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1. Introduction
Persons with disabilities can often times find it difficult to perform the same tasks as persons without.  Interfaces are generally designed around the average healthy person.  An automobile would require the use of both legs and hands to operate.  Playing a video game console requires the use of both hands, and just about every finger too. Of course a user must be able to see and hear the game.  Adaptive computing methods help persons with physical limitations to use computers and other devices with interfaces custom to their needs.   Just as interfaces were designed around the average user, interfaces can also be designed to accommodate any user, regardless of physical barriers. 

Advancements in adaptive computing aim to allow persons with disabilities a chance to enter into the workplace where they may not have had the opportunity before.  A person with no arms may not be able to operate a forklift or move furniture, but with the application of adaptive computing methods they would be able to work on a computer at the same pace as everyone else.  Adaptive computing focuses on the use of specialized input and output devices designed to overcome specific physical limitations.
There are many college curriculums which provide courses in adaptive computing methods.  Often times adaptive computing education programs are targeted at those within education departments, primarily special education.  Computer science curriculums do not generally include adaptive computing as a part of the program.   Individuals who will graduate from college and will enter the workplace should be familiar with and sensitive to the needs of fellow coworkers who may be disabled and require the use of the use of specialized devices to operate a computer.  Graduates from most majors can expect the possibility of having to work in an office setting on a computer, or the possibility that the people who they will be working with will use a computer.  A liberal arts program would be an ideal place to integrate a course in adaptive computing as it would allow people of all disciplines an introduction to the world of adaptive computing methods.  
2. Background

Adaptive computing technologies have evolved since the invention of the personal computer.  Personal computers are estimated to be in 70 percent of all households in the United States as of 2003.  The rapid expansion of the internet, and the PC explosion of the 90’s has allowed people of all ages and education levels a chance to use a computer.  Early computers could be operated only by expert computer scientists or mathematicians.  Nowadays just about anyone can operate a computer with no more than a few points and clicks.  It is only fitting the increased usability of computers include usability for people with disabilities.  
The primary goal of adaptive computing techniques is to allow users with disabilities a chance to use a computer using special input or output devices.  Interfaces are always being designed for people with special needs, and in the computing field they are growing at a fast rate.   Computers were developed to perform certain tasks for people in a more efficient way.  Adaptive computing methods allow people with disabilities a chance to use a computer in a more efficient way.  While it may be possible for a person with one arm to switch back and forth between a standard keyboard and mouse, it would be much easier for that person to have a specialized mouse and keyboard designed for one handed use.  
3. Types of Disabilities

Adaptive computing offers specialized techniques for persons of all disabilities wishing to use a PC.  Disabilities can range from the loss of a hand or arm, loss of sight or hearing, physically debilitating diseases, or paralysis related to an injury or disease.   Having a physical limitation can make it very difficult to perform the same tasks that a healthy person would.  A physical limitation could very well prevent someone from being able to drive a car, play sports, or perform many everyday tasks.  The limitation does not have to affect a person’s ability to use a computer and can often be dealt with if the proper adaptive computing techniques are applied. There are several ways a person can become physically disabled.
3.1 Loss of extremities

The loss of an extremity can result from several different things.  Traumatic injuries are the most commonly occurring incidents that cause a person to lose the use of one or more of their body parts.  An injury could result in the loss one or more fingers, a hand, or both.  While a prosthetic device could prove to be an effective aid in regaining the functions performed by the lost extremity, they are not always the practical solution for every individual.  Adaptive computing methods are most commonly applied to individuals who have lost one or more fingers or hands. [1]
3.2 Vision Loss

The loss of vision can be a difficult barrier to overcome.  The standard computer gives feedback to the user by outputting to the monitor.  A person who cannot see must receive feedback in another way, by hearing or touch for example.  A person who is not completely blind but has vision impairment would benefit from more a more specialized display.   Complete vision loss leaves the user at a disadvantage in not being to view the monitor and would require a Braille or audio translation of the text on the screen.  [1]
3.3 Hearing loss

Loss of hearing may not seem like a difficult disability to overcome in a computing environment, but it can pose certain limitations.  Software can use sound to alert the user that an event has happened.  If the software does not present a visual translation to the audible alert, then the user will not know that the event occurred.  The loss of hearing would make communication between employees in the workplace difficult or impossible.  Computer software can ease the communication gap. [1]
3.4 Disease

