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FRIDAY, MARCH 8, 1974

Hovse or RuekeseNeyrives,
NELLCT SUBCOMMITITE N Forearion
or e ComMrrtes ox Fovearion asn Lason,
Waslinyton, 1.0,

The seleet subeonmittee met at 10 o'clock wan., pursuant to notice,
i room 2175, Rayburn House Olice Building, Hon, John Bradenns
fehatrman of the seleet suleotmmittee | presiding.

Members present: Representatives Bradenias (presiding). Land-
grehes and Hansen,

Also present : Representative Clawson,

Stadl present slack Go Dunetng counsel s Martin La Vor, minority
fegristative nssoeiato,

My Buaousas, The Seleet Subeomumittee on Edneation will eome to
order for the purpose of conducting a hearing regarding the applies-
tion of technology in meeting vhe needs of handieapped Americans,

Vhe Chair shonld point ont that TLIL 8070, signed into iy Tast
vear as the Rehobilitation et of 1973, provides for rescearch funds,
ad vequirves that 25 percent of moneys appropriated for research in
970 be expended to establish and support engineering  research
centers,

It 1= our purpose here taday to learn move about new developiments
in biomedieal vesearel in improving the lives of handicapped persons,
We Liope also to explore the benefits which the handieappod might
derive from researelvand engineering devices sponsored by such ngen-
ciex as the National Xeronanties and Spaee Ndministration and the
National Seienee Foundation,

The Chair should point out his wderstanding that NASA has
stdicd the relationship between welghtlessiess and mobility and
NASNS work has made o signitieant contribution to understanding
the mobitity problies of handicapped persons,

Noowe are hopetul that we taay today fearn more about the future
benetits of snely wor? supported at vehabilitation engineering centors,

A~ vou nmy knovy dhis subeommittee has jurisdiction over a wide
variety of fomnan services progmms, inelnding progms that serve
the elderlyve s cry vorneehildeen, and progeans that seeve handicanped
chitldren, Faen now, wo are o the mdst of heartngs on legislation to
provide Federal oranes to the States for reimbursing loeal school
districts in order to et the exeess costs of edueating handieapped
children,

No o disenssion today is in line with the continning coneerng of
this subconnnities,

1y
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Our witnesses this morning will inehade Mr, Mike Gorman, con-
sultant, United Cerebral Palsy Associat.on: M. Legnard Goldenson,
president. Amevican Bromdeasting Co., Tnew: D W itliam Berenberg,
Children’s Hosnital, Boston. Mass.: Dr. oJanoes Resvick, direcior,
Rehabilitation Fngineering Conter, Downey, Calit.: br, Krwin R
Tichauer, director, Division of Biomechanics, Institnte of Rehabilita-
tion Medicine, New York University Medical Centor: Dr, Theobald
Reich, Tustitnte of Rehabilitation Medicine, Now Tork Medieal Cen-
ter: Dr. Lee Arnold, divector. Guggenheim Sehool of Aeronantics,
New York: Dr. Irving S Cooper, director of neurosurgery, St
Barnabas Hospital, Bronx, N.Y.: Jomes Rurress, Aeting Coamis.
stoner. Rehabilitation Servicos Administration, Social and Rehabilita-
Fon Service, Department of Hoalth, Edueation. amd Wolfare: Dr,
James Garrvette Netihe Commissioner for Research and Piononstra-
tion. Pohabilitation Services Ndinisteation: and Mres. Stoan L.
Miller, Deputy Assistant Seceretary for Welfare Legislation, Depart-
ment of Health, Education, and Weltare,

Mr. Gomeay, Mr, Chairiian, may T add one more witness? Ve is Dr,
Robert W. Mann, professor of engincering, MIT,

Mr. Brapesas Fine, My, Gorman. T undersiand you have an open-
ing statement, You may proceed with that, then we shall next hear
Frone My, Goldenson,

I am especinlly pleased to be able to weleeme von before the conl-
mittee as one who hax done as neh as any Amerivan I kepow to draw
t|1i~|)|'nml'nltutlu-il' attention,

My, Gorman, you may proceed,

STATEMENT OF MIKE GORMAN, CON,ULTANT. UNITED CEREBRAL
PALSY ASSOCIATION

Niv, Gorsian, 1 have a brief statemont,

Mro Coaiens noand wembess of the conmmittee, T lave o brief state-
ment as the woderator of this panel of the most distingnished experts
in the eotntry in the field of the application of technology to the
severelv andicapmed, To Tist theiv enreienhm vitae would take some
o 50 pager so T will spare the Chairman in thet vegard,

Weare deeply arateful to thiz committee -md 1o its sistor Commnit-
tee on the Handieapped, headed by Senator Jennings Randolph in the
Nenate. for taeir inereased attention to resear»h technology and its
potential for westoring thonsands of soverely handicapped individnals
to productive fiving,

In yonr oversight hearing: on this problen, last vear, My, Chair-
i, Vot voted that the administration’s proposal’ for researeh in
fiseal 1971 was abowr the same as the avonnt approprinted l.v the
Coneressin 1972,

We ares therefore, somewha: fienrtencd by the faet that the bill
prssedd by the Congress in September, 125 SoTo0 1978 am horizes 8235
mithion tor the eoreent fiseal vear and a like simount for fiseal 1975,
which hewins onJuly Loand that the legishition farther suites:

There is fnrther ntharized to e apraprinte! foir sneh purpose for ¢nelr sneh
additional sumis ax the Congress may ddoetermine to be necessary.

6
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The bill also speeities that of these sims puthorized. 20 pereent in the
cnrrent vear and 25 percent in fiseal 1975 which is of course the last
vemr of the bill, shall be devoted to the establishient and support of
rehabilitation engineering rescaren cepters to, *develop innovative
miethads of applying advanced medieal technology, seientifi- achieve-
ment and prychotogical and soeial knowledge to solve rehubilitation
problems through plannine and conducting research, inelnding co-
operative vesearch with publie or private ngencies and organizations,
designed to prodoee new seientifiec knowledge, equipment, and deviees
suitable for solving problems in the rehabilitation of handicapped in-
dividualz and for redueing environmental barreiers,”

I will not make too many ad libs, but the top amount we can receive
15 86 million under the 25 percent formmla for fiseal 1975,

However, sinee the tinal appropriation for research was only $20,-
SHE.000 for the current year, there is only approximately &t million
availnble thig venr for vehabilitation engineering resenreh centers.
Severnl witnessex on this panel here today are directors of these cen-
tersodnd they are ina position. a mneh better position to testify to the
crippling inadequacies of these nppropriations,

We were therefore stunned, Mr. Chairman, when Mr, James
Dhwight, the administrator of Social and Rehabilitation Services, ap-
peared before the Honse Appropriations Committee last yenvr—that
was on the general supplemental—and testified before (hairman
Flood that, “there is some gnestion s to whether the level that i
required by the Taw ean be effectively utilized.” Tle was there talking
about the 84 million. That bas caused us anguish and I am taking more
steeping pills, There are only five rehabilitation enginecering research
centers in existence at the present time, and last vear they were
awarded the staggering sum of $1.7 million in a total vocational re-
habiliiation budget of approximately $700 million,

Mr. Chairman, 1 believe that this panel will prove to vour satisfue-
tion th: * there is a tremendous fund of technological know-how which
can he applied to the rehabilitation of the severely handieapped, For
example, meny ot the witnesses here today have worked on an in-
formal basis with the National Neronanties and Space Admnisira-
tion. For example, cooperating bet ween technology and medicine, in a
recent mmentoranduny to Dr, Howard Rusk. who is the god of cehabili-
tution and vightly xo, D Theebaid Reich put % thrust of these prob-
Tems in o nutshell when he wrote abont areas wiere NASA toehnology
could be applied vight now in a nmnber of projects which he listed.
I cannot o into a jong list but just to quote one paragraph:

Suitable techuology for sabition of al of these ; roblepe oxists fp the NANA
catfers The diffenty s that NANSA huas not developsd the personnel who can
teanchite technologicad Know-how into the biomoedien] sottime ¢ ¢ * NASA s
wor fully nnawnre of what i needed in the blomediend domain, and en the other
hand, biotmedieal s dentists and clinfeiims have too Hetle knowledge of what NASA
has to offer, Fhe existing method of disseminating information iy dilettantish
sad totally ineffective. It seems to us that better communimition between NANA
aned the biomedical commnity i« necessary and that one way to geeomuplish this
wanld he for hiologicis aml elinicians to snrvey NANA'S techyologien” Tomain
snd far NASA to bave some of its people oXposed te our envirotunent,

Meaning the medieal environment,
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While this statement is vestricted, Mr, Chairman, to NASA, there
are so many arens bevond NASN where this ean be applied, There is
rewo-way <reet hetween medicine and technology Lt eertainly NASA
an inportant faetor in this problen,

Weotherefore, appland your 1978 committoe report on TLR, S070.
whicelr requires the Reeretary of HEW to, “condnet o comprelienstve
study, including researel and demonstrtion projects, ol the feasibility
ol methods designed to prepare individuals with the most severe handi-
vaps for entey into programs ander this ace who wonld net othepewise
heeligible to cnter suel programs due to the severity of their handicap,
and toassist individnals with the most sevore handicups who, due to
the severity of their handicaps or other facetors sucl as Cheir e, enn-
not reasonzhly be oxpeeted to be veliahilitated for etplovment bt for
whom rehabilitation could improve their ability 1o live independently
or finetion nornsdly without their fainily or their comnnity,” That
1< from the CoOLHT oo report ol 1978,

Me. Chaivmn we are awsne of the faet that the present Voeational
Rebabilitotion Avewill expive in tiseal (975, and that the vesenreh allo-
cation in the present bill is Tnited again to only 825 million, but with
the proviso previonsIv referred to, chat the Congress in its wisdonm e
appropriate sueleadditional sums s it deeins necessiey, We, therefore,
propose that v the new legislation which von are contemplating, and
Noictave to contemplate it pretty soons that the anthorization for re-
serareh e donbled, that is o modest estimate, to ar least <30 million a
year with annppropriate pereentage sllocated to the rehabilitatjon en-
‘__"ill('('!'ill: resenrel conters,

Wooadso pespect fully nrwe thar bingunee beoinelinded in the new
fegislation requirving that the Rehabilitation Services Administration
Be mandated 1o nse the contenet s grant mechanisms to CHIEY ON
collaiorative project< with the National Neronauties md Space” Ad-
=t eation with strong input on the teehnologieal side, This we are
contident that s will i abont s new day for thonsands and thon-
stinds of one severely handivpped eitizens,

Thank von very noeeh,

My Bisvorvss Thank vonvers el M Gorman,

Weshia b now b frop My, Goldenson,

STATEMENT OF LEONARD H. GOLDENSON, PRESIDENT, AMERICAN
BROADCASTING COMPANIES. INC.

M Gone s <o M Chairnem and members of the committee, RS
P I~ deotmt L Goldenson, am ehairman of the board and chied
excentive ofliver of Ninerienn Browdeasting Companies, e, snd co-
Foneder and ehe ivoan of the board of United Cerebieal Palsy Asso
e lon.

OIS interest bechmolaey applied to medicine started in 1971
anite by aecident, My wife st nest to D Tee Arnold, an advieor to
NASAN e e prrcesrenn ] the ehairman and neafecar of the
Diepartnent of Nevonantios amd Astrowanties. New Yorl University,
Sheconmdained alwmt the b, of \'(-lulblln-lll i beeel chades and the
\\lmlu- l;:-l-{ of nl'llmlu--“«' m!ui'nl.u-nt, ”| .~!:Il('|| \\.\\ 'I:UI (,('\'("')]N'll
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i lumar walker oviginally in their space program beeause they felt.

i conldn’t walk on the Tanar surface, but abandoned this idea Tater,
He suid however, we shonld Jook at the lunare witlker developed by
Aerospace Labat Downey, Calif, We flow ont 1o s it .\ young hoy of
[2 took this > by 6 foot moek-up T walker up stairs, down stairs,
through nid, oves rocks, throngh sand and shallow water, We inune-
diately felt i, throngh research, this conhd he Pt into aominiatyee
Form fora handicapped person. we conld free millions of handicapped
tnd elderly people who had beconne innnobile, get them out of their
hedroonms md ot mto society,

We talked to the Secrotary of T wnsportation. Mr, Volpe, about
this. He said i this could e hee mplished they would put hydeanlic
Ffts in buses and even trains, so all sueh handieapped coubd truly et
out into socicty and perlaps oven enrn g living instead of heing
pihlic charges ora burden on their families.

D A vnold then suggested Tnited Cerebrg Pualsy should send him
ot to NASN'S Anes Research Center at Moffet Air Baso, Calif., to
see what other developments had heen initinted by NASA that vonhd
be used for the handieapped,

Upon returning, he snggested there were nany developments that
shoubd be investignted and suggested United Corebial Palsy sponsor a
conference inviting NASAL Veterans Nidiinistration, Health, Fdu-
cation, and Welfare, National Institute of Tealth, Departuient of
Defenses Department of Transportation, Tlousine and Urban Devel-
optent: Departinent, National Sejenee Foundation, Avademy of Sei-
enee, Newdemy of Engineers, MIT. Harvard Medien] School. Duke,
Californis Teeh, Stanford, and o total of 14 other leading medieal
sl selentitic universities,

After talking with NASA they said they would like to jointly
sponsor snclea eonference with {nited Cerebral Palsv. This was held
ot Sentember S o, fur] atteraed l;_\‘ :l])pl'l).\:illl:m'l_\' S0 doctors andd
seientists, Ont of this conferenee developed many exeiting possibili-
ties Hereare bint o fow,

First, as vou know. if a hrain railure ocenrred to an astronmit on the
Maoan, it is possible ta vcontrol that astronant from Mission Control
Center in Honston, This is the master and shive techuique developed
by NAS AT 0 person wenring a similay space suit in Honston moves
Bis arne i any divection, or makes any number of movements, the
astratet on the Moo would have to dopxaet v the same,

This technelogy gave vise to the possible development of a lighter
moon <iit, which conld he nsed by« therapist, Lets sav that 30 peo.
plecwho Tve suffered <trokes, were put into similar snits, Asa thern-
pixt moved her arne all 50 people wonld involuntarily have to do the
<atne, thoneh volomtarily they could not. Or, when she moved 2 Jegr,
taey world all follow involuntarily, "Thus, paraplogies, people who
Lave <offernd strokes, cerchral pulzve or infantile paralysis vietins,
arthritic vietims or those with other nervons disorders conld all po-
ceive therapy from one person,

Tn the di<enssions it was sngoe<tod that it mirht he feasible to pro.
vram ench individual with his oo n o compiter, As an example, if the
right lee was paradvzed. o fornmla conld he P into the computer
whieh, when woontton was pusheds wonla eanse that Teg to sa forwaed,

%
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The only vroblem wonld be one of stubilization, This is the same prab.
lem the Wright Brothers encountered when they first {low an air-
plane—-that of keeping it from dopping over, Through resenreh, there-
fore, seientists would have to find a stabilizing foree to prevent ihe
person from falling over when stepping on o paralyzed log, This, the
seientists aut NANN folt, could he avercome with peseireh,

Another exnmple was an electrode implant when the kidneys he-
eate paralyzed, This canses curemic poisoning and certain death
within 4~ hours, As o resnlt of researel, however, it is now possible
to iiuplant an electrade at an appropriate level of the spine and kidney,
By pushing a batton this activates o small transmitter, This in tum
activates the implanted electrode cansing the bladder to funetion.

Tt is also felt an eleetrode can be placed near the oeular nerve in the
brain ennbling a totally blind person to see light and shadows,

There are many other NASN discoveries to ielp the blind (sueh as
the opticonm). the handieapped and the stone deaf which will revolu-
tionize their lives, T am sure this will be covered by other witnesses
today., L

The amonnt of 835 billion was spent on resenreh to get men to the
moon, It =cems to e only logieal that an additional amount of money,
whether it be X1 or 82 hillion, should be invested to further NANAs

research to make many of these things available to those on earth.

The public wonld then begin to appreciate the spaee program for its
impact wonld be felt by over Toomillion families in this country,

Encaddition, as Dinderstand, it costs about 865 billion sumually to
maintain the 10 nallion handy apped in this conntey, TF we conld make
many of them selfanflicient us suggested here throngh resenrely we
cotded ent that maimenanee by hillions of dollars, 1 would think this is
a grood investinent an the part of onr Government,

One of the big problems in having NASN pursue these medieal
technologieal researell progeams is entting aeross Government ageney
nes, When we tirst brought up the idea of the conference at Anies,
the National Institute o' Health wis not even aware of the miedienl
technological reseavel be'ng done by NASN, The Departinent of
Transportation, as an ex auple, probably has the responsibility not
only for mass mobility but individaal mobility, Tf the Junay walker is
to he developad in o miniature form for use hy the publie in their
homes the expertise to do the resareh isat NASAL TG would appear to
me it <honld be mandatory that the Depaurtment of ‘Transportation
and NASN <honld be Fforeed to work on this together, '

It woubl also appear that the National Institute of Health and
NASA <honld be working hand in hand, Certainly the doctors wonld
have to get their giidanee in technology from NAS A and from other
seientitic schoolz, of conese, By the saine tokens N AS N shonld aet their
medien] inpmt from the Natianal Institote of Health asto their needs,
e =av the Department of Defense has vesearched many arvens of
technoloey that might be applicable to medicine, hut here again T am
sttre the Depmrtment of Defense operatesin their own ivory tower hint
Iy suvee wonld he delivhied to coonerate with the National Institute
af Health or the Departiment of Health, Fdueation, and Welfare f
the proper Narison conld b <ot up hetween these Government agencies,

10
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Fmight he presumptuons in making these suggostions, bt it appears
just good common sense and good binsiness for this committee to ree
ommend the nmehinery to enforee this crossover hotween Goverinent
ageheies,

In elosing Me, Cliaivimn and members of the connmittee. 1 take the
liberty of exprossing my admiration for your display of humanity,
your tarsightedness and openmindedness ininitiating this hearing, '1he
merger of teehnology and medicine, by utilizing some of the discover-
fes of NASN and other seientitic schools, is teuly the frontier of the
future, A firm commitiment by the Congress is essentinl to etfectjvely
implement the vesearch already started by NASN =0 as to ke it
available and applicable to the handicapped, Tinmly helieve we have
it within owr grasp to make fantastio strides forward in the very near
futnre through sneh research,

Thank you vers mueh for hearving with me,

Mr, Brapess, Thank von very mueh, Mr, Goldenson and M, Gor-
man. for two very exciting mud informative statements, 1 osay oxeit-
ing heeanse they nuke n sevious attempt 1o enable us to cope far more
etfectively with the problems which atfeet hundreds of thousands of
hacidieapped peaple, :

i wonld like to think 1t may prove to be the case that our disenssions
here may stimulate terest aeross the conntrey and in the Congress as
to the needs of the hendieapped,

Let me put some quertions to you both, if T may, I was stea-k by
the statement, Mr, Gorman, in yourr paper where vou quoted Dr, Reich
who is with us this morning, as stating NAS A is woefully unaware of
what ix needed in the biomedieal domain and on the other hand, bio-
mediea] seientists and elinietans have too little knowledge of what
NASA has to offer,

Mr. Goldenson, you made a similar point when vou remarked that
when the proposal to have a conference at Mmes was launehed, the
National Institute of Health was not even aware of the technology
work heing supported hy NASA,

Uwonder if you have snggestions as to how we ean link NASA and
the medieal community ¢

Mro Gorsaso T will take n brief shot at that, We did talk and had
a number of meetings with persons at NASNA, T was astounded that
they had no knowledge of many medical developments, Then on the
other hand, the medieal commnnity has no knowledge of what the
technological communnity is doing, There s absolute polarvization, the
feeling that we are doing onr thing, we are over here, yon ave there,
the Department of Defense is over there, you keep yonr cotton pickin’
hand= ont of onr thing,

Sa that s one of the major thrusts, Mre, Chairman, of what we were
trying to say. T hope Mr, Goldenson will say without prompting, be-
crise I do ot want to prompt the presitdent of AR 1o say anything,
that in addition to cooperation whieli 1 like, along with motherhood
ated free heer, there be morve money atloeated to the engineering een-
ters. At the present time there ave onty five, T'think that is the thrust
of it and mayhe Mr. Goldenson wants to claborate, particularly the
rooperative pm'tinn of it
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Mr, Gorbesnson, We went tosee Dy, #lotehor at NARA nnd ontlined
where we thought there wore enisting aroas i which NASA vould
cateern itsel, nebing theie veseaveh applicnble (o limans, The was
utaware of this jant waeeting we held Hotween the doctors and the
technologieal wroup at Nmes, even thag!y 20-same-add people were
there Trome NASND Weo asked Lim i b wonlid pat dows on paper
the varions things they had in their inventories that conbd possibiy
through vesearell be made available to lnonans, We asked hin test
how fong it would tuke to researel vach of those things and how naich
it would cost,

I think it is highly desirable this commities get Dr, Fleicher to
make such wpresentation as to the things they have in their inventory,
how long it would take to researeh them and how much it wonbd cost
todo the job, Tserve on the Space Applications Bontd, T was appainted
by the National Newdey of Seienee, T was only vesterday 1 prevailed
upon them to have at least one or two doctors sit on this commirtoe,
They recognize the very fuet that this is highly important and is scne-
thing they should cancern themselves with, Our problem with NASA
at the moment i that they are <t concerning themselves witly satel-
Htes and the varintions thereof und nsage of sateilites Tor various pur-
poses, L think they have wogreat vista open to thenr whieh they veally
huve not concerned themselves withe Cherefore, T think it is a stinn-
fation which must nat only come tron, the private seetor but from the
Conwress to get NASN interested in the projeet,

Mreo Branewas Taprreciate that vesponse hecanse, as iy colloagies
heve know, one of the gnstifivations alwayvs griven ns for voting sub.-
stantial budwets for NASN is that the benetits of their researeh cun
he applied to the problems we have here an Bathe What yon said this
morning seems to be gquite an adiant indictinent of the failuve of
NASN o take serionsly this responsiaility,

I awnres as von may beo that o the canmittee report of this
committee on the Rehabilitation Net of 1978, this commnttee nrge {1
Secretary of Healthe Fanentions an b Well e to cooperate with the
Nationud Seience Fonndation in supporting veseareh uncder the aet,
But in view of what voro Me Goldenson, and - on, My, Gorman, have
siid here today s that N NASN DOT, and perhaps other ageneies
of the Federal Government ol have some <sapport activities which
micht ake an impact on handicapped progr: ms it seems to me we
may well have ta consider dropping serreons o b writing <ome tan-
diates into the fow, These mandates woubd reguin s the other depant
ments of the Federal Governmert to talk ta eavi other and to work
together, [ think o is shoeking that NASN has apparently th'lngm-
strated so Bt awareness of what has been going on i these other
irens,

Do T otake ity 0 put iy question more bluntlv, Mo Gorman, that
what T have just aegested is what you Tend i nined incthe tinal para
sraph of vour testimony £ That i< that Tanguoge be ineloded o the
new Relabilitatie r Net to reqaive that the Rehabiination Serviees
Ndoimisteation e mandated 1o do collaborntive work with NASA,
with <trong apin on the teehnologieal side. T <honld think it wanhd he
well to make that o two-way strecet and not conline that requirement
to NASN bt other Federal neencies pswell,

Do van have any conanent on that 4
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Mr. Goraas, Sinee the mevting M, Golienson and 1 had with Dr.
Fleteher when we presenteid the probleny fast Drecembrer, or whenever

catwasc b have salked to T do ot know how mainy people at NASA, 1

Feel 1o o quadified astronon from the namber of telophone ealls
I bave made over there to NASA,

Fdo not want 1o nse the word “rimaround™ ar the word “indiffor-
enee bt xome of the people over theve said, “Our budget used 1o be
£ billion and now we are down to %2 billion or thereabonts sl pru-
ple are saving why are we apending =0 much woney on spaee =huttles
and Sovua”

They were telling me they had a publie velations nroblens, 1 SHge-
gested they should skow people they are doing othes things thau just
presenting space spectaenlues, 1 thinke Mes Chaivman. that i at the
heart of the problem, Fam sorey to say this but 1 think they linve 1o
be mandated to cooperate,

Bxeept for D Berey, there is nobody else who sbowed any real
interest there, Maybe this should be off the record. Mr. Chairma.
but Tanea very unwise Trishman, T T would show vou what they sent
e as to what they cauld do. T wonld not want to see it in the printed
record. Tt was done by foith echelon people who said, *You just
toss off something beeause he has written o letter and Le w it to see
Do Fleteher,”

So when D Barey came baek from Honston, I told him that 1 had
gotten two Mickey Mause memos which said nothing about the enor-
mons petentinl of NASN sneh as M, Gotdenson referred 1o, He
looked at these things and ealled me hact wnd =aid, and 1 think T ean

quote hime divectiy, he said, 2Ol my fiod, is that what they sent .

vou ™ Fsaid, It said NASN a the tap of the letterhead.”

He was husy with Skylal at the time. which really tied him up, So
we really have gotten nothing further from them. T thought a long
time hefore nsing the word “mandate.” bt 1 see nothing else, 1 have
e the efforts made the teips over there, have talked to evervbody
over theve, On the one . they sy, ves. we want to apply what
we know 1o hnmans, we are in desperate need for a better publie
mnage, Tt ean he noted that the las splashdown of Skyvlub, Skyvlab 2,
it was mentioned by the NASN people, T did not niention it. they
mentioned it was not covered on television, T said. “Hore is a chance
to<how that vou earve and that you can use yonr technologieal know-
how and it i+ in the Tanw,”

My Gornexsox, 1 helieve, M Chairman, if T uay, that NASKA is
=0 oriented to the wtilization of satellites to determine what is on the
gronmed, the minerals that Tie heneath, the determinaion of meteorol-
oy, the determination as to agrienttural developnent and thines of
that natuee that they just are not oviented, They conld gof <omebody
in NASNA that Twondd =av had been sehooled in this hiomedieal field
to really stimulate them from within, T think that is highlv impor-
tant, Perhaps D Fleteher shonld be hrought hefore this committee
and Tet hin el what they have and why that should not b utilized.
T think thev nonst be stimudated,

Mr. Brapevas, T just have one more question before vielding to
myv eollenene from Californin, You ohserved there are only five reha-
bilitation research centers, Conhd you give ns <ome idea as to the com-
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bined budgots and how much they could effectively use in the way
of funds?

Mr, Goryas, We have two directors of the tive centers hero today,
and they would be incaomueh better position to give you that informa-
tion. They certainly could use more money,

Mr, Bravesas. Weare very glad to have sitting in with us o Mem-
ber of the House of Representatives, Mr, Clawson,

Mre, Crawsox, T have no questions, but 1 eame hiere as an interested
party, That is the reason 1 am here, T hope to make the appropriate
introduction for a very distinguished constituent. of mine.

Mr. Bravesas, Thank you very nuich, Mr, Goldenson and Mr, Gor-
man, Youwr testimony has been very iluminating, and 1 would tike
to think it will be effective,

We shall next hear from a panel of seven physicians aud engineers,
I would suggest if the withesses who are coming forward at this time
have cotleangues with them, that they bring their associates with them
and arrange vourselves adong the table,

The panel consists of Dr, Willimn Bevenberg, De, James Reswick,
Dre. Frwin R, Tichaner, Dr, Theobald Reich, Dr. Irving 8. Cooper,
Dr. Robert Mannoand Myron Youdin,

e, Berenbergz, why don’t vou go right ahiead.

STATEMENT OF DR. WILLIAM BERENBERG, PROFESSOR OF
PEDIATRICS, HARVARD MEDICAL SCHOOL

Dr. Begessire, Mr, Chairinnn and members of the committee, Tam
privileged to appear before you insupport of the need to apply space-
age technology for the a'levintion and rehabilitation of the severely
handieapped. T have had a professional lifelong coneern for the handi-
cappiedodating back to sy paticipation in the care of poliomyelitis
viet s sinee 190,

Ofliciallvo T do represent the United Cerebrid Palsy Association as
its viee president for medieal atfairs and ehairman of 1s Researveh Ad-
visory Committee, [t is o voluntary health organization coneerned with
the aflliction of cerebral palsy in approximately 1 million individuals
in this conntry,

A= past president of the American Neademy for Corebral Palsy, |
enn speak for the concern of the medieal profession who have labored,
often with frustration, toward improving the lot of the severely dis-
abled Xs womember of the Cammittee on the Handicapped Child of
the Nmeriean Neademy of Pedintries, T ean assure vou that the pedia-
tricinns of this country slaee in this vital coneern for the severely dis-
abled childd,

A= the project divector of the Harvard Medieal Sehool component of
the Thirvard-Massachusetts Institute of ‘Fechinology Rebabilitation
Fngineering Centery | ean give testiimony to the commitment of hoth
of these institntions to gather every possible souree of energy and ex-
pertise in a collaborative effort towanrd achioving the goal of maxinml
habilitation of the child and rehabilitation of the adult disabled.

