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Abstract

I nformation technol ogy has greatly inpacted the |ife of
everyone in recent years. It is therefore inportant to
be aware of current technol ogy and know how it can

i mprove functional participation in today's society
that is better known as the "Information" Society. The
purpose is to foster equality in using technol ogy for
everyone, able or disabled. Everyone should have equa
access to technology and the presence of a disability
shoul d not preclude one fromthis benefit. The purpose
of this article is to sunmarize inportant devel opnents
in conputer technology for individuals experiencing
disability and to provide a brief explanation of how
they can be utilized to pronote participation in

soci ety.

Children and adults with disabilities nmake up one of the
| argest minority populations in the United States, 49 mllion
citizens who evidence a variety of disabilities. Those with
disabilities have one of the highest unenploynent rates in the
nation (Galvin and Schere, 1996). The potential of technology to
i ncrease the independence and productivity of the disabled is
wel | recognized. This recognition has been supported by
| egi sl ati on designed to provide necessary access to technol ogy.
The 1996 amendnents to the Rehabilitation Act (P.L. 99-506), the
1990 Anmericans with Disabilities Act (P.L. 101-336), the 1990
Individuals with Disabilities Act (P.L. 101-476), and the 1998
Technol ogy- Rel ated Assistance for Individuals with Disabilities
Act (P.L. 100-407) have all placed significant enphasis on the
use of supporting technol ogy. They have al so mandat ed t hat
t echnol ogy becone nore consumer responsive. The
Tel ecomruni cati ons Act al so requires accessibility to the
i nformati on provided on the Wrld Wde Wb. Accessing computers
and their use are essential for many for the purpose of support



and enploynment in a rapidly changing technol ogi cal environment.

In order to achieve full access to standard conputers and
software either for primary access to the conputer or access to
the conputer as a link in using supportive technol ogy, the goa
is transparency. That is, the individual nust be able to
interface with the conputer so that the special access technol ogy
is transparent or invisible to the conputer user

There are four strategies for achieving transparent access
to computers for those with disabilities. These strategies
i nclude: (1) building features into conputer hardware, operating
system or application progranms; (2) use of adaptive interfaces
conprised of standard software or hardware products that provide
nodi fications or alternate interfaces for accessibility; (3)
establishing connectivity to personal supportive devices; and (4)
devel opi ng custom adapt ati ons. The hardware and software features
that support these four strategies as applied to those with
vi sual inpairment, physical disabilities, and hearing inpairnents
are di scussed. Awareness of the neans to conputer access for the
di sabled is essential if barriers are to be elimnated thus
positively influencing the contribution of those with
disabilities to society.

TECHNOLOGY FOR VI SUALLY | MPAI RED PERSONS

Conput er access is necessary for visually inpaired users who
can utilize conputers as speech-enabl ed training prograns,
Braille training prograns, Braille translators, Braille, voice,
and |l arge-print notetaking systens, speech output calcul ators,
interfaces with other equipnent, orientation and nmobility aids,
and dynamc Braille displays (Galvin and Scherer, 1996). The
maj or barrier for conputer use anong the visually inpaired is the
screen di splay. The increased use of graphics on conputers have
resulted in a net |loss of accessibility to the conputers and to
the information presented through themto people with visua
i mpai rments (Galvin and Scherer, 1996). The visually inpaired
need access not only to input text, but also to text attributes,
hel p information, pronpts, nessages, menus, and requested
i nformati on.

Conmpensation for the display can be in an auditory node,
tactile node, or a conbination. For persons with |ow vision
there is a need to enlarge the text and graphics to various
degrees: 27% of individuals identified as legally blind use
primarily visual neans to access text while 10% use primarily
audi tory neans. The renmi nder use a conbi nati on of techni ques
(Smith, 1998). Thus a variety of nmeans needs to be available to
create access to computers for the visually inpaired

Braille is one way in which the visually inpaired can
receive tactile input to replace or augnent visual input. Fant
(1982) devel oped a nethod to allow brailling on a standard |ine
printer. The adjustnent to the printer is a strip of specially
prepared cel |l ophane tape. Since it is not necessary to renove the
ri bbon or adjust the inpact force, printer output can be obtained
concurrently with Braille output. When a specially designed
printer is attached to a mcroconputer, standard text can be
translated into Braille allowi ng a sighted person who does not
know how to use Braille to produce Braille copies of handouts and
ot her textual materials. Some printers produce Braille and print



on the sane page so that users may read along with the visually
i mpai red user (Smith, 1998). The di sadvantages of Braille
printers are that they are slower and noisier than ink printers
as they are driven by sol enoids that enboss Braille dots on a
page. Dependi ng upon the cost, the printers can produce 10 or
nore characters per second (Galvin and Scherer, 1996).