There are many types of diseases which can lead to physical debilitation. Often times the disease can render a person completely incapable of using their muscles.  A disease can cause a person to have shaky hands, making it difficult to control the mouse or type.  Blindness and deafness can also occur as the result of disease.   In some cases the disease will cause a person to develop a learning disability. [8]
3.4.1 Amyotrophic lateral sclerosis (ALS)
Amyotrophic lateral sclerosis causes degeneration of neurons in the brain and spinal cord which can lead to complete loss of motor functions. [8] Otherwise known as Lou Gehrig’s disease, ALS cases number about 20,000 in the United States.  ALS commonly affects persons from age 40 to 60.  [3]
A person afflicted with ALS in the beginning will experience trouble in walking or running, finding themselves unbalanced and occasionally tripping, eventually the person with notice twitching developing in certain muscle groups when trying to move.  In almost all ALS cases the person will eventually be confined to a wheelchair, and experience an inability to perform simple everyday tasks.  The disease will often leave the person with at least a limited amount of controlled muscle movement.  It is this limited muscle movement that can be used to control a computer. 
3.4.2 Muscular dystrophy
Muscular dystrophy is a disease which primarily affects males and is generally diagnosed at a young age.  Muscular dystrophy is a genetic disease affecting the X chromosome.  Since females have two X chromosomes and males have just one, the disease occurs more commonly in males.  Muscular dystrophy causes a lack in the production of protein and affects a person’s skeletal and muscular system.  Those with muscular dystrophy often do not full control over their motor functions. 
Muscular dystrophy is often very painful to those who it affects.  In some cases the patient with muscular dystrophy is only affected slightly.  Many times the person afflicted can lead a relatively normal lifestyle.  Symptoms include the weakness of muscles, spasms, and difficulty breathing.  In other cases, the patient is stricken to a wheelchair and has little or no control over muscle movement.  
Even in more serious cases of muscular dystrophy a person can be left with at least small level of muscle control. Adaptive computing methods can be devised to translate subtle muscle movement into input that a computer can recognize.  [8]
3.4.3 Parkinson’s disease
Parkinson’s is a disease in which degeneration or the nervous system affects control of the muscles.  The nervous system loses its ability to communicate with the muscles and often the person will exhibit significant twitching.  [8]
Along with the loss of motor skills, a person afflicted with Parkinson’s disease can lose the ability to use their brain normally.  It is difficult to develop adaptive computing technologies to work with Parkinson’s patients who have lost brain activity or are experiencing dementia, however physical limitations such as twitching or muscle fatigue can be overcome so the patient may be able to use a computer. 
3.5 Paralysis

Injuries to the spinal column can render a person paraplegic or quadriplegic.  Car accidents are the leading cause of paralysis to an individual.  Sporting accidents or other accidents make up almost all of the remaining cases of paralyzed individuals.  

Sometimes paralysis can cause a person to lose function of one half of their body, allowing the use of only one arm.  Paralysis can occur in fingertips or even in just a single hand.  The most extreme incidence of paralysis is quadriplegias, in which the person loses control of all muscle movement below the neck.   A quadriplegic is left with motion only in the head, and sometimes the neck.   
Adaptive computing techniques for quadriplegics involve using subtle head and neck motions to operate the computer.  The mouth is the most commonly used for input, as most quadriplegics maintain full ability to speak and use their tongue.

  
While paralysis can occur as a result of disease, the most common incidences of paralysis come from traumatic injuries.  Adaptive computing techniques are most commonly applied to individuals who have experienced paralysis from injury. [6]
3.6 Learning and developmental disabilities

A learning disability can severely affect a person’s ability to learn how to use a computer and a person’s ability to be productive in the workplace.  Often individuals with learning and developmental disabilities need more personalized attention and have greater emotional needs.  Adaptive computing works to provide teaching methods to help make learning easier.
An individual who is affected by a serious developmental disorder such as cerebral palsy or autism may experience serious difficulty in the learning process.  Computer software along with proper instruction can make teaching and learning much easier. [4]
4. Specialized Peripherals

