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ABSTRACT

A comprehensive vocational service dclivery.model using
speech recognition technology was presented earlier {17 and has
been applied with success. Here, we present two case studies.
One of the two clients, JEM, is an archilectural designer, who
is quadraplegic, and who wishes 10 regain self-employment.
The other client, HK, is 3 vocational rehabilitation counselor,
who suffers from multiple sclerosis, and who requires assistive
technology o increase her productivity on the job. While
HK’s main concern is 1o document her cases in a timely
fashion (she is barcly able 1o type), JEM needs o document
building specs as well as to draft blueprints. JEM's
rchabilitation program involves more technology compared to
HK's. The resulis are encouraging. We are convinced that
when knowledge engineering! is applied to voice recognition
{cchnology, produclivity is increased. A person with a
disability utilizing such assistive technology is in 8 strong
competilive position with his/her able-bodicd counterparts.
Issues concerning psychosocial/medical aspects of our
rchabilitation program are also addressed.

BACKGROUND

There are approximately 650,000 individuals in the United
Staics who experience complete paralysis of all extemities due
to a varicly of neuromuscalar disorders {gource from
Washingion D.C., Data on Disability from the National
Health Inlerview Survey 1983-1985). The extent 1o which
f’lSa_bl.lily impairs manual dextcrity contributes (o the problems
individuals with quadriplegia face in achieving gainful
employment. In view of these statistics, there are many

individuals who could benefit from speech recognition
technology.

Spcg.ch recognition allows individuals to speak to a computer
1o diclate comespondence or operate sofiware, instead of typing.
Pc§p]lb the enormous potential speech recognition offers
mdmdua!.s with severe disabilities, there are very few detailed
case studies in the rehabilitation Jiterature on the vocational

ipplicaljons of speech recognition. (For a more thorough
erature review, see [ 11).

fblclggl‘!fth there has been discussion of the benefits of speech
PorSOms ‘D'r:h Lcchnolo‘gy lo serve ithe vocational needs of
© wrve W;I severe disabilities, the technology bas not begun
the inu-:d those who could potentially benefit from it. With
echnoly uction of large‘ vocabulary specch recognition
very Dp‘%y In 1985, rehabilitation professionals anticipated
would reur;l:uc results on the nomber of individuals who
or purchasoq 0 work {2}, Although many individuals acquired
those indivig expensive lechnology, only a small percentage of
employed ';815 who received speech recognizers are currently
uhﬂo‘og;/ ha‘;ﬂ of the problem lies with the fact thal the
who are quads I"D‘_ been ready for distribution to individusls

ased o Clier?(eg]c- 1n part, it has been impossible o predict
chance of voeor profiles, which individuals stand the best
Ocationally succeeding with the technology. This
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problem is due to the fact that litlle systematic or thorough
clinical reporting has been published in the rehabilitation
literature.

Another important part of the problem is the fact that speech
recognition is slow. The focus has been that individuals who
are disabled are now able o do something they were not able
to do before through the use of speech recognition. However,
consider the employer's perspective. The employer wants &
cost-effective snd productive employes. Computer based jobs
involving documentation or software operation can be
objectively and quantitatively evaluated in tens of an
individual's productivity, One pararacter the employer needs to
consider s text creation rate, The job the employee holds,
whether it be computer programmer, reccptionist,
administrator or social service counselor, is required Io create
ext (0 complete the job.

Large vocabulary speech recognition technology is a severely
rate limited way to create text. Few papers are reported in the
literature which systematically study and report iext creation
rates with current speech recognition lechnology. Antectdotal
reports claim text creation rates of 15 to 40 words per minute.
depending on the nature of text being created; creating new
tex! takes longer than creating memorized text. Comparing
the rates of users of Jarge vocabulary speech recognition o
able-bodied typists makes it difficult to argue that speech
recognition technology permits individuals to produce on the
job in a competitive manner. Al the high range of the scale,
sble-bodied typists are able 1o create text at approximately 100
words per minute. Court recorders who use 8 special method
of keyboarding ere able to type at approximetely 150 words per
minute while conversational speech ranges anywhere between
150 1o 300 words per minute (3], If the employer is under the
illusion that speech recognition will be fast because speech is
fast, this may result in an initial enthusiasm for the prospect
of hiring an individual with severe writing impairments.
However, without appropriate counseling from a rehabilitation
service delivery team, the employer may become disappointed
after comparing the productivity results of the speech
recognition user to the keyboard user.