Braille printers can be classified into three categories
i ncl udi ng personal, nmedium duty, and heavy duty. Persona
printers are designed for use at honme with a speed of
approximately 20 characters per second. Mediumduty printers are
designed for small business use with a speed of 20-40 characters
per second. Production houses or organizations that need to print
a large quantity primarily use heavy-duty printers with a speed
of hundreds of characters per second. Like standard printers,
Braille printers interface with the conputer through a serial or
paral l el port (Lazzaro, 1990, 1993). Braille output may al so be
produced on paperless Braille systens in which retractable pins
are used to formBraille characters (Kaplan, 1996).

In addition to the use of Braille printers, refreshable
Braille displays are separate devices that connect to a conputer
and di splay 20, 40, or 80 characters of text (Lazarro, 1993;

Gal vin and Scherer, 1996). Each Braille cell consists of six

sol enoids. The Braille letters are forned by sets of pins being
rai sed and | owered el ectromechanically. As the input is typed in,
the user can review it on the 1 line display. The displays are
refreshable in that they allow the information displayed to
change as the user moves the display wi ndow around the screen.
Each refreshable cell displays one character and costs
approximately seventy dollars to build. The high cost of Braille
di spl ays forces many to develop the skill using synthetic speech

Portable Braille conputers have al so been devel oped. The
keyboard consists of six standard keys that allow the user to
produce a standard 6-dot Braille synbol. These conmputers can be
used as input devices that interface with personal conputers.
Braille notetakers are small battery-powered devices that allow
the user to enter the information on a Braille keyboard and then
review the information through the use of synthetic speech or
through a Braille display. The information stored in the nmenory
can be saved to a conputer disk or printed when the user returns
to the hone or office (Galvin and Scherer, 1996).

In the 1970s Raynond Kurzweil devel oped the first conputer-
based readi ng nmachi ne that consisted of a flatbed scanner
central processing unit, and a detachabl e keyboard. The cost was
$30, 000. For over a decade this was the only option for
transform ng printed text froma book, nmgazine, or newspaper
into synthetic speech. In contrast to these stand-al one readi ng
machi nes, there are PC-based readi ng machi nes that scan a page of
print and convert the text to synthesized speech, Braille, or
| arge print output. Since they are PC-based, they have the
advant age of being usable with other typical conputer software.

Tel esensory Corporation has devel oped a systemto send
output to a Braille printer or the Optacon hand-hel d scanner that
converts Braille to tactile letters using vibrating netal pins
that are felt on the index finger. There is also an Optacon |
that scans conputer screens and can send output to a Braille
di splay or a speech synthesis system The hand-held scanners nake
it possible for visually inpaired users to access many docunents



found on the internet (Galvin and Scherer, 1996). However, these
readi ng machi nes use conputer based optical character recognition
systens and all have limtations on what types of fonts they can
recogni ze. Using intelligent character recognition (ICR), sone
machi nes can now recogni ze thousands of typefaces and styles. The
user nust be able to use a keypad for adjusting volune, voice,
and speech rate as well as placing the docunent correctly so the
page can be scanned (Kaplan, 1996).

The devel opnent of the Kurzweil Readi ng Machi ne showed t hat
speech synthesis was possible in the 1970s. In contrast to the
Opt acon, one of the advantages of synthesized speech is that it
allows a rate of speech as fast as human speech. To enable a
conputer for synthesized speech output the system generally
requires software, a speech synthesis board with audio
anplification, an interface to the personal conputer bus, and a
speaker that is external to the conputer. Products are avail able
as internal circuit cards or external devices that connect via
serial or parallel ports. Synthesizers with higher speech quality
are often nore easily understood and require |ess training tine,
but have sl ower response tinmes and are nore expensive than those
characterized by a robotic, artificial quality.

The M crovox is an intelligent peripheral device designed
for use in a wide nunber of applications. Its hardware is |ike a
general - purpose conputer with a speech synthesizer attached using
a nmenory-nmapped |/O port. By conmbining the text to speech
algorithmwi th a dedicated processor, dependency on the operating
system and application prograns to support speech synthesis is no
| onger necessary. A conputer with a sound card has a synthesi zer
capabl e of speech and on a W ndows-based PC, a keyboard or series
of keyboard commands can al so perform any command that can be
performed with a nouse command.

