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Abstract—This article describes a novel add-on for powered
wheelchairs that is composed of a gaze-driven control system
and a navigation support system. The add-on was tested by
three users. All of the users were individuals with severe dis-
abilities and no possibility of moving independently. The sys-
tem is an add-on to a standard power wheelchair and can be
customized for different levels of support according to the cog-
nitive level, motor control, perceptual skills, and specific needs
of the user. The primary aim of this study was to test the func-
tionality and safety of the system in the user’s home environ-
ment. The secondary aim was to evaluate whether access to a
gaze-driven powered wheelchair with navigation support is
perceived as meaningful in terms of independence and partici-
pation. The results show that the system has the potential to
provide safe, independent indoor mobility and that the users
perceive doing so as fun, meaningful, and a way to reduce
dependency on others. Independent mobility has numerous
benefits in addition to psychological and emotional well-being.
By observing users’ actions, caregivers and healthcare profes-
sionals can assess the individual’s capabilities, which was not
previously possible. Rehabilitation can be better adapted to the
individual’s specific needs, and driving a wheelchair indepen-
dently can be a valuable, motivating training tool.

Key words: assistive devices, assistive robotics, assistive tech-
nology, cognitive impairment, disabled persons, eye movement,
eye-tracking, gaze control, intelligent wheelchair, navigation sup-
port, neurological disorders, path-following, physical impair-
ment, powered wheelchair, rehabilitation, smart wheelchair, user
experience, user involvement.
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INTRODUCTION

Individuals with severe disabilities, including combi-
nations of physical, cognitive, communicative, and percep-
tual impairments, have little or no opportunity to express
their own wishes, make choices, or move independently.
This user group, such as individuals with severe develop-
mental disabilities, acquired brain injuries, and other
neurological impairments, depends totally on others for
assistance with all forms of mobility. It is difficult or
impossible to clinically evaluate cognitive and perceptual
capabilities in individuals who lack voluntary motor con-
trol and have severe limitations in terms of expressive
communication [1]. There is a risk of misguided expecta-
tions and inappropriate habilitation and/or rehabilitation
methods; this can result in suboptimal levels of autonomy
and independence, which are important factors for a good
quality of life [2-3]. Improvements in mobility, pain and
discomfort, and quality of life have been shown when peo-
ple with severe physically disabilities have been provided
with an appropriate electric-powered indoor and outdoor
chair [3].

Abbreviation: ALP = accelerated learning program.
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Some of these individuals might benefit from adap-
tive switches if they cannot control their powered wheel-
chair with a standard joystick; examples include button
control, head control, breath control, and speech control
[4-5]. Although a number of studies have applied eye-
tracking, or gaze-driven, control, only a few have focused
on eye-tracking for wheelchair maneuvering [4,6]. None
of these research systems have been designed in such a
way that makes it possible for our intended user group,
with limitations in terms of motor control and cognitive
functioning, to maneuver the systems. All of the previous
systems have demanded a level of understanding and
abstract thinking, often in addition to some degree of
motor control.

A few systems for gaze-driven control of powered
wheelchairs are commercially available [5]. These sys-
tems require users to have the cognitive and perceptual
capabilities needed to evaluate and react to the environ-
ment and voluntary motor control to use two different
switches and/or interfaces.” The Rolltalk system requires
two voluntary motor actions—one to control a dead man’s
safety switch and one for gaze-driven control. The cogni-
tive demands are also relatively high with the Rolltalk
system because it requires users to shift their focus and
have a higher level of abstract understanding and percep-
tual skills; they need to gaze down to control the wheel-
chair and gaze up to analyze the environment. The EyeGo
system (EyeGo AB; Karlstad, Sweden) is designed to be
more intuitive and enable independent mobility for users
with severe cognitive impairments. It can be operated
using only voluntary control of eye movements. Thus,
even though the Rolltalk and EyeGo systems can be fitted
on the same wheelchair, their intended user groups are not
the same.