There are instances where users report that use of a speech
recognizer resulls in faster documentation than traditional
methods of text creation, Emergency medicine physicians,
radiologists and pathologists report a dramatic decrease in the
rime it 1akes to generate a writlen report by making use of
special applications of speech recognition technology (4.
Here, the speech recognizer is used to access pre-stored blocks
of 1ext. Often referred to as voice-macros, these macros limit
the amount of 1ext that needs to be explicitly spoken, thereby
increasing the rate of text creation. While crestion of a large
number of voice-macros (which can exceed 5,000 macres) is a
\ime-consuming procass, the resullant boon in productvity
can be well worth the effort.  Adopting the approach of job
specific application development, we predict the potential of
speech recognition in vocationel rebabilitation can best be
achieved within an appropriate clinical famework {1]. This
paper focuscs on one technology which permits job specific
application development. Tts utilizadon is illustrated through
two case studies.
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The speech recognibion technology used in this model is the
Kurzweil Voice Report system (the KVR) manufactured by
Kurzweil Applied Intelligence Inc. (KAI, Waltham,
Massachusetts). The KVR is built on three layers: (1) the
large vocabulary voice recogrition system that has
fenctionally unlimited vocabulary size, is speaker
independent/adaptive, uses discrete speech, and responds in real
time; (2) the report gencration software that takes care of the
format of the reports the KVR generates; and (3) the domain-
specific knowledge basc that contains domain-specific
vocabularies, snd uses \rigger phrases and fill-ins to achieve
increased productvity with struclure and flexibility. The
wigger phrase is a word or a phrase you say to bring vp a
predefined block of 1ext This block of text might contain fill-
in-the-blanks, or so-called "fill-ins". Trigger phrases allow the
user 1o say very few words and yet produce large chunks of
texts; “fill-ins® keep the trigger-to-text wanslations flexible.
A knowledge base is a set of trigger phrases about & particular
wpic (i.e., domain).

OBJECTIVE

The overall goal of our speech recognition rehabilisation
program is to identfy clicnts whose (potential) job will
benefit from the utilization of speach recognition technology,
1o develop speech recognition applications specific 1o the job,
to train the client, and to deliver the technology to the clieat
s0 s/he can be gainfully emptoyed.

Our first client, JEM, is a 50 year old architectural designer
who was setf-employed prior 10 his spinal cord injury in 1988.
A C5 injury left him guadraplegic. Due 1o the sensory and
motor impairments in his hands, he is no longer able o fill
out detailed specification sheets, or to draft plans for a house;
nor can he use a conventional keyboard. Before JEM was
enrolled in our speech recognition rehabilitation program, he
used a double arm sling to eid his writing. However, this
resulted in illegible writing due to hand tremor, Furthermore,
he could not do any precise drawing with the arm sling. Since
JEM's speech is clear (although somewhat slow due to vocal
cord irjury), he was enrolled in our speech recognition
rehabilitation program. JEM's rehabilitation goal is to be self-
employed again with the aid of assistive technology-

Our second client, HK, is 8 43 yesr old vocational
rehabilitation counselor with the state vocational rehabilitation
agency, who was diagnosed with multiple sclerosis in 1979
She can barely hit the keyboard with her left band, and she
can't control her right hand due to intention tremor. Her
rehabilitation goal is 10 be able to document client meelings
and phone conversations in & timely fashion using her voice as
computer input so that she can retain employment,

