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INTRODUCTION TO THE PROBLEM
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" KEYBOARD OPTIONS

ALTERNATE "KEYBOARD" ACCESS FEATURE

ALTERNATE "SOURCE" CAPABILITY FOR ALL OTHER INPUT

TECHNIQUES AS WELL (MOUSE, ETC)

ALTERNATE VIDEO SIGNAL ALWAYS AVAILABLE

AUDIO OR HEADPHONE SIGNAL AVAILABLE

EXTERNAL AVAILABILITY OF INFORMATION SENT TO SCREEN

VISUAL REDUNDANCY OF AUDITORY INFORMATION

ALL INTER-PROGRAM DATA PATHS LEFT FULLY OPEN IN NEW
OPERATING SYSTEMS AND ENVIRONMENTS
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Computers hold great potential for i rncreasmg the optrons, productwnty, and
participation by individuals with drsabrhtru in mdustry and socrety Computers also
however, have the potentral for becommg th

ey

handicaps. These include programs to allow blind individuals to audrtonally process
text, translate text into Braille, and translate Braille back into text; programs to help

deaf individuals learn sign language or better understand how to move their vocal
mechanisms in speech (by displaying cut-away views of the mouth durmg speech); and

programs to allow physically handicapped individuals to write, speak, and control
devices in their environments. It is clear that with these programs, We can use the
computer as a component or core of a special assistive device: In this role, the
development of the computer has been nothing but a benefit to persons with
disabilities.

There is a second role, however, that the computer will play in the fives of
disabled p persons That is the same role as it plays and will play ii everyone’s life.

Computers are becomrng part of the curnculum in our educatronai system at an ever-

as routrnely as chalk and blackboards are today. Similarly, employers will be makmg

more and more extensive use of computers in all aspects of employment. Even in

daily life; we may soon be able to do most of our ordering and brll-payrng using

computers or data terminals from our homes. In all of these cases; however, the
software is being written to be operated by individuals who have use of all senses and
frngers. As such, they are for the most part unusable by many individuals who have

physrcal disabilities.

Thus, we can see that we have two roles that computers will play in the lives of

disabled persons: 1) as a special assistive device, running special software to meet

particular needs of disabled persons, and 2) as one of a large number of different,

standard computer systems runnrng standard software that wrll be encountered in

rdentrfy or develop a mechanism that will allow a disabled person, with his or her

specral, adaptwe equlpment, to be able to am_ss_an_d_gs_e the s_t_ans!_aﬂ._u_mgd;fg




employment settings by 1990, this would be a very seriots situation.

'I’he objectwe of this cooperative effort with industry is to identify low-cost and
no-cost methods for providing access to standard computer hardware and software
systems so that individuals with disabilities will be able to use their own specialized

interface and dnsplay aids to access standard computers and standard software systems.

Moreover, initiative is being taken at this txme, and pursued with great earnest; so that

these access strategies can be incorporated into standard computer architecture as
early in the game as possible to avoid the hxgh cost of retrofit later. The situation can
in some ways be compared to curbcutss We are currently in the process of moving

toward an electroiic information bassd society. In the process; electronic pathways

are being laid throughout our society = pathways that could tremendously increase the

functional mobility, capability, and productivity of individuals with physical and
sensory disabilities. All of these electronic information pathways; however, will be of
little use if access to them is not 2vailable. Patching one or two access points on a
couple of isolated computers (or just for the disabled user’s personal computer) is not
sufficient, any more than putting curbcuts or ramps on one or two sidewalks in a city
(or just the sidewalks on the disabled user’s block) would be sufficient. The objective
of this cooperative effort is to begin talking about "computer curbcuts” before all of
the "sidewalks" have been laid and the curbs poured.

These access strategnes under development bear a second mterestmg similarity to
curbcuts: that is, they are general-purpose open access strategies that are likely to be
of as much valie to non-disabled individuals as to disabled individuals. It has been
estnnated that for every smgle dlsabled person who uses a curbcut, there are ten able-
bodied cola delivery persons; children (or adults) on bicycles, or elderly citizens with

shopping carts who use the same curbcit. Sumlarly, the open access strategies

necessary to allow persons with disabilities to input to and receive information from
standard computer and information processing systems will be of benefit to a large

portion of the non-disabled market as well



categorlzatnon is used in this report to facilitate discussion of the ramnfncatlons of

computerlsoftware desngn and solution strategies:

L Movement Disabilities

A Restricted but normal motor (ie, muscle) control
Neurological birth defects
Spinal cord injury

B. Weak or limited range of movement
Spinal cord injury
Brain trauma
ALS (Amyotrophxc lateral sclerosis (Lou Gerhig’s disease)
MS (Multiple sclerosis)
MD (Muscular dystrophy) .
Polio
Orthopedic disorders

C. Interference with motor control

IL Sensory Disabilities
A Visual impairments

Acuity (low vision)
Processing (perception)
Color blindness
Blindness

B. ﬁeanng Impairments
Aciiity (hearing loss)

Deafness




IIL Cbgmtwe Disabilities
A Learnmg disabilities

B. R'etﬁrdﬁti’o"n’
C. Integration
D. Processing (dyslexia)

MOVEMENT DISABILITIES

For individuals with movement disabilities, it is the mput miechanisms (e.g.,

keyboards; mice; etc.) to the computer that preseni the greatest problems. Also

involved, but generally of less concern, are adjustments or other controls that may be
on the computers or displays. In addition to difficulties in using the computer itself,
individuals with movement disabilities may also have difficulty in manipulating many

computer-related matenals such as dlsks, prmtbuts, etc.

Individuals with weakness or mild to moderate movement disorders may be unable
to use standard keyboards, but are often able to iise adapted or miniature keyboards.
Individuals with high spinal cord injuries (no control below the neck), as well as

individuals with extrefiie interference or weakness of their motor control systems, are
often unable to use a keyboard of any kmd. They are, however, able to use other

These alternate input mechanisms include slp-and-puff Morse code, voice
recognition; scanning techniques requiring only the ability to activate a smgle switch,
and eye-gaze keyboards that "type” when the individual simply looks at the "keys."

These interfaces exist commercially, but there is currently no way to allow them to be
used instead of the standard keyboards on unmodified computers running standard
software. (Computers can be individually modified with keyboard emulating
interfaces to allow their use — see below)

As newer interface technolognes appear (mnce, touch screens, lightpens, touch

pads), these problems take on new dimensions. Alternate access mechanisms need to
be developed for all of these input approaches if individuals are to have access to

standard educational, recreational, and productivity software.

o

While physxcally disabled individuals have difficulties inputting to and controlhng

computers and software, the sensonally disabied experience their primary difficulties

in getting information from the computer.

Visual impairments fall into four general categories:



1) visual acuity
2) visual perception
3) color blindness
4) blindness
People with VISUAL ACUITY rmparrments have drfﬁculty seeing at a distance
or close up, or focusing the image:. These individuals have the greatest difficulty with
the dlsplays on computers (CRTs; LCDs; etc.y The small lettering on some of the

newer keyboards, however, also poses a problem for individiials with limited visual

acuity. With the aging of the computer-using population;, problems in visual access

will be of increasing concern. Availability of optional large-screen displays helps
scmewhat with personally-owned systems, but does little for the larger problem of

access to computers in public; educational; and employment settings.
VISUAL PERCEPTION PROBLEMS are the problems faced by individuals

whose eyes focus well, but who have visual processing difficulties that make it
drffrcult cr rmpossible to handle prmted rnformatron or complex dlsplays Tlns is

larger displays may help on systeins to be used for the publrc, as would some of the

solution strategies for totally blind individuals:

COLOR BLINDNESS will pose increasing problems as color displays are
tncreasmgly used; Tlus too, is largely a software question, although alternate drsplay
options could be of benefit. The problem is best addressed by careful selection of
colors which appear different in shadz to color blind individuals, or through
redundart cues.

BLINDNESS, of course, presents severe problems for using standard software, due
to the high reliance of the software on the visual dxsplay of information. Alternate
display approaches (vorce and Braille; most notaEly) exist, but usually cannot be used

to access the screen images produced by standard software without modifying the

operating system or the computer itself. Manuals and information on how to use
thesz systems and software are usually not available in a form that is usable by blind
individuals {=.g, in Braille or on disk)

Iadividuals with hearmg impairments are not currently at a great disadvantage
when trying tc use standard software packages. Some warnings that appear only as

sounds or tones are a problem. Warnings that are both visual and auditory generally

are not a problem = ~ especially if the visual warning is difficult to miss. Some newer
programs that use speech as output or to guide or assist the user do pose a significant
barrier when the information is not also provided in visual form (eg, on the screen).
Public access cormputer system developers (information systems, etc.) may want to note

that English is a second language to many deaf individuals who communicate in
American Sign Language (which is a totally different language from English)

10



The problems of | persons with disabilities in this area generally affect the design
of software programs, rather than the hardware or operating system architecture.
Specific learning disabilities, memory problems; and retardation are examples of
disabilities from this category. Each of these disability areas, however, is very distinct

from the others, and poses different constraints. Pubiic access systemis in partxcular
may want to consider the complexity of keyboards and visuat displays, memory
requirements (on the part of the user), and the cognitive demiands of their programs
and systems. Clear, simple, step-by-step directions and documentation are important,
as is the lack of clutter on screens. All of thése measures also increase the ease of use

of systems by the elderly and by the general public

b, |
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There are currently a number of modifications and retrofit solitions that have
been made to existing hardware and software systems to allow access by disabled
persons. There are also a number of special interfaces that have been developed
cither for general communication purposes or specifically for accessing computers

which can be,‘f’f‘f’f‘f‘ alternate input and output systems for disabled persons. This

section discusses some of the existing aids, and how they can be used to access
computers and standard software. Also discussed are limitations of these approaches.

