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Abstract
The purpose of this study is to develop a computing system for people with severe disability using the power wheelchair. The focus group consisted of 15 power wheelchair users with spinal cord injury (SCI) was interviewed as for the needs and usages of the power wheelchair based computing system. Through the feedbacks of the interview, we made a number of findings and got feedbacks about key design concepts of computing system. We designed and developed two power wheelchair based computing systems with the Focus Group Interviews and technical and design considerations.  We expect that the use of developed systems would provide a way for power wheelchair users to access more efficiently to the computing environments.
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Introduction
People with brain or spinal cord injury/disorders are highly dependent on wheelchairs for social activities. The number and percentages of people in need of wheelchairs increase every year.  In the U.S. alone, an estimated 2.7 million people over the age of 15 currently use wheelchairs for their daily mobility [1].
People with severe disability who use power wheelchair have much more limitations on the social activities including going to school than the non-disabled and manual wheelchair users. There is an increasing trend for people with disabilities (PWD) to have access to computer technologies in order to enhance the society participation – whether it is in professions or everyday life activities. However, PWD are twice as less likely to have access to computers at home than their non-disabled counterparts (23.9% vs. 51.7%) [2]. Therefore, various studies have been undertaken to improve the access for disabled people to the computing world [3]. For these reasons, we are currently developing a power wheelchair based computer system for PWD in order to make their lives more competitive and abundant. In this paper, we present a power wheelchair based computing system which allows power wheelchair users to access more effectively to the computing environment. 
Background

As a preliminary study for the development of the power wheelchair_based computing system, Kim and Smith surveyed the needs and usage of the wheelchair_based computing system. They suggested that the system should have at least the following 5 features: 1) Ease to retrieve and hide of retrieval and hiding the input/output unit; 2) Durable and weather protective; 3) Outdoor usage; 4) Powerful computing ability [3]
method
Focus Group Interview (FGI)
In this study, we made a focus group which consists of 15 power wheelchair users with SCI. The group members were interviewed about the needs and usages of the computing systems. The focus group composed of 12 (80%) men and 3 (20%) women. Between 20 and 40 years old of age are 14 members whose social activity is very active. Members educated at the higher level of more than high school were 12 (85.7%). We asked them what features must be considered as a top priority for the development of power wheelchair_based computing system. Table 1 shows the result of the interviews:  a special power supply system exclusive for the computer - besides the power from wheelchair battery - should be provided (35.1%), access conveniently to a various types of tables (22.8%), easiness of input-output (I/O) port connection (17.5%), ubiquitous internet accessibility (12.3%), easy control and adjustment of the display unit (8.8%), easy use of power switch of the computer (3.5%).
Through the interviews, we made a number of findings and could catch up the consumer’s needs about the key design concepts of the computing system.
Table 1: results of FGIs
	#
	Responses
	%

	1
	Need of a exclusive power supply
	35.1

	2
	Easy  access to the table
	22.8

	3
	Easy use of  I/O connection
	17.5

	4
	Convenient Internet access
	12.3

	5
	Easy  adjustment of  the monitor angle and position
	8.8

	6
	Easy use of  the computer power switch
	3.5


System Design
Based on the GFIs and the survey results of preliminary study, we designed and optimized two power wheelchair_based computing systems. CPU unit was mounted on the backside of the chair, and we devised the display unit in two different types depending on the user’s upper limb function. Also, various I/O ports are required to be placed in an appropriate area of the system.
Results
Tray Type
Figure 1 shows the tray type computing system. This system was devised for tetraplegic whose hand function is very limited like person with cervical cord injury at the C4 and higher level.  The LCD display is incorporated into the tray. The wheelchair users can use it as just a tray when they don’t use the computer and can let the display pop up from the tray when they needs to use the computer. We excluded the keyboard and mouse because the person with SCI at C4 and higher level cannot use the keyboard and mouse. They can connect their own alternative pointing devices such as Integra mouse, sip-n-puff, and mouse stick with touch screen. This tray-type system could be installed on various brands of power wheelchair regardless the frame structure of the power wheelchairs.
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(a) rear view
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(b) side view
Figure 1: Tray type computing system
Pocket Type

Figure 2 shows the pocket type computing system. This system was designed for quadriplegic who can use the upper limb at least as much as people with SCI at C5 level.  It is possible for users to take the display out and put it back automatically by pressing a button.  It has a strong feature that allows users to access to the computer wherever and whenever they want and hide easily the display invisible without other’s assistance when they don’t need it. 
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(a) rear view
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(b) side view
Figure 2: pocket type computing system
conclusion
In this study, we have developed a power wheelchair_based computing system for PWD using a power wheelchair. We designed and optimized two power wheelchair_based computing systems with the feedbacks of the interview and survey. We believe that the use of this system will improve the life and social skills of the users.
Acknowledgements
This work was supported by the Technology Innovation Program (100036459, Development of center to support QoLT industry and infrastructures) funded by the MKE/KEIT, Korea. 
References

[1] Steinmetz, Erika. "Americans With Disabilities: 2002." House Hold Economic Studies (2006): 1-3.
[2] H. Kaye, “Computer and Internet Use Among People with Disabilities. Disability Statistics Report (13),” U.S. Department of Education, National Institute on Disability and Rehabilitation Research. 2003.
[3] J. Kim and P. Smith, “Survey Study to Develop a Wheelchair-worn Computing and Health-monitoring System”, Proceeding of RESNA 31st International Conference, June, 2008
Author contact information

Ryanghee Sohn, MS.
National Rehabilitation Center Research Institute
111 Gaorigil, Gangbuk-gu, Seoul, Korea, 142-884, Office Phone (82-2) 901-1977
EMAIL : son4001@korea.kr