I panse to point ont there are those who really need to be rehabili-
tated becmse they never have heen able to do things, and there ave
athers who nead 1o be vehabilitated beeause they onee did and no

langeer can,
A 14:
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11 the Chair would permit. not only in the interest of time. but in the
interest of avoiding repetition, may 1 depart from my written testi-
mony and address the committee informally ¢

Mr. Braneyas, Yes,and 1 wonkd be grateful if vour example could
he followed by each of vour colleagnes, 1§ von wounld try to summarize
all of vonr statements, then all of them will be ineludod in the record,
‘That would be helpful,

Dr. Besespgra. Tam deeply aware of the problem. We are all con-
cerned. and T wonld not agnin reitemte the huge numbers of handi-
capped in this country, Tknow these fignres are familiny to vou,

I would. however, want to emphasize that we are dealing with n
growing problem, not a <hrinking problem, Medicine is g peenliar pro-
fession, Kvery onee ina while we are lneky enough to have a poliomye-
litis virus vaceine or German measle virus vaceine and thereby eradi-
cate the disease in one fell swoop,

I am sare we are seeing more paraplegies returning from Vietnam
than from other conflicts, The inereased <kill of the surgeon, of taking
aman riddled with machinegun bidlets and taking pieces of his liver
out to protect his life, or getting into his heart to got a bullet. all of
that has developed <o nich, We have this growing pool of people
that have to be dealt with.

A mmber of vears ago. a great number of cases of rotardation
were prevalent, These resulted from problems in BH blaod grouping.
We have almost put that to bhed where it is no longer a major problem,
But prematurely it is on the inerease, The incidence of corebral pitlsy,
ineluding prematires, inereases to M) pereent when vour got to chil-
dven born of b pounds or less, Wo are saving a great number. 1 think
infant mortality is not increasing in this population. hopefnlly. Bt
many of them are going to remain in the population as individuals
with whom we minst deal.

have xeen in my lifetime w great nuomber of handieapped children.
have worked with a great number of medien| groups and it has only
been recently T have had a chanee to got iy and talk to the medieal
engineers. But wo are beginning to comnmmicate, We are anxious to
work together. 1 hope that others will join in the development of the
opticon,

Mr. Goldenson made a conment this morning abont the spinal cord.
Lot me expand on this for a moment. if T nay. Most of the paraplegies
i the Veterins” hospitals. most have spinal cord injuries of those who
ave inhed today, They are eventually not going to die heeanse of heing
it paraplegie bt heeause of weinary bladder control and the reflex
setion in the Kidney, When T see the potential and see physicinns work-
e with engineers who look as thongh they are abont to solve this
problem, it beeomes an awfully exciting possibility,

I ean name other needs, Bt 1 wonld Tike to tirn the teehmieal end.
the biomedical presentation of my presentation over to D, Mann,

| The prepared statement of Dr, Bevenberg follows; |

REAGMENT oF DR WHLIAM DERENBERG, PROFESSOR 0F PEDIATRICS, THARVARD
MEnteAl Nenoor,

Mr. Chairtaan and Members of the Cotnmittee :

I privileged to appear bofors you in support of the nesd to apply spee
dze technotogy for the atlevintion ol rehabilitation of the sevorely handieupped.
I have had a professional life long concorn for the handicapped duting baek
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fomy pattivipation in the care of pollamyelitis vietims sinee 1985, Ofliciaily. 1
o pepresent the United Corebreal Palsy Assochition ax s Viee President for
Medical Mtnirs and Chnirnem of ity Researeh Ndvisory Connittee, 1t §s
valuntary health oraanization concerned with the attliction of corebral putlsy
I approsimutely one million individuads in this connrey. As o Pastdresident of
the American Aeadey Tor Corebral Palsy, T oean speak Yor the eoncern of the
meddeal profession who lnve fabored, often with frastration, towaeds hnproving
thee ot of the severely disabled. N o owetnber of the Committee on the Tandis
wippeed Chibdd of the Merlean Neiidetny of Pedianteies, T ean gssopre you that the
pedintricians of this conntey shiee in this vital concern for the severety disabled
chitd, As the Project Direetor of the Harvard Medival Schanl Component of the
Treviede Massachusetts tustitute of Fechnolozy Rehabifitation Hugineering Cen-
teg, Lot sgive tostinony to the cogumituient of bath of these institatlons to gather
every possible sotree of eneray and expertise inoa collaborative effort towards
aehieving the woal of wazbad babilitation of the child ond rebahititntion of the
adnlt disndded, We do have the vonvietion that innovative applieation of -
vaneel miedival technology ean be sueeesstully applied towiirds solvine these
probletes theonsh eooperative reseettel. As the Miedieal Divector for the Chil-
Apents Hospital Medical Center of Boston's Pt for Cereliead Palsy aud the
Cictivman ol its Comnmittes on Rehabititation and Handleappeal Childeen, 1 oean
ssstre Son that, that Hospital shares in its eopanitnent towarids the same
vofeetlve,

The seopee of the probtew is hroad aud inclides iy disabilities under its
Bead umbiredly. Nmonge olhers, it inelndes individunls atfieteld with cercbral
palsy, mental medardation, learning disabilities, birth deteers, wnsentar dys-
trophy, mndtiple seterosis, head injuries, spinal eovd injuries, brain tumors,
strokes, spitit eord deteets ated wy eloenitigoeoede, sanpotation both eoteenital
and megnived, Winduess, feafuess, paeaplegia, avtheitis, o varlery of frawmatie
ingaries, d the mmltipticity of degenerative diseases of the elderly.

P thee peest, weedics] resenreh and fts applisations have resalted in the cangniest
af quetr colgtest of oooimber ot eomditions resating in severe disability, One
newls enly o ook towards the isolation of the poliomyelitis and Gerngn measles
vignses ot with toe sibeecont proshinetion of effeetive vievitaes to apgsteciate
the mendeer reshiction in the tall by the near elimbnstion of pofioeyelitis and the
hopeful verdicntion of Gertene mensles in pregiant women atd 18 raviges in
Hoeir wftspeing. T thee past, dittenttios resulting teom ineongetibilities Ty the
h blood gronp cesnlied i ore thivd of ol of the cases of cerebral paisy in the
ety Poday, the spratee of this disense as o catise B cerebrad palsy has een
reduced] frote 307 af the eases of cevebal palsy 1o 10 aress,

Diesprite these aelievements, the nmnbers of fudividuals in this conntry with
<evere disabilities, contimmes toogiow aned even inerense, Lot ns ookt cendhiral
peatsy as o esaphe ot this enigen, Thivre sears o e jneidenee of veerebral
perbsv i this conut ey wis ot per onge thonisangd sorviving e Births, Despite the
fet 1t thee <olntion of the Bl preblem ol bt eliminated one thivd of the
patients with corehral padsy. we are faeed with an incidenee of approxinutely
ot peer A0 infants who saesive atter hirth The explmction develops when we
exitnine a0 wandher of seher conteibiting factorss Prematnre Wivthe tolay, ae.
cottnts For st least opee thimd of patients with verebral parlsy, The itreidenee of
coerebral perley Fises To SIper L0 speviviine Hive bivths in thase childrey buarn
with Lirth weisha < buel sw Fong' puntinds,

The stiereess ol Tertidity expeeets has pesulted in the lorwe nimber of women
beine nbhie to conerive amd give birth to chililevas Tmfoa sjunitieant pereentiae
af theese pregteticies <t resnlt in prenetnre delivery The inmproved ability of
thiee sehesieiin in Hoe st ot Tie nescharn Tis eeshtted inoa signiticant decrense
in the ertality of newlern infants bt the morbiding dssteitted wWith premn-
PHEiY Fises along with this siecess story This feonor 1o be deplored sinee we
st pereteter et althoogh Stout of Lo premetnres will be atllieted, the
premsrieine 020 will bee et individhits who wothd wed otherwise e with s,
Heonweser thee disabdlry in thiat Sooper Lo pemains as o gronp not anly o he
prevenine] dant alsa to b bedpaed Flirty yeiees sz, mooane with tuleercnlans anen
initie tver went o beodevelop severe disahility sitiee Al o these pattient s djed.
Powlaov, slinost b wilt siapevice, bt oo signitiexnt nmber neay remnin severely
di~nbded  Sometimes, tiedie ine apkes poeogress withe aosinnt ~lep <hr-h :1~'l|w
j-olintuyeetitis vaweime ol on otheer cecnsions it natkes progress ohie step at o tine,
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The ineveased nnmber of automobile aecidents his ko servid to inereise the
tther of patients suffering trom brain and spinal vord injnries adding a far-
ther dimension to the pool of the severely alisaeblal, With recreation explospor,
and the sdvent of backyard pools, we witnessed o dramati « inerease in the nume-
ber o drownings und weqp drownings, T'he luttey are treguently assoelated with
vesidnal nssive neurologice disubility,

Medieal and surgival <Kill has advanced to the point where we now are able
to el suecessfully with the lite dtud death problems of nunwerons traguimns. My
of these iudivihials wonld have died i yesrs past. bat taday we are able to oper-
le stueeesstully o treat steeesstultly, On the other lzind, foo often there are near
sureesses with vesidoal disubilities, Numerons soldiers ol some amfortunate
chvitinns have suffered trom bullet wonnds which woulld have been fatal in the
dears past Today, we have o huge numbey of paraplegies amd serious spinnd
vora inturies ux the residual of such insult,

These exanmples awl unimerous others b ve in great weasare jnereiased the
nuher of severoly disabled Individunds in the coltutry who deserve and reguire
few,inmavative, and diVerent approgelios to theiv probletw as well as eonting-
ation of the existing mothods of treating it.

I have the deop eonvietion that the sejenoes of maelliclne aud ehgineering
workine tosoether have the potentinl for providing muell of the help which s
soursently reguired,

The two selenees will e to develop a voeabuliey of nnderstanding. g col-
leboramive tesom approneh and worpk tozother tawards teganshting techitology into
clinieal care for the severely disabled, | lve ot 1o meet o physicinn warking
with the disubled who s not totnlly anixous te participate with the engineering
seienees and ol of my peent contae! with lembers of the engineering omne-
ANty rouvinees e that the sume attitode prevails thepre, 1t s incanecivable
that ol ont elfort on the part of hotl wronps will not result in o large unmbier
of fmportant and meaningral nils tor the ~severely disabld,

Wo alvedy have withessed o number of steh exciting ndviinees wd 1 do hope
that titne will perimit o deseription of tmiany of then.

The Optakon is o devies which permits the blind to read theongl vibratory
tactile stimulition of the sRin. With this newly designed instrutent, we liive
seen blind peapbe Who ean remd hetween N0 100 worls Per minute, It permits the
blind to readd the telophone haok, todas s newspitper aml the typewritten letter.
At nmber of spiual cord i oo paraplegies will div becanse of paralysis of
Pheir nvinary biadder an 1 subsequent retrogreade reflux: rexulting in kiduey
disease aud infection, Jepiants live been eurried ont vXlwriimentally whieh
phree inite cloctronie 4 Viees into 1he spinal cord toedow the level of Tnjury
il ot rndio siznal wils result jn entuplete emptying of the Madder o g con-
Halledd fashion,

Fhee drac, atie development of Prostheses such as the Bostou arm, is o prime
exitinple of the sitceess for which s any of us dearn. New oprthotic develop.
ments are availuble which hopefaily will do away with the very heavy and antie
aated echianical brainees gsin] by souany disabded individuads, 1he newer mate-
rials ave noech wore atirictive, ecomfortable by eonparison gl very Heht wejeht.
The basie design of the wlaee! chairs has net altered innny deendes gl s iy
~triRing weed of revision fo inchnle chimges in weight, wobilthty and the doevelop.
Mt of powes abriven systems, There s o ery g teed o ew systems which will
pernndt the deal o heare sl espeeinlly those with perve deatiess for whone hear-
i aids are e apgdicabbe, b spevelr and nobility problems of stroke vietims
a8 Wbl as the ehildmay with eopehiead prdsy ave mdviple and Lepedully s pathle
sl salniion, The st of eximples o decntplishouents toadate and the Inng st of
Becds for the fitnre s indemi so o that b shall uot ennmerate thew at this
it

U plesrsed b inteoednee s alistitgeeished eolleaeue from the Massnehusetts
Insntite of Tevhnobay, Ppofossop Bolaert Mann, who is the father of the RBuston
s an b widely pevoznized os one of the worlil's feeanst experts in the tield of
Retiabititorion Bugineoring, 1 o hopwe thent Dy Mo will have thee opportubity to
deddress this vonpnittes and that Soomay wish to eall on biva for answers to
Specilic guestions

The adviineed technoloey which wirs cipidde of sendimg nam ine spaee ol ot
the <ame time wmonitering gl controlling his vody newements apd funetions
st be applied towards the welfire of the severely disabled heve on earth, In
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many instances, this nay reguive sdeptions of what has atreeady been designed
amd in other instancees, it will requirce research and sew elinfea! applications,
There alrend: oxists a pool of interested sl teained individuats bt there Is
mijor need for iraiqaime of other individuts who work in thi< siome area, Re-
seirPeh wili vegaive signiticant sapport at both o Vasie as well as appliod level
Contraets Will newd to be issied toawards gond oviented objectives, 'Fhe rehinbilits.
tion engineering cetiters deserve and reguire expiitaled pesonrees in order to
achiiove their obijectives,

‘The millions of disabled individus!s in this conntey look to yon for help. The
sejentists stnd ready to participate. T have o parettenlar Knowledee of ceonomies
but e have the belier that st Drom the annitaeian aspeets of the problen,
the veonomies hopefally wil! be sueh that many severely disabled individuals
enrrentiy requiring tinaneial support by the coverimnent will be able to return to
einful cuployment amd will beeone produetive and taxpaving aembors of
saciety. "Uhe problems ave mbtiple aml many b a 2eeat witaber of the Sonds ean
be dehievedd, T have evers contidence that with the medieal profession and the
rigitieering sefenees working together, solntions to wany of the problems of the
severely lumdicapped ave in sicht, iF adegiide amd appropreinte federad funding
is mnde available,

Thank yon very mveh,

STATEMENT OF DR. ROBERT W. MANK, PROFESSOR OF ENGINEER-
TNG. MASSACHUSETTS INSTITUTE OF TECHNOLOGY

Dre Mans. Tappreeinte the opportanity to make a few remarks and
T will attempt to make them very hrief and compaet,

1 vervosvimpathetie to the comprehensive view that Mre, Golden.
son presented as to the negenes md necessity of coupling the high
techuology components of our national system ns exemplified in
NANN DOT, et votern, any area of technoloay as it relates to the
physieally handienpped, T say that as nconsnltant and a grant reeipi-
ent from all those ngencies, NS as well and T sav that as a eareer
engineer ediested on the CT bill from a voeational high sehool as
result of the ¥econd Waorld War, und T say that with the, hopefully,
appropriate hndlity,

The ont iscue as 1 see it s in arder to do effective technology, to
relenhilitate s, one wnst create an environment in w hich knowl-
edgeable gonl ariented physicians, engineers are brought together in
an approprinie clinieal environment, This i< so there isa elenr under-
standing of what the human gonls are and the sourees needed 30 the
attaivient of these roals,

Fam interested in NAN N and their exploitation of spuee satellites,
T donot want to impaire that, bat T wonld also like to see them work
in areas related to human rehabilitation. They will not be able to do
that if they do not invelve themselves with physicians and patient
populations that are germane.

The heart of the conters involved in the rehabilitation serviees pro-
gram under TER. %070 i< in faet that prineiple of bringinge together the
engineers and phvsicians in the appropriate elinical context to nnder-
stared what the problems ave and address them in o direet und forth-
right way.

I thoueht T wonld complete my remarks with just a fow sueeinet ex-
ample<. Towmn 1o illusteate the relatively primative state in which
technology can even now he hrought to hear on this problem of
rehiabilitation,

Abont o deeade aca, Fheemme aware of some very sophisticated in-
vestigations which determined that bliml persons mohile with a long
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cane, had great diflioulty with the shabby, ¢ able o Hupsible
cithes Which were then on the market and Stil o izt solie of

the technolowy available to thew, NASA developed this collapsible
cane which i now on the commereial market, 1t has tecome the most
popular cane used by blind persons. We became aware. throngh the
Direetor for the National Center of the Deaf and Blind. of the severe
commiinieation problems encountered by deaf and blingd persons, They
do not have the benefit of speech, sound, signals, nor do they have the
bhenefit of individual signs, the lights, the information which comes
from their visunl senses,
Fer the workshop anel residences of the National Center for the
Deat Blind on Leng Isloaud, NY . the MIT NSensory Aids Fvaluation
and Development Center developed the TAC-COM communication
’ svatem, Smaller than a pack of cigarettes, the deviee is enreied in a
shirt pucket or apron of a deaf-blind person, This persenal, portable
receiver is connpled electro-magnet ieally toa localized radio transmitter
arranged to transmit coded information in the workshops for coffee
breaks, shift beits and the paging Hf individnals simd in the residences
foir door bells oven timers, ot cotera, When the radio lnk is activated
the personad receiver vibrates vopy vigoronsly, therehy cemmunieating
to the deaf-olind person through the curancous sense, one of the few
remaining sensory chamnels available to the deaf-blind individual,

A cane only reaches o stop or two ahead. A blind person ought to he
able soteliow to be the beneficiarey of technologieal work in eadar and
ot which we all know makes it possible 1o land planes at Dulles
ttder zero zero conditions, It also nukes possible the loeation and
identitieation of anderwater hazards,

Here are o conple of deviees which have been developed, Here is a
sonar detector curvied by a blind person whiviy provides him with
audible enes as to obstacles in his path which might be heyond his
ability to veach with a cane, The technology is not nearly as sophisti-
cided as it could be, This conld be made pill size if the technology
skilly and know-howat NASA were hronghit to hear,

Heve ave the so-called songe spectacles, There are two receivers for
the deft and vight tield of the trveler, whieh are fod into their right
i deft ear. Ditferences in the sanplitude or Toudness of the reflected
signals provide clues on the divection from which the reflection
ovigitated, With head motion, both left and right ad np and down.
aowearer of these sonie speetacles can seareh his environment and
estabilish the position o distanee to objects of interest, or obstacles
in s path, Tomy view, as o eareer engineer, they conld be maeh more
effective and applied to a muel wider range of blind persons,

Let me complete miy vemarks by madsing astatement as to the read-
ing problems of the blhad, The Opticon i< eontribution frons Cali-
forning o produet of Stanford University, I permits a blind person
ustng a lipstick-case-size catmern in one hand, which he or she pusses
aver vopy with one aned while the index tinger of his opposite hand
e i acerndbe in the devies where it i< stimubated by anarray of vibra-
tor<. These vibrtors generate o faesimile of the printed materials
seanned by the eneras Blind persons after vensonabl instructional
time fearn to interpoet the patterns aud with this eXperienee inereqs-
ing theiv veading speed and competenee, By this techuigue, the blind
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person hus diveet and anediate aceess to printed and written na-
terinl, to television dispinys, to instements to chiarts and graphs and
what huve yous It is o =nperh example of how teehnologs ean be
bronght co beae on the problem when a problenn is defined and when
there are committed rechnologists in association with clinieal people
who work intimately and collaborate with motivitions,

L hope Tdo not embayeass herobat there 1= a voung lady blind who,
with enorinons "aeility, is taking notes in beaille of the diseussions of
thiz hearing, Now, Tdo not want 1o go into o lomg dissertation on
hraille, bt the tazk <he is performing is extraordinary, Braille to
heain with is o code, Tt i foreign langnage, So she is translaring
from English (o beaille, The combinations, one by one, are punehed
onto pader with v =tyvins, beeanse she ean only mnke dots that go in,
she b ke those bratlle fienres upside down and hackwards, She
is Leonardo da Vineidif von willy in braille, There is no reason in the
worli why that Tady conld not be provided with a eassette pocorder
which with o few vomvenient Keys would periit Ter to take that e
curding like the stenatypist over there, The teehnology to do that
eNists,

We really need the will to apply and the REC coneept is 0 way to
o and a prinmry way to go, heease i forees a contignration, a con-
stellution of teehnolegists ad elinicinns eronped aronnd elient
oriented probloms and T oviry moch apoveciate the opporfunity to
.\'p:‘:ll\'.

Fhank v o

| The provared statenent of Do Mann follows:|

Tesirvony of D Ronkire W Mas s, PRovESSOR oF FNGNEFRRING, MAsnACH USRS
INstrr g or TrenNonony

The application of techidony 1o specitie pehabilitation goals for the sevorely
physically handicapped is e its intiowey but there are aleeady clear indies tons
that relasilitition engineering’ can take handicapped persons capable of
setivities heretafore jnegussible: By aeans of these gids the selfrelbanes and se'f-
respech of physiealis fmpoired persots is endanead, employnent possihitities in-
eredsed, sl they heeatne Jess depedent o otioeres, sind or the society,

Por the progmses o this disenssion bowill Hinit iy exsonples to cases within
s exprerietnoe whers technofouieal Yeasibitity has progeessod ta the polnt where
clinfeal app'ications are ip pavaress with very pesitive indivations of the pro-
speeers o stieresstil widhersseate application.

For me diest vonent on o vecont develapments ig artificial timbs foe apittees,
The vadival impeooveizent here is the complite of ieformation pesddent in the
Lhtern's noetial biokoienl syt 1o the commamd of anoartiticial joint, ‘he
“Hoston Aetn® elbony paeosthiesis Fas stoovp dhat bioeleeteieal information nataraity
associatel with rhe vt eietion of skeletal mtseles van e nsed to eottinuonsly
atod preoportiogartedy vanteol the aehine wanipmlating the aetitielal joint,

A preazeann ! tloe Mas<ochinsetts fnstitate of Techinnlogy and the Micssaelngsetis
Coenecn] Foosnital sapperted inopeivt by thee Soecial amd Reliabilitiatione Seeyes sind
fhe Libeerry Mora! Jesneane o Cotnpeiny has detagestesitedd the Tea<ihitity of this
cotpepst aped bars aradieaelh s vepal desioe iterations resalting in o elhow prosthae
~is titted o several senre o atagattess, Phis Hih bas heen et gsjastieally ae
vetteb and rentiacky asesb oot eversvelay Tife auad oo variety of vocationnal
sitiathens oot petiods s lone s several veares, This exmnple of creelabititation
vagite e wentbd s Bive cesenrped withont the elose and continaing collahores
Piot oo e froeers, nhivsicinns and prosthetises aritizieas the fall resemrees of pre
feeiere terbnabisi al soal tedieal T critations, rnll[lll'll with the jnterest atd ~gee
Peort o bt thoe Pedergl covernnent st vt e entorrise

Thee toel nivres bt ra by sipecessral gy thee cdio ame o Teeine shown in
thee Siber vy s b vpially appdiente to nonel e votple s prostheses for the
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upper extremity, teplienting the nEY possible motions ot the shoulder, ellow
and wWrist, Another investization ot MAE coupling the renmang maseular, md
thererore hiodeet pie Activity, in the leg ampites's Aump to g Knee prostlhiosis Is
Fikeow ine deanestrating, thas fp in the Inboratory, the sytergisine whiell ean he
credated betweey s hunsi aud g prosthesis nnaeliine,

Ressarel in our Itboratories sl elsewhere is ilao denonst rating the necessjty
for, sind technigines whereby, the smpiter ean sense totell, warimtn and fopep
thrauzh trensdineers on the maehine whicl, eommunieate in ny intelligible rash-
i o I - ense oprgans sl thenee to the central nervens sesteqn, Phese ad-
vateed prosthetic researel investigmtions deonst e both the fensibility, at
the aclevability or esbernetie prostheses which link the i sond the mn -
chite in an intiynte fashion with the hnmnay Central nervens systetn eojnn e
citting naturally il directly 1o the waehine am] the mavhine in tuen feeding
hasik censory inforation into the I,

The vevestrel resuiis gl pravticnl demonst rations of
“elevin! to other nreas of severe phiysien) hadivap,
vongentital defects deprive hmpnns of wator eontrol via amniseies gl of sPpsnpy
teedbatelk Trom the extreinities and from bot:, Phe spital eord ingury vietim -
udraplezie or pmaplegie the Bemiplegic stvake vloting, 1he cerebenl pirlsfed
infant we ndnlt, the spastie ehild, alf these and ot heprs wHI benetlt feom the merg-
g af techinologs aoad lannan rehiabilitation,

Himnans deprived  of that overvhelming sonree of spnsopy infurmmtion- -
Visiai- are beiig Stattiticantly helped today by technology ppliesl ta the specifie
sl of sensory adeds for pemding s mobility,

One tenly denntic deviee, ns bortiable aml cimvenient as n enssett e tHITT
recorder, provides the blind person diveet aecees to the wenltl of Wit teq, preinted,
ad 2euphical materiad whieh normal hnans utilize every duy af thele jives.
Bnoks, masnzines sl newspapers: become direetly and shnending ol y reseddal e
withont an intervening hurnn restder or g translstion process itites braillie or
recordel speech, The priviey of cernin cotnubieation Is malutabued sinee the
blind e rend thejy bersonal eorvespondence, thei, bauk lnlinees, bitls, ote,
Farmis of *reending so vontine to nertst hnumns, sipely as deterindninge the valne of
chrreney, reading con Bibols in o soperimarket or olt the pantry shelf heconge
nuetingeable for severaly vistsly fmgeieed persons,

The Optaeon® cOPesl t, ACtie rerding deviee utitizes o winknrs lip.
stek-vise Sized Cenmern” whieh the WHmd persan seanus over the capy wWith one
hind while the jndex thiger of his oppesite haml Hos in o eradbe in the deviee
wWhere it is stimintated by an arrny of vibrators, Fhese vihrators denerite g
taetite faesimile of the Brinted mnterials sennned by 1he cminern. lind persons
after reasonahle frstenctionn] thnes Toapn to imterpret the patierns i with
expericter nerease their reading spueed g cotpetence. Nogee ve handed
Opracons are oW in dse woridavide, contribmting to the edmeation of stucdents,
strensthening the wecnpational vanpetetee of comtpoter progeonmers sl o hers,
el in general viving the blind person u new window' au the warlid

Text reding riates for the Optiean e relatively Tow compired to visual remd-
P o spech s Che best suhjoets gpe Hpprotchinge 100 words per wminnte crnpi il
Poosay TS0 wards per minnte for nornml specch sl L Yo several tinnes that for
fost vistal reading. But the vital, gonab:ttive differenee i et with thi- deviee
the blimd person peevionsly cotpletels rat ol from bis own personal, diret
acqrisitien cF infoemation now has that door opened agaii Techinolouy wnde s
jrossibidee, . N

The program whivh developed the Optiean wis centeped ot .\l:mf«.n'alll Hiver-
sitys Motivated by e needs of his Blited datatiler, Peotessop John Linvibh, hemld
al b electeiend engineering deparoment. and oo 00 Fliss, etigineeritg stident
bt Nuantord aud ML amed Bter eollbesestor with Linvill at the Stanford e
seareh dnstitwe, with sehatantial support from the UX, itlioe of Fdueation,
applicet the <sophisticated electroarie technolozy amld hinman l""""'l"”“.l studies
T the crentpar of this aew enpability, Withont these klln\\'h'(l'.'l':lhll',. skitlful sl
etdizhtem-d technolagists, famitia- wirh the elinieal problet, sl H!llll('l'.‘('ll' !n
Hibensirontnent with resonvces vapable of applying the tinest stute o the art” in
crziteering the rehabilitation prs ise of this retnarkable lh-\.;n--- wonldd nod exist.

Praithe, the cinbossond parfuer mntrin selisead with the finwertips, has I:f'un. .'l.l”.HL'
Witht recerded spevel, the pringiey someess off Hu: hlil fu the warld of ‘”""'."“ '“":
the Optae provides difeet aecess e prin \\'luh'- biravithe sndd -l""""h l:"'l"”"" f‘"
Tntereession of wiber fnsos, besille will eontinne 1o be g major information

leviees fur minpuiees jx
ravu, discase aud op

21




Q

ERIC

Aruitoxt provided by Eic:

18

sotirce to the blind due in part to the eregse in reading speeds of two or more
which braille permits.

