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Promoting Computer Accessibility and Tele-Rehabilitation for the Physically Disabled
Computers have become a significant part in the daily lives of many
students, workers, and older citizens. However, for the estimated 15% of
people that experience some form of disability, the use of these devices
can be limited or impossible[1]. This project focuses on the complications
arising from various physical disabilities, which can significantly reduce
an individual’s ability to easily and effectively use computer interfaces.

An Accessible Hardware Design

Automatic Calibration

The conventional keyboard mouse interface has been replaced by eyetracking and data-glove technologies. The eye-tracker monitors eye-gaze
positions and links these directly to camera rotations. The data-glove, as
shown in Figure 2, registers hand gestures and translates these into
character controls such as walking, grabbing and throwing.

Each user is different, and individual ability may vary on a daily basis.
That is why an auto-calibration feature was added to the data glove, as
demonstrated in Graph 2 for the Finger Flex and Thumb Pressure sensor
signals. The algorithm constantly monitors the user’s physical ability and
places a threshold value at 30% of the available range. When a change in
ability is detected, the system adapts coherently.

Method:

Disability in the Eye of the Beholder
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Background:

Think about the term disability. Unlike common belief, it is not a personal
trait that is due to a health condition. Instead, people are only disabled
when they are limited in their interaction with external factors[1].
Because of the great benefits of virtual immersion, and its implications
towards the enhancement of physical therapy, it is paramount for
engineers and medical professionals to work together to develop user
friendly and accessible computer interfaces.

The Causes and Costs of Disability
As shown in Graph 1, Arthritis-related conditions are the leading cause
for disability in the US[2]. It currently affects over 50 million adults, and
costs the US Economy over $128 billion dollars a year[3].
Graph 1: Leading causes for
disdability among US adults

18%
many
other
causes

16%
4% 5%

8%

Fig 2: The data-glove and its sensor functions

A Beautifully Engaging Environment
The simulation takes place on a tropical island. This nature-rich
environment creates a relaxing experience and inspires the user to walk
around and explore. Users are encouraged to wander around and
interact with various mini-games through natural hand gestures. See
Figure 3 for a representation of the virtual environment.

A key design element
is the use of biosensors to replace the
conventional devices,
such as keyboard and
mouse. An image of
the novel interface
system in use can be
found in Figure 1.

Figure 1: The alternative interface system in use.
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Graph 2: Real-time analysis of data-glove signals

Monitoring Patient Progress

Conclusion:

The system does not only enable interaction, but also collects
important physical performance data. Combined with the virtual
performance data, the physician is capable of remotely monitoring the
patient’s progress, as shown in Figure 4.

Arhtritis / rheumatism
Back / spine problem
Heart trouble
Respiratory problem
Deafness / hearing problem
Other

The purpose of this research is to expose and address the accessibility
issues encountered by physically disabled computer users. An alternative
interface system has been designed in aim of improving computer
accessibility and simultaneously promoting physical therapy.
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In addition to the automatic calibration method, the physician may also
choose to manually adjust the physical or virtual challenge if the
patient is surpassing the current difficulty levels. This promotes longterm engagement and adds control over the rehabilitation process.

A Sensible Interface Solution

Aim:
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The World in Everybody’s Hands

Abstract:

Fig 3: The virtual environment and one of the in-game challenges
Outcomes:

Patient

e.g.: pressing force, gripping
strength, flexing angles etc.

Research Components
Survey[4],

The first part of this research includes a Computer Accessibility
which is used to explore people’s experiences in terms of positive and
negative affect, control, competence, and physical factors. It is expected
that disabled users will show significantly lower scores on several of
these factors.
The second part includes system testing trials, during which the system is
evaluated in terms of usability and satisfaction. Initial tests have been
administered, and the results have been promising. The system’s
operation appears more intuitive and the user experience exceeds that
of the conventional interface, supporting the projects original aim.

References: [1] WHO (2011), World Report on Disability; [2] CDC (2008), Prevalence and Most Common Causes of Disability Among Adults;
[3] Arthritis Foundation (2011), The Heavy Burden of Arthritis in the US;
[4] www.computeraccessibility.com
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Fig 4: The interplay between user,
computer system, and physician

Please let me know if you have any questions
or if you would like to see a demonstration
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