A smart wheelchair is a powered wheelchair that has
additional functionality [7], such as obstacle detection,
line-following, wall-following, docking, and door pas-
sage. Many new systems are currently being developed
for powered wheelchairs [2,8-9]. To date, testing with the
intended user group has been limited and conducted in
laboratory settings. Although a few commercially avail-
able systems have a line-following function for powered
wheelchairs, most have both technical and practical limi-
tations. They are often designed for a specific manufac-

“For example, Rolltalk system (Abilia AB; Sollentuna, Sweden):
http://www.rolltalk.com/userfiles/46188/Freedom_of_speech.pdf

turer, which limits the possible variety of wheelchairs and
adaptations [5].T The number of people who could benefit
from a smart wheelchair is large and growing [10-11].

Clinical experience with existing systems has shown
that using systems with simple on-off functionality in order
to move freely and safely in a secure environment leads to
many positive developments in people with cognitive dis-
abilities [12-13]. This occurs in several different areas,
including body and environment awareness, social interac-
tion, communication, and concentration. The ability to
move and explore independently is motivating and facili-
tates learning. Many individuals develop skills for increas-
ingly complex tasks, such as controlling the direction of a
wheelchair with increasing levels of independence. By
observing the individual’s actions when driving indepen-
dently, families and staff can obtain invaluable information
about the individual’s skills, interests, and personality.
Studies have shown that, among individuals with severe or
profound developmental disabilities, the opportunity to
make choices in a daily context can reduce inappropriate
behavior, increase appropriate behavior, and help identify
individual preferences and reinforce stimuli [14].

EyeGo System

We have previously developed a prototype for gaze-
driven control of powered wheelchairs or other moving
platforms. This system consists of an interface for gaze-
control, a navigation support system that detects and reacts
to reflective tape for safe maneuvering, and a junction box
that connects to the wheelchair. The development of that
system and results from laboratory tests with individuals
from the intended user group are described elsewhere [15].
The system can be adapted and fitted to the user’s current
equipment. Thus, it is an add-on to a standard power
wheelchair, which creates a smart wheelchair that can be
customized for different levels of support according to the
cognitive level, motor control, perceptual skills, and spe-
cific needs of the intended user. Individuals with severe
and/or multiple disabilities can use the support system to
safely steer an electric wheelchair in a controlled indoor
environment using just their eye movements. The support
system’s first safety function is tape avoidance, which can
be adapted to the individual’s needs. The second function

TFor example, Smart Wheelchair and Smart Box (Smile Rehab Ltd;
Berkshire, United Kingdom): http://www.smilerehab.com/smart-

wheelchair.php
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is problem-solving to reduce stress and cognitive demand
for the user. Specifically, when the sensors identify the
tape, the wheelchair automatically backs and turns away
from the tape. Therefore, if a user opts to continue driving
straight ahead upon reaching a boundary tape, the wheel-
chair will turn and continue in a safe direction. To ensure
user safety, we conducted a risk analysis based on the rec-
ommendations highlighted in Bates et al. [16], which con-
tains reviews of all previous gaze-drive mobility systems.
Our priority has been to develop and test a system that fills
users’ basic needs to move safely in their own home and
can be economically feasible in the near future. Individuals
belonging to the intended user group have been involved
in the entire development process.

The system consists of three components: a gaze-
driven user interface, an intelligent junction box, and a nav-
igation support system. These components are described
briefly next.

Gaze-Driven User Interface

In order for the user to be able to steer and control the
powered wheelchair with eye movements, an image of
the room is shown on the computer screen. A small cam-
era provides this image. Therefore, the user interface
essentially comprises a live image of the surroundings in
front of the wheelchair, upon which directional arrows
are superimposed. In order to reduce the demands on
gaze precision, the directional arrows are positioned in
the center of a larger active area. The function of the
arrow is to show the direction and to draw the user’s
attention to the center of the active area. When the user
focuses within a particular directional area, the arrow is
illuminated with the surrounding part of the active area
and a signal that corresponds to a joystick command is
sent to the wheelchair. The live image with the superim-
posed directional arrows provides an intuitive and easily
understandable means of steering the wheelchair or plat-
form. In order to facilitate the varying capabilities of the
users, there are three options for level of control in the
user interface; these options allow users to direct the
wheelchair in six directions, four directions, or one direc-
tion (the single direction option requires the support sys-
tem). Figure 1 shows the user interface with the four-
direction option selected. Here, the user focuses on the
arrow pointing forward. Furthermore, the user interface
settings include options to take into account the presence
of microsaccades (small, normal, involuntary eye move-
ments). The Frozen Gaze function stops the wheelchair
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Figure 1.
User interface with live image of surroundings and four direc-

tional arrows. Note that forward arrow is activated.