Up to fuirly recently, the process of tratushiting ink print copy Inte brallle
symbols was performe:d exelusively by s=peetally trained human transhtors,
However, over the last decmde researeh exploring the feasibility of computer
translntion of Knglish into briaille las progressed to the point where now several
o ganizations ronutinely employ  this automstted  technigine to supplenent the
teitined braille reansla ors, '

Eftorts, primarily at ML, the MPFRE Corporation, 1he anternational 13usi-
ness Machines Corp, and the Areeriean Printing Honse for the Blind in Loui-
vidle, Kentueky, bave contribue s the development of computer progrerams for
the transhition of Doglish inte 2 Gde wqual in guality to, and extraordinarily
wmore respousive to reader need” ies that produeed by lonaan transkators, ©f 1
nimier of orgauizations ntilizing the MUEE, progenc, the Mtlant; Pablie Sehool
system s good example, Breaille veaders in the Mlanta area were donbly dis
wdvantaged when the vegiomal branel of the Library of Congress storing breaitle
tateriils was consimued i tire, Feel nology literally eame te the resene in the
form of the MULT, MUTRE progeam. With support from TRM personnel on the
TEM congniter used for administrative and tiseal prposes in the Mlania Puablic
Nebool svstean, atd with help froaoe the Compatation Center of Georzia Teel,
Athanta now has o ecomptiterhased braille systenr whibel mects the needs of the
ety and sarronnding eounties with both volumitions nnd quick serviee,

Computer prograunning and computer shita  mangeen?! repreent o potel
tinlly  attractive employment tield for blinded individaads, provided they lave
the enguivalent of 1 teletypewritor for cotmpiter printout of alphannmerie infor.
wtion, Complementing its beaille tenshition offorts, the M LT wroup, with
N RN aml privatte Teundation sappot, brought jnta existenee s beaille prodheeing
typewriter compertifde el interetangenable with the teletypewriter atd other
inkeprinting compnter termitals, With this example of technoloey applied 1o
tindicapping conditions, bihad and severely viswally impaived stadents soad pro.
fessivanils beive compacted on s peer bgsis with thoeir sighited collegaies in eone
puter jnstrietion and on cotpiter atptentions, Btind MUUE stidents hive nsed
the *Braillembss in regnbar ML, course cork il then have boreowel] terminals
for sutmner awd subseguent profe sfonal employment. Blind compnter profes.
siomnds with NANN, the Department of Transportation, the Internal Reveoue
Serviee, nubversity libeardes, and compntation eenters, and even Rolls Royer in
Buglond and the Hebrew Beailte Institnte in Jernsalem have etployed this
terminagl to produaes broille eopy,

it the wtility of this form of technolozy s not Hmited 1o eoputer profes-
stonals, Eugployvinent opportunities exteind to the hreader sanl more necessible
i of custotnet representatives for the reservution indnstries, lanking and
credit, etes A vpieal snecessful appileatinn has been fn the fnternad Revenne
Nerviee where an ML Brailleiboss terminal an the LIRSS regionl computer
eiptips @ Wil persan to serve competatively with the stichted ax g Faxpayer
Reprosentative. When o taxpayer endls the Litthe Roek, Arkansas oflive his re-
spondent may be g Blind Taxpayer Representative who aecesses the LRSS cone
pater infurmatim bank via o typewriter kevloared et then reads the response
via breaiile on e Braillemboss, Phe sneeess et this intersetive brajlle progeim
has stimulated the LIRS 1o copsider its replication ar 50 or mere instafintions
wation-wide. The coneept hns abse egnaght the fnterest of the Socinl Security
Ageney and otiner potentind federa? vinployers of landicappel persous,

As part of e continging progriatn to sdetuonsteate the feasibitity of voeationnl
oppertnnitios, the MUET gronp is working with the Massuehnsetts Connnission
for thee Blnd in dew astenting how this capatality ean apel positions for blind
prersons in the hedebnotel, rentid autowaehibe, eredit tnguiry, ete, ndastries, In
short, Wherever information is cmnpiter stored, organized and mteieved, the
ehistiner of a heaille preducing terminal makes o bind person competitive for
einploed e,

An fiereosing stare of compitercoded information, inelnding for exomple the
by-prodiets of eongpanter typesetting fn e publientisns industey, enhianees the
prospeets for the rapid atd comomie transtation of inkprint inte braille. These
sthoe antmntie processes endinee the ase of compaiter syithesized speech for
information teansfer to blind and visually Dmpaived and otheewise physieally
handicapped porrsons, Cotnpiiter seteration of watnen] sconnling hnbian speecl)
has of conrse profoel veotierie atad commrervial Bmplications gnite heyond the
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amelioration of the handicaps of nnans with sensory losses, However, [ntorest-
ingly enough. 110 motivation of sone of the most enpable resenrehers in the fleld
of speech syuthesis derives divectly from the potentinl for the blind and visaally
impatived, The group at Hashins Laberatosr:  affilinted with Yale University, is
especially committed to this application In this ern of linkage of compiters for
commersial pnrposes and tie emergence of cable television as g means of tying
together households, it doesn’t take mneh Bnagination to visnalize n rexlonnl
network nsing telephone lines and steategienlly placed computational facilitios,
t'opy presented loeally to antonuitie optical eharacter recognition devices, or
selected out of computerseoded type compositlon tiles, would be manipulated by
the eomputer and represented at the loenl site either in braille or as <ynthetie
speecll at the beliest of the phiysically hamdienpped pepson. Not only the blind,
bt the deaf amd the motor anpanred comll benetlt from varintions of suel o
systenn, Modestly supported efforts thus far have denwmstrated the feasibiilty of
niLjor eomponents of such a coneept, We ek bt the will and commitment to
car vy it through,

Maobility ranks with reuding as the major problem confronting the blind or
visually impaired human, Here agin teehology, knowledgenbly vonpled into the
elintenl newls of the sensory inguired person, i beginning to make slgnifiennt
vontribntions, Even ax simple o deviee as the long, light, usually white, cane
emvtoyed by the blind teaveiler has benetited from a eritiend teehnologienl review,
MUCE faculty and stadents, impressed by the utility of the calie as a transmittor
of vibrationai and textaral information from the surroundings to the hand and
the arm of the blind travellew, Jooked to the problem of how to make the eane
eoltupsible, and therefore more convenient to the blind user, while at the same
tie not <acerificing its vibrational transmission eapability, Iits durability, and
its low eost, A stndent project at MULE followed hy o fnrther effort at the M.LT.
Sensory Aids Bvatuation gl Development Center led to a cane design trunsfer
to industry whicls his become the stamdard in the fleld.

Bt the technaolo gy which reiches throgh foe amd obsenring elonds to suecess.
fully Lol aiveraft, or lociite and identify underwater hazards or potential en.
emles surely mist be applicable to providing a blind teaveller with inforiation
thout his environment and obstacles beyoml the one-stop-retieh of his cane, Again
over the laxt several yeurs, with medest support in part from the SRS, truly
signifieant progress is heing nade.

The Pathsounder developod at ML, makes it posstble for a blind Boy Scont to
follow the elear path between trees and shrubs along with his sightod eolleagues,
This sume device mounted on the wheelehair of a legless and sightless veteran
permits him ty snecesstully navigate through hospital corridor or hame avolding
and mnneuvering around obstacles in his path, The ithsonnder floods the teavel
Pt with niteasonnd shove the hearing threshinld of the human, The time-of-flight
of refleetlons from ohstacles is transforied electrically into distanee and stimne
Lites andible oran veesions eurrently nuder doevelwpment vibrationai, enes which
warn the teaveller of obstretions up to several steps aliead,

A ere sophisticatid mobility aid, the Binaneal Sensary Aid provides a blind
travellor with not only distanes informntion bhut also generates the azimnth or
direction to environmental ohjects, Integrated inconspleuously into an eveglass
frame, an allvasonie radintor fomds the travel volume with signals at o frequeney
abave the novmal henring Hmit. ‘Fwo receivers deteet reflections from the loft
aml right tiekls of vjew of the traveiler, ‘ransforined into the audible rmoge the
reflections ave presented theongh sundl ear phones to the wearer--the left fleld
retfections to the toft ear s right tield vetlections to the right ear, Differences in
the wnplitnde or londness of the reflectat signnls provide clyes on the direstion
trom which the retlection oricinnted, ‘Thus with head motion, both left and right
and up atl down, 0 wearer of these "sotie speetacles’ ean search his environment
awd establish the position nsl distanee to ohjeets of interest. or obstacles 11 his
path,

The Binnaral Senxory Aid was developed in New Zealand but the major
evitluation and training programs have been centerad in Roston, for the last
several sears at MULVE As with the other devices T have deseribed, the sustalned
Involvement of Knowledgeable engineers, inmmersed in o clinien] environment silt-
ithle for the device under development, is mandatory if these useful devices are
to be made widely available,

Il elose this testimony with but one more example of the way in which tech-
nology is making contributions to humans with physical losses. Deaf-biind pee-
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bridae of the nose, stud the echoes from objeets are roesived by two speeit] mivro-
phones Tocitted divectly above the minkiture loudspeaher, The inandible ultra-
sepde sizneds e converted inte the andible Trequenes enge by wpeiadized
clectismies and are fed to the twe eirs by fuibiature carplonies loeated in the
Pedigdes o the glisses, The bling persen fars these sognds and lourns 1o
Feroghize certiin fethiares of Lis immedinte environment,

The siinds hewrd Yront the devies depend opon the loeaton of oblects relative
b Hor niser, 18 there are no rellecting ohjocts within the iuminnned iret, the
deviee s ositent, Focl abject that eeettes an eelhio ereates nn alinost contingous
Bastl sotited e the earphiones, with o fvequency vor pitelns that depwends upon the
th~tunee, Por example, s objeet ot a0 distaties of 10 Lehes will prodiee a sighal
With o pitel approxinitely that of niddle C, The tregueney will rise by one
cetive every thoe the distanee s dothled, until tie objeet fabls ontside the e
S deteetion of the deviee, As the distinec inereases the eeio becomes wenker
hecanse the alteasonnd wases spread out ol are absarbid by the niv, ‘I'he ranee
o ditection depends upon the size o e of the obgect, Ll oy oxceed 20
Feet tor Lreae surfaees, Fanch separte objert that i eveating an eeho wil generate
its own tona) somed in e earphanes, henee several objerts ey erestte i chordal
etlor!,

The two nltensonbs wierophones are oeneh detleted slichtly owtwards<; one
to the Jeft, the otlier to toe right, This entses the sonids produesd by g object
that s to the viaht of conter to be londer iy the right enr, sl vonversely, for an
shjeet Ta the 1ol tie sonnd s Jonder In the Deer's Ieft virs An abject oy the
retter Hne generites sonds that gpee ottty Jonnd B vae vae, Phis Bmen ] o
teeared s etfect wives the nser an bupression of $he vhiject's direction by the
itfereners jn lomdness hetween the two e, stinilitr to the effects experionced
while Hsteuinms fon steren recording on o patir o tnndphones,

Rote intarusition as to the sriss witnre of retlecting objects s contained in
Hee ity or thiatae o the sotel, FPor eNitmphe, o ety bish will senerare o
soldsl that might be deseribed as sy while s whinlow pane gives g oloar
tonad sonndd.

The Binsurad Senseey AL ennnot deteog stepedowns or very low hazards i
i tiser's puthe For this reason it st be considerad to be an adjunet to elrhes
e Jon vane e aniide dog, Viader n clrewstianees should i be wsed as an iid
to e HUY onn it s vy i cones ted i nufamiline arens.,

For eosmothe peasons, and to provide o convenient wmethod of welnring it, the
deviee i built into o pair or aliteses, A small oy, approxineitely the sjze of a
Patelk of chgrettes, eonlaining the reehargenide bittery and volue comtrol, plugs
inde the ghisses thraneh a tight, texible cable, The battery may be pemmoved oo
thecant ool hox for charginge nud replieed by nnother, o

Thee desice, in experimental form s beett under evalnativn in New Zeiland,
Anstrading USA and Englond sinee 10970 Ripee then wore than 200 biind people
letves ety Ersined i jrs nse aml have dotmonustrated inproved contidenee tn mo.
BHEEA . o gpmtter awireness of tHa environment s and an onluinesd nhility 1o
voit ehject<in the travel path, to travel i consistent direetion and 1o Joete
L ks,

N productiong version aof the deviee, shown in s proposed forn i the photo.
draph, is enrrentiy barinyye developud fur gonepat b roednpetion by Warmnld.
Visiiant £ ind wWill be svailablye for release i mid-1971 Fhis hew deviee will
inesrperate the maromtuenliationgs HErde by i etors i teers during te evalu.
o sy,

To cnsure that asers abtgin maximtng benetit feony the deviee, it will he
introdneat only thirmglr naeneios With persocin! whe huve ey fully tratned
HEAE S e o] Thive teliniagines of testehiing Bifnd elients, Plans aee now in Pro2ress
Fur cedipses farwivutatiog sl wobility persorael 1o e hebd when the pew deviee
Is Focfesiisiad

For firther inforativong boepek Resswedl 105 1o, Prodet Divector, Binanral
Neteary Nid Proiect, Sensory Aids Evatluation and Develapment Conter, Mis.
scbiectte bnatitgn.e of Frehnolosy, 77 Mussiehioet e Nvine 3o aay, cu.
Bridav Mussiologeents n21ay: oy Forssell B0 Smith, ', Maniger, Nensapy
A~ Drivisiom, Wornaild - Vicilam Lid., 1.0, Box  ENI5, Christebugel, New
Zealinnad
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STEDY 0F ARROSPACE TECHNOLOGY  UTILIZATION 1IN THE CIVILIAN BICMEDICAL
Finkd FINML REPOR-~NATIONAL ACABEMY oF ENGINKMERING, WASHINGTON, 1L,

INTRODUCTION

The overall objective of the Academy effurt was to study means by which NARA
capabilities may be more effectively utillzed to improve the delivery of hewlth
eare In this country, The study rested upon three assumptions:

1) Henlth care delivery could beueflt from s more extensive application
of teehnalogy.

{2y NASA, through the performunce of 1ts primary mission, has developed
a far-ranging and perhaps unigue famitarity with certain technalogicenl areas
which are reluted to eurrent needs in the medical profession,

13) Current efforts by NARA to contribute in henlth eare delivery vun be jm-
proved npon,

These operating nssumptions were, in the view of this Committee, veritled dur-
ing the course of the Committee's work.

THE NASA THCHNULOGY UTILIZATION PROGRA M

The technology transfer process involves information, devices, technological
processes, and techunologieal rationales for problem solving, The liatter cutegory
includes stich things as systemx analysis and management and evaluution
techniques; that is, schemes for problem definition and for organizing and
munaging the reseirees Used in developing appropriate sulutjons,

Historienlly, there have been two approaches used in NANA's technology
utili ation progran. The tirst has been characterized as solutions looking for
problems. Techinologicnl sclutions abound within NANA's techuological base,
In the process of solntions looklng for problems, solutions sre advertised on a
very broa basis in the hope that those having a problem will find an applicuble
solution. The widespread dissemination of NASA Tech Briefs is an example of
this process, Tech Briefs, at most o few pages in length, desceribe instruments,
devices o processes resident within the NASA program. The hope is that sonte-
body with n problem will happen upon the solution by perusing Tech Briefs,
Other examples inehde the Sefentifie and Technical Aerospace Reports (STAR),
the Internationn]l Aerospace Abstrets (TAA) amd the Regional Dissemination
Centers, all of which are designed to uake NARA solutions readily avallable;
those with problems must come to flnd them,

Thie other major approach to transfer is, of conrse, that of identifving prob-
lems tirst and then looking for the solutions, NASA also has ntilized this ap-
prosel. Tt has established biomedieal application teawms, or BATeams, at a
few nonproflt resenreh centers around the United States, Staff members of the
BATenms attempt to loente problems e talking with people involved in blelogi-
eal and medien] Pesearch and health care dellvery and by contlnual study of
health enre delivery processes. Onee 1 BATeum has identitied a problem, it
nees ite knowledge of the NARA teehnologienl vepertoire to aid in working to-
ward 3 solution. Early in the progeam ¢elren 1869) BATeatns often only pro-
vided information to the nsor. Of late, the emphasis has switehed to one of
providing hardwire, Inelnding =ome development when required, to achieve a
transfer. NARA ilseo has wsed oihe - institntions such ns university teams (.1
the Aeitdems ), nnder contraet, to identify problems and mateh NASA techuology
tu potentinl solutions,

There are several charmeteristios of the BATenm appronch which merit con-
siderstion. BATenms attempt to assess the importanee of an espoused prohlem
by making estimates of the size of the yational patient pobulation that could
hw benetlted by its solution, This estimate is nsed to Judee the merlt of sup-
portitne the teansfer with additional investment of NANA resourees. In the
analysic, however, certain key gnestions are not uddressed : WIH the cost of
the <olition be aeceptable to the health ere providers? How many units can he
culed for the estingted prive? Is indostrey prepared to take the end proctuet of the
NASA development and exerey it through to pooduetion with an offective sales
aml distreilation program? The ek of an deguate warket survey may mislead
or jtpeede private eompanies which micht otherwise step forward to manufac-
tare thee deviee or process, The polee of industry s critienl to achieving most
tratiefiers in any menningful sense, Bat the rosd must be well paved or the risks
to privitte eapital will ontweigh the speenlative protise of profits, Thus, BATeam
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efforts eonld by cansiderably puhanced it sound marketing Jdata were nlso
Kenepated,

A seeond characteristie of the pproach ix that the thue frame of BATeam
teansfer operdtions is Eenerally shovet, on the otder of a few months or less, "Mhipd,
for the most part, little expenditure of funds othier tetn that required to oherite
the BA'Tenns has beey involved, 83,000 810,000 frer transter is o typlenl invest-
meltt for hardwiare and development,

NANA lnis ko sttpported hardware and software developiment hoth by von-
treibuting NANA personned time and by eonteact with NANA veudors for partie.
ulnrly promising devices op Systeis, These effopts glso are of relitively small
getle, generally in 1he NG00 830,000 class and one Year or o in duration.

Each uf the ahore techuivurs is g legitimate technology transger speration,
uhd eoch has ity place in a comprenengive teehnoluszy transfor ruygran uf an
ageney sueh us NN,

A eapunded transfier coneept

It was the Comnuittee's view that there 1s another technology transfor Proeoess
wlhicl hax not been utllized to date and it is this process which one Comnittee
attempted tedevelop by means of demaonustrs ,ons e coneept may be sununarizod
as follows: Iy the areg of heitlth earetle, « , there are rither signifleant amnd
sumewhat universal problins fiaeed Ly those providing seevicos and firations,
Nome of these problems may he alleviated by an approprinte use of technology,
Further, it the problem s of sufticient fmpact, i Wy el praee warthedile to
erpend eanxicernhle fupds gnd o considerabte Jength nf tine pu qeeamplish the
transfor uf the g chualugy ; perl SN S200,000 o1 nore expendad over severa] vears
of develovment, elinjen] triats and ulthmat. nloyent.

Thus the study focused in bart on: (1) aentltyving some signitiennt problems
in health care delivery rather universally fuced by the medical professlan thyt
could be alleviated by NASA techaclogy applications: (2, identirying the spocitie
technology and delineating the specitleations for furthep development and ovulug.
Hond amd 3y developing the institution:l relationships and colluboratjon re.
qnived to accomydish that developuient and evaluation Process,

The Connmittee was freed with having to seleet, rather arbitenrily, a fow medi-
eal et for cotcent it study to dewmonsteitte the expinded teanstep cotieept,
It also, of course, dostred to tmaNimize the probabify that refeviunt NANA tech.-
halogy conld be blentitied opee stgnitiennt medieq) breblems were detitied. Beeguse
af jts cutstatling: expertise i Instrumentation, the Committes felt thut NANA
techinolugy held promise for at least two bnportant medienl applientious: (1) the
substitution of fast ang brecise physical weasurements for slower amd less geey-
rate chemicil determinatlons that are now a stund:ad part of medieal practice,
and 2y the substitution of nowdnvasive measurements onsing NANA develop.
ments i teansdoeerp technology )y for fnvasive patient measutrements,

Closen for intensive stidv were the telds of nente pulmowary care wid enrdio.
Visear enve, Patients trate respiratory or cardine distress gre often sub.
Jectend ta the tYpes o " e Gements reterred to nbove, These twi areas shiare the
viiiracteristivs of being o part of common medieal practive of Jong staneding,
Poeonteast and ax g third area of study, the Committee chose 5 new, elerging
coneept in nedieal practice as et anly exploved in a handful of Isolited re
seateh and demonstration projects, ‘Fhis is the delivery  of health enre gt n
distonen remote health eire inowhich the practitioner is physiealiy separated
fror  the paiient, connected by collnmientions Systens (eg volee and televi-
sion nannels) . The potential of NANA technology for sieh systens is obyvions:
the Committoe eedetvored to determine what the NASA cantribution wmight
Lo to tindir development,

At the pequest of 1he ageney, the last fitteen moths of (he study turned
foward an estensive esxaminstion aof the ticld of vinergeney medical sepvices witlh
the =ame ohjective in mind : What might be NASA'S capabilfty to aid in the
mrrent wational thenst to improve fhe Yuality of ennagency health eqre?

Finally, the Connnittes fdentitied and pnrsned the applleation of one unigque
SVstetmr aonriue bicteria detectjon method  to further demonstrate the coneet
of dJong term development and finding of potentially  very  usefnl medical
technalogy,

The pultorary, cardiovasenly F.oorenote care, and emergeney thedienl servlees
projects revenled serions institutionnl itpedinients to the technology transfer
Process sd, althomgl vareying degrees of progress were nude on them, it cannot
be claimed that any has yoet vielded eftective fruit as fur nx comtpleting » mean.
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ingtul teansfer is concerned, The wrine lieterin aetector projoet proagressed, with
areat dithentty, to the point where furtnes Conpaittee imvolveient wonld nor
by requirad,

Tu the pursuit of gl of these ciforts, el was lonened abont the prrocess of
technalogy tenster from o federnd teehological aeeney te civition health cave
delivery. Here, perhapes, Hes the nlthaate vindne of the Neademny's involvenent, for
fnstitutional impedimoents aree nanenuide, With conrtze, motiviition, cooperatinn
uted rational wanoeetnent, they cun be retnoved, Cotsiderations of this natinre
are disetssed in the nest sectiott of the report, with the hope that the managers
af both the space ageney el missioporiented health pgenvies enn derive some
setfud new cotperpts ated provednres to gecelerate sd cabntiee the awsttneal process
nf techuodogy translor,

Subsequent seetions deseribe the conrse of the Comnmittec’s specifie efforts i
eaplicative fashiion. Varions Appeadises ated supplements ether ssimarvize
Committes tndings and docmuent Congoittes netivitios darving the threesyear
contrael perimd,

PHIE TECHN O 0GY TRANSFER PRIESS AN VASNY TECHNoLoGY UPILIZNTION
MANAGEMENT

ol abways beeir the hope of the Comaittee that inoaddition o revealing
sotne generic clitrncteristies of the teshology transter process, this stidy wonld
serve To strengthen NASN S techidoey ntitization OFU )y progeam by hoth demon-
strstting an expatded, warkable transter caneept gand by establishing collabora-
tive relationships hetween the sjeiee geeney and mibsston-oriented health agencies,

The Cotmnittee has not been entlrely saecesstal b foltilling these tatter two
objertives, It is felt that the problems enconntered together with sotne reeon-
metwdations for their alieviation wanld be of interest to NANN, to ather tech-

nedogieally vich fedeval avencies coneerned with technoboey atilization, and to

the missionaariented federal health naencies with which the Committee hins
interaeted,

It should be nuder<stooud tnt the coamments in this section are not inteaded to
vanvey eriticisim, Bather, they are ineluded solely for constrenetive pincposes for
consideration hy NASN nutsigement as it steives toimprove the NASA TU pro.
srate Farther, it is recognized that the exporiettees npon which these conclu-
stons cond pevonnmeidations are based were those of one Cotnnittee, Stubeonanit-
teo, e Hoe Groups and statt, 1t is possibte, alttongh the Connuittee doubts it
that these experivtcees were imbigne sud peealiare ad that the probiems encotme
tered 1o whiich thee Fecomtuendations are saddressed s arve uot, ia tact, previlent,
The teclipolagioal agenl aud Fhe axer aaent

Fssential, in the Canmnittee’s view, 1o effective technology teauster in the
health care tield is the poager relatiooship between the gser eonnunity awd the
techpmbogienl sontree, Tie the regtho of this <tidy, the tser commmnity was the
health egre dedivery sestew and the technodnzicn] sonree wis the technology pesi-
dent within NASN and its conteaetors, Both the user and the techiipdogien] sonree
aud g wissihareeriented heatth aceney vea the Health Services sl Mental
Fleatlthe Nelministratiots or ather tnstitotiear cogw, Npetiean Flospital Nssoeii-
tivm was to he the agent of the aser, 1 is e Counnitiee's opinion that neither
gadent cab conpdiet thes teanster process nnilateralls, Rattoeer, hatd agesls st
bisdpbtivaabely inralved g P Prapsfor procoss Geam hogiasion o cod eactivnlarly
P e transtor regnives anexpeaditure of g considerable quemar of fands and
resotpcees to bt b ai o solation,

Tloe first step in o hie teehuolowy teansfer process is problem detinition This
reaptires the insighits, knowledge, atd exportise of the doedieal seivutist aud medi-
val practioaeer workine with the nser atd the technologiend azent, Dorving the
prrahibews detinition phases althonsh the technologival acent ~hoorhd play an e
portant role, the vser agent st take the lemds NANN does not hold o eherer
tov o te nndbaterstly o thee civilian health Hebl noe cion it bee expaectid 1o
Shentity the existing problietus and fuve brosd koo lesdee of the elaoeseteristies
af the real workd of heabth cineo delivery, Phis e, however, be peovided] by a
Beissiont orietted bt stzeney or other hroad pepoesentative Toady aetine s
thie nser's e, The mext <tep of the teansfer process involves the searehing for
techizedozieal connponents wWhich will Tead teaward s sotntion, Here the techiodegi
vl szett st cissttoe e lead, £vies these techiobogsival clements tar oo solat b
are jdentitied, there follioy sleselopruent, test and evabiation conduetsd beth in
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the l'l.l‘.'iln'c'rill;: laboratary aud in tie eliniend vuviroent, Hepe hotl) the tee];-
nologicnt nwont and Hu-_ Hser auenl st work vu“nlun';ui\vl,\' toinsre that (he
LTS teclinologiesl solutiog Is provided and ta fnstre that 1 elinieal olijoctives
e el Finadly, anee i salttion s heepy “Vahisted and fonnd to ho nseful, 1here
YeHEHNS perhaps the mos Bjedtiiut funetion of W that is, 1o injection of the
SOEROIE int o e pseer OGN so that thepe reusts not g se-olardiind syston
D pernted o Protaty pesowowhers, la gyt her svstelr whileh hecomes gy
dveeptet connponient o gy arinentueitin of health egpe delivery,

Thiv ttor taek Falls 1o twa Erotps, 1irst is the yeer urent, tor it hus g far
Lrewter ability to titlienee 1 ulthinate useps and earey the resnlis to the de.
Hvery systew ag lrae than does (he techuatogivn] guent. Tl missinteorionted
federal healrh Haeney olften has fevppguee through the nse or funding congral,
Y ta prongle e CerLLin rales | rectubations, and inthngee Hpwen heahth
e rstions i) logislation ot availthle 1o e techuologienl ngent 1o tarther this
TS TOr process, [l other 1ype of yaer agent reg, Nerienn Hospital Assacig.
tienws, white w5 federal] eehey, s body Hort hes direct fnthnenee upol the
NP onnnnity il thepefore ix i an excellent Position to sepve gxy distributop
of the new techualowy applheation,.

I the ultinnite, i s the degree to which the solition is adapted thronghont (e
Hsel colhimnity that yensnros e stiecess of e TEAUNTer provess, OF cpitieg)
Fnpurtanee, thetefore, i (e conviction of the user awent thyy the dovien, process
O teelinigie peajuesed fop transfer is sonud gl worth distrilating, ? his e
Lisk ctun best b qehicred whew the weer agent Mrtiviputes with the teelintogiog?
ety vyt the Irunsi Foproress, s identitying the resulting precdne
s bl as el Lis s it of the teehnalogiend wwent, 1y s o Fire ciase, frudeed,
Where thie teehyologig] dLent can o anikiterally cliosose {)e problem, develop thye
technalogy, create §p. solution rea o ew “hlack Box™) gud then crente i strongg
Wwetivation jn thio gser HQeUE To serve as the distribintor,

The secimu Hecess«aey et ju the Widespread tragster of technalogy is gy
dnstry, Here, as elsewhers i the overat! process, {here have beey prohibens, Il
NAR i< considersi s estion in o sote detail Anone the eliief conelysians
derivid from an inepth snevey of Ty comprinies invaly el i biomedicnl vngj-
Heetring were these s

LoThat indnstey fiiees several problenis in heempine detive, inclnnes ek of
ancidentitiable ngrket or sutlicient size for new wedicen| instrient s and fegr
O lewal reperenssions w el ventlid result fran wisjidement in an ey -
recthy inthneucing lnnnan e

2Ot there s o informed consumner deta ) far hetter or new produers
G SEeEN oo,

S0 That there is an abseee of COBPET I e cosl o pressures ad incentis e for
cost redineting by ey techimologs hecanse of 1he histeerice:nd developient of hos
pitals alope philinthrapice lines ad e preseuce of thivd party iusurnnse cong.
Piities b pay e hills, ) .

The Connnittee helieyves thin by endazing NASA, HEW, qd private industry
e aopertive prograng, suel, is the une artempded o pulnmu;n:,\'.--.-u-..-, sune
l these proldems will tee alleviated promptly . Rediing 1he rennuining inpedi-
iettsceatsed b nenardined methiods of health e delivery iu this country,
st awiit othier, holder at ek s, .