Since the majority of those who are legally blind and
evi dence | ow vi si on have residual vision, use of nagnification
devices is an inportant option for accessing conputer displays.
Begi nning in 1980 traditional magnification techni ques have
i ncluded | arge pieces of equipnment to be attached to the
conmput er. Comnpu-Lenz consists of a plastic | ens and nmounti ng
har dware. One nmethod to add large print to a conputer is to use a
har dwar e- based | arge print system which includes a special video
card, a larger nonitor to increase font size, and a joystick or
nouse to nove the cursor (Lazzaro, 1993).

Portable Braille conputers generally cone with word
processi ng and tel econmuni cati ons software. Other possible
features are a stopwatch, cal cul ator, and appoi ntment software.
The devices are conpatible with nost conmercial screen reader
software (Lazzaro, 1990, 1993).

Fant (1982) devel oped a software nethod using the Pasca
| anguage to allow brailling on a standard line printer. Wth the
devel opnent of Braille printers canme the need for Braille
transl ation software. Transl ation consists of two steps. First,
the print synbol in the source docunent is translated to a
corresponding Braille synbol. Second, text is refornatted to fit
on the smaller page. This translation can be acconplished on
various conputers as translation software is available for the
| BM PC and Maci nt osh. For exanple, the Duxbury Braille Transl ator
from Duxbury Systens works with most word processing packages
i ncludi ng WordPerfect. In sone packages, the software is placed



on a ROM chip (Lazzaro, 1993).

Like Braille printers, a Braille display requires software
to control it fromthe keyboard. Software allows reading the text
i ne-by-1ine, word-by-word, or character-by-character (Lazzaro,
1993). One type of technol ogy which recogni zes graphic icons and
uses synthesized speech or Braille, OCR (Optical Character
Recogni ti on) technol ogy, requires software which handl es docunent
recognition. This docunment recognition may be acconplished using
two nethods, tenplate-based and feature-based recognition. The
tenpl ate nmethod invol ves scanning a collection of letters and
finding the tenplate which nost closely resenbles the ink mark.
The feature nethod breaks an ink mark into a collection of
features by identifying where strokes join and curve
significantly (Wayner, 1993).

Verbal input may be used in lieu of the keyboard to access
conput er technol ogy. While there are no speech-enabl ed operating
systens, there are now a nunber of speech-enabl ed application
progranms. This nmay be acconplished by using speech synthesizers,
which require software that is commonly referred to as a screen
reader. According to Ciarcia (1982), there are three nethods used
in converting phrases to phonenes. In the first nmethod, whole
words can be translated to phonenmes by | ooking the words up in a
tabl e. The second nethod breaks words into syntactically
significant groups of letters and | ooks up the phonenes that
correspond to each group of letters. The final nethod applies a
set of rules, conmonly known as algorithns, to letters and letter
patterns in a word.

The visually inpaired person can also receive conputer
i nformati on output through speech synthesizers with adaptive
software. Software for the M crovox synthesizer allows
punctuati on synbols and abbreviations to be converted into words.
Speech out put may al so be synchroni zed with other infornmation
such as text or graphics on the screen. A conplete phrase can be
i nput before translation fromtext to speech. This mnim zes
di stractions which could arise if the software were to out put
each character or phonene as it was input. The M crovox can
output the information in four nodes of translation. These nopdes
are text-to-speech, text-to-spelled-speech, phonene-to-code, and
nmusi c.

There were di sadvantages in the earlier speech synthesis
packages such as the Texttal ker software which was conbined with
the Echo Il synthesizer for the Apple Il. Wrds were occasionally
m spronounced and it did not make all prograns talk (Lazzaro,
1984). Prior to 1986 there were only two or three screen reader
packages avail able for use by the visually inpaired, but
devel opnent of better systens increased by the end of the year
In 1989 Berkel ey Systens devel oped Qut Spoken for the Macintosh.
This programwas the first screen reader to work w th graphics
and it allowed icons, pull-down nenus, and di al ogue boxes to be
verbalized (McNulty and Suvino, 1993; Lazzaro, 1990). W ndow
Bri dge by SynthaVoice is the first screen reader to work with the
| BM conpati bl e Wndows system W ndows can be sel ected by nenu
key and rising tones represent upward nouse novement via the
keyboard (Lazzaro, 1993).

| mproved screen readers now allow visually inpaired persons
to access comercial software with an unlimted vocabul ary. The
user can choose froma variety of verbal output nodes such as



character-by-character, word-by-word, line-by-line, and screen-
by-screen. Additionally, various settings can be controlled

i ncludi ng volume |evel, pitch quality, punctuation marks
pronunci ati on, pronunci ation of nunbers as digits or words,
elimnation of repeating or special characters, and indication of
capital letters by changing the pitch or saying "capital" before
the letter.