when no saccades are detected within a set time. This
function avoids the risk of an involuntary fixated stare (or
eye-tracking malfunction) being interpreted as a volun-
tary command and also enables users to stop the move-
ment of the wheelchair at any point in time by simply
closing their eyes. The Delay function can be adjusted
to filter out fixations due to involuntary head and eye
movements.

Intelligent Junction Box

The user interface is connected to the junction box,
which acquires direction commands from the user and
sensor information from the optional support system. A
microcontroller makes decisions in real-time and sends
direction commands to the powered wheelchair through
the joystick port. The wheelchair recognizes the junction
box as a regular joystick. The junction box is compatible
with all wheelchair systems that utilize the R-net system
(PG Drives Technology; Anaheim, California), such as
Invacare (Elyria, Ohio) and Permobil (Lebanon, Tennes-
see), and can also be used with any wheelchair that can
be fitted with simple 1- to 4-button input devices.

Navigation Support System

The support system is an optical line navigation sys-
tem. When installed, the power wheelchair detects and
avoids reflective tape attached to the floor (Figure 2).
When a line is detected, the EyeGo system briefly takes
control and aids the user by maneuvering the wheelchair
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Figure 2.
Navigation support system mounted on powered wheelchair.

into a possible route forward. This reduces the cognitive
perceptual demands. The advantage of avoiding the tape
instead of following it (as line-following robots do) is
that it allows for greater flexibility. In its most supportive
setup, the wheelchair follows a designated pathway (Fig-
ure 3(a)). The combination of path-following and the
one-direction user interface option means that even indi-
viduals with severe cognitive and perceptual impairments
can drive the wheelchair independently and safely. All
the user has to do is to look at the screen and the wheel-
chair will drive along the designated path. The Boundary
Drive function enables users with a higher level of cogni-
tive functioning to steer the chair with the four-direction
interface option in any direction, but only within a pre-
defined area. The Boundary Drive function can also be
combined with path-following so that the boundary is
made into a path in more restricted areas such as hall-
ways or door openings (Figure 3(b)). During such a
setup, the user is free to drive in any direction in the open
space but will only have to steer straight ahead to navi-
gate through areas such as hallways and door openings.
Finally, high-functioning users who are able to drive the
wheelchair without any support can still benefit from
assistance during difficult passages such as door open-
ings (Figure 3(c)).

METHODS

This study was approved and partially funded by the
Research and Development Department of the County
Council of Varmland responsible for healthcare services.
The Regional Ethical Review Board of Uppsala, Sweden
(registration number 2010/377) granted ethical approval

(@)
(b)
(c)
D
Figure 3.

Three examples of different levels of support offered by EyeGo
system (boundaries of gray areas correspond with placement of
reflective tape). (a) Path-following. (b) Boundary drive com-
bined with path-following. (c) Free drive combined with assis-
tance in doorway.
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for the study. Furthermore, each system has been con-
structed and registered according to the Swedish regula-
tions for a special adapted product.

The objective of the study was to answer the follow-
ing research questions:

1. Can the EyeGo system be customized to functionally
meet varied needs depending on the user’s cognitive
level, perceptual capacity, and control of eye move-
ments?

2. Is the EyeGo system safe and easy to understand and
manage, both for users and caregivers?

3. Does using the gaze-driven power wheelchair increase
the level of independent movement, communication,
and participation in daily activities for individuals with
severe impairments?

We used a qualitative case study method. The data
collected concern the users’ and their caregivers’ needs,
ideas, responses to the system’s functionality, and signifi-
cance for the user. Written consent forms were collected
from all participants.