The boaidivg oof inle et

e iost sine gt s nsetd so e 1o trsnster techuolosy and, indeod, in the Hu.uh'l
Pivposed] sibov e, There tenmins o telineation of twi 2ronpes: .l!n'.lu-l'llllttl«':lu':ll
srotipeand he user avonpe Uhie jocess inyolves the trauster of infarnsition g
lavdssee bt een e stonps. cotlichorative netivin lu-l\\t't-ll thene, and !u'l!])]l'
Wil exprerivnee it both Ul Comntit tere preapesces that an ethivient |1u-rl|un!~'tn to
being Vhis abont is the transtoer jpn cady of intormation hardware | softws, e
Bt atlses the transtior of peecple D rhal gs, assisning feelinologiof s \\'--H-\'-'rs_c-c_l in H.u-
tecimobogy deaned  Transferabile 1o tatl-tie, ablwit tetnpoarary, positions i
LrmZa oS of 1he Heel cotnmhity faesl with saolving  nsep prnl.»lc-ms. l-.ur
eananpdes NASA ensineees ool e dssizned fullvime digty iI.: B llnh‘lll[:ll...‘l city
tolndemtions deparnment op g Hversity peojert develuping prosthetios for

nrdt e nn the Lt rptiy or ietineering with Fivlogy aed Meslejne, = Apn .\\\'cm\l!ll"ll
Ny I'!.:l-«-lt-l-;:.l \I-’:i.i": i"‘: "!a'-' |l'u ot Bhetoestie ad Lk cineering & Nepthana Nesdemy of Fagl
mrering, Washinziea, 100 L qnTyy
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the lapdieapped, ‘Phis eonld constitute o technological agent's sole conteibution
to i specifie transter process, the lending of intelieet, When the task Is complete,
stuell persons could return to thele regnlur daties, Not only wonld the user
compnunity benetlt from such an nrenngement : eross-fertilization would ovenr and
the technologist returning to the spiee ageney wonld bring g broader ontlook
and, perhaps, oven new teehnologioal coneepts that would acerie to NASA'S
benefit —technology transtfer ean be o twoaway street,

TRCIINOLOGY UTILIZNTTON MANAGEMENT WITIHIN N ASA

The Committee experiences lead it to offer several reconnnendations which
conlid enhimee the technology ntilizativs $TU progrian within NANA,

b, Axsigument of peaple, 1t was spggested that one effective means of trans-
forring techniology is the lending of intelleet  the assignment of NASA employees
to aperate within the commuuity that will be the ultimate veeipient of the trons.
ter, Becanse of enrrent administeative consteaints in the ageney, this s very
ditfieult to aeceomplisti, B has been done in only a few selected Instinees sueh as
assignnients made nnder the Federal Intergovernmenti] Persontiel Aet of 1950,
Itis far caxior for NANA to contraet for o RTH00 technology teausfer hardware
development than it is to obtain npproval to “lend™ a ¥25,0060 per year sularied
engineer who, working in the user's community for a year or two, could aceom-
plish equivalent, it not more effective, transfer funetlons, NANA condd strongthen
ity T program considerably if constroints to assipning personnel to ertra-N ASA
inxtitutiony and to internal teehnology wtilization projects were reduecd.,

@ Ntreagthewing interagoney collaboration.  Some peablems that developed in
this aren enime as g surprise to the Committee, D developing the contractinl
agrecioent between the Avademy and the Ageney to condnet this study, NASA
consistently cmphasized jts destre for aid in developlng matual, collihoentive
prozeats between NASA aud missiog-oriented health ageneles, Perhaps naively,
the Committee did not auticipate serious ditienity, Yet in attempting to aecom-
plish that end, the Committee often was frastrated by a sceming reluctanee on the
pitrt of ageneles to eooperate, This reluetanee was found in the health agencies
as well as within NANA, Nome examples are in order.

In the podmonry enve project, the Committee his Yot to e suecessful in de-
veloping funding support in efther the Natlonal Institutes of Health (N1 or
the Health Sercicesand Mental Health Admindstention (HSMEN), In this case,
the relnetanee eame fron those sgeneies, althongh obtatning o detinkte commit-
ment frean NARA as to whi it wonld conteibnte in the form of haedware and
engineering expertise s nlso been ditheult, Having that intormation wight
hatve iade appreaches to the health ageney more effective,

A lesson learoed from that expertenee is the desirnbility of easordinating the
oftering of technology with the current priorities and thrists of the health
ngencles, When the technology offersd nmtehos the aser nygent's nesds, the prob-
uhility of negotinting o jolnt progran is greatly inereased, Furthier, the health
ey prioritios guwd thrasts should be excellent fudicators ot signitieant eur-
rent probiems detnanding attentlon,

At the height of the pnlmonary carve project, tor exsample, neither NHI nor
HISMITA was placing heavy emphasts on palmonary earve hnedware develop-
went : in faet, the Nationad Heart and Long Tastitnte (NHLD) indtinted o study of
its own an techelogy needs in puimonary cares Uotid that efort is complete ad
the aeney meves toward onplementation of its recommendations, NIILT is not
very inelined to provide any substantial support,

In its headth care technolosy transfer progean, NASN shoutd maintain close
contact with the aission-oriented health aoeneies and other user institutions and
sty apprised of continnally changing and emerging program thrasts and priori-
tivs, Further, when a etdlobaralive transfer projoet is wndertaken, a weillingiiesas
v e gontt of all agencies inroleed to shore management prevogatives ax el as
PesOUCES i o neeessity,

S Lateresal wanagement eanleol of tevhoology ntilization projections. Sinee
the Oflice of Technology Utitization is a stafY office ju the ageney white the per-
~sopnel i the NASA Field Centers eendueting 1U progemns arve in line nenge-
went, the Offier of “Pechootogy Utilization has Title management vontrol of the
pregects is funds theongh or in the Field Centers,
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The NAS L cemmiitment to teehnolony wtilization. and transfer aeonld be con-
side rablu xtrengthe ned if means wcere deeeluped by tup managoment that woyld
permit diveet headywarter management eantrol of teefinnlogy wtitisution hrojects
eriginating in and frnded by the UPee of Toehnotugy Utilizution,

A eloxing statcment

The national teehnologienl resonrees could be beneticlally exploited ju wuy
that has gone heretofore untappel. NAXNA, other agencies of government and the
private sector ean nll assist towird that emd, Reguired are:

L An expansion of the concept of technology transfor to inclide lurge, more
imaginative developent, evaluation and deployment sehemes addressed o Nig-
niticant awd universal problems,

2 True interageney amd inter-institutionul collaburation from problemn defini-
tion to user aceeptunes,

B0\ recognition of the needs and capability of Amerienn industry,

e c—

CoMPUTER BRAILLE TRANSLATION OF THE ATLANTA SCHOOL SYSTEM
SUMMARY

A syetem has been developed at the Atlanta Public Schools to transiate and
prothice hard eopy braille on an IBM Xystem 360/ Model 50, ‘I'he purpose of this
Project is an attempt to muke bruille materials necessible to visually impaired
students so that they may compete suecesstully with thelr sizhted classmates,
This paper disensses the different bhases involved in the translation system, in-
cluding problems, the personinel involved, the necessary hardwire, aiud operation
of the software puckuges,

COMPUTER URAILLE PROJECT

The Atlanta Public School System has a multi-fuceted eduentionnl program
for blind students. AN suel students receive jnsteaction in regilar classrooms
flong with their siglited classmates nnder the guidanee of i regular elassroom
teacher, Thix instruction jx mumented by the services of 0 “visjon tencher”
Who visits school on i rotating hesis il works with tne blind student and with
his reguinre elussroom teacher, When possible, texthooks are obtuined from the
American Printing Honse for the Blind and from the xchooi s¥stem's own Li-
brary for the Rlind. 1n those frequent cases when needed books are not available,
Horranup of approxlately twenty volunteers transeribes the . solinnes, working
at their homes with braillo-writors.

Materials for the <ighted fy the Athanta ublie Library System munber ap-
broxtmntely To0000 volumes, excinding periodicals, newspapers, fllm strips, or
other tuaterials, The Alanta Braneh of the Library of Conugress, Division for the
Blind and Physieally Hhandicapped has only 7.0 volumes on tupe, on talking
book records, and in beaille. The diserepaney between the amount, Kind, and
availability of reading materinlx for sighted and blind students is one of the
major weaknesses in the overal) cdncation progrun for visunlly hupaired pupils
atd s indication of the magnitude of the problem in obtaining o minfium
ol neecded instruetional materinls,

The Compnter Brallle Project fn the Atlanta Publie School System. funded
Wder Title VI ol the Lletnentary and Secondary Fdueation At tFESEA) wax
designed 1o develop a program to allevinte this problem of limited readime mn-
terinls by providing brailie matevianls for the visunlly fmpaiired vin the computer,
The profect s briazing ahow fnereused necessibitity of odueattonnl naiterial in
braitle for hlind students in attendaves with thelr sighted schoolmntes,

Prder the present syster books and other wmaterlnls are capied onto either g
Py pewriter ke devies (NUS terming ) which ix counected ta g compiter or g
typewriter cynipped with spocinl charactors which ean be read by o document
restder, The msterials thus copied e proofvead and corrected, then subse.
quently stored an maanetie tipe. These tapes are then nsed as input to the
brallle transtator, Next the output of the transtator is embossed into hrille by
i highe spwd printer eqnipgaed with a specially made dovice, The priuter speed
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is approsiostely H00 heaille tines per minntesSop 2000 eliirneters per second, The
sitive systonn pitns ono TBAE G0, Model 50 Computer.

The braille trn=tator, TOSESYS THL was covetojud by the Masstichtisetts I
“titute of Treehnolosy s MPE under conteaet fromg the At Board of bduene
tiote, "The prograus contains eNfensive capability foe fesd cditine, AMnong these are
tabutation eoutrols, poge and e fornetting, peetey, and special birstite sybils,
fis capabile of prodipeing (wo 1vpes of braithe as well s an inkprint proof copy
Cor i sighted b e editor ol praoched cand ontpnt o e userd Tor votapitiahility
With nther systenes, Phe twne Uy gees of btithe are ohr a o gqnality breaille pro
direed on stitnbard compiiter jarper Do e by cotgaifer s iinters aml 2y oa
high quality heaille for the generid reader producesd on e paper ntiizing an
interehangentde print tetine which works very mueh on tHhie sanie principhe s g
hrnille-weiter,

A interfiee progrnm aecepts the sutpat of VPSS which eotisists of archives
tipes, wid vomverts them to o form conpitthle 1o the DOESYS TH poetram, This
progeeimm rakes dse of vertin featires of ATS eontnuds, DOESYS L eouse
nithils, teleprovessing chaeeters, and rides of stielared Buwlish Braille,

Abthongh esperienes with the soltware indivates o hiwh degtree of perforigatee
i is continnonsby anderdoing noelifentions in order to fiuprevae the aeeuripey of
teanshation snd its lesibility within the environment for whieh it was disiunel,
Both progeins Use compldier oriented Bingimes, The NES to BOTSYNS L pro-
wrat is written in Lo band DorrSY S ineotiol, ]

Paperinwent« e being conduetid with e wse of goabmament reider as anpl
to DOESYS (1 Ly this applention, aoserviee burean s eoptvincted 1o pr ide the
fupul. Tl typist prepares the decament ot LN <electrle 1y pes riter nsinge an
opticval vharavter rosther 1OCR-A 1 1y pe elenient. Fhee priraes svee setitned mnd the
omtpnt placed o tape, Sinee the onbpnt s in binory eotded deciml (BCIY, A
simple intertiee rotin e is nsed to cotvert the intormation to extended biney
conled devinl interchange code CEBCTIC ) beennse PPTRY R LHL wmnkes exten-
Jive e of the chaecters on the 020 kevpuanel, Many of these charavters are
not prresent i BCDL Tt Deeotnes eveSsary foise satne of tye littiedised syn-
Bole vt e fepewriter heyboard s DOTSYS (I eriting symubhols, The intertfipes
rondine geconnodites the vonversion of these chatieters s well, The service
Barea i sses TN seloeteie E8 peoscriters, o sy stem g, wiodel 20 compter, il
Farrbogbon optival seanier. Uuder consideration is the investizition of Control
Prata's Meedsl 910 doeimment perder swhich tses SChit clairieters, e e of this
sopipasent woenhl practieally elimitate g vidteteter conversion aml o copises
grent iy the saerificing of Kes o the typewriter tor editing symbols,

One of e ehied warls Tor asiig n aatanahed systens sach os has by adee
weribied is thee tota] climinsntion o the peed to koo bsridle by Lhiteses persons with-
i the system Wl st prepave the inpnt Aithongh this wal s not been
tota by st taied, it is within reach in the toveseeablbe futgee, one of the chief
problems s the rather vigorons ambards sl forth by the edes of Stindand
Forelish Beaitle inelnding the nnigne Torngtting of hraitle pblications, N partind
welittion to theee problems will e the atilization of an oo wiliteor whose job
Will b T exanine en b prblicnfioh to nienter any nnigie formating situntinns
atid for ford ot thee DOrESYS L printont for sty najor diviation Frour the bheaille
Fihies, Ohy inaedy sen inpnt esdiboe noest hase an st a prrtinl hmwhedue of breaille
amd Deaithe bonk fomnats, ot preterably o ekl it hita proeessing in
nprher T fetermnitee e ssnise of thie erroes elooosered

e progeess of the peojest s been substantial bt tike sy other, it s had
its peobbens s well as s rewards: For yaarngde, sete of the previoasly eteonti-
teres] probletes were tleoeorree! foriating ot Lraidle tithe pases, tiahles of content s,
fdeees, Trbles srd elerts, andd fest naterials, as woell s erroes i translation,
solnting to these prablens was o by meerehy beseaming fatnidine with the VTS
aned POCERY S LT eliting conmnateds ond o fitthe jngeneity o the application
The rnrreeting of vrroes b transhition saas ot sioeisy, When receivial, the
P Sy S LT prveztanio Sats bt 100 puesvent operatiatud N tratishations wepe il
crrerts et Donted siend v eerted, Sotme of these vl tioditication to the die.
Fienar ey saned othier sed e tions fo the proerng itsedt,
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Bevanse of the spoeitie reghirements within i tosthook ensironment cortain
itdditions Tt ipgarrond. Among these were gy Ihpriut page wnnter in bhraile
aml donble Tine spaeing in tosthonks prodtieed Tor the princeey geades, Due to the
ibsence of o il documentition af the THYERY S L DPrograe el thae wis spent
heres sl error with divtiomiry ¢l nes g program wmmlitications,

Thee profect hus prresented BEHLY Salicdving experionces, Among the fiest hraille
trslitions was the Ohbio Stgte | g sty Psycholugivad T'est tor 5 viswally e
paired student esanpeting with sigh'ed stwdents for the Governor's Howor 'ro-
rivts This enalded e stadent 1o ke the test swithengt it siilye belp One instannee
whete eompaiter braitle proved Lelptul was the teanslation or e cenlogy hook
which permitted g visualy impaived stadent 1o enpoll e newly organized oeegn-
Iy atrses Another bighlighit of Hie Project was meeding the theily deminniis
al the lirst visually imatired stundent-progrenuner to enrvell in the Atlanta Arpv::
Technieal Neliont,

With the assistnnee of MIEEF, TBM, Georgia Instityte of Teelinology, ticorgia
Nte Departiment of Fadnention, am) many sthers, the Nt Pabdie Seloo)
Sasteme has weade o signitieant cott rimtion towgd Mtomnting provesses of
henille proadaerion, A =3 stetn b b designed ol for o bartivudor ageney iy
Foar guyone who lis tie Weeessily equiptnent. 1t is bolleved that tuaalorn toch-
todegey il Kuow-how huve bronght toether suelt vongemonts il skills 1o ntithe
TS e st theonghly sutonng fal system preseatdy availabhe 18wy Prove to
he st ost powertal tool iy Hhie hands of its wsers and shondd Hshier ina new o
I providiong o batter Tife Pog e vistadly fmpaired.

Massventsiais Inson n ol i s oy,
NENSURY NS Fvabt viies b Inarorse Ny s,

Cuanibridye, Muss,
TACCOM A v s s NYSIEN Fok o dHE DAk gan

TACCOM Clop et CORNNICIT™ 1 js g wirelios romnte pasiiig sy stent e
signesdl for the deat blind ip prticabier. bt with possible applivations foe e
singhy hamlieupgaed sbeat ur blined,

The TACCOM poehet reaeiver s thee vore ol the sy sbean ;i funectisns Pikiee the
powchet pargers eucried by physivians in o hespitad, bt with one important dilfer.
tiee s anstestd of dweping b alert its pser, ciheates. o1 feels like an electrie
taathibrnsie eunnitw. ) e revciver his Hie dppearianee ol g tiny transistor gspdio
atd medsures 200 N 10 L 50 weighs 4603 ennees, 1y etmjdoys pechiarasle
baetteries atnd is vornscHy pdngded into o bttery chaeger ot night wiien not 111 Hse,

Two prnaey appdivations are: 14, Tooprovide an effective “donphed]” fur o
st Blid paerson whe ey b aboe i biis holse; ol o2 e ellert g alarm
sYNten e w o five etesy Bean institntiogg o olher setting where o nidaer of
theat Ll poersanis by b spread alwnt and poast all be suimeansd a1 o,

Thoe ecquipiment invadviad inehudes Thye pochet reecivers cone for eiely tser,
Phe contraly loesitedd 110 vt PRt e and o Toogy aontenngg whicls rungs et g
s b bae coveresl by the mandio sighial, This servree are can e Faiely biorde
el bvnedees] thansamd sgiiee Teet o ot Tl trns it ber can bne svditnetoa] to
psh bettans b ey enient e tiogs, fipe alarie hoses, Tinee elichs wlisthey ey
LRSS [TRN T ITY N TITTR TN

Aneitey attactionents parhe possible otlper ‘ALY OM apgdications ;

PR o Hioe indentoe for Leailler or IV Fiter
o Nditery cue indicator cpheage ringing, hahy cevine, vt

N Amhinen Pragtet jrsdivaten,
Vo Messicae v stene o Mo ey sigialhing, ore
A Tearhing fraiug aid
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Final RLrort - - DEvEiorses T ASh DEMOSSIRATION 01 Coal st NHOATION NYysih s
ror tHE B oasn Dok, Brisn, BRALLE CouMUMeation TREMINALS asn
Taviity PaGivg SYsirss

By Gearse o Dadrymple, Sensory Auds Bvaluation atid Developinent Ceater,
Misstielinsetts Institute of ‘Fechnotogy, Cambridge, Mass

M ENOWLFHGEMENT

1t i~ appropriste that the Seusory Nids Center reeord the contreilitions 1o its
worh of the many persais who were generons i their connsel sd enoperatioh
tomvarrd one comninon etnds, These range Ceam Hie overnmend allieind whose aslve
citey af e presaits minde the endeavor possibile, to the teachers of the blind who
as<ist o the deptoyisent of the deviees s achiowbedgement is given herewith of
the valunble help of euch

Too Professor Bobert W Mann, Chaivian of the Steerbn Colidttee of the
SN For his helpe supewrt and cheonra et

Ta the Staff of the Center, to My, Vite A 'rosela, former Direetor of the
Conter: Nopman L0, Bernbe, Sentor Pechiticinn who copstracted aml belped
meaintoin some of the deviees nsed o this works to Naney Brower, Susan Nokal
et and Fvelsn Weleh whn kept the administrative aspeets of the Center rutning
spuont hily,

Too My Litelsay Bossell, Consualtant in electeieal cngineering for his worh with
Faeeom and Pathsognder apd Me, Murray Burnstine, Consaltant in mechianieat
eligineering.

To the professional persons whe sre asing the geaillenhosses iu their reantar .
vtuplovment - Dol Merrison, the Perkins Compater stadents, Me, Man Pown
ing, Mr. Donatd Keeping, Me terey Hieks, Mr. Liek MeSpabien, Mro Miclaoed
Lichstein, b Mre. Phillip Fail,

Tro Rocind Rehabilitation Serviee of the Deparennent of Health, Fdaention amd
Welfare for their support, to Do Inaiglas MeFavkond, Do Lo Deno Reaed, Dy
Jornes FoGarrrett, andd M theorze Majors,

Frr the Massachiusetts Connpission tar the atlimd to M, Jolm Mangovan, Mr
Fred Groelern, Mre, P30 Biavis and Meodohn Bobicleoud for hoth their eheatriages
ment and assistawoe in Beaithemboss plaeviaent,

Por Perhin- Sebool for the Bhad ol Hosse Pross, o e Fedwared Witer.
Bosts, Mr. Benjamin Suith, Meo Horeey Privdusn, My Frank Staples, Misx
Serth Wasetta and Me, Mike Minahan,

oo My Hodwrt A GE Giblea, of the MUPRE Corpeantion and ACA SPeeNP for
Hi~ many suggestions aned enemigggennent o bis colleigies at MUFRE, Dr, Jona-
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;'!ulm Millen, Mr, Juseph Sullivan, and Mr., W. Reld Gearhinrt who wrote DOTSY S

To the Amerivyn Foundation for the Blind, to Mr. 1
(?lin‘rk. Dr, .Mlltun Grithat, and De, ()p) Rogers,

I'o the Ngltl«nnal Beaille P'rosw, to Ar, Louls Dennis nnd Mrs, dnnet Fields for
their part in the demanstration of interuetive hraflle,

T'o the Internal Revetne Serviee for their nxsiv
Haner Servies funetion, it of 2 RN PN er Nepvi.
l\llc-.im:m. .\.lr. Frank Hrann, l.\lr. Johne Killlngsworth, and Mr. Fred Muoser,

'l‘n Mr, Frad Jnhn‘mm uf_l.nlh- Roek for his help and CHENTrREeINent,

I'es the .\rl'&:nglsus. Enterprises for the Blind, to Mr, Roy Kurape, Mr, Elm, Knuoch,
uu’d Mers, Billie Elder for thelr enthusinstic support.

o the Nationgl Cepter for the Deaf  Blind for their support and sssistinee
wWith Focoom, to My Havrvey Spar, D Peter Siulwon, br. oy Sithilas, Dy,
Froed Kenger, Dir, Pisgene Zunimtr, D, T'revor Rondoer, sid Mres, Sally Sifvep,

T Redls Royere 1 IDT1r Limited, to My, Diennis € Bostan Me. Ferey Tate
to Dikital Fapaipent Carporation, ta M, Juhy Norris, My, Steve Mitkiiski, Mr.
Brad In-\\!-,\'. and Mr. Ken Pieree for testing fucilities a1l shipping the Rolls
I_:n,\'m- Bravithraboss st to My, Bab Lane and Mr. Juck Lenrson for help in inter-
cing to Oy V1L colnpliter.

To Worerstor Polytechuieal Institnge Sl Woreester Colleginge Compintation
Center, to e Sondak, M Foditines Sistare, Dr, James Juckson, s Me, Willian,
Nwirer,

To the Vision Coptop of Columbnis, Oliio: to D, Ricleimd W, Sehnreiebt,

To thee Ohin Staie Sehonl for the Blind, to My, Phitip Jolinson aml Miss Hinlith
o thrrisan,
| To the Jewish Gnild for the Blingd, to Me. Lidwin Goldbere, Mrs, Judith
it hiopy,

To the Connectieal 1nstitinge for the Bliud's Oak 111 Setivol, ta Me, William
Lyndon, Mres, Ruth Gilehirbst, Miss Sandrg MeClosky, Mr. 1., Cittplnel),

T the Univeersfty of Pittshureh, Departiment of Npectul Fdsention amd Re-
habitinnion, My, Brnee Blasel, My, Wil 3. Fhaderety, amd enowopkers,

To thee Chreater Ditishinreh Gadlel Tor the Blind, to M Jdaes N Kimbrongh,
ail M. Loy Reddd,

To Boston Colleve, 1o Dr, Jdolin Fichmren, My, fingh Visneso, and Mr. 1yl
Melnrde, Medohin ek, aned Mreo Willtion Wathow bk,

oot Dieparetiuent of Blind Rehabilitation a1 Westerny Micldean Puiversity,
to Mo Stanbey Suterko, and Mr, Donall Rlaseh.

Tathe New York Assoclation for thee Bind, to Mre. Mivhael 144 vizzi, Mr, Robert
Livhersan, Meo Johin Boesiin, My, Febwin Goldbere, Me. Willinm tanllugher, Mr,
Willizsa Lord, sond My, Robwert 12, Lo,

o thee Massachuset s Assocint oy P the B, to Meo Willinm Curtis,

Toothe Veteran's Ndministration, to jap Fngene Mavphy and Mre Howard
Freiberger, to Me. Russell Witlinin~: to Hines VA Hospited, to Me John Mal-
azaan, Mre o bay Whitehend und Mre. fae Farmer: to West Hhven Hospital, 1o
Me Panl boStsed, M Geopie Gitlespde, Mro Willie IKinestey, and Miss Jill )y
headey
, 'I'.I» Technoloey Comiunity Association, 1o Mro Steve Shfadover, M. Helen
Mitehell, Chltirman of the MOLE. Bibraries Committee fop Bimd Nitdhents, Mr.
Vian Diowning, Miss Karen Nave, M Bob i, Mr Dasvid Tavnzer, Miss Lila
Kby lakis Mise Tleden Manning qned Miss Lworathy Becklenbope. ‘

To By 1 Morrison, of S ity Arizotin g teleplione pioneer, for his interest
atnd il

,m.lls Goldish, Mr, Loshe

thee i demonstenting o Cus.
Represeutative: to Mr, dorry

ARSTHACH

Piesepiied i this mepost is the Brailletthose, o beaithe pitgge printer, which is
wseful s o short enn braitle produceer snd especially as an employinent fnul THIE
calion tool for the bliml. Faanples of the Bittey apptications nee given, In.
vhndine s was by computer prosemmiers, ~tadents, By er serviee  repre-
sentabives, aned news broadeasters, The machine s, for Blimd nsers, o bradile
ceanterpart of thee Fandliae teletypae pase printer tsed by tln-' sihited,

Taveane a0 wireless Shandling devies for the deat-bliml, s 21lso deseribed,
Making use ol o mndioactivatmd pockel size vibemtor, Foccom pevinits rewote
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paging of deal-bling persons aned sives them g e of aneitlieey capithilltjos
Sensing of snnbient sound and dight cues, cotsnusiention of Stnple njessiagos

T From i distanes, vte, A
% CAlso given is o status report of tie Pathsounder nltrsonic mobility aid for
: the blind,

INTROBUCTION

The Sensory Nids Fvatoation ang Drvelopruent Center s been exploring
three deviees to enlizinee the conusnication capathility of the blind and the
tent/blind cd b The tivst devive is the Beanillemboss, o braille pige printer,
Leca enille prodincing teletype, Phe secomd is Taceonn o wireloss connunici
tion and paging system for the deat blind, The third is the Pathisonmder, n deviee
ti eotnmunicntes to the blind traveler o blockige of 1he pitth ithead.

The Braillemboss has been demonsteited in two basie ways, the is an ontpnt
deviee for e eomputer, ‘he other is as o braille produetion deviee, There is over
Lip Tar example when the Braitdemboss is used as the output devive for n cwin-
puter braille translution systoem, .