Many individuals are able to use a standard keyboard but do so with a single
finger, a mouthstick, or a head-mounted stick. In all of these cases; the individual is
able to hold down only a single key at a time. Many computer operations, however,
require that individuals hkold down two or more Leys at the same time. The SHIFT,
CONTROL, and ALTERNATE keys are the most common examples of thns, although
other key combinations are used. To overcome this.problem, a variety of mechanisms
have been developed to hold down one key while the individual presses another.

Some of these mechanisms take the form of a weight that can be tipped onto the key
to hold it down. Others are bi-stablé "teeter-totter™like latches. One ead of such a

latch is positioned over the key (e.g, the SHIFT key). Pressing on that ciid causes it to

snap down and hold the (SHIF’I‘) key while the user types other keys. Pressing the
other end of the teetsr-totter latch releases the key. While this approach works well,

it is inconvenient on computers that are also used by ncn-disabled users, since the
latches must somehow be attached to the computer, and are in the way when the
computer is used by non-disabled users. Another problem with the latch approach is
that on many keyboards the keys that must be held down are in the middle of the
keyboard; where it is difficult to attach a latching mechanism.

A second approach to solving this problem involves creating software

modifications to the operating systems. This approach does not work with software

that does not ‘g0 through the opsrating system for its "keystrokes” Also, each time the

operating system is revised, the disabled individual must have a new "fix" prepared.
Finally; as we move further into the information society, many disabled individuals

will deal with a number of different computers throughout the day. For this patching

strategy to work, a "fix" must be written, paid for, and installed on all of the
computers with which the individual must deal. This is usually not possible, physncally

or economically. Modification to the operating system is also not permitted in many

locations where an individual may need to use a computer.

2
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Many of the newer computers have automatic repeat keys on their keyboards.
While this may assist normal typists, a number of individuals with more severe
handicaps have difficulty with the spontaneous generation of extra characters due to
the repeating feature. At the present time, the only way to fix this problem on most

computers is to make modifications to the operating system. For other computers,
however, the modifications must be done as "fixes;” and suffer all of the problems of
software fixes to the operating system that were disciissed above.

ALTERNATE INPUT APPROACHES

A wide variety of alternate input approaches have been developed, originally for
specialized communication and writing systems for disabled individuals: These
specialized input approaches allow individuals using a single switch, sip-and-puff

control, eye gaze control, etc, to use special communication aids. Some examples of
these specialized interface aids are listed here.

The AUTOCOM is a special communication aid that can interpret

very erratic pointing motions on a matrix of 1" squares. The aid has a
built-in display and printer, as well as an RS232 output port.
The EXPRESS IH is a special communication aid with several

special input modes. One of the modes allows the individual to select
letters and words from a 128-square panel using a single switch. Rows
of selections are illuminated, one row at a tiifie, until the individual hits
the switch. The individual items in that row are then illuminated one at

a time until the individual hits the switch a second time. The item
selected in this fashion is then either put on the display, printed,
spoken, or sent out along the serial output port. Another mode of
operation of this aid allows the individual to point directly to the items

on the display panel using a special optical pointer mounted on the
individual's head.

The EYETYPER is a special interface keyboard that operates with

eyegaze. The aid consist< of a 12" x 5™ matrix of 2° squares or "keys,"_
and a special camero e processor. As the individual looks at
the keys; the image pr_ an tell which key the individual is

selecting. The selected kiy- can then be shown on the aid’s display or
sent to another device. .

MORSE CODE: Several devices are available that allow individuals

using two switches to send Morse code. Individuals with a high spinal

cord injury can use quick sip-and-puff movements with their mouth to
"type” using Morse code.

LIGHTBEAM KEYBOARDS: Several special "keyboards” are
available that can be operated by simply pointinig to the "keys" with a
beam of light. Individuals with spinal cord injury; weakness, or

mmady |
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progressive diseases often use lightbeams attached to their heads to
operate these keyboards:
These and other interface techniques and aids can be used with computers.
Uniomnately, the output of these aids does not look like the output of the standard

kzyboards. As a result, these interfaces cannot be directly substituted for the standard
keyboards on computers. They could be connected to the serial ports of the

computers, and used with special software expecting the input to come in via the
serial port. In order for these interfaces to be usable with standard software, however;
some mechanism must be provided to allow the output from the special aid to look
like it is coming from the standard keyboard. Keyboard emulating interfaces are one

strategy for accomplishing this:

In order to allow specnal interface devices and communication aids to be used in

place of the standard computer keyboards, small KEYBOARD EMULATING

INTERFACE MODULES have been deveioped These modules are capable of
exactly imitating the signals that are sént out by a particular keyboard (e.g, the IBM
PC keyboard, or the Apple Ile keyboard) These modules are designed to accept the
output of the specnal interfaces and communication aids and convert the signals into
precisely the same electrical s:gnals that the particular computer keyboard would
generate. In this manner; an alternate keyboard with these special interfaces can be
used instead of a computer’s normal keyboard, sinceé the computer is unable to tell that

the keystrokes are not coming from its normal keyboard. This approach allows the
disabled individual to use aﬁ of the standard keyboard-based software written for the

computer without requiring any modifications to it. Because the computer cannot -
"see” that the keystrokes are not coming from its normal keyboard, this technique is
referred to as a transparent access technigue. In order to allow other non-disabled

individuals to continue to use the standard keyboard, all of the keyboard emulatiog
interfaces also allow the normal keyboard to be plugged into them: Thus; all
"keystrokes" received from either the normz! keyboard gr from the disabled person’ 'S
special "keyboard” cre passed on to the computer as standard keyboard keystrokes.
Although this approach does provide full transparent access to keyboard-based

software, it has several problemn: and limitations:
1) Individual keyboard emulating interfaces run about $400 each, and

are usually specific to a single computer modetL

~ 2) Since any disabled individual is hkely to run into multiple
computers, separate keyboard emulating interfaces must be secured for

each computer:



_3) Each computer with a different keyboard requires a different
keyboard emulating interface. Even different models within the same

emulating interfaces. The Apple II+ and the Apple Ile, for example,

each require different emulating interfaces, as do each of the IBM PC,

the PC jr, and PC-AT computers.

4) As new computers aré announced; keyboard emulating interfaces
must be designed and made commercially available. This is a difficult
and expensive process. As a result, only the most popular models of the

most popular computers have keyboard emulating interfaces available

for them.

5) Keyboard emulating interfaces are not currently available on all
public access computers.

__ 6) Keyboard emulating interfaces often require cistom installation.
Computers appearing in educational, recreational, employment, and
public areas (e:g, libraries) are often under the charge of individuals not

familiar with computers, who are hesitant to include "non-standard.
adaptations.” As a result, computers. that disabled individuals will be
encountering in_various areas will usually not include keyboard

emulating interfaces unless they were a standard feature of the
o’p’efﬁtiﬁg system.

As computers become an integral part of more and more activities of daily living,
the disabled individual will run into more different types of computers in different
environments each day. The cost for him or her to outfit each computer with a
separate keyboard emulating interface would be prohibitive. In addition; many of the
computer systems either would not have keyboard emulating interfaces available for

them, or would fiot allow the disabled individual to install such non-standard devices.

OTHER INPUT TECHNIQUES

_ In addition to keyboards, other input technigiies are Leing implemented on a
widespread basis. Perhaps the most common at the present time is the mouse.
Although software packages using the mouse often allow some of the commands to be
done from the keyboard, there are some systems that are not usable if the individual is
unable to use a mouse. To circumvent this problem, several "mouse substitutes” have
been developed: In one case, a long-range lightpen (one that can be used up to 3 away
from the screen) has been programmed to emulate the signals of the Macintosh mouse.
An individual can now cause the "mouse pointer” on the screen to move about by
simply pointing with his head at the screen: In another case, the tipping of the head
left, right, forward, or backward is sensed by a special device that emulates the signals
put out by the Macintosh mouse; as does an ultrasonic head operated mouse. Also
under development is a keyboard emulating interface with a mouse emulating
interface included. This unit allows signals from special communication aids and

10
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altemate input devices (see above) to be used instead of the Macmtosh’s keyb\,ard and

In all of these cases, however, specral "mouse emulatmg crrcmtry and adaptations

needed to be developed in order to let non-mouse users access the Macintosh. This
crrcmtry must be redesigned and redisseminated for each different computer and/or

mouse system that comes out.

As discussed previously, in addition to the need for alternate input devices
physically handrcapped individuals also often have difficulty handling computer
materials such as disks and printouts. Special disk loading racks have been developed
to held disabled individuals line up and insert disks icto their drives: There are
problems, however, with those disk drives that have latches which are difficult to use
unless one has good manipulative capabilities. Also, the locaticn of the dnsk drives
can create problems. The Apple Ilc; for example; has a latching mechanism which is
particularly easy to use. Unfortunately, the disk drive is mounted ot the side of the
computer, which makes loading disks difficult for disabled mdrvrduals

For the more severely motor impaired individuals, mechanical disk loaders have

been developed. However; these units are quite expensive, and so far have had low
reliability.