Study Participants

Three adults with severe motor impairment and two
caregivers for each user were recruited. Study partici-
pants were recruited and chosen by the primary investi-
gator’s colleagues, physiotherapists, and occupational
therapists working with the intended user group. All par-
ticipants lived in their own homes and received extensive
personal assistance. The users were considered represen-
tative of the spectrum of needs of the intended user
group. The three users had different diagnoses: multiple
sclerosis, Duchenne muscular dystrophy, and locked-in
syndrome.

The participants’ control of their voluntary movement
was extremely limited, energy-demanding, and nonfunc-
tional. All users required extensive adapted seating and
head support. Communication, cognitive, and perceptual
skill levels varied. All users were totally dependent on
caregivers for all position changes, mobility, nursing care,
and activities of daily living. Two of the study participants
had previously been able to control their powered wheel-
chairs but had lost that capacity as their impairments pro-
gressed. Neither of them had driven independently for
at least 3 yr because currently available control systems
do not meet their needs. The number of participants was
limited to three in order to minimize risks in this develop-
ment phase. Gaze-driven control was evaluated as the
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only possibility for independent control for all three
participants.

There were two inclusion criteria. First, users had to
be able to understand verbal information about the
wheelchair’s functions and have two caregivers who
knew the participant well. Second, the participants’ care-
givers had to have their employer’s permission to partici-
pate in the study. Assessment of whether the inclusion
criteria were met was made by the primary clinical inves-
tigator in consultation with the participant’s network
(family, caregivers, and habilitation and/or rehabilitation
professionals).

Exclusion criteria were individuals who had severe
cognitive impairments, for which the learning process is
often long and highly dependent on a predictable and
consistent response from staff and adaptive equipment.

Phase 1

Each of the representatives of the user group, together
with their caregivers, were informed and instructed in the
functions of the gaze-driven interface and support system.
Each caregiver then test-drove the system, both with gaze-
driven control and caregiver operation mode, in a con-
trolled indoor environment. This was followed by the user
test. Each participant tested all of the support system’s
functions, i.e., free navigation, path-following, and Bound-
ary Drive function.

User training continued in a controlled clinical setting.
The primary clinical investigator, in consultation with the
participant’s network, decided which functional control
mode was appropriate. Adaptations concerning seating and
eye-tracker positions were also adjusted as needed.
Responsible caregivers participated in each test session
and gradually took responsibility for training sessions in
the controlled clinical setting under the supervision of the
clinical investigators. In two cases, the EyeGo system was
mounted on the user’s own powered wheelchair, and in
one case, it was mounted on a borrowed wheelchair. The
clinical investigation team, the users, and their caregivers
evaluated when the training situation was moved to the
home environment. This decision was based on the capac-
ity of the participants and their caregivers to safely manage
the system. Thus, this was a collaborative decision based
on the confidence of the responsible caregiver, research
team, and user. The structure, duration, and total number of
training situations were adapted to the individual needs of
each user.
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Before the study, each user, together with his or her
caregivers, provided background information with a brief
description of the individual’s relevant limitations and
skills in the areas of communication, motor control,
mobility, perception, and health issues.

An interview guide and observation protocol devel-
oped by the clinical investigators was used after the test
and training passes in the laboratory situation. The obser-
vation protocol was inspired by Nilsson and Eklund [17].
The primary clinical investigator carried out and summa-
rized the interviews. Video recording of training sessions
was often performed in the laboratory setting. All study
participants (users and caregivers) were interviewed
about the system’s functions, their experiences, and pos-
sible problems and suggestions for improvements.

Phase 2

The users’ caregivers were in charge of testing in the
home environment. Before the testing, the investigation
team evaluated the home environment, applied necessary
taped boundaries for two of the users, and ensured the
caregivers’ capability. Telephone contact from study par-
ticipants was encouraged, and they were contacted peri-
odically for the purpose of follow-up, problem-solving,
and support. All contact was documented.