The st sizniticant nse of the Braillomboss i< as g tool wsed in rontine iy
towday enployment. 1t has been vsed s the communiention devies from n eom-
prter tu protessional computer progtmmmers, 10 s nso been to give egstonner
serviee persontel pecess o compiter dati, Farther it was otsed as t: newswire
printer to wive o Iliml tefoevision newsenster aecess to that seryice. “

The Braillemboss has been used In small-senle benflle publishlng etlvitios.
These have inelndeld <overn) pumphlets, a chapter of 1 book, fud it hook, One
pivmphlet wits done as i cooperative effort with the National Braille Proes fur
one of their elients, 1'wao other prmphilets are SARDC Teehnien) Deseription
Rheots, The chapter of the hook was done in cooperation with Teehnology Cong
nnity Association and the ML Tibeseies for the blind stadents 0 MU s
other eolleges in the Boston area, Phe baok was done for the Library of Congress,

The Braillemboss wis seleeted byt pationa) TR0 Industrin] Researel con.
test as one of the 100 anost innovative awd signitieant “produets™ peodueed in
Amerien in 197

Taeeom is a wireless comnmnnicntor for the d/b. Fael user carrles o Y THR
receiving unit that vibeates when sizuatled by indietive eoupling twirelessy, The
system s effective inoan seen defined by the signal loops conneetind to g tixed
Station teansiitter, "I'wo installitions ave presently in use- one at the Nation)
Center for Deat/Blind Youthis amd Adults, New Hyde Park, Long Island ; awd o
at the SARDC, bildingg 31 0t ML

RiA LA ROSS

Phe Braittemboss cFigures Tand 20 operntes inoa stmitar fashion to o teletype,

Lo ennverts coded eleetrleal sicnals into embosspd heaillie, The Braillomboss s
constracted as an otput deviee only and when used in an imternetive role it
tst be ised inennjunetion with o device containing an appropriate keyhojd,

The Braillewboss is the peadiet of o long range ML) hrogeam®’ < involving
many MOLT, peopte, students, faenlty, engineers working in the Mechaniend Fngi-
neering Departwent, Sensary Nids BEvaluation and Development Center and the
Dreaper clustramentations i aboratorios, The divelopment was supported at vari-
onus tinwes by the Oflice of Voeational Rebabititation®, Veeatfonad Rehabilitntion
Administeation® ", Social Rehabilitation Ndministention and the Soelal and e o
habilitarion Serviee " of the Departaent of Fealth, Fdueatlon, amd Welfare, il
by the Jabn N Hevtford Fonndation”

The Bratllendboss enrliest beginning was oo desien emginecring eotrse 2671 ax
resnlt of o Series of “Segsory Mds Diseusstons,” o series of fubeh thoe sembars,
These semires branght together members of the MBS communit v, same of those
who live worked with the blind and members of the blind commupity b esplore
The wirys techiobogy swan Lielp the blnd, Freom the inttial senfor theses by 1ieht.
mih oand Falinton ™ were wreitten bisesd o the design of o beaitle printer and
E pew eiber gt des jee for g, ’

Thee iest wperationn? henille embosser wis built by Kenneds ' gs his masters
thesis, "This wodel was tnrther retined and six units were biilt ot the S\VEDE,
Two of these nnits were oanied to users; three weee nsed by stndents for ndidi-

f ot s dAfepeny on Je §7.]
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tiull;ll‘ thesis pl:ujwlﬂ aud one reluined at the SARDE fur its use, 1|
ll\’ ittest bed Jur the ehianges incorporiated inko (e Brailleniboss,

lh_u Pl sttt pro ey britthie emimssors wipp bt auto braille telocon.
NSO tertitabs by APISrong © as s i siers Thesis, vime af jhi et s
Voils Thih dnearporared i g vompter Grende 1 bl system, by Greiper s
‘l;.is HTHEIFUVS Hu-«l-‘rln'u,w«-t aned saw Hinitead nse at Dephine Nelivol tog the I3,
!lu- other two 1its were el in design improvemen| Projevts by Sentt 0 gl
NSturgis, ”

'l:luc- NALD engineers aned teehuiviins in conjain tun with e etiginesr il
desigh drattsman ol e Dvsipwer babopratery eNdnted e design ol e
cliiees to Buprove s rebiabality ol steenrae, ad e rediee s vasy o ti -
facture, A o part of Hins oo twenty Birnilleminsses were TN A ST ITE A

A the Beaitlomboss o presently contigured # used “lisgiHer venft
ipnt data, This eoeie i o einh| heved v elehit it vl
Mt elments, or bits, per chameler op doti word 17 ik code was despaunt ta
baove maestnnnm vorfespotdetiee e fhe bestithe coll, 197 000 cighth lovel, nacehine
THuetinn, is o 2ero snon thae the fist SN hevels are v Cinssal iy braifte: fe lovel
Palata bvomses ot £0 o] 2 ot 2 theongh leved 4l 4, 11 e usitehlne fiuetion
Pt booyess, then (e vendes iy tevels U throngh 5 termine the nevehitie Mnneting
b b pertorinnd, 'Fhe funet fons ke spice, new e ceneriage veburiny, new page
ithd Hpe feod, :

The Braitlemboss was biilt o Hse e evisting “stamidg g bradlier e Top
braille vquipunent, 11 wa s reengiized early o the devedopiiont of the iraitlom
boas thatt na s it Hesibodliny Band to bwe it it Phee v b as it was et
et uses Jup thee Beailhoarbose ather thas remote psabietion nf Literary israille
vise vomganer wanbil bee foaied, §'rovicion wis therefore smde in the Beaillemborses
vabinet and ehetronies for an intertiee uni o ndupt the Brailleimboss to ty o
deived npplietion. e Henibility  witl nol be neehad §f Frrge munmlaes of
Penitlemdboces are biihe for nny given pptition as the conteol eleet ponies can
becoptitnizad Toy theodnta Denisandssion conge tisee],

For miost of the pevsent applivations of e Braillemlnss three gt transiis
stons eondes are a5 level ewsw e PETY Lo hevel FHOCDIC, paad S v e
TV R CARCTL e Flie tost vranmon interfiee uiit used ASCH ot transmission
conbiee and has jupat conversion ipttipsent to permdt the Braillemlne 1o MERHIT
i paeadbel with all sof the prosent Seyvel telity s Mundeds S350 35, 37, sl 3
redardless of version b §t Beepive only CRe ey boared Send Reveive « K818 op
NMatonathe Setd Reevive 1 AN

At intertiee nit for newswire CEPY ) his seeh seeyes at g I station, his
inberfioee nuit fuehides o tioe hafler gl Tormet cont ol cirenitey Lo provide eheaye
Format sateriat, Mso i Interfnee unit his boaey bailt for LB DIe, the cade
sed By FHM for its velote terminalds, Profininary testing of this unit is com-
phedes bt it has not seen fiolld seryiee

Comventional Fuzbish besilhe, vither thye ot ter Por fetter Grae Foor Hhe highly
cantravted tivadde L foris are not divectty asabibe with cobers, as many of
Hhoe svbods wsod i the ASCLL or BRI ehisracter sel are simply oot dhethined in
bbby N severad ehariiers e mldgnons . e ety e the stine
LreaHe syvibol Further, tnmbers s nop directly detined in bes e but hee o
uither i before thee fethees 0 throngh Tt represent Voo piiinbers 1
threngh o,

A onea braithe sy ctem was sletoae] for ase with the Beailiemboss when tpsnd.
ol sy bl in thee Fortvan cluneneler <o hos o Hnivgtne braible sy bl dbetlinat tn
this sy stem Dy cargstep proceaiisers, Fhos corbe, catlled odie cel8 begilhe s
e e pattern for the alptabel, 11 Gihes fdentiend pattern Por thee nnbaers
hetinies the <onme bt aveanganent s a” thnaeh a7 using the lower fong
ot = o thae s

Tl the ot mopea g sowbads in the Fortean ehareter ol R R
oo toanth g pe assistied The Teast anbigooins beaille eolis, FitsiHy the remniin
i b rieteas wsed an the ASCTE afedety e charincter <ot e arbitrarily assignel
Hoe revning beadbe charaetors Phis otge ool beaille bis o ole to ot corpe
stonboee hetween el porinting elarraeter of the ASCTE chareter Ll s
Petedy pes el thee 620 posabde peinitings chaeacter< i the heaille coll, s :l”'f\\ﬂ
any syt boed et thee NSCTE e sisinis= ot conde to transnit Gemde B} b ille
i el bl sybob L o prnting ASCHE code ta sepeesent it Gne ool
bsvidbe Tups il Boeene hetisiod wath the 3 heved cohe with ot all beaille Sy tnls

itter served

HENRTEN
That ks, there apo eizht

i enbnostae dpgasat e KT}

36




b

ERIC

Aruitoxt provided by Eic:

34

tepresented, One eotl brnitle i< atso defined for the Tlevel ERDEC but with onty
G2 printing charactoers,

Laterfice units lsive been huile 1o ope-eell beaille containing transkitors for
eaelr of these thiee codes, Thers lavo beoty spectiat feineos inebded in some of
these intertaee nuiers, suele as s data controlled on off switeh, il with o time
buffer aml format control civenited for new swire tse,

Pinme-shired compitee progeaonner terwfonl

The Braillembosgs s presently being nsed by progeamsers sanl system analysts
with tite shiared cotpiters at g U.S, Government aeeney, two eotapitnies, three
universitios and o residentiod scliool for the bliml, A eacl of these installations
the Beaillemboss is connectod toa teletype suel that oth the Beailiemboss and
the teletype page printer prodaee the peceiveld seiterinl simnltmeonsly,

Thi< form of infereonnection was selected for several roasons, First, it fnsnres
that the installation will not b vesteieted o blind nsees, bt caealsa be ased by
the sighted, Phis provides pgesimm flexibility sl oeefaluess of the ferminal,
Secoml, B it the mmom of specia] eguignoent st the termingl that must e
maint: ined differently than the equipment used regubarely. 10 alse reduees the
cotmploxity of the Braillemloss,

Sensuey aids cenlugtion nud developns ot eenter fusiallationg .

The tirst Brailleimboss it Nerial 100 was connected oo Model 55 1eletvpe
af the SAEDE il was tiest wsed by g gendiste stndegt in lis ergoimet rie stidies,
This tivst terminal was ised ehiofly withy o €71SS, 0 thimeshinred compiiter system
ot MLLA based on oan TRM T000 compmter. 'Phis particalar Braillemboss s opot
prexetly ia tse, bt conld be upageinded easity snul piat baek o veandae serviee if
desired, Two Draillembosses c8eriad 226 qml =27 have been s are heing
maintmed on line at the Center for nse of MLLT, students mual for eompiter
braille experinpaits amwd demnstrations,

De dobn Wareison, NAN Y DOT, Cambridge, Mass,

Phae tirst Braillembness v Fieare 3 dn the tledd was installed at NARN Blee
tronie Researel Copter CERECY here in Combridge, T Bradllemboss anil tele-
type were installed in DreJJolin Moreison's oflice during October 146680,

Fete was dishanded in duve of 1970 and the facitlty temnsforred to the Depart-
went of Transportation, e, Moreison teansterved to DO s Pransportiation
Restirch Conter in the fermer KRC fueitity, T October of 1970 the Mass Come
mission, for the Blind prechased o Beaillemboss for br. Moprisan’s ysecaand ey
fnstallen] 0 Moddel 353 tedetypee AL that time the SRS sapported equipment was
reieved.

e, Mowrrison has weitten two reports o Lis wse of the Braitlemboss Pl aes
tnelnded as Appendis Tand 1110 <houbd beonoted that the st serviee call eNeept
for Wbrieation was in early 1971 to justatl g convenionee switel minl tooadjnst
the eleetronic thuing to elhoinate the oceasionnt random dropnipg of charneters,
Phe Brailemboss gl tebetype Tuve been moved gt bast twlee by DOE und telo.
phiots persotel witlisn assistanee from the Center,

Progemring v ovarss, Perkins Sebowd for the Blind, Wateetown, Wuss,

For several vears Perkins Sehool for the Blind has offered o eonpese incom:
priter progeatstaing for stadenrs in the apper sehool doring their innior nil
conior vene” The objeet of the coirsie wits buest ozpressed by Mreo Bogfodn 1
Swith inoa report to o The Beined tn Compiter Provenumimg o International
Conferenes” ¥ deseribing the reasons tor use of o tineshgired compnter,

cRecnndly, we canehmled that this canpater plan offered espsiderable promise
e todd in the classroom of souse of the snbieet sevas in our sentor high sehonl
depretent, We fell that the apblivativa of the cotnputer teclisses inomathe:
tties and seiveee wonhl b gareticnliely effective both sis o nenns of greater
efficieney in the fearning process sl also as n eans of mativating onr stindents
to greater interest sond offore,”

“Finnly, sitee it Lad already been well depgenstrated that blind people cian be
Bighiv stieessful vocionally as eowmpailer progeamers, we contelnded that we
Sl zivee annr stadents esperienee on the compiter with o view to exploring
bbb von etire ] intepedt nnd voentionad autitgde”

A MUUT Braillengdwes was teansferred to Perkins aud was estipected foon
teletypee peevionsly pented by Perkins, The initiad thae-sdisring computer Seevice

Pt pintees apitoar ot 0 4T
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was provided by General Floet e, The Babson College Howlott Prckard 20000
e shared computer SyYstem peesently is used,

The Perklus sttndonts ;) pe ttight both how to nse a timesshared comptiter nnd
how te program with brorunming ugunee. During the (952, 7 sthool Vear
there are seven stinfents, inchuding tive braitle users in Comptiter 1 and five sty-
dents including tonr braille gsers in Computer 11 ‘Iie computer terminal room
Is now eft open during cortain afternoons and evenings einch week for use of botl
students and wmembers of o computer elub.,

The Brajfllomboss has eperatid relinbly and efliciently with only two serviee
citlls in the poriod Mareh 150 thirongh January 1978, 1ts performinee and student
aveeptianee has demonstrated that g relinble, maintenanee-froe Lirnlilo tertinal s

thessentind adjunet o teaehime blind students colmputer programming via a time
shared computer.,

Alan Doening, Spstems Programmer, Honcyeel! Information Systema, (H1S)
Citiehridyge, Mass,

Mr, Downing is an example of the importatice of an interactive brajtle terminal
te o mativated, intelligent Wind studen ur compiiter professional, During his
dunior year at ML 70T Aan taok an introductory conrse ln Fortran pros
gramming. He wits not contemt to lave o e of wlents read his output or proof-
reaed liis inpt, He therefore neened With the SAEDC to use one of the Braillen
boss termimtls ot the Conter ns his terminal and arranged with the departinent
offeritie the course to support hisoase of the TBM #60/65 timeshared computer ot
Hie SLET, computation conter, "I'his proved sutisfactory and wis continued during
hir <enior year.

Mr. Downing obtiained suminer employment at Intertictries, Ine., o “softwire
Honse,” contingent npon g benilie terminal being avallable to him at their offies.
The SAEDC then sigreed to lonn him the terminal shown (Figure 4y until o eo-
PV e Ereenent conld b penelied with the Massnehnsetts Commission for the
Blind, "t'he MCB, throngh o similar urrangement as that for br. Marrison, uder-
Wrote the transter of & Brillomboss for Alan' useo A new Brallemboss wys
installeal for his use gud the temporary Braillerboss returned to the Center.

Piring his senior year Alan contimied cmployment at Intermetries on n twe
1y week basis aond upon gradieition he was offered fullstitie emplovinent. He
decided however that he wonld ritther work on development of the aperit e sys.
Pem ot s lurge seabe compnter snd obt aned emplayment at HIR, Fhe Braillemboss
las woved to his new lueation and hos caltinned to give good serviee,

Voo Dondd Keepinn, suprrriage, proagramnring canrse for the blind, Poiversity uf
Wanitobu, Winnipey, Manitoha

The Birnillemboss was peoenred throneh g grant from the Canndian Nationgl
Researeh Conneil for use of baoth tearchers and stindents in the Programming
Cotirse Por the Blind, ‘The Beaillemboss wis shipped dnring Octolier 1971 and was
instadled by University of Manitoba personnel doring November. At the present
Hie the Beaillemboss s nsid only b Mr. Reeping, aw all of the present students
whil fegally blind have suthicient vision el o vequire hiraille.

The Braithetmbess is used with o telerype as n terminad on an TRM 860765 system
g TROCline R options. M, Kevpime estimates thiet he uses it 4 or 5
hoties per week, chieth hefore wtd @ fler pornsg | waorking hours gl on wiekends,

FEds presentty adsn being sisend in o smadl s<enle proriam to generate Froneh
bradile for o wroap in "Poronta, Tie pProgrianming associnted with transiating
Gricde ! Freoaeh breaitle jx compariable to Greade §in Faglish and weh simpler thin
Girsnde T Fnglishe Brailhe,

Thee Fiversity of Manboba osperionee eian best bae sitinarized as follaws e

A v Know s we havee reeently instalbed here at e Puiversity of Miunitolg
an MLUT Braillenthoss, Omtsitdee of 0 fow minor trechanieal prohilems, we hive
fontied the sy stem gnite satisfaetory, We bive hore o stite of eonversationnl mode
progriane which are exeetbent on sneh o oo, -

Vel Tovrny Hwls, Joagreanmer, Beixtol Pugre Dhision, Kolls Buger (1971
Borestod TINT2S000 0000 it Beatuin,

A Beantlemboso was transterred daving Mareh 1972 10 Holls R e Ltad fap use
By Me Terey Thiehss o bl progrmener in there Bristol Faogine Piivision, \ tetter
fenie Daenm~ C Poston, Heawd of Muthenanival Seeviees Pepartnpat to Milton
Gratim of thee Neriean Pomdation of thee Blitod tdeseribing their use of the

HE IETTTCR N T el ar an o A7
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Braitlanboss is appended esee Appendic 1V This Braillomioss was convered
to 11T volt S0z poswer and wis tested on 50 Lz power at the Masnard Plaut of
the Divicd Fguiprnent Comwpany (DEC 80 the Bratllemboss is being nso
i the DEC PDE 0 compiter at Bolls Beoo 2 EC erated, shipped and installeld
the Braillemwboss.

Ploadlip Hall, stadept o Waoreester Polyby el - sl fastitute, Worecster Yeea Colleygie
b e puteatons teate e, Woarevstor, M oexs,

Throngh o evoprerntive ageeeient wegetiot ol by the SARDC hebwes s thie abiass
Connnission for the Blied aud the Now Hampshive Division of Bl Services, g
Braitlmboss owned by MECB Bas been loaned 0o WACCC, 3 IS presently being
dxedk by rhbtip odadl, o Dliged stadent at WET from New Heoapshive, Fhie Breaillom.
foss was installed by the stafl of the SAEDC ind s loented ia the teemmital, key -
Pl rong it WAL

s eonteeted to one of the Toure telely pue tertils oF the PDE O loeated in
the manin Center, This termina] Is avallable to nuy of the users of the WACCE
POt bt i is the onby one usabie to Phil, Tle does not hnve absolute priority to
Hiis tenufual but luts toowait his e 08 adl the termanals arve inonse. When -
cther terbcal beeomes frev, the user of the teletype Breaillemboss torminal is
ished to move thee other serminal so POl ean use the Dradllemboss,

Foe Hoe seevnd semester of the 1052 58 aeademice year Hlaly Cross Colloge is
platiming to instail o new telelype i the terminad keypmneh mom at WACCC for
tHue nisee ol s bl He sindent, Tl Beaillemboss will be reconmectsd 1o this tole-
type. Fhis WHE give the blind stoadents o terwimed that will glee thens absolute
priority over gfl ooy gsers,

The WACCE serve <o vonsortinm of colleges aud nniversitios in the Worcester
aren. There are appronimantely 10 blnd stadents in these eolhaes amd WACCC §x
eapretind S B oor them to mgtke use of the telety peBrailemboss terminal duaring
the sevoml semester this yenv. B oshonld b noted that HEC s o pow @ iember of
the copsortinm.
tustorecr sevviee g pter terminngl

It the past several yeirs the compnter s beesne nu bmportaut part of many
not-techniesl jobs, Oue of these is thatl of chistonner serviee, where i enstegnep's
questions are auswered, These guestiops can either be ahont theie sieennnt or on
conpany jolicies, Auother 1y of Job is e nnking ond confirming or reservi-
tions, whether it beesivlitne, hotels  motels, rentad cars, ele, Ty af these jobs
the o eataet with the pablie s vig the teleplione, Xoe speeiith equipaent is roquired
For o blicd peerson to L these Jobs, Porlaps most important be st luive neeess
to the compaier ontpul, Phe Braibemboss is capabbe of being ased as an outpat
deviee with essentiacnly any compiter nsed in Hie enstoner serviee fiekld, [ eertain
vitses telephone indicinors way bae pegnires, Phe 1y pical workong Llind person
either hus most of The additionad equd pient segnived o i is regularly supplied
to frien by existineg rehahititation ageneies,

Gacl VoeSopadde y, vaepn ey sesviev voperesoptoative, baternal Bovenne Sorvive, 1is-
troct Qi attle Rl Vil

The TRS has by ed taany blind peesons as USICs The TSI Mimetion is 1o
ansist the pubdie in obtaining information on the tay vodes, tibes and reguabations,
atied topswer spuestinns coneerning the fazpayer records. Presently os) of the
sote B Brailbe usites TSEOS e Thndted fooausa e ring spiestints o thie s emle,
rutes and regubations nrdess ey haove sichited bielp to obtaio thee requived data
il !.-|\|r;l\|'l' HIRKEUTI R

o certinn vegians thee Lz er reeords are naw available o thoe butegeiatd
Pevta Retrieval Syatem cFDRS a0 Bree vegionad larsed commpiter, Fael district
alfpee e thoe regicn ssithe TEIARIS has Cutheede By Cadae 00 R, tedevision ik,
disploys on which Hnes o alata sire dispday el foe te sighited eapy 5 dae o evpy
Phat can bee saov b whieetn oo

N Biraillemboes cptianre S0owas eannested to the ROY feletvpwe such that o
Pl copy s weld s ancinhprint copy vane be e when reguested, Mo Moe-
Spgedden, o bhHad USSR o thee Litthe Roek offiers o hars seeess 1o the braille
vinisalent to the ather PSIES haed copy in the oftice, s aeeoss to the data
i~ ouly <luhtly slower than the other "TSEICs whoen they aree aot using the haed
CRETTAN

Mo AL Spaeddens i g et hinsiastic: Brailletnboss aser. Heois roported by his
sapeervisar to bee performing gt fonetivons essent iy s the other PSREOS in thal
Pnustrict otliee 1t <hottdd Dee poteed the Brpitletnboss Jeis retuoved the resteietion

39




o

Q

ERIC

Aruitoxt provided by Eic:

o B e e R

37

g
(LN

sightest help wr of limiting Me. MeXpadden's servives fu only auswering tax
vade questions,
Mewswiro

A serions hindrnnee to the blind perforiing as o or television news-
sters i< the abeeuce of gsable dire henitle vopy of 1the newswire RUPvieo
Les Pulted Pross International op the Assochnted Press, "The Bruillomboss, with
iosubtable intertnee anit has deronsteated i1 can Provide this serviee, 'Fo duevelop
wd dewonsteate this citpatbiiey seversn) Steps weres gecomplishad,

The st step was to produce pewsw o braitle in notereal time to dotermipe
the utility of the braille copy atd toeaplore the system befure o thinl dexign
wan mndertaken.

The Woitial step cAppendis V. THs No, 123 to demaonstrate progeag feusibility
requined that the following e available: g newswire serview with o bipe reper-
fovittor, w Slevel “II'Y code to e Cell brallle translator, o paper tupe reader
and a Braillemboss, ‘The first itotns wope available for a limited period at
Eleetronfe Syten Laboratory (XL, o part of the Doparttent of Electriend
Engineering They were performing some studies on volpnter sturage and
retrieval of news sponisoro] Ly the Nneriean Newspiiper Publishioers Nssocintion.
Mvitilable to then was o V) newsprinter aud reperforitor which could produce
a-leved pnelied prper Grpee for onr dse,

The SAEDC land ali the reardniig nevessaey vaguipment with the eNcoption
of the teanslutor, The traushonr was desicned i rabricited by the Stafy kngi-
nesr gk vasily instabhed inoone of e MCE Braillembasses ot ed at the
venter, A pilot progean was 1 hen initinted, puuched tapes were dequired from
ESTL bronmshl to the Couter, il translated into braitle vin the Braillemboss
svstoem,

The braitle materiat prodeed by this wethod wis distributed 1o 1hree tlind
readers for examinatlon mind s, Approvinately tive hours of yewswipe sory-
ives rprodibeed on o daily bisisg, woere converted juto braille eae diye The
couversion: of the new swire sepvicee infornmtion into hrallle tok dpproximately
three hours on the systewr. 'he pilot study was performed during May and
dnne RO and termiimated when e UPL repertorator sievice was disvontinued
ar N

The nest ster was started when Pand Capito (Fioure Gy of Westtield, Massa-
chisetts obtained o job gs o toelevision mewseaster gt WWLE, Channel 22, in
Spvitzticld, Massachinsents with the brovision tliat the Mass, Counndssion fop the
Blimd wonld obtain newsw ive byeaille for his nse,

A Braillemboss was installed ot WWLE TV Channel U2 duritng May 1971,
The interfiee unit for this instatlation had to he signitlcantly ditferent from the
atteonsel previonsly for the news denanstration,

I the s s demonstration sthove, pinchoell paper tapee was used ns o con-
Setdenee D i also sepvea] as a0 tining bulfer to gecommpndate the generially tongop
carriage return e of Hue Broillemhoss, singg this method as an operntiongl
SVsbetc is inapprapriote sinee e paper e sudds another expendable (papoer
Paguer s as well s reguiring o Hipe reader aud tape punch. A fall reel of paper
Bapoe Lasts ondy 5 oro 6 Laoes, while g hos al braille puper losts sevepnl diys,
This vampdivates the operition ad veguives el wore attention by the user
Harn is sdesizm]

Forsimplify the sy stens an intecrated-cirenit storage sestem wos doesigned and
Bt v pvvisde thee necessieey tiinge dfer, elimitating the nesd for the inter-
mediaey pager Gnpee Two shift rogisters, botl 198 Wutils fong with 8 bits pep
Word e nsed Whide ol regjster js being loaded from the newswire the other
Petister is nsed te deive the Braillemboss. When thie register heing londed i
fall, toe system intenchimges the posisters, Sutlicient time genernlly oxists to
deanl o vewister into the Braillemboss w hile the ather register is heing loaded.

tncluded in the interfiee nnit apre formn cottrol civenits. A space counter
and dine contral cipenits are nsed to divide 1he W2 character line of the tele-
Trinder G spaee e the 3800t length of 1 he Buraillemboxs line, Ihis gen.
rrally elinduates dividine wopds Fritidowly ot the otd of the line Also paging
cont e cireitits weee ielidid o preyent ciihossing on {he perforations,

This newswire Braillemboss jnstatition wis ovnupeitive progriam with the
Mass, Copatuission Tor e Blitd, The oty mbapted o Braillemboss to the U]
e swire by designine ol vonstracting the interfaee nnit. he Miss, Continls-
~Haly stppdival Finpeds for the nevessary hardaw e,

Poturtnnatedy Me Capntao's vedatiomship with WWLT Clamnel 22 wis Soevered
darites Octoler 19T The Braillemloss performed well durime the period and
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provided hin with exeellent braille vopy that he conld read rapidly and aecu-
vitely while on eitieera,

There is sote dropping of clitraeters in the timitg buffer nsed in the newswire
intertace nuit when o long sevies of short Hoes ave received, Developuients of
compitter memory technology stiee e newswive interfice unit was desigiied
shoudd permit signtlicantly better dfer perforaguee for approximately the sime
cast a8 the original butfer,

Interactive grade HE raille produacetion

A vomputer progemn for Grade T braille tronshition, DOTRYS TTE® was writ-
tenr by the MIPRE Corpe under contraet to the SAREDC, CThis contract wax sup-
ported fromr o wmoltbsponsored MULP aeeonnt), The program is weritten in
COROL (Comon Busitness Orviented Langnige) such that {1 can be transferred
frot one snitably g ipped compiter to another with winhual changes, 24, 35, 26

Additions hive been wmade 1o DOESYR 1T to use the Braillemboss as an output
deviee, This mnditied program is enlled DOUSYS T and is stored In the time-
shared compnter of (uteractive Data Corpy, in Walthann, Mass, it conntuercial
computer faeility. cL-

A teletype, connteetid by telephone Hue, s nsed as the fupnt Zoutpat deviee of
the compiter, The Drafllemboss is conneeted vl hiterticee unit to the teletype,

The materiul to be bratlled Is typed into the compmter where a data file s
erented. ‘This tHe ecan be prootread and eovrections netde, "Fhen by a single com-
wand the waterial ix translated by the compnter amd heailled on the Braillem.
busis,

The nitial interface muits did not inclnde o computer coutrolled brailler onsoff
switelh sneh that they eonld be aused with the computer translation program. A
redesizn of the Maodel 33233 interfuce nult permits the Braillemboss to be nsed
as i timeshared computer termiunt for a blind progeanmer or by throwing a
switeh, be nsed as the hraflle outpnt for DOPSYR 111

Nutional Braille Press Depionstration.-- The flest substantial use of DOTSYN
L by the SANDC was the brallling of an IRS publication for o elient of NBEP in
December 1071 The materinl to be bhraifled was typed into the computer using
the tecessary formnt controls thereby forming the inpnt rile. The fnpit typing
wis done by personnel of both NBE and the SALEDC. As sections ot the fnpnt tile
were completed, these sections were individually translated Yrailled, and proof-
read, Typougreaphical errors in the inpat tile were corceeted and small changes
were wade in the translation table of the prograw *- retiiove progran braitle
erimrs, After the input tile was comploted and all Known errors corrected, the
entire publication was transhited, embossed by the Braillemboss, honud by NBP
and delivered to their elient,

This system shown in Fignre 7 owas demonstreated to g lnrge @ronp of possible
employers and workers for the blind on January 39, 1972, Au employee of NBP
praduesd several pages of braitle, Following the typhug and correction of the
inpnt tile the romote compner transiated the materinl which was then brailled
on the Braillembaoss,

YU bhrknes Ondannary 51072 Howe Press of Perkius Scehicol for the Blind
fs~tiedd o prrchase order ™5 2 % 10 o g single capy at MULT. of the novel In Dark.
ness st g paper rpe prepared by computer and to provide Howe Press with o
paper tape toodrive the sterograph machine * * 27 Sehednling cmamitiments with
the sthewves demonsteation ot NBEP delayerd the start of the waork until Febraary 1,
1972 The <ame steps were employed n the teanslation as at NBP inelnding two
pront’ pemdings exeept that st punehed thpe was prepared when a copy wis being
proadaeed by the Brailtemtioss, The proolrending wins perforined by NBD person-
ted unader g purehase order on o time available basis,

The unbonnd hraille copy wis delivered to Howe Press on April 12, 1972 The
SAEDC then worked with flowe Press persannel in testing, adjnsting, and repair-
ine the APH paper tape driven sterotype, ‘Phe SAREDC stafl then operited the
sterograph gl atherwise assisted in prodineing the enhossed zine phites for
press hraille praduetion, ‘This sterory s reliability conbid be fmproved by replae.
ing the relay cantral svestetn with selid state togie, s sed in the Braillemboss,

Thoe expeerience cained by the vegnlar <ot of the SANEDC, supplemented by
P readers, has denmpsteated that the existing compiter progrean and egnip-
et ean prodee enmupnter teaustated braille Tt cannot be done efticiently,
Boweser, nnless the work is performed by an orgnization fally ol ccaupletely
votntnitted o brtithe pradaion, The overal! national prodoetion aud thaely

[Fematunte . appear on po 17
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availubility llfll)!'.:lilli' wortld be improved it severn] regionul computer beaille
production facilition were established 1o supplenient the woark presently belng
(lun_e- h,\-_‘l'hu_ .\m'a-.ri«-:m l’rfmhm.lh.nm-. the many volunteer HEeneies :'llI(l the
lu‘mllv. lnl»rn!'n«'_. Fliese pegional taeilities eould he vither pow organiziutiotis op
eNlensions of exXisting hraille ageneios s

Toeehnical deseription shectx

Twu 'l‘l»ﬁ's have been trausiuted by DOTSYS 1 and are storad in putehed
batper tupwe fortg snely that coples ean b Produceld on demsing,
h’.l'lu' st ape YI'-I.II.*I.‘I'('.(I Wils 'l.'l)‘.\‘ #2, the Braillemboss, 0 RBreaille Page
I Finter PAppendin Voo Lo jukpeint it ix two futl single spiced IVPe-written piges
:luul in hl'ulll.o' Hobs SN plus poges, A LV pist with soute provions expericnee typing
i nstterbl for DOTSYS spent approximately au hiour typing the materiial, proot
rejuding and eorvecting the fnprt file that was broaduced, It then took 20 winntes
of terrdnad time to transinte and braille the uaiterial,

A ototal time of NV minutes wis required for g person familinr with the
DOTRYN turmnt control couvent oy tAppendix Vb8 N, 11) 10 produee this
report. 1 wis not wecessitry for thnt persan to know Grade 11 braille : however,
the user shonld have sone knowledge of hraille to cheek for obvions operator,
couymter transisission or teewminnl errop,

THS 21, Folding Canes CAppendix vy hias ulso been translated by DBOTSYS
DL e ds o e shorter than 1FHs F2. 1t is five and oneshalf braille PaKes o
il toak A5 wimites to produce,

Buth of these TORS are avatlable I beadlle op reguest to the NAkLD,

The xueinl hearer

The SAEDC in conjunetion with Technology Comumunity Association (1CA ).
the MLLT. Libraries, mud Howe Press has etthossed 20 coples of The Sueinl
Goaver,u chapter of HoloGAMEE (How To Get Aromd MLT) HoToGAMIET is
apaperbick stident wuide 1o MUE'T, as well as the Boston are. The chapter
entitled The Soeial Beaver, is g guide to-enfoying yourself in and around Boston
atdis applicabbe 1o adl not just MULE, student <,

Thraugh o fortumite set of ciremmstanees cittalyzed by Steve Shilndover of
TEN this braille colime was mmde possible. Limdsay Russell volunteered to
produce the bruille coded punehed paper tape neeessary to praduce the capies
ot braille cootagically on the beaillemboss,

The Brailleniboss has been used previousty to produce braille materials from
wittnadly prefared pnnehed paper tpe. I the work deseribd in Appendix V
THS Noo ¥ the puoched tape was prepared by o professionn! braijlist using a
meditied Perbins Braillewritor connected ta n Py tape punech,

The Centier s o spevind teletype, modided by M, Riy Morvison, a telephone
ploneer, that peadiees braille coded punchod paper tape divrectly from s Key-
boatmd “Fhis telety pe cowtains all the Grade 1 braille symbols b its eharaetor
Y

Bertha Kasetta of the Howe Press and two Dlind soung people presently or
Pormerty ML stindents proofeewd the material, The book was then hraitel
by the Brailleniboss aperated by 'FCA volubteses under the direction of the
Cogder X007,

The MLET Libearios nndertook the disteibntion of copies of the finished volune
to other nniversities and colleges in the Boston arei, A copy has been given to
el BHd stident s MOUF The Libraries alse utderwrote the eost of bindlug the
vishimes byt Plowe Press,

Bebabalitation Ageuey, Yeknnds Enterpeises for the Blind, Little Roek, trk.