APPROACH

The approach we take for each client is somewhat different
depending on the individual's disability and the job
requirements. For JEM w0 be gainfully self-employed as an
architectural designer, he has to produce (1) detailed writlen
documents (i.e., contracts, specification sheets, material lists,
eic.); and (2) architectural drawings with varying degrees of
detnil (i.e., floor plans, cross sections, etc.). JEM's
rehabilition program involves three phases: (1) using voice
recognition technology for document production; (2) using
voice recognition technology together with other means of
input devices (e.g., head-rnounted pointer) to operate CAD
software to produce architectural drawings [5); and (3) system
integration, We've finished the work far the first phase and the
results will be reparted in the pext section. The second phase
of the project is well under way. Our plan for the second and
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third phases of the project will be presented in the discussior
section.

HK's rehabilitation progmam is essentially the same as the first
phase in JEM's program.

RESULTS

All our training on the KVR was done in a noisy office
environment, where people come and go and have meetings.
The recognition rates were greater than 90% for both JEM and
HK. We believe that this high recognition rate can be
maintained when JEM uses his X VR at home or when HK
uses bers in her office.

JEM has received over 100 houss of training. The domain-
specific knowledge base developed for him allows him
produce documents. The KVR allows JEM io produce
professional-looking documents efficienty. It takes JEM 7
minutes to complete & 2-page specification sheet and print it
out on a Yaser printer. According to JEM, it used o take him
40 minutes W fill out the same spec sheet by hand prior to bis
spinal cord injury. Post trauma, it would take him up 0 2
hours 1o finish the same work and his handwriting was only
legible 1o himself. We estimate that it will teke JEM
approximately 2 bours to dictate and format the same form
word by word using a conventional large vocabulary isolated
word recognition system.

Pue to his vocal cord injury, JEM's speech is slow and
changes over fime. We have obscrved that after 2 or 3 hours
of continucus speaking, JEM's speech is even slower?. His
intonation changes as he struggles 1o utter words. With the
voice-macras we've developed for JEM, he can groduce
documents well within the 2-hour limit during which he isin <
good voice.

HX has received roughly 20 hours of training. The KVR has
been demonstrated 10 benefit HK, In addition to being able b
access a computer through voice and 1o produce docurneni® -
very efficiently with trigger phrases, HK also benefits fom
cue textd, HK is required to put codes next to almos
everything she documents, While she remembers some of the
most commonly vsed codes, she has to look up other codes
because HK also suffers fram memory deficic Given 1h8 ;
mobility impairments with her hands, this is both 3
cumbersome and lime-consuming. With the KVYR, we have ;’g
incorporated code Jists in cue text, so HK can sce the codes
next to their meaning, and be able w0 select one without going
through her files.

DISCUSSION

We've began phase two of JEM's program which involves: (1
training JEM 10 use AUTOCAD software, and (2) develop
necessary software so JEM can access AUTOCAD hroud, %
voice and/or head-mounted pointer (S]. Phase three of
program is system sofiwarc/hardware integration. W¢ 4
pecame aware of this issue when we moved from phase ont &
the project into phase two. Al that time, the KYR softwa™
only ren on a 386-PC while AUTOCAD ran on both the 3
and 486.PC. The question was what type of PC should
recommend to JEM. We later found out that the KVR

2 ¢ was objectively and quantitatively determined to ke
twice as long 1o pronounce & word compared 1o & person V"‘M
vocal cord injury.
3 Gue fext is wssocisted with “fill-ins”. Tr is displsy®
computer screen during dictation of documents, but does po!
the final print-out of documents.



3 chosen, In JEM's
5486 PC. The 480 0 eeded in order for
el stive level. We need (o be aware of
o ﬂmmp: compatibility issues from the
aod mw“?m system integration, we also asked
ng. InPl‘mmnKmﬂ of his office/drafting area in his
dsw 8 ﬂw'wpm:‘ing at home), S0 we can begin 10
(mh..“ w[u.tfe equipment into his work space, and
w0 pos;lé‘,:r“mons 10 his house will be required.