Standardized forms were used to describe the partici-
pant’s capabilities in the area of mobility and communica-
tion, both before and after the home test period. These
templates are inspired by Brandt et al. [18]. Caregivers
were also asked to fill in the observation protocol each
time they test-drove the system. This was completed with
varying degrees of vigilance, and some of the written
material was misplaced by one of the caregivers. A sum-
marizing interview was conducted with each participant.
All written documentation was presented to and approved
by the study participants. As a safety precaution, every
test for all participants was conducted under the supervi-
sion of a responsible caregiver with a remote stop control.

RESULTS

Can EyeGo System be Customized to Functionally Meet
Varying Needs Depending on User’s Cognitive Level,
Perceptual Capacity, and Control of Eye Movements?
All users initially tested a variety of interfaces and lev-
els of support. The interface design and level of support
was then chosen for each user. Two of the users also needed

the navigation support system with varying degrees of free-
dom of movement. Figure 4 shows an example of a user
testing the navigation support system in his home. Table 1
includes information on the number of tests and the envi-
ronment, the interface design, and the level of support for
each user. All three users were able to independently con-
trol and maneuver a powered wheelchair using the EyeGo
system with gaze-control. None of the users had or have the
ability to move independently with their own present
wheelchairs.

Is EyeGo System Safe and Easy to Understand and
Manage for User and Assisting Caregivers?

All caregivers responded that the verbal and written
instructions were easy to understand. The software was
perceived as easy to learn. Depending on the caregivers’
own interest and experience with technical devices, the
users needed to operate the system independently without
support between two and six times before feeling secure.
During initial testing of the system, incidents occurred in
which the wheelchair crossed the taped boundaries; con-
sequently, a remote stop control was used at all times
throughout the study. Adverse effects were documented

Figure 4.
Study participant (male, age: 61 yr) testing system in his home.
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Table 1.
Study participants: number of tests, user interface, and level of support.

WASTLUND et al. Evaluating gaze-driven power wheelchair

User (Sex & Test Environment
Age, yr) (No. of Tests)

GUI Level of Support

Female (70) Laboratory (4), home (1).

Male (61) Laboratory (7), home (80).

Four directional transparent fields over
front-view video of environment.

Initial test: Single switch (on/off)
function. Home test: Four direc-

Infrared sensor support system with
combination of path-following and
boundary drive.

Support system with combination of
path-following and boundary drive.

tional transparent fields over front-
view video of environment.

Male (35) Laboratory (4), home (7), sports

hall (2), grocery store (1).

Initial test: Four directional transpar-
ent fields. Home test: Six direc-

Free navigation (no support system).

tional transparent fields over front-
view video of environment.

GUI = graphical user interface.

and analyzed, and the EyeGo system was developed to
ensure safety. Two major factors caused boundary cross-
ing. The first factor was system architecture. Initially, the
robotics software was running in the eye-tracker—enabled
personal computer, resulting in loss of input and output
signals during excessive central processing unit loads,
which essentially made the system “blind.” In response,
the robotics software was moved to a microcontroller fit-
ted into the EyeGo junction box. The second factor was
related to varying wheelchair weight and deceleration
speed, which necessitated software adaptation. Caregiv-
ers evaluated the most difficult part of starting up the sys-
tem to be the mechanical placement of the eye-tracker in
order to obtain an optimal calibration. Daily adaptations
to seating and head support needs were also critical for
optional function and comfort.

Does Level of Independent Movement, Communication,
and Participation in Daily Activities Increase for
Individuals with Severe Impairments by Using
Gaze-Driven Power Wheelchair?

In order to assess the users’ expectations and how
well they were met, as well as the effect that the EyeGo
system had on their ability to move, we assessed some of
the items from the standardized forms. The results show
that the EyeGo system surpassed the expectations of the
study participants (Table 2).

The change in level of mobility capacity was dramatic
for all three users, from totally dependent to independent
indoors (in two cases with support). Figure 5 shows one
user driving independently and making his own choices.

One participant (female, age: 70 yr) chose to discontinue
the study due to health deterioration before the extended
test in her home environment. An improved level of com-
munication was achieved for the user who otherwise has
no effective expressive communication. A higher level of
participation with increased independence and freedom to
make choices was apparent for the two users who com-
pleted phase 2. Table 3 provides a description of mobility
capability with and without the tested system and each of
the user’s subjective comments.