A Braitllemhoss was mide availnble 1o Arkonsas Futerprises for the Bling to
b tised in their relimbilitation and reaining progemms. 10 owaxs instatied doring
Septewiber 10720 AKB has abtained aonisivomgpater atd paper tupe equipment to
e el with the Braitlembeoss,

AL S applicitions inelude training of TRN PSR stadents on the THRS systonn,
They will wlso use the Breaitbemboss to teain other stidents in computer luter-
aetione The miigienmpmter can be used bhoth asasimmbtor of the lurger RS IDRN
or s e sl computer for aetund operating aml programasing experfence by
other ALDB trainees,

SlLhis vty 1 sfasitae fo o eoteept, biat diferent ip detall ot Tyeo headiber developid
pervev e s by Weanbao b0

Flontonte appear v po 47!
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Nthier AFDB application of the Bratllemboss is the braille duplieation of
instructional materiads, A paper tape punely, erkins Brailloewriter combination
wits borrowed fro Howe Peess to support this etfort, The Howe PPress egqnip-
el Wi tsed by ante expert bvadllist o produce i piiched paper tiape whiel is
tienr nsedd 1o pperate the brailtemboss to produce us neiay braitle eopies as
destread, This sate panpett tape voitipmen? was nsed al an o earbier time MUEE Lo
prvtbuee o panuphlet for Perkins upper schonl students to establish the aeeuraey
of reproduetion by the Brailleiaboss cAppendis 8V, PLDS 73

1!'
I

TAUCOM

Poecone Ctor “taettle commtinication™y is the name given o system of signalling
toodent, blind, or, miest hmportantly, deafoand-blind persons, The toepd deviee of
thie sy stems i< the Taceoin pochel Poeeiver --see Hgule S sIXcontee instrnem
whivh vibrates ju response to a tudio siguad, Carried on ile person, Inoa shilet
Jowchel 1y pleally, the recelyver funetions ax o piger, not untihe the pochen paigers
i contnett vse by physichims oo hospital or exeentives in an office bailding, .
Instead of beeping in respense to s el though, the Tacemn rovelver vibraloes;
hebd in the hand, when it Is aetivated it feels rather like an electrie toothhrush

running.
Two purposes estitbiished the initial scope o the TACCOM project, both pee
fnted to pevds of the deal-blind .

L1 To develop sotething to serve asa lire abiro

1<) Todevelop something to serve as i doorbeli.
The finaneind support for this project has two rools: an initial purehase of
hardwire by the Nationgl Center for Deaf-Blind Youths aud Adibts ® with u view
pirnarity towared fullitting the above two peeds: luter, support over o threv-yenr
period by the Xoelal aml Rehabiliration Serviee of the United Stiates Departiuent
of Heaith, Ednentton and Welfare, with the objective of qugtnenting aud broad.
et the wsefuiness of TACCOM beyond this initinl ruther lalted scopue.
Laekgronnd

To snmon i person who is hoth denf and blind, toogleer hbae that there Is o
Hee, or that he is wanted elsewhere, or that a peticnlar moment has cotiee ceg.,
end of luneh hour) is not an easy thing unless one is close enoigh to toueh hiim
il eommmicate by physient eoutiuet, A person who is blind but heares normaliy
cithi e altered in the usnal aaditory wavs: doorbell, five gong, even by calling
out to him, On the other hawld, 0 deaf person, if he has <ighe, ean be signalied
vistally by thee turning on or off of g Hebt or in auy ether way that will catel
his exes T the case of the double handicaps deatoess gl blindness together
there sees to have long been g need for some sehete that contdd eall g persen from
aodistonee withomt pevding either his eve or e Such deviees ive been nsed
as st ping on the Hoor ar staetitgg an eleetrice G cte ereiate i aiv enrrent) bt
they have obvions Hiitations v range and odepoetdability,

Abthengl it i this donble baudieap to which Paecom s primarily addeeased,
thoere vone o mied wads in wWhich o person alllicted with deatness op blindness
ledne canld nake use of g vibratory sigiatter X dent person can bee aderted by
tening on g fomp, bt only 08 i s sessared that he witl bee leoshing where the
Hieht can bee seen, a ditlienlt respiivement, perhaps, When b is oin his sard. A
netgiditory signal conhd be nsefunl to a0 Dibwd person mnler iy circibin< amees
bt canbd envision s when o sonndmaRer would cabaresiss hing, sinnoy others *
nedrky drown ot ather somuds boe mnst losre, ete Thns while the meed of
the b f-Blind ave the namin obgective of "Birecone amd its r by pows sy ol
Junet< there hos heony attention given that potential bepelits to those with cithe
single haolivigp doonot pass by o view uiheefed
Toechpivagl ll:'.\'l'}'f,,'inn

endio fregueney indnetion is the shenalting means of the Taceam systens Terh
pically this is ot tene oo comagtieation s indend it is g forne of sjenaliy that
historically antedates rddio: The teansmitted signad is a 25 Kilohertz alternating
magelie theld set np by energizing otes oF more Jooge antenna splieed 0y pically
att thee warlls of the bnibding or roaoms to be covered  Figirme 9 Sshows the teans )
mitter praoper, e all ~edid state it honsed in the hind of eabinet nsed for
andio anpliticrs or smad) paddie address sy stems,

SRfemrind Pe ol werentby fi o thic rrtenret e thee UNacbanal Centoe B be hented ot
15 FEfth Avetine New e Park N YL anedl adinduicterod byt dmetustriad Hoone for
the Iiird, Pronklvn, N Y

Q
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Creation of the vinging tiekl i evanplished by pressing o batton on the
fromt of the fransiitter. Short Ring” s o mtuentary-contacet pushbuatton
“laas Rine” evoles an acthvation of tised duaration, tyiestdly set ut five seconds,
The Btter foature is primarily for insres nee dgninst utissed eaths due to an over
betef btton push on the paet of thee ealler. Pusiibnttons ot other locations can
he wired toperindtals on the back of the transnitter <o thal il cin be seetivated
Fron o remote foention if more couvenhient,

Five suutdl jueks o thee Tront of the transmitter e ontlets for recluirging
Itrteries within the Tueeots recelvers s this is done eael tiight-thus tive reeeivers
eitit be rechiarzed shoultaneously,

INEENISEN

The chavacteristies of the TACCOM poeket receiver are as tollows: Weight,
B onneesDosize cappeon.n, Qe N TN 5 baltery, Folr Bireess b
Ringing rine, 43 minntes sturting iy chnrged : Listening tine ¥ 100 hours start-
ing tally clutrged.

The votaponents are ol in o small whndunm ose, except Tar the loojesticek
teeetving anten, Which is potted o sificsne rubber at the botton, When the
tritisnatter i activinted ol o vinging Geld estyblished, 0 wenk 25 kilohertz
snal s indoerd hethis loopstick s it s ampliticd by cirenits within the reeseiver,
deteeted, aaud i1 above o certain unnitnogn thresinobd, vittises Lo b vierglaed o tiny
cleetvie wetar within the instrament, Phe sibration is hrought abomn by o tiny
veretivie an the otor shaft, The eclztical inertin is bow, and the vileation
stinrts ated stops within milliseeonds of te starting ol stapping of the vinging
fiehd,

Teanswitting Iangs ante wnn

Al instalbions to dite make use of trapsmitiing loops b vertien) plins, so
that the muagnetbe tiekd Hues thepelrom witl ine substautinkly hotizoutally orientoed
m the service are The peceiver loopstich will nornenily bee oriettoed more-or-less
horvizontaly oricnted in the serviee area, The receiver Inepstiek will normally
I vriented more-ordess harizontally te forp eXsinple, in the pocket of g sitting
ur statding person, suothat its aligtiome . s approprittte for the esciting tiehd,
I this eneiting tield wWere @eneratn] by L single loop sutenig, however, o null
dircetion wonld exist where the loopstick, thenght horizomial, wouhl be perpei
dicubr 1o the uspgietie o lines, cAnyone who lus rotated i teanskstor radio
in bis lnds wWill bave ohserved correspotuding nulls that i, ton, exhibits in
certait divectionst,

Foavaid the rishoof missed cidls due to s user's possible nntavorable orienta-
ton when being paged, o seeond foop is used, abso coteeted 1o e sane (ritis-
witter, byt whose exeiting current is in tinwe wisedrature with thaet of thee tiest
fonp.sunl whose physical plvement is ot eight angles, This arsmenent eifvers
essentilly il free eoverawe, sinee the wull divection of e loop's Held wil] loe
nearty ot the N inean of the other's, il the Lime quadrature rebiting the Two
WHE provent destrietive fnterferenee ot intermedinte anghes,

Whayp mivgne e fnduction?

A or twa onsht to be said rezueding the ciodee of this low fregqueney
et tion sehetge espechelly colsidering et there e tene radlo systems as
alternatives, For exinphe, why ot tse Citizen's Buud claimnels op possibiy even
previete Mrequenvies of one’s o dssizieed By the Government

Farsily the niest gegntive Peatuee of the wdnetion systetn chosen is the need
for the transmitting leops; for strotus caverase the wires coluprising then st
vt the benarh il breadoh of she covernge srea. Whether this factor miakes the
installtion: of a0 Tieemn system troublesole and e jensive depeends on the
Mibdine inveivedd, whether the wires st be jotally e of sight, and so on,
There are wass of avoiding sotie of Hwese problems, abont which wore will be
siid i thie nest few pirses,

The positive featares nre teehnival simplicity sl Ceeabean from radio intep-
Dervtee proddoms fidse vinas, oleo, The veeeiver dses only tive [ransistors, i)
S siniple cirenit betds itsell toosobeziial faether miniturization shonkd sieh
i etul doe sonzht, The poise tevel an its detectog is more than 50 decibels below

asrendns” aneans the apetivo ent sitaatbon Where the receiver Is seitehed on 1o he ahle
torecpoatnd too s il bt s nel eetaally biebie enthol b pe i vers bow battery dlendn veam
pALE Wil transing v T e e iy Leetrs o HUe wWhen the Feveiver Is o bt gt
R R ]
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the signal present upon recelving n ringing signal: the transmitter, with only
severnl watts output, provides considernable “overkill,” In short, there ix g high
strength or safety factor in this systenr; only the most rare and unikely elrenm-
stinees could be envisioned wherein it would interfere with op suffer interfereneve
from other rudio serviees,

Installutions to date

Toecom signalling systems hiave been installed in fonr sepirinte hulldings

t1) The MLT. Sensory Alds Center at 292 Main Street, Cambridge, Miuss,

t3) ‘The M.LT. Sensory Aids Center a7 Muss, Avenue (Building 31), Cam-
bridee, Mass,

(3) The Headguarters of the National Center for Deaf-Blind Yonths and
Adalts, New Hvde Park, NYY

t4) The apartiment of a deaf-blind National Center staff' member at Kew
tiardens, N.Y,

The MLT. inatallatinns

The Taccom fnstallntions at MLLT. (two, heeuse the Sensory Alds Center
moved frone its old to its new loeation in 1971) were set up not only to prove
ont the system in an initinl way, but to giin the experience of many months of
continnons operition: -a designer's Hetest, so-tospeik. Both installntions were
aeeomplished without ditlienlty ; the coverage aren in ench ease wis about 1000
sepnure feet, and it was uull-free. The one teansmitter involved hns run abont
three years and has been without breakdown, It ean be Keved (to pitge recelvers
in the areny by pressing a button either st the Director's desk or that of his
secretiury. (me staff member has for several years made 1t g habit to Kkeep re-
ceiver in lis poeket at all times while at work : to gain him a secondary benefit
thesides the mnin one of life-testing the equipment involved), the transmitter
has been wired to the Center's telephone switehboard so as to slgnal eoning
cialls, and to an “electrie doormat™ to signal that soteone has entered the front
door, Sinee the reception trea and switehboard are unattended at off hours, the
freangement permits him to work in remote areas of the Center without missing
incoming ealls or visftors,

The new Hyde Purle installation

Thix “Tiiecom systenm was instulled at Nuationnl Center Headaquarters and pnt
i operation inJuly, 1970, A semi-institntional setting wherein a nnmber of denf-
bHnd elients are served In varions rehabilitative and sheltered work progran s,
it has been hoere at the Nationnl Center that the bulk of vxperiotee hus been had
with the kinds of handicapped people Faeeom is designed to serve,

The system is in nse at this Center as a tre or evaenation alarm (initinlly for
testing and demonstration, but now for “real”y and has been wired to a time-
elock to signal eneh honre's rest hreak und retnen to work, The svstem has fane-
Hioned as it was destened to do, although a number of problems have tirned Hp:
the main ones and their solutfons are summarized as follows,

Lo Vibreation amulitmide - Many cHents thil 1 severe startle factor in the
Taeeomn stimulus, "This Is not surprising : experlence neross g beond front sug.
geste that o person deprived of ote oF nore senses s stapetled by g relutively
miney stimnIns in o vemnining sense, especlnily when the stinnthue cotes on
studdenty - Thus, the Inecom vibeation, which seeme] jnst tdeginte to its de-
sighers for bejur relinhly folt throngh o liver or two of elothing, wis exvessiye
tormost deat-blind peaple, and many objoctul to wentring the sarly recelvers for
thut rensat The jocableta is ensily eorrected by reiteing the rolor miss eeeen-
teicity in the pecedver's motor o nimber of recvivers weree pecently so-uoditied
an o trial basis for the Nationnl Center by M1

L Tuadeguate poeket petention. N wweond peoblom was that veeeivers deopnged
ottt af nsers' boeekots with considerable freaneney, sometimes holng dinmnged
an striking the flooe and necding snbsentent revair, The onrly nnits had nocket
clips more suitable for seeneing o pencil than o 8 e moeviver s the retsining
method was Dintrovial <ome by comenting sheasive pgtelios 1o nress agninst the
pochet wall, hatf even the iiproved np¥ts Lad onlv marginagl retention. On the
hasis that ench receiver wonlil proboably wet droppedd sooner or later anvawny,
moee rnceed mounting meems Wers ternnaesd for the hattories ad mntor fnside,
which wore the cotaponents that generally got dislodeed from o bad deop, Baseh

[t e apstiear v e 371
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receiver returned to MU for pepaie was sent ek not only tisel, bt with more
seclive internal constraetion, ‘The problow, then, while not solved completely on
o hard and-fast basis, wis considerably allevintes), Fuvther work shionld indchide
it stronger elipe set, perlings speeigl Poehets sown on the clothing of asers for
Whon nothing else will work, pussibly monntitgs on g bebt ar other similare stente-
gen Fiwally, miniatwrizition of the recoiver wonld Buike the tash wisicr no
nutter what the schewe of monnting

S InstHatiog of espx. X thisd Pieeom system attribute necdful of japrove.
ment is the nnisinee fretor cand possible vost ) of installing the tennsmitting loop
mtentns, The mmber of loops nesded g their plitcetnent depeid on the peot-
etey ol the service aren, aml it is nar fensible o Present to prepere a ddanket
nerial of instenetions The magnetie s paths are not straight lines hut enrve
WY b st distatie from o loop, so that, far the moement, engineering jidyg-
ment is neetdoed 1o preseribe for g paetienlar setting. Fopr this redrson, hd with o
Hiited nmber of installintions envisisapad a1 present, it hous seenied 20 wise pediog
for the Sensory Adds Center at M LT ta exanine ench settitgg el suggest an
dhtennn arvandeiment. A way bas been fomd o simplify the loop regnirement
e, e Is deseribed further on csee “Hoeizontal loop™ .

Ao Misecanecans baprors pients, =Neveren) things of a1 ware minor uatnre were
susgested by National Center personnel  jmprovements which wonhl bminish
nuisunee vahte and resnlt in gremter convenlsiee to the deatl-blil isers,

U wenlit be s shovt-stope bitton on the receiver ;) pressing it turime a ring
Wordd termdnate or abort the remminder of that ring. A titerlock sigial, for ex.
ntuples might Bast ten seeonds s the user who “gor the tesstge” duaring the fiest
seewanl coithl press the slort-stop button and not e stthjorted to nine secnmls’
additional vibration.

Ao desitable: o more convenient rectiieging method than the present one of
cottevting the sl elvrging plug to the receiver, Perhaps the oleetrie tontly.
brash seheme contd be nsed the poeviver wonll merely be dropped into o spot op
receptinele and rechinrged by mamgnetie induetion- no connections needed.

Ko tinedons capartuient s installution

A doortel” fnstallntion was pat o use on n test basis g the apsrtment of o
Nationul Center deat-blind steft member, The teanNmitter was placed ntop g
refrigerittor in the Kitehen and two loaps were atlived to Kitelen walls a1 elght
angles: The covernze was adesypate in most of the two-hedrooin apartunent,
thomgh just niargtnal at oxtrenne eiids of the turtherest rooms, "The loop greange.
ment wins responsible for the nmrginality it was g eotmpratmise which uvoidel
tie consutuing work of an clectriciun in snaking wipes throngh walls, ot Fhe
transmilter wis aetuated by the apartiment front-door intercon “hevper' I
e of o sonnd switel ddeseritvd farther on plivemd agalnst the ting itereom
Iotrdspeaker i the aser's livingroon, Resitdt s of this Tieeoi et wers toported
to be satisfuctory 0 it was taken down, thongh, when the usor meverd to g new
fesatiog,

Vorilliney Tavenim devieo s

A censiderable paret of the S0 R SCosupported Fieoon work was the stidy of
Wb S toagtent "Paecom's woefniiess besoand the simple paging or ealling fupe-
Pon et swars s uitind taske N nneber of technigues wore studied ool deviees
desigiuad to that el bty of the stiidjes resulted in working hardwire, anl
solue of This handwiere was placed inta servies with desfblind oljonts Gt the
Nutional Centert sbuving the periml of the conteaet, Fhvse stibsidinry stindjes
are deseribed g~ follows:

Ntamidhy hatte py

A emergency standby battery ek wis developed for the 115 volt trans.
wither to vwble it to cottinte runking in the event of power failure. ) the
Taevanr systom were nsed as an cloergeney or tee gl 10 is apparent that the
very vircimestanees that might eall most argentty for aetivation of the ahiarm
cunld be secompaniod by o failnre of 2he AC power; hetse the need for the bat-
tery haeling

The standhy paek is peteatittable into existing transmitters: that s, the pitck
it entively into the peesent teapsmitter eabinet. The battery, o set of nickel-
ciding cells, is kept on trickbe el under noral eonditions, so s to he
siways o enll fully charged: oo sensing melay vesponds te Siilnre of the i
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power and within a sevoml throws the battery ohta the transniitter’s internal
I s o sugay eneray i a0 ring bs catled foro The Tattery will provide thirty
mintites of ringing, etongh, obvionsty, to warn of an emergeney.

Lovig playing hattern

Remwething quite separnte, stel not 1o be confused withe the nhove, ds o stuall
pecharenble hattery pack not mneh hizser than g ffecom teeviver, Bis tapieally
fept i one pocket, aid the eceiver innnother, witloa ting cible running hetween,
1tx funetion is to give the recetver o substantiadly longer vinglgs thme than the
A5 minntes [ pormally gets Frong e (et eluege on its oson internad battery, Rt
ann Netnelines it reseiver is o bie ased for many hones adoy b sbtnatinns invaly:
T el ringing, wnd 0 operated on its own fettery alone, wontd eun odown
lang betore the day ended, An example §s in teoining deat-blind elients to willk
g steateht Hte reorreeting veering tendeney s the teainer signnds him when liee
viers vin his Taream by keving o hand sender cdeseribed helow o,

{Hanid sewhy

The teawd semder (Flgnre 103 is g shoret range cibout three feet) battery-
operated tEmsmitter. One of its nses is to detionstrate the Taecom system o
visitors or to the handicapped ellents, One amds sueh o person o recelver HEH
then wakes [0 ritg by poeessing the signad batton on the hand-held semder severil
feet away, The advantiage of the short pange, of conrse, i that ane does ot ring
a1 the reeeivers B the aved, as woulid iapien i he Keyed the meaén teistnitter,
This o rehabilittion connselor enn work with u partientare elient in an institue
tionnl setting, make nuse of the short pange Taceomm feature for some purpose
or other, atd got disturb other clients by making theie instemments ring tow,

Pl uf line xignal

Anathor speeitic nse for the short ramge sfgnnl s to ereate o vibeatory equiy-
alont b the etd-otdne helt o g typewreiter, It woirks this way: the veer of thoe
typewriter wears bis Taeeons receiver inthe usual way, nnd the aod sender is
pliesdd on the table alongside the typewriter with o small cable caltieeting the
two, A= b ipprtches the el of o line, the nstant the warnbue bell rings, the
Bend setder is keyed for ahont onehalt secomd, so the pocket reeviver glves
briet buest, Thns, although the typist can veither hear the bell nor see the Hoe
hes typees, he wot< his warening auyway, died he peed not keep stopplug to feel the
cirepiinge position to settse when e is nen e the end of his line, The complete system
i~ ~hown in Fiagee 11

Tooso ald him regquives tha the epewtiter have instabhad on it tiny switeh
at the Lol amitoer and also oo sasdh eontieetor on the baek of the neelibhe so that
the latned sender can be coniected op disentineeted secording 1o whether the
avstetn is Do bee nses The typewriter is uol enemnbered inoany way, then, when
the tiew featnre is not G dse, No far oas ean be aseertaited, most netkes of
tcicliines oo be eygitippeed] with the hellswiteh, omd, importantty, sooean g Perkins
Braitfes viter, A LEitter justeinent, socegqnipped, wis furnished to oo deat-blind
beaille stser For o teial,
Sehoetioee ringing

The "Fioeevan systom ol present s oan calbrite’™ sy<teme: veceivers arve identienl
aued all vesprand in nuison whep the 25 khz activation el is present, One can
envision ciremnstanees wherein i ight be desiveble to sighal otee receiver of
another ont of o gronp, pagites one poetientare dividoad wirhone stistiurbing nny
vthers. N Liviel ctidy waos natde of ways to nehidesve sueh selective einging, A\
~teaiglt Foewaed way wonhl be to tiine veceivers fo the area to differet tfre-
prteneies aad aoalify the teansmittor for multi-fempieney operation, Sahearrviere
o tote proadndation sedpebes wattll bee porpot ey, .

Thee setective rinditie problem swas stiadie] hreicfly onoo thearetieond tassis cean.
clision s it wonbl ciinse eonsiderable conpplication of present eqipaonent bt notie-
thedess baequite feasibideo, bt o haedwiore soas B, Nooser or gsing ageney
Poc o Ko beddae Felt g peeed Tor dhearporinting <nele o featine indo bis enisting
prosratns. while fardw are for othoer Poecom ancibliaorios veoes soapipdawitelny wgs
toosdeadgiest baoedsware priority was given where need esistid,

Sraatpl wariteh

Tl RENI swite e Picnre 1200< 0 mierophonie deviee caonnectid to thie 115 vah
PrAanstar e tooeaitse the Kevige of the tratsinitter in respadese to nhient soged,
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Cne can detaotisterte jts function to o visitor holiling 4 pueket recciver, for ox-
siphe, by siving o lomd whistio: the recolver wild vibeate for the duration of he
whisthe VT son o witl Live hoen picked g, canisitg the tratsmittes to be Keyel
sl s aetivating receivers i the e,

Usofnl sound swiceh applications are prolably rather evidenn, The deviee van
bee plaeed near a teiephone tooshaimd s vinelog tooa deafblind pee<on iy the aren.
Tioe s can bedone with a doorbetl, Naceleeteleal vonnections need b nanle,
Fact that eun be snrprisingly sdvantagen<, o the ee of the Kew Gardens
instadbation deserilaad eavtive, for esiauple, the nanal e apartinent situntie
wits fettnd Do street entranee with oorow of interca battons ta “heep” vael unit,
b thue apaet ebd dngnestion s Bights upc B owonhd ive hee o eastly sk
Tor e eden e an booran seennediney lines down to thae sdreet ent ey, instoll a sperise]
httem, edes v sy teathiing of gerting the Insdlopd's Jeertnissian, As it wis, bow-
ever i eand switehowis stropped neross T Bivibgroom jnterennn spesther o
piek ap o visitar's “heep™ e colnections whotsoever had 1o be made (o the
evisting builiding wirime,

Forther nsesmight b toopiek ugs thie bizz of 0 Kkitehen tiner or the ery of qn
infant waking e the night othe sommd switel vondd e stspequded over the
ertho, Phe sensttivity van be voeied over 0 wide nge seoae to e e ~witeh
vespoonel anly o eond e by sonmds o, wanted, to panch fSinter sotifds, 1o
Grets thee sensitivity van e iereased to the poing swhere 10 will hos the trons.

mirter futeer attertly feotn the sonnds of o eadbo pdaying in the sine poo,
{ight pral

A varvespording deviee, used o detert ambbent Heht instemd of sonied, wis
thesigned cad breswgbegreded, Phise nnit onght to be thoneht of s 0 Paceons Hke
instetne for having o vilwstory displus, bt by i that, i1 has oo tliteet
coneetivgg either to the reveiver or trausmither, 10 s, in el o totally  ~elt-
cottuitvd nnit reseanbding o staall st tnstend of easting Halif, thougl,
itorespotids toc Helit s ainn it o sonree o Babt oad it vibregtes ke g evom,
reveiver aim i whane theve i e Bght sand it is <t T emdnadios o lens, photis
testnsistar, sofnd state amply fving cireaites and o viheations oo

The tizht probe conld b nsed by o deat Blind puerson toseertain whether
Barhits sweme i et ina room, whether g piled Bige saonved to ~hew 1hent an
appdirne e wors trened on el so forthe Adso b sl v appiivation in tepved
Periitting ore toclnne bnoom g Cront doog He bt ot night, oty
HEvery;onfal lra

Wien it Locme apparent that o singpde sntennag wontdd bee g werthwhile
ssstenimprovement, o odithel joehet receiver wie designed w e leogs
stiche swas oriented verticallyv Fianee 18 <hoss This roreiver s phe T <tivh s
Beld dne 0 Bt v “BEisTer™ on the Frant

Wil this and of recviver in nse. She transmitting antennn ean be o ~ingle
feop ot havioantal phinee: o0 woenlil ran aroned thee foeritneter ol the ooen
s b covele b o owhich et b Illlill' faroe  <opnse davtes, in ll.'ll‘l'. Ui 1y
e vnver Tooaet b dvags i gl o Fim i rose Hovrway s in the interine, «
I Bersune prdnt wWith thie present <y <t

Thiv ew systenr wonbit hove duen nsed 0t the emteet, Were 8 e for (he
thonsht that the voceiver desizn wonld have heen Potnpiicnted ad e shipae
Slichtly tess nbvantagings for pea ket careevitge Ao i was oageit that the
orizingl systens wonthl ive thie geer ooy bzt goee Britade in beending o ~tung
g, where the recciver conhd abeet mmny desires from verthea s, aned stitl
Baroa Titthe vish o g ~od e e

Phvesr pobdetas e nol 1o bae rponbdesdige s arizitally thoneht, gl the
BeW s steqn how e pireferabilbe o Stepcin s conal divection, 10 el when e
Tiverone <y sters e fnsta o], thie e Bevizetal-boope aerange ot will porcdaldy
boe pvonptiendind Tor it vitngedieiy

"

.\'H[utl”l-ulj el

drer s n bl ar Bzzer ean tee nadd for ~tple tessires Cte o e deae™
(L TR RETY ENTIN TS TRONY R FRP RS infortoation of naweh crenfep seque, fogp e
s Merae o N sy ex oo of the Thecom svstemr bas alwivs
sevnted an o eNeRng presstia ity the peeeiver pesprapds swiftly to RKevod stunals,
ated The teansp desiote of Morae adbeit ot 0 sbow rte, <honld he povsthiy by <hmply
epesting oo teleura et hes te e Penten itter Phins e eonhl “tall™ feen
dent Blind person st godistatiee, aapething 1ot resedily feasible ot peresent <o far
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as iv known® Wit o sonind switeh apesoprintely phiteed neanr a telephione re-
ceiver, Morse conld he seat o deathliv person at his hote vie felephage,

At Jenst the beginnines of eodsd signalliog are nove i view: Cients at the
Nutinfial Coenfer distinzuish e long slow png for the honely rest bicak from
thee it short rings of a See dreill Mso, visbrors to the earlicranentionsed o ot
blimd apartment dweller wonld Hdentify themselves at the door by individua!
votdes: <two shopts, one onge, ete, A o Sensory Aids Center an all<olid state
vode Kever s been Breadbogrded with which, by pressing o button, varions
ten-eloement soqgitences of dots amd dashes can be fnithited,

Hhow pseful «aell teelmigques might altinately be is not known. o view the
nuttter conservatively, o Morse sjgpalling <ssstem might tind dittle usefut.
noss to most dentbdingd persons indied, on the basis of conversations witly re-
habititntion workers, there seem not to be owmany deefblind people wha hitve
Tetrtest Maopse, ¢4 the otlier sl the peesonal eommmication barrier is the
domingt fipaet on teds teaeie dontde Tuiedieap, stid anyrhing that mbeht help
peneteat s the harrier st have potentinl vilue,

PALIISOUNDERS

Approvinately three yeurs ago theo Pathsomuders ™ tultrosonte piohility aids)
weore pnrehn aqd atnder Contraets SV 1087 67 ¢t ni. precedessors to the current
SR8 cantemet a0 SARDC, Thee Pathsonder is shown in Figure 14

A foltow-on offort has eontinned e the evaluation of these devices: this has
invelvial o mdnicoil expenditnee, siiply that nesded for nstintenanes, responding
to ingniries, sl secasicnnd aets of assistanee to asers mud their instenetors, The
follow - sevine to have heen highly wortlneile: thonely it may have regnired
only ¢ otiny fraction of the SARIW oftes The following is o brief suounary of
the scatns of each Pathsounder, with meition of tle sehoul or stgeney coneerned.