Users of speech output software encounter problens when they
access the Wrld Wde Wb. These problens can be elimnated with
foresight on the part of the webpage designer. The designer
shoul d use "ALT" tags with all images as users of speech output
sof tware or non-graphical browsers rely on these alternate text
| abel s. The designer should also limt the use of image height
and width tags to larger inages. In browsers that nmaintain i mage
si ze even when inmges are not displayed, an ALT tag may not have
roomto display within the borders of a small inmge and therefore
will not be read properly. Finally, the designer should avoid
using tables. Screen reader prograns are often unable to
interpret a logical order within tables and tend to read straight
across a page, even when cells or colums contain wapped |ines
(I'f1inois, 1997).

Magni fication is necessary for |ow vision users as the icons
on conputer screens are often too small and detail ed. For those
visually inpaired persons who have | ow vision, software is a nore
practical solution to magnification than hardware. Screen
magni fi cati on software is often used to provide higher
magni fi cati on and additional contrast and col or enhancenent which
can increase the user's access to the Wrld Wde Wb. Screen
appearance can affect the user's access to the World Wde Wb if
t he webpage desi gner does not consider the user's needs. HTM,

t he | anguage whi ch webpage designers use, was not intended to
control the appearance or |ayout of a page, but designers
sonmetines |limt the user's choices in setting up the page design
Vi ewers shoul d have conplete control of how a page is displayed
i ncluding whether it is with large fonts, high contrast col ors,
or in a format conpatible with a special accessibility program

In considering screen magnification software, Ginert and
Ladner (1984) devel oped a prototype for a Unix systemthat runs
on a VAX-11/780 which is a large nmulti-user network server
system Using this prototype, the user may sel ect anong four font
sizes. The character sizes in colum by row are 14 x 12, 10 x 8,
5 x 7, and 5 x 5. The user mmy al so choose between nornal dot
matri x and graphi cs nodes. In graphics node, graphics characters
are used to create a continuous display rather than one of the
dot-matrix types. The user can al so choose between |ine break and
stream nodes. In stream node, the programignores |ine breaks
whereas in the line break node the conputer stops reading at the
end of the line. It was the prototype authors' intent to transfer
the interface to a smaller personal conputer that could be used
as a dedicated front-end | arge font display generator

The current generation of magnification software is
generally TSR (Term nate Stay Resident), a programthat is | oaded
and then di sappears but stays active in the conputer. Comrercia
software can then be | oaded on top of it and the TSR program
automatically magnifies the output fromthe comercial software.
Average magnification ranges from1l.4x to 16x, and it is
advant ageous that no additional hardware is needed with this



software (Lazzaro, 1990, 1993). Screen nmgnification is also a
standard feature of Wndows 95. This system all ows magnification
of up to 16x (Galvin and Scherer, 1996).

TECHNOLOGY FOR THE PHYSI CALLY | MPAI RED

Technol ogy has changed the |ives of people with disabilities
by allowing themto performdaily activities they would not be
able to do without help. Conputers may be used for augnentative
comuni cation, witing and printing, and creating snmartroons
where the thernmostat, lights, nusic, and doors are all controlled
by a conputer panel (Smith, 1998). However, the physically
i npai red user's conputer access is often hindered by the typica
keyboard desi gn which necessitates the ability to execute
nmul ti pl e keystrokes with reasonabl e typing speed by those who are
able to use the keyboard to sone degree. The accessibility needs
of the physically disabled users vary greatly due to range of
novenment capabilities. Therefore, hardware and software nust al so
show great adaptability in neeting their needs. The ABLEDATA and
Tracebase databases |ist 20,000 assistive technol ogy devices of
all types including comunication, control, and conmputer access
ai ds containing a wi de range of adaptati ons. These adaptations
i ncl ude arm supports, copyhol ders, keyboard trays, paper | oaders,
and wheelchair interfaces. There are also a wide variety of
software adaptations and switches listed (Galvin and Scherer
1996) .