DISCUSSION

The primary aim of this study was to test functional-
ity and safety of the system in the user’s home environ-
ment. The secondary aim was to evaluate whether access
to a gaze-driven powered wheelchair with navigation
support is perceived as a meaningful improvement in
independence and participation. The results show that,
for the intended user group, the system has the potential
to provide safe, independent indoor mobility and that
doing so is perceived as fun and meaningful and reduces
dependency on others.

Each user has contributed in many ways to the under-
standing of his or her needs and the development of the
system. It is not possible for individuals without disabili-
ties to simulate or prioritize their unique needs. The gaze-
driven user interface was evaluated by all users as being
intuitive and easy and quick to learn. This is attributed to
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Table 2.
Some study participant responses to items on standardized form.

User (Sex & Age, yr)
Male (61)

Wife: “Primarily as a com-
munications aid. He can
move away from us if he
wants to be alone or if he
decides to do something
else.”

Better than | expected

Question
Female (70)

“l can drive myself when |
want to watch TV or to
the kitchen when I’'m
hungry. 1t would be nice
to just look around my
apartment.”

Did not complete survey

Male (35)

“l can go where | want to by
myself. It has been a long
time, almost three years,
since | could drive my
wheelchair myself.”

What expectations do you have for the
EyeGo system? (Response scale:
open)

How have your expectations been ful-
filled? (Response scale: 5-point scale
from “Much better than | expected”
to “Much less than | expected.”)

How much help do you need from
another person to move between
rooms? (Response scale: 5-point scale
from “No help” to “Total help.”)

With Own Assistive Aids
Using EyeGo System
Comments

Better than | expected

Total help
Did not complete survey

According to observa-
tions, she drove with lit-
tle help between rooms.

Did not complete survey

Total help Total help
No help/little help No help

Sometimes in need of a lit- —
tle assistance.

What significance has access to the EyeGo
system had for your ability to participate
in different activities? (Response scale:
5-point scale from “Great significance”
to “No significance.”)

Large significance Some significance (in a
follow-up interview, user
attributed this to small

size of his apartment)

the multimodal reinforcing stimuli: visual with directional
arrow activation and mobile environmental camera and
physical movement of the chair.

The system, as tested in this study with gaze-driven
control, fulfilled criteria regarding functionality and
safety. Numerous studies have documented the positive
benefits of involving intended users in the development
process [19]. For the present study and development
work, the extensive user testing and feedback has been
invaluable. Many factors are critical to successfully
matching the system with the user. Caregivers and health-
care professionals are essential for identifying the most
suitable design and adaptation needs for each individual
user. This regards issues such as the level of support, user
interface, seating support, and placement of the eye-

tracker. A training period with support for both users and
caregivers is essential, as is follow-up. The motivation of
both the users and caregivers depends on the balance

Figure 5.
Study participant (male, age: 35 yr) trying out EyeGo system in
grocery store.
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between demands and degree of freedom corresponding
with the users’ abilities.

All three participants expressed that they would like to
continue their involvement in future development work.
They also expressed a need and desire for further product
developments. The two most important wishes are the abil-
ity to change seating position with eye movement and the
possibility of driving outdoors. The first request can be
solved by the EyeGo system, whereas the second requires
developments in eye-tracking technology.

A great deal of consideration was given to the choice
of participants in order to achieve a wide variety of users’
abilities and needs. However, one obvious limitation to
this study is the small number of participants. Because the

Table 3.

WASTLUND et al. Evaluating gaze-driven power wheelchair

focus of this study was validation of safety issues, we did
not include users with severe cognitive impairments, even
though we believe this group would benefit greatly from
using the system. Future research must be conducted with
a larger population of potential users, prescribers, rehabil-
itation teams, and caregivers in order to develop specific
methods for the prescription assessment; training models;
and development of evaluation methods of cognition,
communication, and perceptual functioning that uses the
ability to execute independent actions as a tool.

Another limitation is that the length of the study and the
few participants meant that we have very little data concern-
ing our second aim, which was to evaluate whether access to
a gaze-driven powered wheelchair with navigation support

Study participants’ mobility capability, participation, and subjective comments.