T first nnit is in use by a young wonmn blinded ctofatly ) and deafoned
tpsrtsallyvy by o recent pttaek of meningiti- Phe eelmbilitation counsetlor, in
avepseoing enpetrnvel fustenerion for this elient, requested o Pathsounder e
cirse of e dithentty she was having in lnmaping into nbove-the-waist objects
el beeanse of her inahility to laealize objects by sonnd, She reported the instrig-
teent most help?nd and her lessonms ended, she now retains it oon Jong term fonn.
tVision Center, Cobums, Ohiog

The secopd unit has been nsed inoan effort te effect some Hmited travel
indetetdenee for o 10 yearaold boy blind from bivth and contined to o wheel
Slmie by cereheal sy, the Pathsonnder gnd appropriate teaining have got iim
ol s feet™ toon modest extent, and s ustractor reports encolrageinent.
PO o NEirte Sehal for the Blimd, Columtais, Ohiog

She thivd Pathsommder is in use by g Blitd Brooklyn reshlent, @ canetravelor
wha, aeeording to the peeney copeeried, was trgined wirh it, fuand it helptnl
in walkinge toowirh in o city enviromnett, vas siowesd to retadn it ml eantinies
totse 10 CT e Jewish Quild e the Bliasl, Now York, New Yorlk

The toarth s hsonnder is in nse by o twentys eae-Vear-obl gird totally hlind
From birtle and eontited 1o wheelehair by cerebeal padsy, Sheeogendiuated from a
residentinl celionl where <hie was given Parbisonnder teaining: beeaise af her
travel progress fhee staft edec tesd techave her petain an instenment, snd she js neny
repmrted] te b traveling ivdependently and effectivelly in her new envitonment,
Ehe Ol THE Sehool, Hartford, Conn

Thoe tifth Pathioomnedor s been one dosin to e eatiegse for o aae of feaeliers-ip.
trdning in i1 Orjeptati - and Mobility Peezenne A rather thorough evaluation
of the dhevive's etfectiven o wis pertormed by several stidents, in partiendar,
the efectiveness in easing o cineteavelor’s eodarse throngh faiely dense peldes.
i teatle in dosntown ity aers The pesalt< were favorabde, aned in fact, most
erconrasineg: their paddieation by thee invest satores is anticipated, cUniversity
of Taresboreah, Pircdorrah, Pentar o

Trove, afl five SE> cwmeef Patlsog olees entitine to e henetleinlly etaplosid,
atad the o prevabietive iidsen between thns Center aid the sehonds and aoeneies
v ol <hanhd e ey ident

i'l vergpe !

Phoo Sty o tlos SN dnrine this went inelndod Vits A Proscin, Researeh
Necacsabe and Thrector o les Coepber oo Apreil 197200 Gearae Foobatleymphe,
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DS Stufl Memlaer and Acting Director: Nuney Brower. secretary (to Apgust
W3 Bvelyn Weleh, seetetary  ( Angust 1970--June 1972) . Nusn Noknlnr,
seereriey osinee July 19520 1 Norman LI, Berabe, Senlot Pes Wnfetun, Additional
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AreeNoin L-EvanvanoNy or tar MLT. AuvroMaric Buainikk

The MLT. Brailler s been loented in my offive in NSNS Blectranle Re-
switreh Center in Combridge, Mass, Tov three months, The Brailler is copheetiy] to
#oteletspesriter which i in furh, coliecled by o felephone dine, 1o 0 Digital
Fauipment Corpe D210, o digital computer, T shure tois office with one other
jierson.

Fatn Blind ;v oftiee e is not, Both of us are PLHLDL, Aerospace engineers,
caiprdoyed By NLARN 1o piesie resesitel in the application of orbital moechatios
brthe determitition of the wotiog of earth sutellite, The icletypewriter hias heen
nsetd exelusively by gs,

I bave heen hivolved in this type of work for ten Vears, By the nature of the
WorK, it Tiis heen ossential ta progemn the tesnlts of my resenrrh ol a cotputoer
e purposes of veritieatiog of the devtivaey of the clenlations, evialuation of the
methruds empioy sl and investigition of possible applicntions, As is not unnsual, 1
Lave called In prograsners o crrry out the aetant peogeananlog amd ranuig of
the resnits on o compoter | have ol te rely on others to at least sean the nn-
merical aatput b order to keep abireast of proageess, “The whole provednre has
beeh quite unsatistaciory, The effor, tine, vost, ol tipes and the incetlivieney
ul the procedures have led, in prsictice, to bying aside posstble fruitful avenues
fur investigngtiog,

With the adveut of thnesharing ctpai bty the situation has hoen completely
dltered. A selentist enn now have diree! necess to e camptiter sl ahinast zero
trn-arontd thoe, However, for o blind seientist the thme-sharing capabllity of
volpiiters is ahsolutely useless withont o bradlle ontptt devies 1o reproduee the
teletype ontpat. 1t was sy good tortune thit, when the timesharing fueility
beenine available vome, atunost stomltsieausty, the MCE Braliler was put at my
disposal tor evaluation phrpuses

From i purely persomstl point of view, T ennnot ciphastze enough the alimost
msnticipated buost in morade the Beailler has afforded ne Fop the tirst time, 1
Cin ecess the cotpner diveetly nod, for the tiest time, 1 esn rend e restifts of
my Lithor. It is no exapgeertion for e to sy that, for the past three months,
Luves spenit Just about every waking tonnent eithep sitting at the Brailler and
telety pewriter o prepaving my uext tmnerienl experiment, Needless toosay, 1
haves ot nenrly exhausted the baeklog, Lilt np durivg the past ten vears, of
possible nsex for the compnter,

From the point of view of o productive worker, wy eontreibntivn to the in-honse
effort has Kept puee with my colleagues, which waottld tiot have heen the cuse hid
ot had the Brailler sty disposal, | eonsider it indispensable instentent foy
wy work, Shonld 1 be deprived of its use, my valiue to my vplover wonld siutter
voltnetsirtely

Ity oplnioi, every possibde effoet <honhd e ninde 1o cpsure the developient
and further relfinent of tae MOLT. Braitler gmd its availibitlity 1o all Blind per-
s Wl it demnnstrate o egitiisite yse for it Phe potentinl tises for the
Brailler are by noowenns Hnted 1oy partienlar applivations, Fhe least that ean
Beesaridis that wasttever is vailable (o o sightie] Jarrson thraugh o telety pewriter
ivavailable tooa Blind verson thromeh the aablition of o Brailler, "This vapabllity
aone is satlicient to justiey the deselopent of the Brailler,

Fhe MULCE Breailler dbwes hitve sonne shortenminus, bt they do not neaely einee]
it ndvantages, Oue sdithenlty with the preseut design. il ome which will take
some inge ity to eliminate, is the deoppine of o clacter ar the end of 3 le
This defecr lis been mare of g anboyanee by e, rather theen a hindreanes, sines
properly fornsitting the o pnt eirenms ens lineoverbap, Noise is another antny-
atwe which can probably ouly be soneliorited nuder the preaent doesign, Sone
Asprets ot the Bradber whict ean be i ed e s size of the maeehine, i nner of
presettation o the brasHod ederind g« it isstes Crom the mitchine, andl reliabitity,

Jou N Mogrisoy,

Drc Morvison weate this reporet divect!v jnto the 1D 10 colnpiter nsing o
tedets pe s bsritlerndioss N tost editor prowinn, TEHCO Clest Faiditoy gl Cor-
ool wios sl b eaorrert, insert, delete, sed pneadity Cepuert 8 lecessiry, b,
Marrison then sed ancaanitiooey preogriam te ford tie report for the line baugth
af the Lo illewhoss Fallowing e Moprison'solimeelions o teletypne ar the NAEDE
Was s avhead vin tedephiate o the comperter and the fepert reguested. ‘Phe report
was printes o e telety o divectty frosmn thee retuptiier’s menory, Phis eopy wis
retyped fromn thee telety pe capy withous faether editing

Grogor FooDaeky s,
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APPENIIN T1- - SEMIANNUAL REVIEW

Iate: 20 Februnry 1071

Tor  Mussachuselts Commission for the Blind

Prom: John Morrison, Departigent of 0 stisportation, Transportation Systems
Center

Subject s Operation and application of MPI-SAEDC s Einbosser.

At thix installation, the Hratlle Embosser is conteeted to o Teletypewriter
tMaod, 35). This remote terminal can, ot present. gecess hy conventional (voice
ehinnel s telephone lines, either g I'Di-10 computer ¢lovited in the building)
oF the Govertmneny Services Admintstration's vompitter center lociated in Alanta,
Git This latter facility is acceessed by a loend enll to the Boston GNA othice; then
via leased Tines thromeh New York and Washington to Atlanta, The computer
in Atlunta is 0 General Blectric 440 Time-share Nystenl,

The remote terminal is in nowise Hmbted In its use as a4 conventional Telotype
by havimg the Braille Embosser attached to it 1t 1= ax natter of fuct, not
only nsed by myself, but by two or three other sighted persens, For the most
piart, I use the terminagl to perform three funetions.

The tirst of these anud by tar the most Impertant —ix to fnput selentitie pro-
grivms into the compnter and to output the results eoleulintod by the computer.
The Braitler ix essential {n both stages, The toermingl produces a bratlle copy
of my program, along with finy errors in the program that the computer ¢an
tind, “This permits e to have i permanent enpy of the program for future use
atd to ke any necessary enrrections, e output, of course, is most important
since At contains the renson for doing the work in the first pliace,

The second e of the Bratiler (and the Teletype) is to obtain coples { Braille
and priuty of wmanunls and shared libmey programs which are contained in
storiee in the computer systems, Phis facility has been especially helpful to me
in Tearning how 1o nse the GRA computer.

Fiually, oue of the campaner programs « which happens to he avallable on both
campitersy ix of particalar interest to me for resons other than mathematical
or engineering. This progemn, called Runoff, wias devised to assist In the prep-
aration of reports. Towrite o report in braille; type it into the compiter, in-
eluaing instenetions or tithing, contering, paragraphing, footnoting, ele. 1 get
ek o brallle copy of just the report cwithont the instractions) and typed
copy in which my instructions for formating lave been enrried our. [*rom the
Braille copy, T ean tind my inevitable ty ping errors. Others can review the typed
capy for meditications are then made, by Telety e tnput, in the computer. The
cortgmter then antputs the corrected report as o tinal copy or druft version,
This report ix heing generited in this fashion, | iy decide to make some altery-
tes i the print ponetiation as o caneession to the Leaille rewder to counter-
Balanee The many concessiatis miede 1o the print reader.

Rezarding the performanee of the Beailler In itself. there are fonr remarks :

o hrongh sote efreait ehatgae the Brailler is now able to finefeed withowt
drobpims o character at the end of o line. ‘Ihis is 0 marked Improvement,

201 have requested tiat lineefeel stenads from the Teletype be interpreted
Iy the Beaitler as o space. This modifieation luts ot been made. A Hne-feed
which does not oeemre g1 thee endd of o bhreailie line always menns g4 wasted line of
braile papers S report §s beine tepead in single sparee for that very reasan.)
Sivev o Teletype tine is abam denbile the length of the Brallle Hine, about one-
third of o Braille page i cmpty. Fhis ix oun extravaganee which should be
avoiled,

A Thee Braitler misses characters v what appetrs to be g random fashion,
Thesmrae has not as vt et o cisely pinnnad down,

FoA canvenienee switeh has nat yel heen provided for disabiing the Brailler
While pearessontial neterial is being typed ont op the Telotype,

ApreNniy D CovMaeyts on ML BeA e Fanosst i

Fhee MUY Braithe Frbesser has cotribnted sjgadtieantiy to my position in
thee cotprpenter field Fowenbd <oy then ather than iy techiien? eduention ot M.1F.
it bas beaens the Trrgest sinale reasan that T have been ghide toogor this far, 1 have
Beet bl by iy enade et in et that having an emhosser wigs steaniticant in my
hed i hired.

‘ 93 :
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I do feel however, that the Brallle Kmbosser has some limitations. For exam-
ple, the eombosger s quite impractieal for printing large quantitiex of muterial;
whether it ix a large core dup or just n large program. Also since the emboxser
printy with no special format, it does tuke some initigtion to he proficient with
it. ‘I hls-tust problem ix solved nutowaticndly when the user has had some experl.
ence with the newchine. Also it is fairly trivial in most cases to supply the neces-
sury software to produce correet format. Fortunately, for most of the applicu-
tlons required by a progrumimer, lurge dumps and large programs are fairly rare
unless the user is g systems programmer. as in my ease. I have found that in
my ense, T have beeh able to overcome this drawback by other weans which are
working ont satisfactorily, There is no reason therefore, that a blind programmer
can hot make adegnate use of the embosser to beeone worthwhile on the joh,

In the future, 1 min hoping that a blind programmer eould be equipped with
hoth un embosser and an optiteon, Between these two deviees, there Is practically
nothing that blind person ean not do within the sume time span as his sighted
enlleagues,

‘Fhe reliability has for the most part been satisfactory. I am however concerned
that In the future more emphasis should be placed on the training of persons to
become repalrmen, When iore units qre placed, It will be obviously necessary to
have a tegan of people that can go into the tleld and make necessary repairs to
the nnits, This is especinlly crueind for these nsers who are not loeated nenr the
Cetiter ax [ am. I feel that if enough attention is puyed to servicing the em-
hosser. that g large number of machines witl be made and placed in the tield.

ALAN DowNING.
Arpenpix IV

RoLis-Rover Lisired,
AMERICAN FouNbaTION FOR THE BLIND INC.,
New York, N.Y., dugust £, 1972,

DiEar MR Granad : Very glad to hear you will be in this Country next month,
though naturally sorry that yonr timetable will not permit you to visit us,

Yeont will be very pioased to hear that the Braillemboss has beent an ungualitied
siecess, Torry Hicks ix delighted with it and by its help is a fully contributing,
amd very capnble. member of our programuing tean.

We birve no need ta make any coneessions as to the type of progriunming work
wo sk Ferry to undertake, thongh in practice we avold giving him jobs involving
unnsinally large quantities of ontpnt, not hecuvse Terry woitld be unable to cope
bnt beenuse the difference in speed between the Braillemboss and a stundard
e printer would involve his taking rather longer than others.

It has heen n great sonrce of satisfactlon to us to wee such u suceessful out.
cotaes st we liive iy people to thank, not leust yourself.

Torry Pate, whose enthustastie and indnstrious gnidance of Terry *Heks has
beeent the most signitieant single fuctor in this enterprise, would like to see more
blind people exposed to this type of environment. To this end we nre considering
the possibility of training others, though the form und extent of this will have
to he carofnliy thonght out and be nitimately approved by our Divisional Direc-
tor- who. T shonbi ndd, have gone out of thelr wuy to support us in this venture,

Perhaps Messes Pate & Hieks could arrauge to meet you in T.ondon for an
Botir? Please fet me know 1€ this is a possibility.

Yours siticereiy.
Dexxis C. BosTON.

Forpina CANES

Rinee its ineeption, the Sensory Afds Evaluation and Development Center has
een concerned with examining and developing devices to enhance the mobllity
of the biind, These devices linve {nelnded the Pathsounder, straight line tr;'u'el
indicutors, competsses, the foldiug cane, and ather deviees. Barly investigations
extibliched the following eriterin whileh must be met by a folding cane.

1. The welght of the eare cannot exceed one pound.

9 Te foldest enbe eane st flt into a coat pocket £ X10x8{ inches).

4 Aside from colliston ditmage, the cahe st survive 5,000 fold extend cyeles,
based on one yeir of nse by anaetive blind traveler,

1%L
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4. The axsembled unit must provide a hand!e and tip with similar “feel” nnd
sonnd generation capubilitios as those experienced by current long cane users,

. AWhile the extended vane length eannot be ehignged by the nser, the design
must include provicions for supplying the cane assembly in two-ineh increments
of lengih over the range of 36 to 70 inclies,

8. Gpening and closing input forces cannot exeeed the capabilities of women
und children.

7. Opening, closing, locking, and storing procedures, must be compatible with
“one-hnnd™ operation.

R The over-all design must he simple. Fabrleation of component parts should
not reqquire specialized technlques, seleet fitting or nxsembly,

% A realistic mass market price goal wax estimated at under $10.00 each.

Each of the then known available folding canes were examined and several
tested, None met all of the requirements, especially that of feel und durability,
Earlier work at MI'l' had produeed a design eoneept, a eentralsteel-cable com-
pressing cotiieal joiuts, which showed promise of meeting moest of the requlire-
ments, Work on canes using this concept produedd the “alnminum-tube, swaged-
Jolnt, contral-steel-cable folding cane”

Durlng the eonference for mobility trainers and teehnologists,? the Center was
urged by several of the attendees to distribnte the swaged-tube central-steel-cable
eroek handle folding eane in its present contiguration for evaluation pusposes to
appropriate agencies and persons.,

An evaluation involving approximately 100 canes was performed, The evalua-
tion used qualitied mobility instruetors to interact between the Center and each
subject, The mobility instructors reeruited the subjects nud determined the cane
length and the tip desired by eiach subject. The cane nnd o dota package was sent
to an instructor for ench subject, The data package inclnded hoth Instruetions
and the data colleeting questionnaires, The instructor tnught the subject how to
assemble and disassemble the eane and at the appropriate times adminlstered
questionnaires. A pre-test questionnnire was used to determine the subjeets' regu-
lar eane, travel skill, and travel habits, while the post-test questionnaire recorded
hix uge, lHkes and dixlikes of the cane,

The eane was well received and thonght by most to have charucterlstics similap
to their regular cane. Two problems reported were namely the large size of the
vrook and both the small dinmeter and surface of the grip,*

Continning work on folding cane development during the evaluation produced
a stradght handle cane using the sgme principles as the erook handle ennet Sev.
eral nsable but different prototypes for a strafght handle eane were made. Each
of the pratotype canes overenme the difficulties discovered during the erook
handle eane evaluation while retaining its desirable characteristies,

At this stage in the strafght handled eane development, it was realized that
thix eans met the important above requirements, and thut it should be made
commercinly avaflable, A search was then condueted for both a manufacturer
and an approprite agetiey to assist by providing the tooling and Initinl produc-
tion costs, The Northwest Foundation for the Blind through the Center provided
a supHl subsidy to HYCOR? a loeal aerospaee company who agreed to make and
offer for wiule the stralght handle enne for $12.00,

With the introduction of the eable eane by HYCOR. the Center's work in fold-
ing canes his been bronght to a sueeessfal conelusion. 'he work on the folding
ane has demonstrted the essentinl reguirements of providing a new and nsefnl
applinnes for the blind, from the reatization of the need, to the development of a
viable concept, to the praetieal design, to its test and evalnadon, and to the ap-
plinnes commareinl marketing,

The support of the Center during the folding eane work was by the Voeational
Rehabilitation Administration and the Socinl Rehabilitation Administeation of
the Departinent of Henlith, Edueation, and Welfare,

I Heport to the VRA from SARDC Ot A1, 1905
. 2 I;I'u"r!'l"lllt\, Conferenee for Mobitty Trainers and Pechnologiste, SAKDC, MIT, Dee. 14,
AR S TH
TFlnnl Revort to SRS froan N L9 D BT RT3
S Anrdd Renart 1o SEN fromm SALDE, 1967
YHYCOR, North Waobnen Industeint Poark, Waobnren, Mass.
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Braitresinoss A Biviene Paut Priv ey

The NIV Preaillembees - s g braille e printer designed Lo elnss Togille
al ~hdne or faster pates than teletypes, Tlhe e Lgnbaoss ieeepds eleet rical
Iit::nlll- il st b b viciety of somtrees aned o v pronhts o B e paages
When vpervating continuonsdy, it produees o Pt of braille every LG fo 20
Hagite...

The Bractlemines Biies are S5 vells g, Pl Pt Jins 2N Hines with 20 lines
fo BevatHle sl 5 Bk fines for the tope and bt bega maeagin, 1 e Jutper Used by
The Brindbandoss s 100 porul bigsis Juanidta b fobdend sprovhet deive parper,
\\'h-"n the <hievls are cepurated and e sproehet drive s1eps are retovesd gt e
perturitionss vaele <hest s oo stwrabard 10T fnchies,

The beart of the Biotemboss s thee vl e g B, vach head contitins 6
vinhessing plous in the veaiibe cold candizimaton aud an infetposer g boneath
el et pans These ol ate Fiastened to o chimm aml s g reantged steh
Heel ote beand bs alway s sapported adber the pluten, o steel fempde die cantasiing
o hraathe ceils,

oy emdwssitgg pin is einz hoded apward 1 an iterposer pine is held o,
then the envrespotaling einbarsing pin proshives dol when <teach by the pligten,
It imterpee ey pin Is ant, the vorresponding <pring hadel viihosaingg pin s
twerely Toreed dosae by the pacten aond foe dot s nende,

Farel interposer pinc s cantealbed by oo selector bae, Thers are 6 sedeetop fairs,
sl bor eaeh ot Wit B oon eich sade oF Hee iead, Taoel seloctor g is prarallel to
thos heid npport trael and i~ eogeeolled Ty solindd 200 i o0 Wvoita . When
osobeiatd s ehergized, the copeosproanding Witerposer nodn the aetive hewd s
liedel i

The hesnds ave posativnent by both o stpport teaeh aned o toothe Dt eigsiges the
eseapetment niek, Phe toothe s bield gwigest the ek by oo speing deiven by o
Lorepne tietor. Plins vongbimdion suppltioes 0 coustant foree to hewepr the tinth
virided.

The escapetnent vaek is cangusasd of Pwo onefinlt pitel rochs dlisplitessl by o
piteh dength, "The rach <hotthes bael aied Porth ot vizht ansbes to the lstd ek
el is deven by b ceventries Fach thine the raeh menves Trota atie side oot
other the he ol advanees one eell When the aetive boand s o thee Tast eeld Joeation,
it chees an el of e switel used in the Carrmge Betnen ogge.

Theoyfnten is supponcted by bwee pavated aremes and deiven by eranhs ot hotl
etids af the eyebe shafe, Pl mnck s also driven by an eevenirle gomved st onne.
WP <pweed tos the exele shatt, "Phe exyele shalt s deiven by o Y, horsepower
Imotor thranuh o cxvle elntch el tine te ey ele clatel sodenaaid s padsend, e
eyele =Lt nerhes one revodution The platen goes thieouehn owe ey cle, $ram top Lo
ciathoss poosition, aned Iircl ta top, while Do el moves frome ol side T the
ather sidee vaoche tre thoe evebe shiatt mvolves

Tl T tolil sprevacboet dbrove 3 per is stippmrted by T faipeer Teactors oot el
close to o T teach it platen bt one the ontpart sede. Phe ety Frietops e
desven by o Dedes bazintor, Fach tione tas bngtiontor i< prlsead cdoaaps e 0
Vallsa b iy ates the gasper an bivioate Tiie 8 ae2e vegister is alsaon paet of thy
papeer drive ol poonides e switeln cbasare ey page to o etsble o new poge
cetubned Tt aversit el enecited

The sndaess separetn eos o Dolleow s The electragiies deterpnie fron the signals
et o berailbe v edb - te Los enghessedd Pl syele chigbel is podsed sind Hhe HE OO
ate sebevctor bare ne et arZest the sbasang s perfocined as thae pliaten teaches
th Lattote of ot o enenges o, e sedectopr beirs e peteasood sid the bead is ol
sogoeed de the platen teaches e badfsway joant b its apaweond teavel, Fhe spaee
cenprener e idesboad eviept that o selector boars ave pet eeegizanl When the
et Byt e g thee Toaet NIy eeldl, st the tine the sedeecbog Terrs o redeiesead,
e alitetntie T feest el s generated SPhis proccides o aoitoneitie carviage
vetarne b the sand oF the hine "L poago-v as asbvaneed and Thee nest foend beeones
the ectivae bsod i thee Be 1ol poosition

Tl taeriawe Betara P tion is conteodbed b oo thipe g, When the Caprrinee
Betwvss thype thepore <ot a0 =edd eden Lo seeries of eva leoebuto be pasbsaw ar generated
il thy Toeaeds sre stepead el The aatomatie: e Peed signat when i the
st vl pesete the thp thap aid <taps the foeods sl thert thee netive bead s in
the tiest vodl Boratieen Ul Diree Feed sieiad podees the e feed Digiantor.

LD Begillhombnea Speettieatione SAREDE st 108G with Intest revislon
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The Emlof-Pase function b alen controlled by o thp-tlop. When the Bnd-of
Pave thp-thop s et a0 el eloching sevies of T teed piibaes are g2ebertod to
~tepr the garper. When Hee parpeer b o stoppind b the rest biwe posibion on g page, Hie
prnge redister switeh resets the B of-Page tip g

Phe clectiiead sigiads tor the Braillemboes e derved froms three poimesgal
sobprees, nethint] cincliding o hexboaed . o paper tape reinder, oF a0 teanshater?
The nernnal tissdes b useal prinseily tar test or linsted saddibeon to beaadle from
cher svarecs Fhe translator alow s other devives siel s el 25 0 30 Telee
type< i TN 2740, 0 vand reider or simsifar devices toosappdy the electricat sig.
s A theee vontieetor daptor lies been peode to et papee Gijee e wiler
entddes that bradlter vodes 1o drive the vlnbnsser thvonsh Ui apjnopiate

tratislutor,
POTSYS 0 BrADLE 'FRANSLATION  PRouA N

oo Bodd the MU SYEDE ansdertaok tHhe systetss desighy of s perograininhig eol-
ples adapitend 1o 0 more snbliones and tlexibhe beatlle utilizatbon <y<ens, than
hind previonsty esistesls Fhe syatems was bbb 10OTSY S e DOYE SY Stem
and e deseribed an some sevadl e e Procecthngs of Breaitle Reseitrels conder-
ehves, and by Goddish,!