!

P i implement additional forms. We
e o,czn::ﬁeu?'i’mgal interview form”, and have
:1“;3;011 rcertificate of eligibility”, "fiscal contact

‘sind other forms.

SO voice recognition technology is siill
a‘?‘:ﬂ;y"mbe‘::ge (>$8,000). We chose the KVR
o se it increases productivity dramatically through
tom b““:‘n“gimﬁng_ We believe that in order for a person
mla'dg';ahiliw 10 be gainfully employed, s/he needs o

pd mpettively compared lo other people in the work
"':ATIOE‘; gs the iechnology is well supported and has
pocatial for further development. it should be demonstrated to

md_ccﬁve 1D use.

sué of maintenance and customer sugpqrt f;rises
evar high tech is involved. Given the sophistication of
iho KVR and AUTOCAD software, JEM can not be expected
i solve all future problems as he might encounter. Thus it is
essential to have an adequate plan for his continuous support
“Jong after the technology has been installed and after his case
“is closed in our program. We have worked closely with
" customer support at KAl and have reason to believe that l}!cu
customer support team will adequately support JEM, During
- - the second phase of our program, we need not oaly to train

" JEM op CAD, but also to cstablish adequate long-term
.. technical support for him on this technology as well.

- In & rehabilitation program that involves high tech training,

-~ the engineer deals with the client most of the time, However,

<.1."the engineer might not be aware of all the medical and

. paychosocial aspects about the client which we believe are

Impartant 1o the success of technical training as well as the

- “client's future success. Our program includes on Hs team

enginects, 8 clinical/research psychologist, a speech scientist,

- and a physiatrist, who work together (0 promole the well-
being and success of our clienfs.

_-Before JEM started his training on the KVR system, the
“ongineer was aware of his short-term mefory foss and was
~ eble 0 employ strategies and utilize features in the KVR 10
provide cues to guide him through dictation. An intensive
. tmining was done right afier JEM was introduced alf the basic
{eatures of the KVR. It proved to be quite effective.

As tha training went on, it was noticed that JEM often went
a5ty during conversation and would go on a tangent and not
rlum o the topic, JEM appeared to be manipulative in
Degoliating equipment needs. The psychologist discovered that

JEM's lack of focus was due (0 minor brain injury, Therefore,
ho was not able 1o suppress random thoughts in the midst of
conversation,

Iw

V83 also observed that JEM scems (o feel that the more
upment we recommend, the more we support him. He fears
losing the emotional or technjcal support from our program.

T we recommended that the computer monilor and the
mm\fmr for his VisualTek device be combined so only one
monitor needs 1o be purchased, JEM insisted that he get two

monitors. JEM apparently has difficulty letting go any
equipment he wants to get. This will be negotiated with
JEM's state VR counselor and JEM to suit both party's nesds.

When the engineer who worked with JEM for the first phase of
the project noticed something unusual when the phase came o
a close, our clinical psychologist was able to point out the
difficulties some clients have with termination of any kind.
Thus it was made clear to JEM that he will receive continuous
reinforcement training from the engineer as he moves into the
second phase of the project. This helped JEM focus on the
work again.

We have spent much less time working with HK and are only
beginning 1o discover her psychosocial and medical aspects,
HK is cwrently working and uses a computer at work site,
She fears that learning to use the KVR at the same time will
cause confusion on her job (due to her cognitive limitations).
We'll need to evaluate her concern and when necessary, wark
out strategies to help her betier cope.

JEM and BX are both highly motivated individuals who expect
our speech recognition rehabilitation program to contribute ©
their gainful employment. Productivity is key (o their future
success. With the KVR system and knowledge engincering,
we have been able to provide both clienty with a document
production ool that allows them to produce professional
reporis in far less dme than with conventional speech
recognition systems.
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