User (Sex & Age, yr)

Stud
Y Female (70)

Male (61) Male (35)

Mobility Capability with Per- Totally dependent on physical
sonal Adaptive Equipment  assistance for all position
and Caregiver Support changes, transfers, and

indoor and outdoor mobility
in manual wheelchair. Ceil-
ing lift used for transfers.

Mobility Capability with
Tested Gaze-Driven EyeGo
System of Powered
Wheelchair

Independent mobility within
boundary drive areas when
secure in laboratory environ-
ment. Many stops and starts.
Direction changes made
slowly (not fully automatic).

Totally dependent on others’

Totally dependent on physical

initiative, choices, and phys-
ical assistance for all posi-
tion changes, transfers, and
indoor and outdoor mobility
in powered wheelchair.

Independent mobility with

path-following and limited
boundary drive areas. Many
stops and starts because of
erratic eye-movements. Ini-
tially primarily controlled
stop-go on given path. Has
started to anticipate turns and
voluntarily make direction
changes and choices about
where to be.

assistance for all position

changes, transfers, and indoor
and outdoor mobility in pow-
ered wheelchair. Two caregiv-
ers lift manually for transfers.

Independent indoor mobility

with good precision when
there was adequate space.
Drove freely in grocery store
and sports hall. Limited
accessibility in own home
allowed only free movement
between two rooms.
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Table 3.

Study participants’ mobility capability, participation, and subjective comments.

Subjective Evaluation and
Comments

“Initially strange, scary, and
fun. Easy to understand. Not
tiring because it is fun.
Harder at home; it feels like
the chair moves more
quickly when | get close to
my own things. Do not fully
trust my own reactions and
those of the wheelchair. |
would be too nervous to
drive myself at home.”

Wife: “Access to the system has

been very significant. It has
strongly contributed to his
rehabilitation. He is moti-
vated, more alert, tries to
move more, and is happier
after he has driven the chair. It

“Easy to understand, drive, and

maneuver the wheelchair.
Works better than I expected.
It is fun to be able to drive
myself. | can go where | want
to without asking others. If
there was more room at home,

stimulates all his senses. Head
control, control of eye move-
ments, and stamina have
steadily improved.” User con-
firms that he finds system to
be fun and meaningful, and he
wants to keep system.

I would have greater freedom
with this system.”

is perceived as a meaningful improvement in independence
and participation. The standardized forms that we used were
not optimal. The most valuable instrument was the open
interview questions to both the users and caregivers. The
newly developed assessment tool of learning powered
mobility use (accelerated learning program [ALP]) and
the identified strategies to facilitate learning would provide a
valuable tool for future studies [20]. In addition to being a
standardized assessment to use in research concerning dif-
ferent control systems such as the EyeGo, the ALP is a ped-
agogical tool for educating and supporting caregivers. This
is essential if the user, independent of cognitive capacity, is
to have the necessary conditions to succeed.

CONCLUSIONS

Many individuals with severe disabilities who are
currently totally dependent on others can obtain a higher
level of independence with access to gaze-driven control
of a powered wheelchair with an appropriate degree of
navigation support.

The new opportunity for independent mobility and
actions for individuals who are totally dependent on oth-
ers, some of whom cannot communicate their wishes, has
many important benefits. Psychological and emotional
well-being improves with the ability to independently
choose when and where to move. Independent actions pro-
vide a form of communication. By observing an individ-
ual’s behavior and actions with the wheelchair in different
environments and situations, caregivers and healthcare
professionals can assess the individual’s perceptual and
cognitive capabilities, which was previously impossible.

Rehabilitation can be better adapted to the individual’s
specific needs. Driving a wheelchair independently can be
a valuable, motivating training tool for factors such as con-
centration, spatial orientation, and integration of percep-
tual stimuli. The interface and level of support can be
adapted to both the development and loss of skills.

The EyeGo system is a promising way to provide a
user-friendly gaze-driven control and navigation support
system for powered wheelchair users to enable a degree
of independence for individuals with severe impairments.
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