The rapldly dropping cost of hard disks Lis made their use a pamcularly valuable
approach for disabled individuals. Software.that is copy-protected, however, limits the
ability of disabled individuals to use a hard disk to rediice disk handling requirements.
Programs such as Microsoft’s Word; which allows a single copy to hard disk, are good
examples of a compromise that provrdes reasonable program security while still

allowing the transfer of the program to a hard disk.

The pnncaple problem faced by vtsually impaired individuals is the output display.
Other problems include the use of sight-based input systems (mlce and other variable-

origin or variable-reference systems), computer printouts, and documentation.
The current solution strategies include:

2) Braille printouts and drsplays
3) voice output
4) avoidance of mouse-based an other inaccessible programs

ANDED DISPLAYS

For individuals with visual acuity preblems (low vrsron), expanded displays are

available. For individuals with only minor vision problems, the use of larger monitors
(which results in larger letters) may be sufficient. For individuals with more severe

1
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vision problems, specially developed screen displays are avanlable for many popular

computers (Apple, IBM; Tandy) that allow the user to zoom in on a special screen.
Systems are available that can zoom in sc far that one character will fill the screen.
Some of these systems allow the screen to be split between the video display of the
computer screen and a second dnsplay taken from a camera aimed at printed material

(books, etc)) that the individual might be using. These expanded "zoom" display

systems are accomplished by patching into the operating systems, or through direct

access to the screen memories in the various computers. As such; they must be custom
developed for each computer and operating system. Although they do provide a
solution approach for personal systems, they would not be a viable personal solution

for accessing public computer systems in their current form. They also limit the
choice of computers which an individual with low vision could purchase and use, as
they are only available for the most popular models of the most popular computers;

and are not available for any computers until some time after their announcement.

Braille dxsplays come in two forms: Braille pnnters and dynamxc Brai.le displays.
Braille printers are available that can provide embossed Braille priz.touts from
standard compater terminals. The cost of these Braille printers is high ($15,000; prints

100 characters/second), although a lower cost modification to a hand Brailler is
available for $3,000 (12 characters/second). Braille printout can solve some of the

problems regardmg access to printed output. It is not; however, suitable for replacing

the CRT display, any more than a standard printer could be used instead of a CRT for
snghted individuals,
To help meet the need for fast, temporary dxsplay of Branlle mformatnon, dynamxc

Braille displays have been developed: These have small pins that can be raised and
lowered electrncally There are currently several terminals that have between 20 and
40 Braille cells in a line: Controls are used to move this “line” up and down a virtual

screen lmage. Work is also underway on a large "full page” Braille display that would
consist of 40 x 16 Braille cells or "characters” It may also be possnble to use this panel

for limited display of graphic information in tactile form: In its graphic mode, the
resolution of this display would be 64 x 128 pins or pixels for a 10" by 7" display (which
can be stacked at production time)

At the _present time; only a small percentage of blind individuals read Braille. In
addmon, many blmd individuals do not have sufficient sensation in their fingers to
learn Braille. For those who know and use Braille, this approach can be a very
powerful and effective approach for text information.

To facilitate access to computer systems by a larger population, including those
not familiar with Braille, voice output approaches have been used. With these
12
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systems, an individual is able to move a "speaking” or "reading” cursor around the

screen; and have it vocally read back the contents of the screen to the user. The
cursor can be moved around in word or letter mode, and can read forward or
backward at varying speeds. Current systems use cursor control coinmands from a
keypad or two slide controls. A new "hapti-vocal” technique has also been proposed
that would allow the individual to directly access the contents of the screen. With this
techmque, a small pad which represents the screen is located next to the user’s
keyboard. Whenever the individual touches the pad; the contents of the s screen which
correspond to the point on the pad which the individual touched would be spoken.
The individual can "read” the screen by simply moving his hand across the pad, or by
touchmg the pad with two fingers and spreading thei to control the rate of reading.
Both of these techniques also have an "echo” mode that zllows the information to be

read back to the individual as he is typing it, if this is desired.

At the present time; there is no good solution for blind invlividuals to the problem

posed by mouse-base drograms, or other programs which do aot have fixed or

tactilely referenced . sput techniques. At the present trme, many of inese programs
have a "non-mouse” operating mode that permits their use. Many otlier programs and
systems, however, are only partrally accessible from the keyboard, and require the use
"of the mouse for at least some of their operation. Some variant on the hapti-vocal
approach might be possible here. At the present time; however, good solution -
strategies have not been developed that would allow blind individuals to access mouse-

based systems.

_ All of the solution strategies discussed involve access to the screen information.
This must be done ecither through a modification or patch to the operatrng system; or

direct access to the screen memory. In either case, it involves some physical or

software modification or addition to the system. As such, it could not be ised by
disabled individuals to access screen information on the arbitrary computers they will
encounter in their environments. These strategies could be used as mechanisms for
accessing their own personal computers. Their choice of personal compiter, however

will be limited to the one or two brands for which these software patches or memory
access modifications are available. If access to this information could be provided as
a standard featiire on computers, many of tliese limitations wonld be removed.

Some newer proposed approaches seek to circumvent this access problem by direct
mterpretatron of the video image: Such a system wonld tap the video signal being sent

to the display monitor, and reconstruct the i image in its own memory. The special

device would then do character recognition and video interpretation on this video
image and translate it into braille or voice output. Such a system would allow blind
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individuals to use ‘any computer for which they had access to the video signal. Some

integrated computers, such as the Macintosh, however, do not currently provide an

external video signal. In addition, newer systems based on liquid crystal displays do
not generate a video srgnal, thiis; none is avarlable from many of these computers.

In addition to difficulties in getting access to the screen image in digital forimn, the
above solution strategies can also have difficulties with the actual contents on the
screen. Windows and graphics are a problem. Icons are somewhat of a problem, but

are more manageable than general bit-mapped graphic displays and complex window
graphics.
Graplnc tactrle drsplays can provxde a partxal solutron to this problem. 'I’he very

represent the detailed graphic images of current systems (currently 640 x 400, witk:

1024 x 1024 coming soon} As the resolution of the displays increases, this problem will
only get worse. In addition, the tactile dxsplays are unable to represent color, which is
being used increasingly on these displays. Finally, the cost of these displays is very
high, and the cost of hrgher-resolutron displays would be prohibitive. Some of these
problems can be circumvented by using the graphic displays in a "zoom" mode, where

the tactile display represents only a portion of the screen; a small movable window
onto the screen, as it were. Another approach would be to have a small hand-held

device the size of a gum or cigarette package, with movable pins under the user's
frngers. As the device was moved around on a table representing the s screen, a tactile
image of the corresponding portion of the screen would be presented to the finger

tips. Stich a device might be térmed a dynamic virtual haptic-tactile display.

The advent of a virtual device interface standard between graphics programs and

the operatiug system would assist in all of the above solution strategies. The fact that
such an interface would allow standard programs to be used with variable resolution
displays would greatly facilitate the use of standard programs with the low resolution
tactile dnsplays. They could be used in full screen mode to get a general layout for the
screen, and then zoomed into particular portions to provide higher resolution
represeutations. Such interfaces between the program and the display systems could
also provide information to other special devices for the blrnd, which could then

rernterpret tBe xnformatron and provrde it to the blmd person ln a form ‘maere

become more complex and are presented in fonts. In order for this interface standard
to be” o£ any value to blind individuals; however, the information sent out from the

program to the operating system will also need to be made available outside of the
computer via some output port.

For heanng rmparred individuals, access to standard software is not currently a

large problem. The auditory information from computers is mostly in the form of
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chcks or tones. The iargest probtem for hcarmg unpanred mdnvnduaxs ts the potential

standard programs: Solution strategies for this area include:

AMPLIFIER: For someé individuals, the use of amplifier headphones may be all
that is required This approach can provnde a loud, clear signal without also
amplifying background noises. This is a good technique for computers that have a
hudphone or extcrnal audio jack. Thxs approach is not vtablc on computers that do
even minor rewmng of gcneral pubhc computer systems is rarely allowed.

SOUND DETECTOR: For individuals who are deaf, a small sound detector that
converts clicks and tones into flashes of light can cover many of the "warning tones”
produced by current programs. Since such a device can be made quite small and
portable; it could be easily carried by the deaf individual and placed in front of the
speaker of any computer he would encounter. This technique would pot be able to

easily differentiate between the different sounds that a System might generate. It also
would not help with programs that generate speech.

CONCURRENT DISPLAY OF INFORMATION ON SCREEN: When beeps are
accompanied by a flash on the screen, or spoken output is also displayed in visual

form on the screen, they pose little or no barrier for hearing impaired individuals.

Snmple, straight-forward messages are best, however, since English is the second

language for many deaf individuals (Sngn language being the primary language).
ALTERNATE DISPLAYS OF INFORMATION: For programs that do not

provide dlsplay of the spoken information on the screen; an alternate display could be

used for visual display of the information. Such an altérnate display could be
connected to the computer using a standard output port. This would, however, requnre

that the program or the operating system provide this information to the output port.