4.1 Input devices

There are several different input devices that can be used in place of the standard mouse and keyboard.  For most disabilities, these specialized devices can be applied in place of standard input or output (I/O) devices.  There are several different companies which sell specialized I/O devices, and can be relatively expensive when compared with standard devices.  
4.1.1 Mouth pointer
The user can control the pointer by either moving a trackball or joystick with the tongue, or by moving the tongue over a sensor.   The trackball or joystick method can be difficult for some users who do not enough strength in the muscles in their tongue and are not as frequently used these days. 
 Instead the trackball is being replaced by a solid metal sensor, which easily recognizes any change in motion of the tongue.  The sensor is made of a conductive material, which recognizes the change in heat on its surface from the tongue.  
The user can click on an item by biting down if they are fully capable of using their jaw muscles.  If the jaw cannot perform the function of biting in order to click, the tongue can be used to activate a click.  A clicking action might be performed by the user simply pressing the tongue against a separate metal sensor, or by tapping the tongue against the sensor intermittently.  Some mouth devices allow the user to click on an item by making a sipping of puffing motion with their mouth.  

There can be several different combinations of pointing and clicking using a mouth pointer.  Several devices exist and it is important to make sure that the right patient is fitted with the proper device. [1]   Below is an example of a mouth pointer which the user controls a joystick with their mouth in order to move the mouse pointer across the screen.  Similar to a pointer on a laptop, the mouse moves faster as the joystick is moved further from the center.  The clicking action can be made by either a sip or a puff. 
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(Jouse 2)

4.1.2 Head Pointer
The head pointer fixes the user with a headset and movements are determined by an external sensor.   This device is becoming favored more these days in place of the mouth pointer because it allows the user to be able to talk while operating the computer.  Some patient’s mouths get tired quickly from using a mouth pointer and find the head pointer much easier to use physically.  The head pointer is a good option for quadriplegics who maintain the use of their neck muscles. 

The head pointer uses an external sensor which sits in a fixed position usually at the top of the monitor.  A small disposable piece is affixed to the center of the user’s forehead and is tracked by the sensor.  Subtle motions of the head and neck move the pointer across the screen. [1]
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(HeadMouse)

4.1.3 Eye gaze pointer 

The eye gaze pointer is a newer adaptive computing technology which allows the movement of a pointer by simply moving your eyes across the screen.  Like the head pointer, an external sensor is used to monitor the position of the eyes.  When the user looks to a different part of the screen the sensor recognizes the movement and the pointer is moved. [6]
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(QuickGlance)
4.1.4 Alternate keyboards
Alternate keyboards can be used to accommodate users who don’t have the use of both hands.  One handed keyboards chord keyboards might contain only 5 or 6 keys.  The keyboard may be no more than a simple Morse code translator. [1]   There are a wide of alternate keyboards available, each specialized to the user. 
Depending on the user, different keyboards may be more ergonomically correct.  There are several different models of keyboards available including left handed, natural, DVORAK, chord keyboards, and Morse code input devices. One keyboard may better suit a person’s need than another. 
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(One Handed Keyboard)
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(Magic Wand Keyboard)
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(Maltron Head Stick Pointer)

4.1.5 Voice Recognition
Keyboarding is not always an option for people with disabilities.  There can be extreme limitations, such as quadriplegic paralysis, which would make it impossible to use a keyboard or keyboard variation. [1]   Fortunately, voice recognition software allows for the user to enter text by simply speaking.  
Speech to text software is more difficult to develop than text to speech software.  Since voices differ significantly from person to person, the software has to recognize patterns in a person’s intonation and enunciation.   Speech to text can be instrumental in allowing individuals who can’t use a keyboard a mouse easily, or who find it to be time consuming to type using alternate input devices.  
4.1.4 Touch screen monitors
Touch screen monitors provide users with a chance to make a selection on the screen, without having to use the mouse to drag a pointer across the screen.  Individuals with shaky hands, or who hard a hard time controlling the mouse in a straight line would benefit from using a touch screen.  Touch screen technology is becoming more affordable in recent years and a widespread implementation of such monitors can provide a more accessibility for disabled computer users and non disabled users.  The touch screen can work with several different types of input, including a stylus, mouth pointer, or fingers, or toes. 
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(Standard touch screen monitor)
4.1.5 MindDrive finger sensor

MindDrive is an interface developed by The Other 90% software company and boasts that it is the first program which allows a person to control a computer with their mind.  
The MindDrive interface uses a sensor which is attached to the finger and senses different electrical pulses emitted through the finger.  Many people will remember an old toy called a mood ring which changes colors based on your current emotions.  The MindDrive interface works similarly in picking up different emotions through the fingers.  The technology of the sensor works by sensing and measuring bio-electric signals transmitted to the fingertips.   The different signals released by the fingers can be related to various thoughts and emotions. 