For those physically inpaired users with severe
disabilities, single-switch input systens can be used. Single-
switch i nput systens may be placed so as to utilize those body
parts that the user is able to nove or apply pressure with. The
user then activates the switch when the desired choice is
presented. O her special input switches include brow novenent
switches, sip and puff switches, and |ip, tongue, jaw, head,
knee, touch, flex, squeeze, blink, or tip switches (Vanderhei den
1987). Those with good control of neck and head nuscles may use
Mout hsti cks. Di sadvantages in using these nethods of input
i nclude their tendency to be slow and not allow keys to be
pressed simultaneously (Brody, 1989).

Those who have head control also may use screen-based
opti cal headpointing schenmes. The user may wear a small headband
hat or headset and as the user nopves the head a sensor points to
a function nmenu and activates the desired command. Head novenents
may al so control the cursor on the screen (Kaplan, 1996). The
H- Com har dware was designed for those with severe mobility
limtations (Ciarcia, 1983). The H Com was devel oped as a
peri pheral to do the sanme job as a keyboard. It allows use of one
key as a single user-input point referred to as a switch. A nore
recent devel opnment is the use of a camera which can be attached
to the head. The user then searches an enul at ed keyboard and
selects a letter. If the gaze is held for a second, that letter
is input as if it came fromthe keyboard. In the sanme manner,

i ghtwei ght reflectors on the head or any part of the body can
send an infrared signal to the position of the cursor, which then
activates a switch.

For those users with | ess severe physical inpairnment,
expanded keyboards may be utilized. For those who are able to
print, but have a limted range of notion, small arrays of



nunbers can be used to specify letters and words by encodi ng
(Vander hei den, 1982). M ni ature keyboards are an option for those
wi th good control, but a small range of notion. Those with
limted upper linb control can use light pointers strapped to the
wrist or attached to a headpi ece. These pointers are used to
direct a light beamtoward a sensor panel or a screen draw ng of
the keyboard to indicate the chosen keys. Adaptive firmmvare cards
provi de control of the conputer using a single switch. Firmwvare

i s programmabl e hardware. The keyboard may be adjusted with a
keyguard whi ch prevents accidental keystrokes due to extraneous
notion by recessing the keys. A key nust be pushed by putting the
finger or stick through a hole in the keyguard. The size of
keyboards can vary enabling individuals with [ arge arm novenents
who | ack finger control to use an oversized keyboard (Brody,
1989) .

A | arge nunber of physically disabled individuals can al so
utilize voice recognition systens. Voice recognition systens
usi ng both peripherals and circuit cards existed or were in
devel opnent in the early 1980s. The Cognivox VIO 1003 for the
Apple Il personal computer was designed as a peripheral. This
system pl ugged into the ganme-paddle 1/0O port of the Apple Il
Al t hough t he Cogni vox contained an internal anplifier and
speaker, it also had an audi o output jack for use with a high-
quality anplifier system (Miurray, 1982). Threshold Technology is
devel oping a 16-bit m croprocessor-based systemw th custom
circuits that free the main chip for speech processing and Kw p
has devel oped a prototype using Scott Instrunents voice boards.

Most products use a m crophone which is worn on the user's
head. However, the high signal-to-noise ratio can affect the
conputer's ability to recognize voice input. A |apel mcrophone
was consi dered by I BM however, problenms were found to exist.

Ot her voice recognition systens use a standard m crophone and an
A/D (analog to digital) converter. The Kurzweil Voice Report
system can be plugged into nost PC conpatibles (Lazzaro, 1990).
Maci nt osh conputers have built-in mcrophones. However, on other
conmputers an external mcrophone is attached through a jack

wi thout regard to whether a circuit card is used. External voice
recognition systens are generally the size of an external nodem
and are attached to the serial or parallel port. On the

Maci ntosh, a voice recognition systemcan be interfaced to the
SCSI port (Lazzaro, 1993). The minimal hardware for a voice
recognition systemis a mcrophone and an ADC (A/ D converter)
chip although a digital signal processor (DSP) can be used to

i ncrease the processing power. The purpose of the hardware is to
convert anal og speech into digital formwhich is then processed
by a DSP, a mcroprocessor, or both. A few conputers are now
available with some built-in hardware. Sun M crosystens'

wor kst ations include a mcrophone port and A/ D converter. Compaq
PCs may cone with built-in speech hardware and include speech
recognition software (Meisel, 1993).

| BM has redesigned its conputer case to give physically
i mpai red users easier access. |BM has inproved the floppy disk
drive ejection nmechani smso that disks protrude farther when
ejected so that they are easier to grasp. |IBM has al so
repositioned the on/off switch to the front of the case, and it
has changed concave buttons for the disk drives and power button
to facilitate use with headsti cks and nout hsticks (Gal vin and



Scherer, 1996).