Thts area is very broad, and difficult to disciiss or approach concretely. Often; the

question is not access to standard software; but rather designing standard software to
be usable by individuals with cognitive or sensory processing disabilities. This area is

of pnmary concern for software or information systems to be used in public locations

Some of the problems can, however, be partially addressed by the same access
strategies discussed above. A ‘person who can see clearly but who cannot process
printed information (e.g, a person with severe dyslexia) may be able tc systems
with little difficulty if he could access the mformatton audntonally, as a nd
individual might. Thus, the access ports provnded for blind ‘persons may . ' be of
valiié to sich individuals. Similarly, individuals with short term memory pro- 'ems
may find that the alternate visual display provided for deaf individuals would be



éﬁéi@t to inﬁtéi'p'rét; or may be necessary in order to refresh their memory as they

perform a task guided by computer-spoken instruction.




The comments and suggestions in this section are made with an understandmg of
the complexity and competitiveness of the designing and marketing of microcomputer

systems. Most of the suggestions are low-cost or no-cost ifi naturs; although there may

be initial costs to incorporate them into standard design procedures. It should be
noted that all ¢f these proposed modifications increase the flexibility of the systems;,
and their utility :0 non-disabled individuals (regular market) as well. Firther

discussion of the benefits to the regular market is presented in the next section.
‘The following recommended modifications are being suggested after consultation

with researchers, consumers, and several mannfactnrers. Iris expected that this set of
modifications can be refined considerably through more extensive cooperative work

with industry. In addition, solution strategies must still be explored for future
interface and dlsplay technologies.

KEYBOARD OPTIONS
__An option in the keyboard routine or driver could allow the individual to adjust or
defeat the KEY REPEAT FEATURE to avoid multiple keystrokes by individuals
with motor impairments.

For the SHIFT, CONTROL, and ALT keys, a holdNlock feature coiild be added to
allow use of the keyboard by individuals who can use only one hand or one stylus.

When this option was enabled, depressing the SHIFT 'key once would cause the next
character to be shifted. The system would then revert to its unshifted state.
Depressing the SHIFT key twice in a row could cause the system to lock into shifted

mode until the SHIFT key was depressed a third time. This same HOLD/LOCK

feature would be provided for other keys on the keyboard as welt If programs appear

on the market that require simultaneous depression of arbltrary kevs on the keyboard,
then it may be appropriate (and necessary) to allow the user to specify any keys on

the keyboard as having this feature. This feature would automatically turn itself off
any time two non-adjacent keys were depressed simultaneously. In this way, the

feature would automatncally deactivate if an able-bodied user came across a computer
where a disabled user had forgotten to turn off the feature before leaving.

This feature would modnfy the current operating systems to that the operating
system would check both the keyboard and a designated serial input port whenever 2
program made a request for keyboard input. "Keystrokes” received from either source
would be treated ndentncally Thus; the operating system would make no distinction
between input from the standard keyboard or from an alternate keyboard, and the
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program would be unable to tell that the "keystrokes” from the alternate "keyboard”
did not come from the siandard xeyboard.
Since most keyboards have many more keys th- - can be supported by 7-bit ASCII,

1 special filter would be applied to all data coming in from the alternate keyboard

input serial port. This filter would serve three purposes: 1) it would allow multiple
keys to be "held down simultaneously;” 2) it would allow the user to "type” keys that
are not represented by the ASCIT c,ode; and 3) it would allow the "time" the key is held
to b2 transmitted (a requirement for some programs) A special standard has been

developsd to accomplish this. The standard uses 7-bit ASCI1 only as the input stream

to the filter, and uses escape sequences for non-ASCII keys, the escape key, and keys
that are to be held down 'simultaneously.

~ For systems that work on an interrupt-based keyboard, the serial port could cause
the same interrupt as the keyboard. The operating system . 5uld then look-at both
:he keyboard and the alternate input port for "keystrokes.” If an "alternate input”

vector were used, it would be possible to daisy chain any number of alternate inputs

using different input interfaces. Whenever a new alternate keyboard routine was

loaded, it would capture the address of the vector on the stack; and substitute its

vector. When its access routine was completed; :t wonld then pass eontrol on to the
. 32
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1t drivers should be stand , :
they wxll be present in the operatmg systems of any computers wherever they appear
(school, work, bank, street corners, etc). This is important sifice in most cases the user
will not have permission or the freedom to load the alternate keyboard driver into
these public access computers. A single "altérnate keyboard” input standard has been
developed (termed the "Keyboard Emulating Interface Standard™) and could be used by
all disabled individuals.

It has also been suggested that a separate "alternate access” connector/port mnght
be included in future computer design. This would be particularly reasonable if
widespread use of this were predicted by the regular market. To avoid the higher

costs of the serial connzctors, a low-cost infra-red link mounted directly on the mother
board was also :mentioned.

the keyboard emulating mteriace function should be provxded to allow iise of the
systems by individuals who cannot use the particular input system (e:g; mouse)
provided.
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In order to allow special display amplifiers and mterpreters to easnly tap into the
video i image; = video connector should be provided whenever a video signal is

available; -

An audio or headphone jack on the computer would facilitate the use of
heacphones and amplifiers for hearing impaired individuals.

Any information sent to the screen could also be sent to a serial (or other) port in
some standardized format (on request or continuously). This could be the same serial
port as used for the keyboard emulating interface input. This information could then

be used for interpretation by a special personal "display” which the disabled

individuals would have with them and could connect to the port. This will be
especially valuable when new information dnsplay communication standards come out,

such as the VDL Any information sent to the operating system could also be sent to
an output port szs that 1t was available to other standard and special display devices

the screen Since this will not always be practical, the information could also be sent
out on an access port, so tha: it could be displayed on a visual display that the deaf
individual would carry. The access port could be the same one as is used for the

keyboard emulating interface and blind interface.

When new operating systems are created that allow programis to pass data back
and forth as "keystrokes, care should be taken so that all "keystrokes” that are
possible from the keyboard be producible and passable from one program to another.
This would allow the use of a "special keyboard” program to control the rest of the
computer’s operation. All key combination that can come from the keyboard,
however; would need to be supported, including "RESET" This would allow a
physically handicapped person to use a special program to act as an alternate
keyboard routine to another program (in his own personal computer). Similarly; all
output which is sent to the screen from a program should be capturable by a second

program for intcrpretation and processing. This would allow a blind user to have a



program mterpret the "video” output of azother concurrently running program in

order to feed him the "video” information in some other form.

Software that appears in public places for use by a wide range of individuals can

be made vmually, hngmstically, and cognitively simpler to increase its usability by a

larger portion of the population.



In addition to mcreasmg the usabnlity of comnuter systems by disabled individuals,
the above modifications also provide greater access to and usability of computer
systems by non-disabled individuals; who represent the bulk of the market for these
computers. Ja fact, many new interface strategies for regular users can be identified
from the work done in the disability area. Some of the ways in which these

modifications benefit the market size or utility by regular users are:

. This modification is not just for severely handrcapped individuals. Any individual
attemptmg to use the keyboard thh one hand would fmd thrs usefuL Thls mcludes

The avauabrhty of an alternate "keyboard” input point that was standardized
wcald greatly facilitate the connection of keyboard alternativss of all types: This -
could include voice recognition keyboards, special environmental keéyboards for useé in
hostile industrial environments or schools; eye-gaze keyboards, body-movement input
systems; and large remote pointer kéyboards such as might be used in group
presentations or group use. The availability of a standard alternate input interface
across computers would allow manufacturers to develop a single piece of hardware
that could be casily used with most any computer or computer model on the market.
It would also allow the use of specialty keyboards with all of the ¢ computers of a
company (e.g, all IBM-PC family computers) even though their regular keyboards are
incompatible. At the present time; a separate model is required for each computer
and each modei of computer in a line. For example, the Apple IT and Apple He use
different keyboards from each other, as .do the IBM PC, the IBM PC-AT, and the
IBM PCjr, making it difficult for both specialty manufacturers and the original
manufacturers to create generally applicable specialty interfaces.

The existence of a keyboard emulating interface on a computer would also allow
the computer to be more easily controlled by or fed with information from another

computer.
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Again, this allows manufacturers to develop alternate approaches for differént

applications. For example; the special optical pointer and head-tilt mice that have
been developed for disabled individuals might provide "hands-free” mouse operation
for typists and other individuals who would like to have quick pointing capabilities on
a screen, but who do not want to take their hands off the keyboard to operate a

standard mouse. Currently, such alternate "hands-free mice” must be developed

individually for each different computer or computer modelk

The avarlabrhty of a videéo connector allows users to use alternate displays,

including large screen displays. It also allows the individual to record the i images and
mix them with other data or video signals when compatible.

Avarlabrhty of headphone jacks allows the use of voice output software in noisy

environments: It would also allow the use of talking software in environments where
terminals are placed in close proximity; where it would otherwise be impossible to tell
whose computer was talking to whose. Finally, it allows for simplified recordii:g of-
speech; music; and other auditory information that might be generated by the

computer programs.

As the VDI or similar communication standards for video information bemg sent
from a program to the operating system are developed, it would seem highly

advantageous to provrde thls mformatron to some externally avarlable output port for

or prmters, or used as a method for compressed transmrssron of the video image across

data links. This may be especially valuable when using sophisticated graphics
packages on portable computers having limited resolution displays. When an ordinary
user is located at his workstation, he may wish to connect his low-résolution portable

computer to a stationary system providing a larger and higher-resolution display.