This interface has so far only been implemented for video gaming purposes and has yet to be applied to adaptive computing.  Through the advancement of this technology we can one day hope to see the full functionality of a computer through the use of the mind and bio-electrical signals.
4.2 Output Devices

While inputting to the computer can be difficult for a person with a disability, it can be much more difficult for a person with a visual disability to see the output to the monitor.  Several different kinds of output devices have been devices have been devised to aid a user with a visual impairment to either see the monitor better, or to allow the user to hear audio in place of text.  It is difficult, however, to provide a person with no sight a chance to understand pictures and diagrams.   Complete visual loss remains to be one of the most difficult barriers to overcome. 
4.2.1 Brailler
The use of a Brailler allows for people with severe visual impairment of blindness the chance to read text output from the screen.  The Brailler, in combination with special software, can translate text from the screen into Braille and print the text to paper.  Paperless Braillers are a more expensive method of translating text into Braille.  The paperless Brailler is a machine which temporarily displays Braille by raising metal pins.  The most advanced paperless Braillers can show eighty different characters of text on the Braille display at one time and are refreshed as the reader scrolls through the page.   The BrailleLite Brailler allows up to 20 characters of Braille to be refreshed each time
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(BrailleLite paperless Brailler)

4.2.2 Accessibility software
There are several types of software which can aid a person with a disability.  Microsoft Windows already contains accessibility features which can allow users with visual impairments aids in seeing the screen.  The features included can be enhanced zooming tools, blinking icons, or contrasting colors more effectively.  Software can also include word prediction, virtual keyboards, or learning tools.  
4.2.3 Text to Speech 
Text to speech software can prove to be important in allowing people with visual disabilities a chance to hear the text that is written on the screen.  Text to speech software is much more cost effective than a Brailler and is becoming used more commonly these days as the software has evolved and improved dramatically.  Text to speech can be useful for those who have difficulty reading or those who have trouble focusing computer monitors for extended periods of time.  
4.3 Case Studies 

The following section shows examples of how adaptive computing technology has been implemented
4.3.1 Steven Hawking
Dr. Steven Hawking was diagnosed with ALS and can longer control the movement of his muscular system.  Hawking has little control over any muscle group, but can control a computer using a subtle motion of just one finger. 
Hawking would have almost no way of communicating without the aid of computer software.  If computers did not exist, Hawking would most likely not be able to pursue his career as a physicist.  It was in 1985 when expert computer scientist Walt Woltosz designed an interface to allow Hawking to communicate using a computer.  Woltosz software called Equalizer allowed Hawking to scan a computer screen with a list of words and partial words.  Hawking can then scroll through the list of words using subtle motions in his finger in order to select the words and form sentences.  When the sentence is formed, Hawking can direct the sentence to text-to-speech software, which speaks the sentence for him.  [3]
Dr. Hawking’s system has evolved over the years but has remained relatively similar to the original Equalizer program developed by Woltosz.  Currently Dr. Hawking is uses a program called EZ keys, which allows him to type words from a virtual keyboard, or scroll through a list of words as he did with Equalizer.  Hawking uses the Windows XP operating system, and translates his text to speech by using the WordPlus software package. 
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4.3.2 Brainwave

Brainwave is implementing a way of communication between human and computer by transmitted signals from the brain directly to the computer.   Brainwave technology works by embedding a sensory micro device into the brainstem.   The device reads electric pulses from the brain and translates them into computer commands.  In
The technology is relatively risky, as with any procedure that involves brain surgery.  Opponents of Brainwave technology believe that the device could have long lasting physical effects on a person’s nervous system, and the risk of a person dying during the procedure is too great.  
Brainwave and its supporters believe that the technology is cutting edge and will one day allow people with extreme disabilities a chance to communicate more easily and a chance to return to or enter the workplace for the first time.  

