, adding contrast helped two participants from the blurred vision group and one
participant from each central scotoma and tunnel vision groups to find all items. In addition, light and
contrast together allowed two participants from the tunnel vision group to list all the items.

3.3 Perception and Navigation in SENSIVISE

During the post-test, each participant had to evaluate in a graduate scale how he perceived the VE for each
low vision condition. Except for the control condition group, all participants reported a very bad perception
and this in the two rooms tested. And finally, in another graduate scale how they rated the navigation in
SENSIVISE application; results are proposed in Figure 5.

Assessment of the usability

Moderately

Viery Difficult

Very Easy

Figure 5: Usability assessment of the SENSIVISE application for all participants

4. DISCUSSION

According to the study results, perceiving a VE in low vision condition is not easy. Although almost all
participants answered well the questions about visual exploration, times were longer for participants in the
low vision conditions compared to control condition. It seems that in the case of a global view, when vision
is blurred or when the peripheral visual field is limited, as in a tunnel vision, the observation times are longer
and participants tend to be closer to the screen in particular with blurred vision. Moreover, when the task
requires vision for detail, times are longer with central scotoma vision compared to the other groups. Studies
in this direction have shown that persons with central field loss have reduced acuity and contrast sensitivity,
and read quite slowly (Legge et al., 1992).

The questionnaires chosen for this test were related to the SENSIVISE environment but also to the real
needs of people with low vision in terms of lighting and contrast. Indeed, contrast sensitivity is crucial to
many human visual activities including reading, object recognition and mobility. Studies have shown that
reductions in contrast sensitivity (rather than visual acuity) are related to instability and falls in the elderly
(Turano et al, 1994; Lord et al, 1991, 2000; Buckley et al, 2005). In addition, contrast adaptation studies
using both behavioral and neurophysiological methods support the view that the adaptation produces a
functional benefit by enhancing contrast sensitivity around the adapting contrast (Gardner et al., 2005).

The adjustments of light and contrast proposed in our study helped some participants from low vision
conditions to give good answers. Moreover, the digital clock as presented here in SENSIVISE only helped
people with tunnel vision. Many models of alarm clock exist in SENSIVISE, but to compare our results with
another experiment that is underway, this alarm clock was chosen.



At the end of the test, all participants stated that they had a great difficulty to distinguish shapes and
objects and thus to reach the requested objectives, and felt lucky to see much better without low vision
simulation. For the usability aspect of SENSIVISE, 4.16% of those tested reported having trouble using the
keyboard and mouse to navigate in the VE.

As a result, the impact of the visual impairment of perceptions in a VE was achieved. However, the
relevance of adaptations was not huge in this test and is currently tested in the context of visual impairment
with visually impaired persons.

Information collected through SENSIVISE about how low vision can affect our cognitive abilities and
our reaction times may help the sighted people to adopt a best attitude towards the visually impaired persons.
Our future aim is to provide the SENSIVISE application for educational institutions and free internet access
to inform about low vision and therefore increase the well being of all.

5. CONCLUSION

SENSIVISE is a VR-based application that was created to raise awareness about low vision, by providing
information on some forms of visual impairment and on their impact on everyday tasks. Through this study,
all participants understood the effort of perception and the difficulties of action met when their vision was
impaired. This study allowed us also to know the limits of the proposed adaptations of the VE for certain
forms of visual impairment simulation. In future work, we will try to find out if the behavior of visually
impaired persons interacting with SENSIVISE (in normal vision condition) is similar to that of sighted
people interacting in impaired vision condition.
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