Provrdmg all audrtory information in visual form would be useful both in high

noise environments and in no-noise environments (libraries, etc) This would be

especrally true in public access environments where headphones would be subject to

theft or vandalism. It would also be true of situations where the user had to move
around freely, or could not wear headphones for other reasons.
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Provision of full keyboard data paths between programs would allow for more
sophxstncated systems in the future involving nesting programs. It also allows voice
recognition software to be run in the same computer as the standard software and yet
provnde full access to the kejboard functions for the user without having to be

computer hardware specific.

SIMPLIFY SOFTWARE DESIGNED FOR USE IN PUBLIC PLACES

Making public access software as simple to use as possible, both visually and
conceptually, would increase its usability not only by individuals commonly
categorized as “disabled,” but also for elderly mdwnduals, travellers, children, and bi-
lingual individuals, as well as anyone who may be unfamiliar with automated

information systems.



information systems will take on new forms and become so integrated into our society
that it is not easy to imagine or discuss them in currently available terms and )
conceptual frameworks. A few trends in the near future, however, can be seen. These
trends will provide éven greater potential benefit to individuals with disabilities:
Development of effective techniques to ensure open access to these systems by
individuals with disabilities; however; promises to be challenging.

One clear advantage stems from the fact that, as more and more information is
produced, transmitted, handled and used in electronic form, the current problems
faced by individuals with physncal and visual disabilities; involving the handling,
productxon; and ttanslanon of the mformatnon into forms which they can use; have

the potential to be greatly reduced. The atbility of these individuals to affect the
world around them, and to carry out many of their daily living activities (e.g,

<hoppmg) on a remote basxs, couid also be mcreased; thus releasmg more time for

them to be able to pursue interests and travel more related to productive or social

activity than daily maintenance:
Some comments as to how the future may evolve; specifically in regard to

computer access, are:

R . i

As new mterfaces are developed that are more precisely tuned to utilize all of a
normal person’s physncal capabilities; we will find increasing problems faced by

mdnnduals who do not have full physncal eapabnhtxes. As long as alternate, albent

hmdtance, and not a barrier.
As systems get smaller and more integrated, we may find that some of the most
advantageously small systems (especially for ambulatory individuals) may have few

external input/output ports. Another problem that might arise in this regard is the
development of integrated systetas where a manufacturer desngns the computer to
work only with its own specially created peripherals. In some cases, this may be done
to close out competition for peripherals. In other cases; it may be done simply to
provide a lower-cost overali system by usmg simpler, lower-cost custom inter-unit
communication formats. These could cause additional problems for disabled
individuals if they are not cons:dered.

On the positive side; we are also likely to see a number of alternate interfaces
beconie available. As the dwersnty of these interfaces increases; so will the pressure
for a standardized interface In addition, the various interfaces themselves may be

dlrectly usable by individuals with disabilities. Voice input, for example, is one
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techmque thzt has already appeared, and which will be improving steadily in the
future, and is quite valuable to individuals with some types of disabilities.

Amnother positive development is the expected separation of the programs and the

i'npiitfoutput hardware. As programs rely more and more on operating systems for

their input and output, the ability to provide alternate input and output mechanisms
for disabled i..dividuals which are compatible with standard software packages
increases dramatically.

The greatest concern here is the rapid increase in the visual complexrty of the

drsplays. As display technology increases; it is expected that even greater use of more
visually detailed displays will be made. In addition, relatively low-cost 3-dimensional
risplays have already been developed and are being used in industry. Providing a
mechanism to handle this type of information for a blind individual will certainly be
challenging. This will be especially true if 3-dimensional mice or “fingers"” are
developed to manipulate these images. o B

On the positive side, as discussed above, the separation of the program and its

display drivers for current and tuture display mechanisms promises to make these

tasks at least somewhat easier.

~ Voice output is the largest problem here. As iong as information is provided in
visual form as well, however; this should not be a serious-problem.
Also, as voice recognition improves and comes down in cost over the next decade,

deaf individuals m may carry voice-to-text translators with them as a standard practice,
for use in ordinary conversation.

Of benefit to all types of disabled individuals will be the decreasrng size of the
systems, their i rncreasmg power, and therr lower costs As memory costs contmue to

more sophisiicated operating systems, which can facilitate alternate access, multi-
tasking, and program nesting. As long as alternale access points are provided in the

architecture, the future for the disabled as it invoives compiuters looks bright indeed.

This includes both the use of the computers as special aids, and the mcreased access to
the educational, work, and social environment ‘components of our society by disabled

individuals through standard computer systems.
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When workmg on 1mplementmg new compnter access strategles lt is unportant to
consult with someone who is familiar with the computer access problems of all of the

disabled, to help ensure that an access strategy for one disability does not create
access problems for other disabilities. For example; when curbcuts were originally
mstalled; no thonght wias gnven to the ramlfncatwns for blind individuals. As a result
many blind individuals found themselves standing in the middie of the street in
traffic, because they or their seeing eye dogs did not find the curb that they used as an
indicator that they had come to the end of the sidewalk and the beginning of the
treet. Different textures and specific contours are now provided with curbcuts to

provide tactile indications of the curbcut for blind individuals.

In other cases, entire bunldmgs have been made accessible — except for one
oversight which rendered the rest of the modifications moot.

In developmg and implementing computer access strategies, we must take care to

be as fully knowledgeable and informed as possible to avoid missing the one small but

critical detail; and to prevent creating a barrier for one disability while trymg to
remove one for another.
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Comments prepared for the White House Planning Session on Computers and
Handicupped Persons

February 24, 1984

Gregg C. Vanderheiden
Trace R&D Center, Unrversrty of
Wisconsin

Computers are becomxng an mtegral part of our educational systems, most

employment situations not involving manual labor, and even darly hfe-—baﬁkiﬁg,
shopping, etc.

As this occurs, the estimated 3-S million people unable to physncally use these
systems will be at an extreme dtsadvantage. 'fhey may very hkely be excluded from

in many cases even possible, to adapt the individual pieces or systems which will be
encountered in the classroom or job site. There are too many pieces of software,
changing too rapidly; and the software is often propnetary or specific to the company

or apphcatron. Physrcally adapting the computers or modifying them one at a time to

meet each person’s individual disabilities is a srmnlarly unworkable solution, especially
when the mdrvrdual is ltkely to run mto a v&rde vanety of computers. :I;heﬁng

We recognize that manufacturers cannot afford to desrgn their equipment to
account for the very wide variety of users who may encounter the equnpment. This
does not apply just to the area of dnsabxhtnes, but to all areas of computer use: The
maJor computer hardware and software is targeted at the majornty of the market, with

other applications. About the largest concession that can be expected in the 1 mass
market production and distribution of computers is to allow ports or access points in

the archttecture where specral adaptatrons could be attached.

jofi of the individual computers,
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operating systems; or software packages. Furthermore, it should not constrain the
ability of computer and other information systems to grow and develop in widely
diverse fashions.

Since the "computer” as we know it is changing rapidly, as are both its input and
outpiit forims, 6o specific or describablé solution strategies are going to be applicable
either across all computer systems or for very long into the future.

As a starting point for discussion, the following guidelines are presented, followed
by several examples of how these guidelines could have been applied at low or no cost

in the computer systems that exist today. se _

(disabled or nondisabled) and therefore constitute enhancements of the computer and
not just accommodations.

1) Emphasis should be put on providing entry points, ports, or "hooks" onto

which individuals requiring special input or output forms can attach their aids

or software routines. These may be hardware or purely software hooks (see
examples)

2) The philosophy is not to make the computers usable by all individuals with
handicaps, tut rather to provide the access poirts to which the individuals can
attach software or hardware modiules needed for their use of the systems.

3) Any modifications or accommodations to the hardware or operating system

should be kept to an absolute minimum (unless the accommodation increases

the utility of the system for all users)

4) Where possible, redundancy of input and output forms should be provided
(e-g, keyboard access to mouse commands; text or visual parallei to voice
output, audible feedback paired with visual output).

The attached illustrations show hqw thé iié?d’\iiéijé or software operating systeris
of existing computers might be altered in simple and inexpensive ways in order to

facilitate their use not only by individuals with disabilities but by other people as weilL

February, 1984 ~ Trace Center, UW-Madison, W1
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A large number of individuals are unable to use the standard keyboard ona
computer due to a physical impairment. This impairment may be a spinal cord injury,

brain stem infarct, or congenital physical dxsabrhty For thesé individuals; a number
of aids or systems have been developed which can allow them to "type” by indicating
the desired characters using specialized techmques. These techniques may involve

only sipping and puffing on a tube, or the movement of the individual’s eyes.
Unfortunately, it is not possible to use Visicalc; WordStar; or standard computer-

aided instruction programs with these aids, since these programs and the computers on
whrch they run accept mput only from the computer keyboard; ’fhnxr, wlnle the

standard computers or computer software.

The solution that has been developcd to solve this problem presently is to create a
hardware module which exactly imitates the electrical signals of the keyboard. With

this "keyboard emulator,” the computer’s existing keyboard is disconnected, and the
emulator plugged in where the key is disconnected, and the emulator plugged in where
the keyboard used to be connected. The keyboard emulator is set up to access
standard RS232 serial ASCU, which the disabled individual’s "special aid" is capable of
sending. With this arrangement, the individual can "type” using a snp-and-puff switch,

eye motions, or whatever is necessary, and have the selected characters fed to the

computer exactly as if they were typed on the keyboard.