The future of Brainwave technology hopes to see the implementation of computerized prosthetic limbs controlled by the brain.   [10]   The company claims success in two different patients so far, but has not disclosed its failure rate. 
4. Adaptive Computing in the Workplace
With the application of adaptive computing methods, persons with disabilities are now being able to enter the workplace where they would have never gotten the opportunity before.  Computers are used more and more in the workplace as they become cheaper and easier to operate.  The evolution of the internet and web commerce has made working from home much more common.  Plug and play compatibility in popular operating systems such as Microsoft Windows allows for the easy switch from a standard keyboard and mouse to more specialized input devices.  It is important for employers and employees to make reasonable accommodations to allow physically disabled equal opportunities in the workplace.

4.1 Employer responsibility
The employer should make sure that workstations are adequately equipped to handle the addition of specialized devices.   Many input devices these days can connect to the computer using a either a USB or serial port. [7] In some cases the physical placement of the system doesn’t allow for easy attachment of new devices or electrical outlets might not be easily reached.  Some input devices require a large desk area or no desk area.  
It is not always cost effective for a company to own different input and output devices for disabled employees.  The chances of a person with a specific disability entering the workplace may be slim, and the company would rather not invest in devices because there might be a slight chance the employee who is hired would require a special device.  It is more important that the employer provide a reasonably accessible workstation so that an employee can attach their own devices.  USB extension cords would provide a user an easy way to attach their specialized input device and are inexpensive.  Having a workstation in close proximity to an electrical outlet, or having an extension cord near the workstation allows the employee a way to plug additional devices in if needed.   In most provide these accommodations can be easily provided
The employer should not discriminate against people with disabilities because of the lack of handicapped access.  It is illegal for a company to discriminate against someone for these reasons, but often times the crime can go unnoticed and not acted upon.  Some activists in favor of rights for people with disabilities have proposed that businesses be required to provide adequate space at workstations and easy accessibility to USB or electrical outlets.  These activists believe that if businesses are adequately prepared to allow persons with disabilities the chance to work, that they will be less reluctant to hire that person based on fears not being able to provide proper accommodations.
 An employer should make sure that all employees are sensitive to the needs of the employee working with a disability.   There are several different ways the employer could educate in employees about adaptive computing. An employer could educate employees by providing videos or literature which outlines different disabilities and the barriers that exist that need to be overcome.  Often people do not know how to react to problems that a person with a disability might encounter.   The employer should provide a certain level of sensitivity training to its employees in order make sure that feelings are not hurt by either the disabled employee.  It is important for the employer to be aware of any medical conditions the disabled employee might have, and the effect the workload might have on the employee.  

The employer must be educated about how a person with a disability can perform in the office.  For example, the employer should be aware that someone typing with a head pointer will not be able to type at the same speed as someone who can use a two handed keyboard.   In some cases the company would decide not to hire that individual for that position based on the person’s ability to perform the job efficiently.  The employer reserves the right to decide whether or not that person would be effective at the doing the job and has every right not to hire the employee.  In this case the employee should realize that certain disabilities can affect a person’s performance in doing certain jobs and the best decision would be not to hire that employee.  It is in the best interests of the employer and disabled to employee to make sure the job can be performed effectively before the hire is made. [7]
4.2 Employee responsibility

It is important that employees be sensitive to the needs of fellow employees in all workplace situations.  The employee is not expected to provide special treatment for the disabled individual.  It can be important to the disabled individual to be able to perform the tasks on their own and without the assistance of someone. 

 There are times in which the disabled individual may require a certain level of special treatment.  That special treatment may require another employee to hold a door open, or help to move objects from one spot to another, or even to help the disabled employee hook up his specialized computing devices to computer.  It can be much easier for a physically fit individual to perform simple tasks where it might be extremely difficult or impossible to perform by one who is disabled.  
Helping out one another in the workplace is preferred in order to maintain a team oriented environment. It is not unreasonable for one to help a disabled person perform certain tasks, although certain boundaries should be set so as not to overburden the employee working with the disabled employee.  Employees must understand when to give help and not to be overbearing in offering help.  Working as a team in a business setting is important and fellow co-workers should be willing to help one another regardless of the action. 
X. Conclusion
Adaptive computing methods allow for people with disabilities a chance to do what was not possible before because of physical limitations.  Whether it be taking on a career, getting a degree, buying music, or composing a letter, more is becoming possible with the aid of technology.  
The implementation of adaptive computing technologies can greatly improve the quality of life for an individual.  The future for adaptive computing is promising and should be explored more in undergraduate curriculums.  It is important that we do not discriminate against people with disabilities and allow them the same opportunities as everyone else.  
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