Macro progranms allow nodification of keyboards to combi ne
conmon commands in a single keystroke (Brody, 1989). This can
assist the user in performng activities related to word
processi ng, database nanagenment, spreadsheets, bookkeepi ng,

t el ecommuni cati ons, and progranmm ng. Macro prograns al so al |l ow
the redefinition of the keyboard by rearranging the keys into a
nore convenient pattern. This nodification may be utilized when a
key is in a position that is difficult for the individual to use.
Built-in macro prograns exist in some comercial software such as
Wor dPerfect and Lotus 1-2-3. However, the nmacro program can only
be utilized when the application is running (Lazzaro, 1993).

In addition to allowi ng the keyboard to be sinplified or
rearranged, StickyKey software and keyboard nodification prograns
provi de benefits for the physically disabled. StickyKey software
is an option for individuals with spastic novenents. This
software nmekes it possible to enable keys that nmust be pressed
simul taneously to be pressed in sequence. The capacity is al so
avail able to toggle keys such as Alternate (ALT) and Contro
(CTRL). Sl owKeys adjust the length of time that a key needs to be
hel d down before the character is accepted. MuseKeys is a
keyboard nodification has the ability to emul ate the nouse
novenment through use of the nunber keypad. Repeat Keys sl ows down
the effects of accidentally struck keys that repeat. BounceKeys
direct the conputer to ignore keys that are bounced or struck
twice by users with trenors. Serial Keys allows a person to
connect their personal assistive devices to a conputer and use
them i nstead of the keyboard or mouse (Galvin and Scherer, 1996).
These software packages are conpatible with npost conmputer systens
and are TSR (Lazzaro, 1990, 1993).

Wor d- predi ction software further increases the speed of
i nputting data through the use of a keyboard. The software
nonitors the keyboard for characters typed in sequence. Based on
those few characters, a list of possible words is supplied. The
user may select a word or continue typing to narrow down the
choi ce of words. Words utilized npost frequently by the user are
pl aced at the top of the list (Lazzaro, 1990).

For those users who are unable to use the keyboard or other
physi cal input devices, voice recognition systens may be used
whi ch also require software. Early voice recognition systenms were
limted in the nunber of words that could be recogni zed. For
exanpl e, the Cognivox VIO 1003 for the Apple Il conputer could be
trained to recognize a set of only 32 words or short phrases.
However, sets of vocabul aries could be stored on di sk which
expanded the system s capabilities somewhat. The software needed
to be trained to recogni ze words or phrases. A training session
i nvol ved repeating each entry three tines and typing it once.
After training, the recognition rate was 98-100% (Murray, 1982).
Today's speech recognition software rarely involves a training
session. According to Wiite (1984), speech recognition systens
that involved pattern-matching techni ques were el enentary for
they were limted to recogni zing short phrases. Prior to 1987,
there were systens that woul d recognize a | arge vocabul ary,
recogni ze conti nuous speech, or provide speaker independence.
However, no system could provide nore than one of these
capabilities (Kurzweil, 1989).

Voi ce recognition software can be classified by speaker



dependency or by how words are recogni zed. The speaker-

i ndependent system recogni zes voice with no training; however, it
is restricted to a small vocabul ary. A speaker-dependent system
must be trained. This training time is approximtely 1 hour on
nost systens. One of the npbst sophisticated systens uses a speech
recognition board and software capabl e of understandi ng 25, 000
common words with room for adding 5,000 special -need words.

Mul tiple users can utilize this systemif it is trained to
recogni ze each voice. \When words are entered during the training
process a tenplate is built for |ater use when the system
performs then cross-matches the input. The input is converted to
standard conputer code which is then conpared agai nst the
tenplate to do pattern matching. Wrds can be recogni zed as
separate units or as blocks of words. Discrete-utterance systens
require a slight pause between each word whil e continuous-
utterance systens understand uni nterrupted bursts of speech. |BM
began worki ng on a discrete recognition project in the early
1980s. Mpst systens are now speaker dependent and di screte-
utterance (Lazzaro, 1993).