Smce the emulato exactly mimics the srgnals of the keyboard, lt is lmpossrble for

aid and someone using the standard keyboard on the computer. Because it is
impossible for the computer to “see” this modification, this type of modification is
termed "transparent” Because these techniques are fully transparent,; the handrcapped
individual can run any standard software or use this computer in any way that any
nondisabled person could control it from the keyboard. Any successful alternate
input strategy must be transparent.

In order to allow the computer to also be used by nondisabled individuals; the
keyboard emulators allow the original computer keyboard to be connected to them.
The emulators then feed all keystrokes from the keyboard into the computer as well.
As a result, installation of a keyboard emulator in a eomputer in now way alters the
usabnhty of the computer or of its operating characteristics to nondisabled users. In

Febriiary, 1984 — Trace Center; UW-Madison, WI
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fact, except for the extra connector on the back of the computer, it is impossible fo: a
nondisabled user to tell that a keyboard emulator is installed in a computer. (For
computers such as the IBM PC, which have separate keyboards, the eniulator can
simply be a box that is placed in line between the keybcard and the computer to
provide a "Y" function, which feeds both the standard and special keyboard signals

into the computer.)

Although this adaptatnon provndes totally transparent access to the computer, this

approach has a number of shortcomings over the long haul. First, as each new
computer is introduced, someone has to design a new keyboard emulator to mimic its
signals. Even model changes (for example, the Apple II and the Apple Ile), if they

change thc keyboard electronics; require that a new keyboard emulator be designed.
With the proliferation of computers, this problem is rapidly increasing.

Second, in many cases the computer purcaased by a school system for use in
classes, or which a company may use in its various departments, may not be one of the
few standard computers for which keyboard emulators have been designed. In
addition, a handicapped individual may have to use multiple computers for different
activities on the job, or in different classrooms at school. This would r require that a
keyboard emulator be purchased and installed for each of the different computers. In

addition, keyboard emulators are expensive, generally running $300 to $400.
) A third problem is that many computers do not lend themselves well to keyboard

emulators. Size and s spacc considerations in the computer, as well as the tendency in
smaller computers to integrate the kt.yboard into the main circuit, make installations

of keyboard emulators difficult or impossible.

Keyboard emulators themselves are examples of "retrofitted" solutions. A simpler

approach would be to have had a "transfer keyboard" funiction built into the operating
system initially. Although "transfer conscie” commands do exist in some operating
systems, they are not sufficient, since they also transfer the display function at the
same time. If a "transfer keyboard to a serial port” command were avaijlable on the
computer, we would in fact have a built-in electronic "keyboard emulator” function
provided at no cost To handle the non-standard (non-ASCII) keys, special escape
sequences or supra-ASCH codes (8-bit) could be used.

If this capability were built into op:rating systems and used in the software
development, special keyboard emulator modules would not be requnred, and

handicapped individuals could, with their own special interface aids, access standard

computers and software.

February, 1984 ~ Trace Center, UW-Madison, W1
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In addmon to provndmg access to individuals with dxsabxlxtnes, this function could
also be of great utility for nondisabled individuals. One use of this feature would be
the inputting of data to a program from a second computer. At the present time, an

increasing number of individuals have both a stationary workstation computer and a
portable lap computer. With this "transfer keyboard” function, individuals could

prepare notes or work on their portable computer as they moved around, and, later,
easily transfer the work to their other p programs. By using the "transfer keyboard”
command, the individuals could dump the contents of their portable computer into the

serial port of the workstation computer and have the information "typed"” directly into

the particular application program desired. In the future; some transfer capabilities

may be built into specific programs as special capabilities. I ihis capability already
existed in the Operating systems, however, it would be available today.

capabumes whxch are very close to them: WO

Newer systems are also using new mput modes such as the mouse. To enable
disabled persons to use many of these systems, it will now be necessary to create
"mouse emulators” One such "mouse emulator” is already under development, which

will result in a totally hands-free mouse. Again, with some foresight in the design of
the hardware and operating system which use mice; implementations of this technicae
could be facilitated, and its cost reduced: This type of approach would also have great

advantage for nondisabled typists, providing them wit the quick editing capabilities of

tﬁe monse; but allownng xhem {0 keep bo*h hands on the keys of the keyboard at the
techniques; for instance, using a rough pointing instrument such as a long-range
lightpen attached to the head to do general text cditing, a mouse to do finer
movements when drawing, and keyboard cursor commands to move the cursor one

pixel at a time to fine-tune the mouse:. This would provide a wider vanety of use for
the nondisabled user, and morz options for control for the disabled user.

February, 1983 ~ Trace Center, UW-Madison, WI
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Blind mdw;duals are unable to see the screen of the computer monntor, and : are
therefore unable to use standard computer systems. Visually impaired individuals may
have residual sight, but be unable to use the screens ia their standard size or
configuration: Special displays or aids are often available to assist with both of these
problems. Unfortunately, taps or connections to the system to allow these individuals
to access or use the information are generally not provided. Presented below is one
possible aid for blind individuals which could provide them with access to most of the
standard software; ’l’he dangn on one modern computer (the Macnntosh), Eowever
off this approach. Speclal adnptatnons can be added to the Macintosh t to allow a video
connector to be added to any particular unit. However, this does not address the
problem of a blind or visually impaired individual watking up tc zn arbitrary
Macintosh at schocl or the job site and trying to use it.

) One approach to providing access to visual display screens is a "Hapti-Vocal” CE.T
replacement. The technique draws its names from the term “haptic,” referring to th:

sense of posmon of the hand; and vocnl" from 1ts vo;ce > output.

table next to the computer. This pad essentially represents the CRT screen. When

the individual touches the surface, the system responds by vocally telling the blind

nndnndual what 1s at that ' point of the screen. The system can provxae the nnformatnon

cause the System to read the screen from that point on by simply touching two fingers
to the tablet and spreading them. As he spreads his fingers, the cystem will begin

reading at a rate proportionate to the distance between his two fingers. In this
fashion, he can easily control the rate of readnng; as well as back up and reread. A
tone mode allows the individual to quickly scan the page with his fingers, 1dent1fy1ng
the layout in terms of ¢olumns and dxstnngmshnng between areas and numbers and
areas of text. The system can also be instructed to direct the individual to the cursor

position, or to multnple cursors; and to follow along, enunciating the information as

the blind individual is typing at the keyboard. Ia its basic operating mode; the system

does not handle graphics, but tonal modes can be used to assist the individual in

"reading” some types of graphic information. In addition, extended intelligences in the

February; 1984 — Trace Center, UW-Madison, WI

38:



White House Conference on Computers and Handicapped Persons ~ February 24; 1984

interface (see belo.v) can allow for the mterpretatron and "reading” of many types of
standard business graphics.

The new hrgh resolution windowing software can also be handled by providing the
system with the ability to handle various typ~ fonts and through judicious placement

of the windows by the blind individuak

the computer and creating a bit-mapped image of the screen in the haptr-vocal
adaptor'i own memory. The unit would then perform character/form recognition on
the screen. Beauxe df the dngrtal nature of the screen dnsplay, thxs would Be a

paper (where a pnmary dlffrculty is the u'regularrty of the fonts and the data drop-out
from broken characters) Computers with variable character fonts and even icons can
be easily handled, since each shape can be given a name.

Smce thls CRT replacement wotld contain its own memory and mtelhgence, the
extent of the graphics display which can be interpreted by the unit is open-ended.
Through special electromcs, the system can also handle different rastor frequencies to
allow it to grab images from nonstandard terminals such as the IBM monochrome
dxsplay and the Macintosh.

~ This approach would essentrally be usable with any system for which the video
signal was accessible. The signal may be in any of several different forms, including
composite video or separated synch format For most computers, this is not a
problem,; as the monitors are either separate (allowing access to the signals), or a video
connector is provrded. On the Macmtostt, however the screen is burlt in, and no
external video signals are currently available except on very specially configured
versions (the Conrac Macs) which have composite video out (although there are plans

for an external video signal on future Macintoshes)}

If a connector had been provided, or when one is provrded, on the Macintosh
(wnth any form of the video signals on it); it would not only enable access for the
above technrque (and for video expansion techniques for low vision) but would also
have allowed the nondisabled users to connect alternate monitors; or to use special
peripherals which require video signal processing.

One such peripheral would be a special hands-free mouse, which would allow
individuals full use of the mouse capabilities of the Macintosh while leavxng both
hands on the home keys. This special mouse emulator could be used with any existing
Macintosh and plugged in parallel with the existing mouse (so that both would be
active) It would function in a completely transparent fashion, thus providing the

February, 1984 = Trace Center, UW-Madison, W1
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special hands-free mouse capabnhty to any text proccssmg apphcat:ons where it was

useful, in addition to allowing the use of the mouse for fine-grain graphics work. It
would requu-e no modifications of any kind to the operating system or the hardware

Uxnfortunately, the techmque does require access to the video signal. Provision of
the video signal for access for blind individuals would thus also have provided the
signal necessary for this special high-speed text processing accessory for nondisabled
individuals.

This technique addresses the use of CRT-based systems. The ability to grab a
screen image from non-CRT displays, however, will need to be addressed as newer
display technologies receive wider apphcatxon. Eventually, a very high resolution

direct screen scanning optical system may be required.