Eyegaze is another conputer software product which can be
used by physically inpaired users who cannot use single sw tches
or voice systens. The conputer is installed with a canera that
foll ows the person's eyes and types the letters that he | ooks at
on the screen. Wen the user is finished with the sentence he
| ooks at the enter button. This programis useful for regular
wor d- processing and e-nai|l software; however, the cost is high at
about $25,000 (Smth, 1998).

TECHNOLOGY FOR THE HEARI NG | MPAI RED

Until recently, the hearing inpaired user has not had much
troubl e using conputers as the conputer interface has been
| argely visual; however, the current shift toward nultinedia and
sound is producing drastic changes. Sound effects and speech are
bei ng used to convey inportant information that is not heard by
the hearing inpaired user (Galvin and Scherer, 1996). It is
i nportant that hearing inpaired users continue to gain access to
conmputers as conputers perform many uses for hearing inpaired
persons such as capturing and translating spoken speech into text
for visual display, providing real-time captioning for speakers
at public and private events, teaching finger spelling and sign
| anguage, controlling home signaling and security systens,
carrying on comruni cation via e-nmail and on-1ine chat sessions,
and providing rmultifunctioning tel ecomruni cations access (Galvin
and Scherer, 1996).

Tel ecommuni cation is inportant in the Iife of the hearing
i npai red person as it is a bridge between the hearing inpaired
and hearing world when comunication is vital. Conputer systemns
all ow hearing inpaired persons to comrunicate via TDD (tel ephone
device for the deaf) or TTY, ASCI|, speech recognition, speech
synthesi s, and Touchstone keypad to text translation. Hearing
i mpai red users can benefit formthe KEYPl us keyboard from
Utratec which is designed for use on | BMconpati bl e conputers.
KEYPlI us contains a freestanding TDD and TDD call detector. The
TDD contains a 48 character two line tilted display and a 24
character thermal printer. It can comunicate with ASCI| or
Baudot nmodenms and it also allows a user to answer a TDD cal



Wit hout interrupting the operation of the conputer (Galvin and
Scherer, 1996).

It is difficult for hearing inpaired persons to watch an
interpreter and take notes at the same tinme. A systemcalled C
print is useful in note-taking situations. This system uses a
conputer |aptop, 2 commercial software packages, a standard word-
processi ng program and a conputer shorthand system To provide
real -tine translations, Cprint uses a trained operator who
listens to the |ecture and types special codes that represent
words into the computer. The translation is instantly shown on a
speci al screen that sits on top of an overhead projector. Once
the lecture is conpleted, the hearing inpaired person can get a
printout. Studies have shown that students have a higher rate of
understanding |l ecture materials when using C-print than they do
when using sign | anguage interpreters (Smth, 1998).

Present conmputers contain four types of built-in
accomuodat i ons which allow further adaptations through software.
Conmput ers contain features such as controllable volune |evel,
headphone/ speaker jacks (which allow for anplification
nodi fi cation), SoundSentry features, and ShowSound features which
i ncl ude capti ons.

Speci al software can be used to convert audio output into a
video format. Many prograns can use captioning to display audio
information in a visual format. M crosystens Software's SeeBeep
all ows the whole screen to flash or to have the word "beep" flash
at the location of the cursor. Other software nmay display a snal
nmusi cal note in the upper left corner, change the screen col or
or display the word "beep" at the cursor position (Lazzaro, 1990,
1993). The SoundSentry software adaptation, which is a standard
feature on Wndows 95, provides a visual on-screen indication
whenever the conputer emts a sound. Although good for detecting
si nmpl e warni ngs or beeps, it does not tell what type of signal it
is. It is not useful if the signal is speech. The ShowSounds
system | evel software, which is also a standard feature on
W ndows 95, is a flag or switch contained in the conputer's
control panel. It allows the user to have any inportant sounds
that are created by the computer shown in sone visual way on the
screen.

For those users who may only have a partial hearing |oss,
the volune control in the control panel of the Macintosh can be
set to any level. If the volune is set to 0, the menu bar wll
flash in place of a beep (Lazzaro, 1990).

FUTURE CHALLENGES

One of the biggest challenges for the future is to nake
graphic icons nore accessible to the visually inpaired through
tactile, magnified, or audible displays. The present systens use
smal | icons which are difficult to see and visually inpaired
users mnmust use keystrokes to access the conputer as opposed to
usi ng the nouse. Graphical User Interface (GUI) systens use a
pi xel - based di splay (such as that which is used in Wndows
systens) rather than a physical or character-based display (such
as that which is used in DOS systens). Screen readers al so need
to be enhanced so that they will accept |ow1Ievel graphics
conmands and build a text database that nodels the display. A
prototype, Screen Reader/PMfromIBM allows the user to maneuver



the nouse or the keypad while a voice synthesizer describes the
icon displayed on the GU or the graphical text shown on the
screen.

In an effort to inprove GU accessibility, QutSpoken for the
Maci nt osh uses a dat abase called an offscreen nodel (OSM. This
is a database reconstruction of what is visible and invisible on
the screen. An OSM nust manage text, off-screen bitmaps, icons,
and cursors. Mouse nmovenents nust be tracked, positions nust be
mat ched with OSMicons and the associated i con nanes nust be
vocal i zed by a screen reader. The OSM needs to provide the cursor
i nformati on so the screen reader can vocalize the position. It
al so nmust know t he di mensi ons, associated text string, and string
character position. The cursor's wi ndow identification nmust al so
be tracked. When a w ndow becones active, screen readers nust
deternmine if it has a cursor and vocalize it (Schwerdtfeger
1991).

In the quest to inprove GU accessibility, Boyd, Boyd, and
Vander hei den (1990) describe three stages in the devel opnent of
GUI access for the visually inpaired. The first Custom zing Stage
i nvol ves utilizing applications whose purpose is to enable the
visually inpaired to read text produced on graphical conputers
t hrough speech or Braille. This is essentially a coping strategy.
The second Single Sensory Mousel ess Stage invol ves an
interception strategy in which ASCI| information is captured
before it gets to the screen. QutSpoken is the first comrercia
application to utilize an interception approach. This strategy
al so seeks to enhance the ability to recogni ze icons and sinple
graphics. The final stage is the Milti-Sensory Approach using a
mouse. It involves extending capability across applications and
operating systems and extendi ng access to conpl ex graphics.
Currently, developnment is in Stage 2, Single Sensory Musel ess
Strategy. The GUI should eventually provide the sane benefits to
the visually inpaired person as it does for other users.

Voi ce recognition systens may not be a realistic input
met hod for physically disabled individuals who al so have a speech
i rpedi ment or limted lung capacity. The Snith-Kettlewel|l Eye
Research Institute has devel oped a brain wave interface which
monitors electrical activity in the brain to determ ne where the
user is staring on the screen. A theory exists that people's
brains respond to words and ideas in sinmlar ways; therefore,
researchers intend to standardi ze conputer input to the patterns
of electrical activity. Electrodes will be used to determ ne the
pattern of electrical activity that represents a word and the
word being thought of will then appear on the screen (Brody,
1989) .

Ef forts nust also be nade to see that users with
disabilities have transparent access to conmputers. The person
nmust be able to interface with the conputer in such a way that
the conputer can not tell that the user is not using a standard
technique. In other words, the special access technol ogy nust be
transparent or invisible to the conputer. When an interface
technique is truly transparent, the individual with the
disability is able to access and use all of the standard software
that is witten for a conputer that any individual w thout a
disability could use

CONCLUSI ON



In addition to a | ack of know edge about adaptive
technol ogy, one of the barriers to making conputers accessible to
people with disabilities is the cost. This is especially true on
university canpuses. It is economcally inpractical to expect a
university to have every conputer equi pped with every type of
speci al technol ogy.

In addressing the issue of financially feasible
accessibility, California State University at Northridge has
devel oped the Uni versal Access System This systeminvolves a
host conputer that contains software and an access device that is
custom desi gned to nmeet the needs of a disabled individual
Rat her than using wires to connect the host conputer and the
access device, invisible beans of infrared |ight are utilized. An
engi neer estimated the cost at under $200 to enable a disabl ed
person to use a conputer through an access device (WIson, 1992).
This system nakes it feasible to provide conputer access to
persons with disabilities as the same conputer can be used by
di sabl ed students without regard to the type of disability.
Students without disabilities may even utilize these conputers.
As a result, this can elinm nate the barrier of cost in the
future.
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