February, 1984 ~ Trace Center, UW-Madison, WI
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At the present time, there are not serious problems to access to computers by
individuals who are deaf. This could change if current trends toward speech output
and elaborate tone signalling continue. At present, simple visual indicators which
light up when a tone is emitted can be placed near the speakers of the computer to
detect beeps or other sounds. As more sophisticated systems and programs using
speech output are produced, however, this technique may not be sufficient for the full

and effective use of such systems.

_The solution strategw would be simply to have any information which is presented

audntomlly be also presented visually; either concnrrently or as an option.

First, a very large pomon of our current populatnon is hard of hearing, and would

directly benefit from this option.

In addition; redundant presentatnon of auditory information has the potential of
greatly increasing the effectiveness of communication for persons without hearing
impairments as well as providing access. Computer terminals may often be operated
in environments which are noisy enough that it is difficult to hear vocal output; or in
environments where a computer which is:-constantly talking would be an annoyance.
In both these cases; the ability to turn off the voice and have visual only, or a

combination of auditory and visual, would be of benefit.

February, 1984 = Trace Center, UW-Madison, WI
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Not all of the needs of disabled individuals can be met with snmple modifications
or adaptations to the hardware and software. There will always be individuals and

situations which requnre more extehswe consnderatlons w

anges In addmon; if those developmg the software systems are aware of
the types of problems faced; and the adaptations which would be of benefit, then an

ever-increasing portion of these problems can be avoided completely. This is

analogous to simply informing the people who are going to pour the curbs what
cusbeuts are and what their utility woiild be before they pour all of the curbs; rather

than afterwards.

In addition, takmg these problcms into consideration can lead to a better desngn
and more effectxve softwart.r, a more fnendly mterfnce; or a more flexible architecture.
Curbcuts; for example, have benefited not only disabled individuals; but also people on
bicycles, older persons with carts, parents with strollers, and  delivery persons. Again,
for instance; in National Airport there is one hall where one half of the hallway has 6
steps and the other is a ramp (both of equal wndth) The majority of the people

walking down the hall use the ramp:

BOTTOM LINE

Sunple mexpenswe consnderatnons in the design of hardware and software can

allow alternate access strategies to be effective for the 3-5 million people who have
difficulty with standard I/O.

The only way to incorporate these consnderatnons into the desngn of both hardware
and software eurly, when they will be most effective, is through direct cooperation by

the companies developing new computers and operatirg systems.

February, 1984 — Trace CenfiUW-Madison, WI
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INTRODUCTION

This was the second formal meeting of computer industry representatives on this
pro;ect The fnrst meeting was at the White House on February 24 1984. The objectxve
of the first meeting was to familiarize the compames with the problem and to solicit .
their support for a cooperatxve effort to address the problem:. The resuit of the first
meetmg was a recognition of the problem, and a request by the manufacturers for more
information about the types of disabilities, the recultmg barriers to the use of standard
computers, and the types and scope of the solution strategnes that the manufacturers
were bemg asked to consider.

Subsequent to the meeting in February at the White House, briefinigs were held with
manufacturers, and a White Paper was developed, distributed for comment; and revised
and distributed in preparation for this second meeting (copy attached).

The second meeting (reported here) was heldAon October 24-25, 1985. It consisted
of a one and one-half day work session followed by a reporting session at the Rayburn
Building on Capitol Hill.

Compiiter firms represented included Apple; AT&T, Digital Equipment Corp,
Hewlett Packard; Honeywell, IBM, and Tandy (Radio Shack).

Attending the conference were:

Alan Brightman, Ph.D. Apple Computer

Deane B. Blazie Maryland Computer Services, Iiic.
Frank Bowe,; Ph.D. Arch. & Transport. Barrier Compliance Board
Carl Brown IBM

Albert Cavaher Ph D.
Frank Fitzgerald

Joan Forman

Richard Foulds, Ph.D.

David N. Henderson

Alton Hodges, Ph.D.

Nenl Jacobson

Daniel Maday

James McCormick
Bob Mills

John Patterson, Ph.D.
Arthur Rasmussen
Martha Redden; Ph.D:
Barry Romich

Association for Retarded Citizens

Honeywell Corporation
ngxtal l-:qumment Corporatnon

Veterans Admxmstrauon
Discovery Data Systems, Inc.

OSERS-Department of Education

General Servxces Admmxstratnon
AT&T

Electromc Industnes Foundation
Tandy Corporation

Trace R&D Center-University of Wisconsin

Amer. Assoc: for the Advancement of Science

Prentke Romich Company
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Noel Runyan _ Taiking Tabiet; Inc:

Lawrence Scadden, Ph.D.* Electronic Industries Foundation

Joseph Shelton Apple Computer, Inc.

Joseph Traiub, o Natl. Inst. of Handicapped Research (DOE)
Gregg Vanderheiden, Ph.D.* Trace R&D Center-University of Wisconsin
Bill Woods Hewlett Packard Company

The purpose of this second meeting was to gather the now more thoroughly briefed

xndustry, government; and research and disability representatives to define the problem

both from the consumer and manufacturer points of view, and to develop strategxes for
further efforts in this area.

Discussions during the day and a half session centered around:
- Problem identification S
- P’o’téii’txél Solution Eti-itéixei for existing systems
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- Practicality of different types of solution strategxes
- Who within the manufacturers needs to be aware of the problems and

the solution strategics

Mechanisms for moving mformauon to those individuals within the
__companies .

- The form that this xni'ormatxon should take

- The type of support that the manufacturers need from the field

= Development of a specific action plan with working groups

Although the problems disabled people face with existing computers were use’ci to
highlight the problems faced by disabled persons, nt was agreed by all that the primary
impact of this committee would not be on the exrstmg computers which were already in
manufacture, but on the next and future generations of computers. It was not felt that
this excluded support of adantations to ex:stmg computers however, the short lifetime
of computers and the rapnd pace of advancement indicated that the real efforts should be
directed toward preventing the problems in future designs, rather than playing catch-up.

The committée felt that the focus of the standard manufacturers’ efforts should be
on integration of access ideas into the mass market products, rather than developing
adaptations to current or future products. The committée felt that adapting the
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computer equnpment was better left to the specnal rehabilitation manufacturers and was
not an area in which the mass market manufacturers could be particularly effective,
other than through cooperation. However, the incorporation of “hooks” or pomts within
the standard computers’ architecture where special adaptations could be connected was

identified as a very 1mportant area for contribution by standard computer manufacturers.

Oue specxalty rehabxhtatnon manufacturer said that their products could be brought out
in one-fourth the time and at one-third the cost if connection pomm were provided or
existing connection points were documented. It was also pomted out that these
connection pomts would be of tremendous benefit to third-party software manufacturers
for the non-disabled, mass market as well, and would solve many of the problems

currently faced by that market.

simply to lack of awareness. Some manufacturer representatives reported that they

would be recommendxng changu to pendmg desngns nmmednately, based upon

information prmnted at the meeting: The manufacturer representatives stressed the
need to develop strategies for education of their industry.

It was felt that the current direction in which both hardware and software design is
headed is generally the correct direction for making computers more accessible to
disabled persons. The need to ensure that the designers are aware of somie of the
current barriers faced by disabled persons, hiowever, was seen as great; in order to
prevent systems that are almost accessnble but : Ixﬁ Eiaﬁﬁie ﬁiiéiit be 5 évétem that

reset procedure required that the individual operate the standard keyboard or depress

several keys concurrently on the standard keyboard in order to start the process.

Open architecture is of tremendous value in allowmg computers to be used as
building blocks in aids for disabled persons. The open architecture allows special
adaptatrons and software to be developed for the computer to meet the special needs of
disabled persons (e.g., a communication aid, a braille translator, etc.). The problem
being addressed by this commtttee, however, is the ability of a disabled person to come

up to any of the many computers that will be encountered in schools, jobs, and

46

W



communmes in the near future, and to use any and all of these computers. Although
this is not 2 pressmg problem at the present ume, since computers are only begmmng to
be xntegrated into these environments; it will not be long before it will be impossibie to
participate effectively in any of these environments unless the individual has the abxlxty
to use the computers and software as they are t‘ound. to do as_s:gnments, condict
experiments, carry out educational computer-based "experiences,” take tests, complete
questionnaires, access company data, conduct bank transactions, place orders, and even
locate businesses or mdiwduals in buildings with computer-based directories in their

lobbies.

If all computers and information processinig Systems had an "altérnate access port® on
them that was standard or semi-standard, disabled individuals would be able to easily
connect their specialized input and display devices to them and use them. In addition,
the non-disabled, mass market v-ould also be able to use this port for connecting
specmhzed keyboards alternate data entry devices, and alternate displays. Problems in

implementation exist, however. These include increased hardware cost unless the

standard serial port is used: tyxng up the senal port if it is used, standardization of

format within computer companies as well as across computer companies; cost concerns
on small dedicated-function systems such as information or point-of-sale transacuon

and environment considerstions in outdoor placements.

The committee felt that the discussion should initially focus just on microcomputers,
and to some extent stand-alone computer terminals. It was felt that the mxcrocomputers
should be addressed first, and computer te. minals bexng addressed second before
attempts were made to tackle issues such as automatic teller machines; dedicated
mformatxon systems in shopping centers or building lobbies, computer controlled
appliances and other apphcauons where the part of the system with which the user
interfaced did not resemble a microcomputer. It was felt that there was a continuum
extendmg from mxcrocomputers to microwave ovens and toasters, but that the committee '
would only focus on the top portion initially and spin off reports for terminals and

design of other devices would follow at a later time.
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it was the unanimous opinion of the committee that the only mechanism for ensuring
that the design of standard microcomputers would allow more widespread access by
disabled persons was to make those people responsible for the design of the computers
aware of the importance of specific design aspects and their impact on the usability of
the computers by individuals hivmg various tym of disabilitiss. Thus the primary
function of this effort should be to provxde mformatxon and support to the key people
ruponsxble for the design. The principle audience of this effort should be

1) the design requirement people within the corporation:
2) the design engineers themselves.
3) the human factors designers.
4) the supervisors and management for the design team.
5) the corporate strategy personnel.
6) software design personnel.
7) operating system design development personnel:
It was felt that two types of documentation were required; one for top-level
personnel to demonstrate need and establish the priority, and a second level necessary

for those on the unplementatron level to make them aware of the specxfrcs of the
problems as well as of possible solution strategres.

It was felt that multiple media should be used mcludrng both video and print

materials. All materials should be kept short Lrve presentations or short courses would

be most useful for the « companies. It was suggested that a subcommittee be formed to
conduct presentations within the company. This group would comie to the company;
spend a couple of doys with vrdeotapes, live demonstratxons and discussions with key
personnel within the ¢ company; and then leave papers and guidelines with the company
personnel. Other strategies for dissemination of the information discussed were:

- presentations at meetmgs that key corporatxon personnel normally

attend, including IEEE meetings, EIA meetings, etc;
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- articles within BYTE magazine could be used for general field
awareness, and to reach individuals within the companies who may be

interested but not contacted through other means;

- bulletin boards for sharing ideas as well as programs that demonstrate

the problem may also be helpful:

In all of the above formats; it w3 felt that two-stage materials were the most useful
where Stage 1 consisted of a very short presentation of the key concepts and Stage 2
prowded more m-depth dxscussnon for those who wanted additional information.

These guidelines should be developed as a group effort between manufacturers.
researchers and consumers. The guxdelmes would include dxscnssxons of the disabilities;
the problems faced as a result oi' specific computer features, potential future problem
areas, ideas as to possible solution strategxes. general gl.udelmes, user reqmrements. and
any standard_approaches that may exist or already be in use for solving the problems:
The followmg are some of the comments and recommendations that were made by
committee members with regard to the development of tke guidelines. Not all of these
Comments are completely consistent with each other.

< Recommendations should be specxfic.
- There should be a short list of guidelines with the rationale separated.
- The xmpact on the non-disabled, mass market should be included {(both

positive and negative impact if any).

- The problem should be described, not just a solution. Better solutions

may be developed by the dwgners; also, if designers don’t know the

problem they may not solve it in implementing the proposed solution,

may create the same problem someplace else, or may create a new
problem in implementing the solution for an old problem..

- Desxgners can be an extremely valuable resource in developing solution
strategiess. . N oL

- Keep the guidelines short. If the guidelines are long, they won't be
read.

< List only the most unportant recommendations; keep the list short.

= List everything, so that as many recommendations as possible can be
implemented (also gives a better overall picture to the desngners)

- Prioritize the problems and recommeindations.

- Separate them by dxsabxhty

- Rank or rate their importance and impact.

- Separate the finished recommendations from any unsolved problems or

__initial ideas that may be in the write-ups:
- Cite similar problems faced by able-bodied users for each problem of
disabled persons.

- Break into different categories by who it affects (e.g., the industrial

design people, the operating system staff etc.).
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- Create two documents, one for top-level personnel and one for the
_implementation personnel: e

- Create 3 videotape to go with the document to familiarize the designers
_with disabilities, the problems; and existing solution strategies.

- Aim at the human factors designer. ]

- Develop three levels of documentation: 1) the executive summary; 2)

engineering documents, 3) documentation for technical support

personnel (it would also be helpful for rehabilitation personnel to be

available who can field-questions of designers).
- Provide data to back up conclusions and priorities (market issue).

- Write recommendations in an easy, non-confrontational form (similar to
_ the White Paper). S - o
- Separate the design considerations from descriptions of speciai -
__modifications that can be made to the computers post-manufacture:
- Be sure to point out what is in it for the manufacturers, including 1)
mass market impact, 2) the disability market, 3) any multiplier

effects, and 4) the public relations aspects.




Some of the discussion topics which were mentioned during the meeticg as topics
and examples that might be included in the Guidelines include:
POTENTIAL "GUIDELINE" DISCUSSION TOPIC AREAS
- Visual redundancy of auditory information for deaf and hearmg impaired

) individuals: e
Open ‘architecture -- m unportance and uses by disabled persons.

- Alternate interface connection poiﬁi on computers.

- Standard or well-documented keyboard interface.

- Simple or auto-loading disk drive.

- Copy protection -- imiplications for dxiibled individuals.
- One-finger operation modes for computers.

- Location and design of power and control switches and knobs.

- Size and visual contrast of letters on keys.

- Keyboard reassignability.

Tactile nibs on home keys for visually impaired users:

~ Access to video and auditory signals:

- Importance of additional serial port(s). )

- Importance of detachable keyboard or auxxhary keyboard connection point:

- Importance of documented structure for memory resident programs.

- Connection point in operating system for routines to inject "keystrokes' and tap

system output.

- Software desxgn guidelines:

- Honks into the application software )
- Simple features in the software .

= Keys (second way when using mouse; etc.)
< Flow contiol
- Guidelines for voice recogmtxon options

The manufacturers discussed problems they have had in securmg good ififormation

from the rehabilitation ’ceiiiiiiiiﬁity The information is often distributed throughout the
rehabilitation commumty without a good mechanism for tapping it.: Opinions often

differ and are contradictory. The manufacturers would like answers from people who
are technically, clinically, and commercially knowledgeable and sensitive; 5o that options
and trade-offs aré more earefully thought through. A directory or reference; referral
lxstmg of resources and experts working in different areas would be useful.

time for development. Informatxon is often available to private sector developers, but
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not available to the rehabilitation community since they cannot demonstrate volume sales
necessary to qualify within normal developer support relauonshxps of the computer

companies. The industry representatives acknowledged the potentml for such a problem,
and saxd that they would work toward a solutxon ‘i‘hey stressed that the soiutxon would

of information needed be xdenufied 'l'hey suggested the possxbxhty of developmg a
manual with partxcular information of interest to the dxsabled and rehabilitation
commumty. Other xdeas discussed included:

= setting up a mechanisi to screen casual rehabilitation developers and
have their questions haiidled by or through more informed
rehxbx[xtanon research programs. This would rediice the number of

repetitive requests made to the computer industty as well as redice

the number of casual developers who need more extensive technical

training to be able to understand the documentation provided from
the manufacturers.

- have companies xdennfy commonly asked questions and get help from
rehabilitation groups in developing answers..

- put commonly required information into the future standard technical

reference manuals that are normally put out by the companies.
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people. A group was formed, a chairperson appoxnted and the asenda for the group
established. The initial workmg group will consist of (m alphabetical order):

Dean Blazie David Henderson James McCormick Lawrence Scadden
Frank Bowe Charles Hunt John Patterson Gregg Vanderheiden
Carl Brown Neil 1acqp§qn Martha Redden ~(chair)

Rick Foulds Daniel Maday Barry Romich Bill Woods

The group will be open to any researchers, manufacturers, and consumers Who want to work
with the group The objecnve of this cooperative mdustry-rehab group will be to develop
matenals f’o:- mdustry that can be used to improve the design of computers so that they will be
usable by a larger portion of the population. The primary focus of the committee will be on
the development of the desxsn guadelmes These will include mformatnon regardxng the
disabilities and their xmpact, the specific problems currently encountered; future anticipated
problem areas, and existing or suggested design strategies as they are identified. This effort
will be coordinated out of the Trace R&D Center at the University of Wisconsin-Madison.

It was emphasized by the industry
participants that these mechanisms would be qQuite different for each computer company. No
uniform mechanism will be established, therefore across companies. Rather, the individual
industry participants committed to Wcrkmg within their compames in developmg and
coordmatmg these mechanisms. The first exercise of these mechanisms will be in conjunction
with the review and refinement of the “guidelines® documents from Activity 1.

! Dr. Martha Redden from the program on the Handicapped
in Science of the AAAS will head a group that includes Joan Forman, DEC; Dr. Lawrence
Scadden, EIF; and Dr. Gregg Vanderheiden, Trace. This group will develop a resource list and
mechanism for identifying individuals within the rehabilitation community who can act as
résources to the computer indusiry in various areas:
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Each of the participating manufacturers will

be identifying a key person within their companics to act as the contact point for requests of
this type. Initially the members of the committee will serve in this capacity. Members will also
be exploring mechanisms within their companies to make it zasier for rehabilitation developers
and manufacturers to secire needed technical information.

For further information, contact:

Dr. Lawrence Scadden

Electronic Industries Foundation

1901 Pennsylvania Avenue NW
Suite 700 =
Washington, DC 20006
{general information)

Dr. Gregg Vanderheiden

Trace R&D Center =~
University of Wisconsia-Madison
1500 Highland Avenue

Madison, WI 53705

(general information, the guidelines
subcommittee)