PrlSY S abality to transhitte telety pesetter CPUN Gopes into greade 1F bille
Wik deponsteated Iwier during 1966 'Pine liest detonstration eonverbiad new s
serviee Lapes inlo bvaitier code pomched paoper g, Phvse tignes were then ran
ot the MET High Npeal Batile Finboesey, The predeceassor of the Braitlemboss,
b prodiiee the beaibe, The ceevd demoti-Aration converted the 1°Us paielad
paper tapes n-ed to prind s texthosds into stereogeaph putael caeds, Lhese caeds
wert <ol b the Nmerivan Printing Hooce Gor thoe Bhind s hess dnterpninbed zine
braithe plates were made on their eard deiven steresgeapln, 'Phe hraille was then
enho ol biethe standard Siehion,

THYESY S cansists of 0 wimher of progvan eoccoutines or “hosves' eaelr which
titdpnbites the informtbon being processed in respolise to emapnter divected
FenHests Trotg siborevssive elements in the cotupadation chain,

Thic sexmented appratcl to the prograsmning of DOTSYS was pradicitoed on
vertinn pitsdected] sdvantages Flevibilty s nebleved sinee ew “hoses eqn e
ttrvdieed peogressively into the syetem with bt mwinor side offects sy Hhee pest
of The systene Thine, e inpot meadia ean be aseinnbited as it bheootges svailuble,
thee tratsLantion proceane can due agaeaded, sodd tew b te prodietiog teehudques
vings e sncennnpenda ted., Nedaptition to vempmiters of different sizes is feilitated
stncee s everadl proeessing opeeition can he segtmented into bloeks which it the
svitilahle compnter, produeing and storing intermedinte resnlts tor habching
speeril i Finaddy, O o o proziean writing and testl oo point of -vhw, e ches®
appreach dividhes o very biz overall job inte digestible portions which bndiyidns)s
cithe preriiy separestely while asrintaming eVective cotmmnnicntion with their
oo arhers. ol the individual seguents can be indepemdently testd and
dehipe sl

Pering the smmtner of BT the ieevssarry poitts of TREPSYN were weitten o
teskitiead Vo perinit conggatter transbted braithe to e wenertod remotely from the
votpiter The nevessar, buptit engpal b 60 boses wers weillely for a0 il
shavesl vonnpniter cCTESS i PN 00 i MEPEY.

The neevertal b bee beaithad was tepasd intn thae ot ptter by g tyvpist tisinge o
tdoet 20 NS telery pee When tee U pist coangelictyad typine the ngcberied, 1or when
Sobnivintn et SO s swere pasd e, Pl Uy past i o 0y e eanmed, indtinted
the b Bvieens Pl Graode TE beadbhe wars cend to s MUT Pk Npwar” Praithe
Fiehoo e throngzhe the oebetygns vbmeice e Bime fhee Pindinesrer wirs printing
beatbhe thoeFebety pess vites s frinh e teeitanghess basboo T hoe b - e
EV gzl aed af the craadard fortaem

e LA s P s L e Heachor
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It wins thix system which wins demonstrated at Perkins during the winter of
1S The operntion of the remote braille production systent was taight to ap-
proxinstely 4y members of the upper school faculty, Enthusiastic approval of
the concept around whivh the system was designed-  the production of braille
material by an individual Whe is not familiar with Geade H braille was anan.
itzous, Muny of the teachers were fumiliar with speeinl forms of braille, such
as the Nemeth meithemtivs code, yet understomd only superticinlly the English
ehemling. Others could reqd it quiekly, but were comparatively slow transetibers,
Ntifl others simply did not ive time to mivke several braille coples themselves
und were dissatistied with the quality and necessary waiting period for velunteer
suppliegd braille materinl, The must eneouraging result of the dewonstration was
that well over half of those who used the equipment stated that were it avallable,
they could continue to tise it several times @ month, even without uny further
modilieations,

Doeveloptient of DOTSYS wias not eontinned further for several rensons. First,
the progeam is it Fortraon Assembly Language (FA L for 1BM 704 and 700
cotppters, These compuiters are now obsolete gt live heenr superceded iy the
Systet 360, FAL is ou maehine hingaage and canhnot be readily transferred be-
Dween sintdlr computers and cannot be dsed on the 360 series without camplete
reprogratmiutig op by cammbittion tnow not readily available),

At the titie of the Perkins demanstration the then current version of Bmbosser
eotthl sperate gt only one-half teletype transission speeds aud then only with
frequent nttention of the expetinienter.

Pleese Limitations have been overcome, DOTSYS B his been written in g higher
level vetrpiiter Jatpgnage, CORBOL, o nearly aniversal Lagnage, ‘This hingunge
i~ available on tnost hiege computers regirdless of naauafacturer. Parther, the

Seatllemboas s been developed to the point where it works reliably for tong
poeriods of time at MODEL 3 Teletype Spoeceds,

P'ATHSOUNBER

The Pathsontder is an experimental moldlity nid whose parpose is to “sereen”
tieciren ahead of o bHnd person and warn him of obstacles in his path, in par.
ticutar when they come within a specitied distiatice, asaally set at six feet, It
I sonor deviee, nuaking use of ultrasonie sound to probe the area nnder
surveillinee,

Usedd by o blind cine-traveler, it As typicidly worn at chest helghit by moeans of
o cord aconud the neck. Inosiel o manner it complements the eane in that it
esplores the above-th waist region throagh whieh the user's head and shoalders
Will pirss, thus warning of overhanging objeets: maiibox, tailgate of track, ete,
With its sin-foot runge it gives earlier warning than the enne of things ahead and
so can be helpful in crowded sidewalk teaved for avoiding collistons with ather
pedestrians, catie pokes at their heels, ote, CPhe tradnee s tiught, upon onset of
isigued, to Stop or clisinge divection sHghtly and seek anopen path.

The Pathsounder mnkes no atdible sound ntder norinnd conditions cno ob-
strnction aheady, but when an object comes within the six-fool range an inter-
mittent buzzing s is emitted by tiny signnters on the neckloop just ander
e aser's cars, B the objeet cotes 1o within two and one-half feet the sound
changes to o high-piteled beepimg to waen thiat the obstiele is now very elose, The
whnle surveilliines zone nuey be visnalized s cone-shugpasd with the apes at the
traveler's ehest alidd nu o oval cross sevtion aboit 22 fneches wide by 35 inehes
hizzh ot s poant sy feel in tront, Phe devies is abont the size of o stall eatuera
atad carries o rechargable internat batteps.

Prepdoyment of Pathsomders in the ticld has been effectisd thrangh noldlity
instrnetors, who have functioned as intermedioies hetween the technieal de
velopers aned the blind cudonserss Many o o aest of the applications have in-
valved enepts with ond of the ardinary problems s blind wheelehair users, cane:
travelers with faulty obstuete perception die to heaving oss or babianes, those
with injuries demwatditgg extea dpper boaly protection, aie] so ool e severd
cises, nofad eanvatravelers cies withom other hatdicnp than ldindnessy fonund
Pathsommers belptnl when their dadly vrotes dnvelved city teavel on heavily
crowded sulewalhs,

CGrerner. WO L B elapanent of Breadlle Poe Closseontn Vel Thesis o MOS0 Mevhunteal
Lingitsetlog o MUT 2, Fobirsrey tns
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BRALLEAIBOSS ArPLicarioNs

The MLLT. Britiflemboss® ~® 19 an nutamntie benille printer operated by
eleetrical signls derived from one of iy pessible sonrees, It enn operste w
Spewds compatibde with nemy compmter termingds, The Mawlel 3 Brailleniboss
produces high quadity beaithe of standannl liternry format, When operating von.
tinnonsty, it prodiees g page of hraille every 1.6 to 20 minntes,

The most common Benitlominss applieation to adate has been as timaesshaering
comphter terminnl. As sueh it has minde severnl bling professionals more pro
dnetive and las hotped them work more uenrly ot their potentinl, For this yse
Hoe Breaillemboss is ennnectml o paratlel with the page printer of an esisting
compnter terminnl. “Phis aveangement permits the Lerminal to bee nsed by elther
the blital nser or s sightod collengues, It also reduces tlie complexity of the
Braillemboss by not resiiring an internal heybonrd or datn modemns. 1 he Rruill
eimbinss can he sl with hny compiiter thut uses 110 B ASCHE console N -
Writer or terminals.

The Beaillemboss has hoeon demonsteuted s an ontpnt dovice for o computer
datic base system, the Internsl Revenine Sepyiee CERRS G Integratid Datn Re-
trieval System (IDRSY Ax suel it provides o blimd Taspayer Service Repre
sentitive CESI with weeess to the eomplete TDRS data bise, Muost of the PSR
internction with the taxpayer is done over tHie tedephane, In most eases the bind
ERR finetions ux welf as his sighted on warkers and the tuxpayer hns o knowl
el that his is dealing with o blind ‘'SR, This demonstention has shown thid
the Braillemboss, operated as g crpiter termind permdts the Bind (o till o
virriety of public serviee jobs requiring interaction with a compiiter datn bitse.
These jobs inelude reservations of atl types, o adrlines, rental nutos, hotels,
motels, ey eredit and aecount information: and inventory eantrol.

Thee initial use of an enrlier version of the Braillemboss wWis the praduction
of single copy (or a fow eopiesy of vompmter transited Grade T literarey beaillbe,
In this application, a typist unfamtline with braille can produce Crude 11 braille
merely by typing plein English tost, inelnding o few casily learned formnt cone
tral charaeters, into the computer, Sueh g system has been denmonstratod ut
Poerkins Sehool for the Bl in Watertown, Massachnsetts by Willinm €Greines,”
This systoem consistid of the Braillembess, Madel 85 Teletype, brallle transla-
tinn program DOTSY N and an TBM T4 timeshnring computer at M1 known
as CTSSOApplieations for this mode of operation inelude pubilie sehools with
BHud students and agencies producing o Jimited mumber of braitle copies, 1o
hoth eases the eompiter transtuted beaille inermses the number of proble enpulide
of preparing brnitle to inelinde those who are not expert Braillists,

A new and mors versatile Grade 11 computer transiation program, DOTSYS
FEE S o been weitten, DOSESYN T is written in Cobol and os stueh enn he
nirde availnbhe an o large sumber of caotipiiters including but not limited to
timesharing systes, DOTSYS TE and the Braillenihoss has been sed to prodnes
Hheallle ook, T Darknese, forthe Library of Congress”

Aunther application of the Braillemboss is the short run production of
braille amiterinls using punehed prper tape as the storage medinm, The Braill.
cinboss s provisiun for o pager tape reader, Friden 81-2, ns an inpmt doeviee,
The punched perpuer tage for demonsteations has been prepared by severnl wmeans.
Ot dmonstration profeet nsed tagwe punehed on g meditled Perkins Bratller hy
e espert Bratllist.® Another methon] of preparing paper tape Is hy typing on a
sprevigh Telotype converted by Mre. Ray Moreison, Grade 1 heglhe thpes tnn be
prepoceed by any typist, but an expert Beaillist must bo nsed to produce Grade 11

YEoal Repart to o dokn v Hartterd Paundsition, Chievelupment of o Higl Speasd Beafller
Nysten for Aore Rapdd ol Bxtensive Probietion of Informations) Materls for the Blineg"
SARBE Sy 29 fute

FWAT O Rrwitlembons Specifieations. SAEDC, Nugnst 1una fwith Inter revislons as
el isatede- o

”'I-'rrnll- mhave, U Rraitle Page Printer, SAEDC TN No @

Shbeheteln, N Lo Hegtde Cumputer Outpnt M LT S ALY, ANggast 19080

tieciner, Wl Developient of o Beallle Sesteny for Clysspann e (8.0 Tlyvests,
ME bugartneent MUT o, Feheinry 19680

THOTNYN A Bratithe Pranslation Program. SAEDE, THS No 4

Thntoragetioe rgalle SAEIY FDIS No 11 . . -

CUtiranseription of In Davknees vin DOTSYS TIT sned the Brabllen hose” SARIN A TICE
14

. Vmerpean Rocntutivn, 4 Rhiort Bun Reallle Pamphivt Demonatration SRAEDC, 'Fhs
N ¥
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braille tapes. St anothier wethod of genepatitg tapes Is by comptter.® Each
of these tmethols bas been used and has been peosen useful for pacticular appli-
ittions,

Fwenty (207 Breaillotwboss units e been produced at the Center with the
support of the John AL Harttord Foundation, Eartier developmental work was
supported and continuing demonstrations e supported hy the Socinl Rehabili-
tation Mddnistration of the bepartinent of Health, Lducation, and Welfure,

DOPTSYS ann ‘Fue Easy Isntamas

The Beaitle edition of The Fast Indinonn, by Elis K. Meacham, Little
Broswn g ooy the fiest to bwe prodneed from telety pesetter input, was published
He Novembier 196 only o few weeks after the ink-print edition, 'he Master
Bruitle plates were prodiesd with oo minimgin of humn intervestion, using
A series of computer progeans, The provedire eian be deseribed i three prets

EoConversion of the TS codes intn BCD codes and the insertion of the
~preciath toripat eodes reguired fore Braille,

20 Faditing s correcting the BED tape thus crented.

S0 Trinsstion of the BCD tape into Greade TE Braille,

The "TUS input tapee was teanslated to a formattel BOD tape by o moditied
DerPSYN 2 westom amd progeoms, The following boxes  were used @ box,
Telean, Unieon and Vniper, These progeames, origimilly written to operate on
thee (PSS systens af ML were moditied for the S0 at the Mmerican Printing
Honse for the Blind. Thix involved rewriting those paets of the progeaans which
were (IS Salepeident,

The Unicon box was rewritten and expunded to perform sote of the funetions
formerly handled by Telean amd Peleon was thereby considerabidy <impliticd.
A mnjor ohjeetive of TOYERYN is to minimize the reprogreiamming required to
handbe wew forms of ingnt aml outjart, The Puicon box is independent of the
thedian Which supplies its input, 10 is o permuanent section of DOPSYN which
perforuc: the anadysis and hterpretaition pecossary to conform to the Beadlle
rrates, Teleoy I just vie of 1 possible set of conversion programs designoed
totransiate compositors wedin into Universal code. There eould be hoxes
written 1o convert Monotype, Linotilin, ote, Bieh of these boxes wonbd e ine
dependent of the Braille conventions aud would perform only that interpretn.
tion required beciise of the moeticatar typesetting egquipment and the convens
tions which govern fis use.

The <Ix chutnted peeper tnpe which bund been used to set the tiest galleys for "The
Fast Indinan was copled onto nagnetie tape, 'Phis step, perfornnad in New
York on an TEM 360 40 wis necessiey becnnse the APH T00 hus no paper
tipe reading fucllity. hronieatly, this operation which is techiienily the sim.
plest, tonk o tnordimte ennt of thae, Both the TES tape and APTI'S 200
hitspoer inch magnetie tape are, In g sense, non-standaed in teries of eurront
technology anel tnding the gppropriate achine contignreation to acecomplish
e cotversion provid guite ditlendt),

The agnetic tape eontitining te '1°PS owdes servial s inpmt to the moditisd
DOrESY R swhieh produeced an intermedinte BUD tape and o Hnesmsnbered listing
suitiable for cditing "Fhis tiest plusse wonld et essentintiy unehanged  for
preonlieing any other book which lud heen set by pageer tape eontrolled line-
custing equipment  Fo publish o RBeaille saitton from another cotnpositlon
taesbin would vequive thot "Feleon b pephiesil with another hox. The tnitinl
couversion step tnight ormight not b beeessary,

Phases e the saditing plizises woithd reminin unehanges] no matter what sort
of coqupasitops Bagee s nsed The nmnber of iterations throngh the editing pro.
cvilaee vaes deprendinge o thie completetess aud cortectuess of the tagee, Tn the
eise of Fast Indbonnn the paper Bipe wins txed ta <ot the st gnlloy proofs,

From that point corrections to subeegquent gatley < il parge proofs were made hy
tertod an the meetad gl these corpections himd to e detected aned mnde on the
irterteestinte ReD o gae

A new hox cadlier BDPE, was gdided to the sastens to Getlitate error coreees
tien “I'his progesnm reinds correetion eards, Tocates and chinnges the orroneons

s Tabde  Pwehee o Milhimeteees 4 ot Copapecbey tioncrabod Mathonatienl
Toehte S AL T N 1

CPreeredings Bedtbe Beooareh g Bevelopment Canfoeenes . SV MUP Nuvehep
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snfarition the tetermediite BOD Lpee wind swrites 1 hew Litpe inearporitihg The
chinhate: o b nder copasie catdeol the uew Gipe may e privnted sompletely o in
frtrt,

o intere-tong atel ratify ing teonote et vhe prool-resnding il ertor-corpee-
i pveseaded gute citieieni e aieopite e Gt that the Pemntitig Phoiiee pet oy
el fnvelvod bed Land o pesor esperieiee with s bl of wothe Do et
Wits =it colicerio bt o quichdy they waonld deaen thee teehigigqites required,
Ao deetiest Tintt ondy Pl The For Beanbie valiaes swonhd b estifod s e
Nadtior "The burbitto e ol Hhie Took Was eorrecivd by hey verity e the cards w hich
sere petaehed Fronn the iteriediate BT tpe. beois ditfiendt aoand andsir fo com
patte these Do paessburess Flowever, the gonerad impression wirs thal Hoe few
sethod worhed guite well nd conhil be onpestied 1o oot evel oot e efdieient
S prnetive, sotie wedilicittons to the BDTE Boa, il of cogese, slither itpl
b

The third pliose was thae teatsdation o} the coprected BOD tape o Braible asing
Phas Boraboe Deanshiation pooeiione which hias hee operating ot the Mwevivan 1rvin
i Thoise for several yearss Bevanse DOVTSY S snpplies o Fobinnt eode abeld
cpeciat chtacter vodee aardly adeded o the test by e hey pielr opetitor,
Phis BT s “londied™ the <ot s it wonbd Paed it been peodieed by hey prinechy
fa “Ehae the trasltion plorses el e stibeasgiont steps e the peodie jon of
the ool itself weore those which have owsane convettiongd gt tone Printing Hotise,

A Pvsrrrer e, P N AN BEVORU elnNT o8 Stost BN BRAVLLL PRODUG 0N

tie applieation of Hee MPE Braillembose is the shopr van bealile prsdacting
wher andy i Tew enpies o a0 speodialized worly aeee poguiined Brnitling of the
jrotnpd et Vhe Mperiean Revednt 5" presented alb opportunids to slemmms<trate
this applivatinn.

Thee Bradlemhos< i the present state of shevelopisent can tostinely prodioce »
frage ol bratibe every Lo to 20 mimtes given the proper aupan sizieds, At the
Ui of This demmstration ondy Muebbie Nog G, au esperitentad unit was avail
able "Fhss s o it teog tHe eriginad Bradlle production. AR o the specrtied
charzes dn the Braillewhoss pogiisad Do mprovesd aectraey, band beel ileorpee
etk i s piehis when the demonsteation wis perfotined, FPhe anly torm
ot by avadlnhle For this meaehine wis punehed paper e

The Flonve Press of the Perhins Setowl Cor the Blind s o qeeper Bipe poonch
cottt ol bl b el Peekions beaitler, Plhie peonphilen soas beailled essentially
Phe vewuiar way v this Brille weitep by o Sterengraph Operator .t the flowe
Prress wiabee ot the i tinee s panehesd paper tape vontaining vhe DBraithe codes
s bt generabedd The paper tape was then band editesd el barde tnta e
s o heenntaining o single qoae,

The tape foaps were individuadly v on the Hich Spesd Braille Fibosser
CHraHemleees s The senction of the panmphilet reproduesd contaned 32 pages ol
Dol amd 20 vnpies sl v b patges Woere teplosliesd Far g total aof Son puges Tl
Yool Bieaitlemnbeess et tite was 20 honrs spevind over iy worhing dhiye

Fatteerccopaes swere siven to Perkins Upgoer schaol sticdents for theie esaaning
Vi atpd vse The <tident s swere sshond to reenid aand repoort ev ey et eor boogml,
Setveralvprers svere patted thpt enasted i every capy L Fliese vrrogs whine lrese tgnad
thetes o i the tapeng cdihis pve ess were Liter diseoverd o fee Tapee Somet ees
it v e o thee best b of s bine This Waas oo eted i the pediesien
o e Bl atdberie o hope st freesarpmara et et e e periinent o enchiine Fleven
Pitebens v vt swaere disenvered Lo valabig errar per REG pages, or D28 erraes poer
tathivan o b bers

Ol e thoade vl Toe ssed Do B b it elaet o poevpeaneny Gy st stopeaene, Jaeka
trvelv compl s drantaed nerzietre tapee andts oo s avinlabbe ool conld b gsial
e shared sotparter vl bae rpsed togalst sttt e dntec Gede BE abeteriine
Phos i o pecsalivis o st contrn] thae Piraitlennboss diprectly

T prograt detotarrated the apploention of the Braiibebaes for the pro
e ot o hinatodb s leer o Birin e cnprines “Fhe nenal poosess ol Peaalbe duapli
o lees vt = e e parniben ol tse ol Zitne or o epadaeedngg plates e prn
e B o v Phis ddetnonstritbon sbowed that o ~inge paneclal pageer
Lo T Y B FTEER SRS B '-l'uu]llu'b' <yl (R RT RN v e tnaterinad, ”l"l"li_\ suthetitntiny
s Jorge Yo tor onoaby zinee vigbeessini plates T pooeeicn al-o et raied
v vt Pleattersbones Belbs the wape Letween toe Leece run Bracddbe porititing?
v el thee boead trans b e e paselin tien
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ONE-CLEL BEALEL PRANSEATORS - Buali LLMBOsS INILBEACR USNHIN

The M.LE, Brddewmbeess - requives eleetrival signands in the brailler eode to
drive the Lrntemboss, the varions mdoraaition trianster cades, while mosk gre
i o sitilar Terot to the bradbive eodes, vt Be ased direetly fo dreve e
Broftheanloss as thee resing briille sybols wouli lave mieanings completely
iferent it thit cotumetly uaed. A transbtor wnt is reguited to map the input
cotdes it the besiiler eogde.

The existing tirade L oor Graale 11 Literary braitle codes are inndequate for
catipiler proctaminng for at least twe veisons, Fiest, several of the symibols
regiired i eompiter pregtitins, plus, eqeils, ete, are simply uot detimgad in
ervary bradbe, 'Lhey are woitten ot when required. Secondly, format is very
gt it i cotpfaiter joogtatiang, therelore it s neeessary that there he g one
cell braithemivalent tor eael inhprint chiaracter used in the compiter ehae-
avter seds The tesilting eode- developial in consultation with several prople -
nses the s characters tor the alplinbet s does Titerary braille, the lower Tour
dots it the sane comtbiuting s previously tor the nambers, just like the Nemeth
ennvention, bt witiiont the nuwmber sign aud then the renstiming charieters in
the G4 clerrneter ANCHE cliracter set are ddefioed with the least ambigious
bradle vonles representsng the quore Dporiant inkpreint ehiaractors,

Theve is an wdditiomwad requirement on the transtator, that of watehbng the
clectrieil regquiveents of bath the ipat device, i Teletypue Tor example, and the
Bruillemboss AWith o Pelety pe these inpnts van be either switeh closures un eiach
crndie devel oroaoserally eoded enerent switehing waveforn, With other inpnt
Hevives still other inpats ey dwe used whicl thae teansBitor myst matei,

Several different 1y pes of feanshitors  live beens desigied, built, and operated.
One of then is the "ANCH oD ASCTHTOGT) One-Cell Braitle Translatar,” Phis
teantshitor is dosighied 1o comeet cither a0 Madel 55, Maadel 35, or Model 35 Tele-
type to the Brenilemboss, I8 has the ability, by choiee of cards in the fupul see-
Lion of the teanstatar, to peceive either the curreit-switehing wiveform or switeh
clestires ob eaeh cole Jovel Teom cithier g Mode] 35 stant box®™ or feom an LRS
s Receiving Seleetor, This transhator abso s the ability to tap the tower
citse fetters into tlo upper case letters sueh that o Model 87 Peletype can e tsed
as ot interfuce uuit, Furether, there is o remotely controlled ons ol switeh in the
tratishitor 1o pertmdt the compiter to corteol ethossing, 'Phis ean be employed if
tnbiossing of oply compmter outpul is desieed sond wot compiter input,

Another trunstutor, the ASRCIIES)  Ouerell - DOTSY S trausiator, aperates
orly with switel elosures as inpies, i in two modes, "The tiest teanslates the
vodes o the Model 35 ar Model 35 Febaypae into COmeColl Benitle while the seeond
wiode trabslntes e speeial transinission cotfes sl in DOTSYS® into brailler
('nlh'.

A thivd wperadional transhitor is for the Felet vpwawriter code CIPEYY used in
e 4 witead Proess Tutermtional wive seeviee 5 teved eode, Phis transhitor jires-
ety aecepts only switeh elosiures frow o Lipe teader. Desigiid, but not yet
testodd is the pegquired input cin uitey to operate on e sefinl cirrent switehing
warvelarme Fhis teanstator hies been nsed i Braille New s Degnonst ention. !

Tratslntors have been adesizcied but not ver built or 6-level Toletype Nettep
VETES S endes i for Hollerith poaehed cards, [ s phantoed to design teanshitors
for RS EBCDIC and TBM MT-ST condes, Phese will bae vesiod practiee as
Bothe tinne aoned bduer poermin,

Trrroan A CovurxIeaion Nysiey rok ey DEsr-RLIND

Titevone ofor Uhectile eonauunienton™ s f.oa Witeliess Pefuole paging sy stem
lesidion] Cer the abea U Blind in pay tendar, bt with possible applieations tur the
straehy bartdoeseppead ddea b oo B,

Thoe Vi peosKeet peceiver s the vaee of tne svsten s o funettons ke the
peohet pagters careied by physivinns inoa leepital, bt witl one bonportant if-
fereie o insbeot of beeping e alert it aser. it cibeates, o1 feels ke an electefe

PRoa vnihaee 4 Lradd e Page Printiy ST PDIS N wattnd Braatfemhaes Applicntions
NAP et TN NG

YT Bontoate e Specitentiane SALDES Voo 196t swith ater resisfans as
[R LIRS BN FRAE .
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lwothbrash runnimey ‘Fhe receiver has the Appeirnniee of 0oy {eansistor radio
Al Biesisnfes 2L 8 TO 8 A I weighs B3 onees, It vmiploys rechareable
@vuttvriun and is normaly plugeed into g battery eharger ot night when it
s,

Two primary apdlicitions are, 13 To provide nu oflective “doorhel!® for a
deafblind person who iy e alone in s arse s and, ) To effect an alarm
SYStemE Gew for tiee efe s inoan institution or other stting where g nnber of
deaf Mind pwrsons may he spread ahont amd ot all be surmoned at onee,

The equipment involved ineltiudes the pocket recetvers vone for onel uxery,
the eontratlydoeated TS valt traosabttor, aml o loop attenna whicl, runs around
the sren to be covered by the radio signel, Phis servive aren ocan be fairly
latgge - o Jumered thotsnud saee fect or wmare, Phe transmitter can be eon.
nected to push inttons ot conveniont loentions, tire alarm buxes, time cluekn—
whittever <uity the el purpose,

Aneithey attiechents mithe prssible other Faran applicativns

1. End-of line indieator for brailler or typewriter,

doAditory et dndicntor cpdione ringiue, bahy erying, ote))

3 Ambient leht indicatar
4 Messaee svsiont o Morse eode signulling, etey)
A Peachime teaining aid,

CONVERSION 'PABLE, INCHES 10 MULLINETE -\ BRAILLE CoMPUTER GENERVIED
MarnkMarieas, ‘fPasty

Asan esammple of the use of the Beaillemboss ' ne oun nufput devies of o
time-sharing computer was the prodiction of o breaille inehes to mllmeters
eanversion table, Sueh g table wis rocently preparsd for o rohabilitatlon olfent
of the Massaehusetts Commission for the Blind, ‘The elent bis been trained
to reprie awd rebnilil fureitn car gutotnatio transmlssions, bt the only bratlite
mlermmeters iumedintedy available to bim used inches, The transmissions are
measnred inmeteie nuits, jao, millimetors.

The tatde wis pieduesd nsing the (F88 can IBM To0 1 timesharime com-
puter runnimg o Fortean TH progeam, o telety pe, punched piper tape reader,
Transttor *and the Braillemhoss, Phe table wis embossed §o oneseellT benilte,
developed for compnter programmer e, This bpaille svstem has o alUetiope
vorrespotulenee etwie the hendlle and inkpeint chiracters, Pho lerprint chie-
aeters are those ased i the 63 clireneter ANC L Aerb an Stambord Code for
information interchanger clarnetor set used in the medel 83 aml 45 tedety o

Appreostintely one-half doy was used in wreitime the 3% statement Fortran-11
progrenm. Dnrine this e four minates of compitor time was nsed to fnput the
prozram from the teletype, compile, test, debing, and recomnile it

Pruehed puper tipe was nsed s g buffer botween the compnter termingl
amd the Brailemboss for sevoral peasans, Phe tiest was to make g maehine rend-
ahle master soel that mattiple braille coples conld b pradieed withont e
curritne the costs of addithinal computer and terming! toe Tn addition, §f
fucilitaten] the =itime of the progrnm, sinee Beaitlemboss thninge consblerations
coubit e handied by an asynehieonons punel teiper tagwe system instend of spe.
cinl programmdng technigues not readily pvaitalde i Fortran T8 Pl IHIUIE
eithoss cierrimge vefury CCROY e bsi geners! mmeh lomger than the time for
The tedetspe ard computer Rt suel that data would e st during the
time tloe Brailletboss i< ovmenting o CROAN other fanetions of the Braill
ethessexvept thie endd of page funetlon, are gecompdished in less time than
With the teletypse.

Thor cutnpibad proeimm wiss leaded into the oompnter, and the fudtisg amd tnal
e tonnbers were Ivped i one page wnber per line Phe Medel 35 ANR tole
Eypee s set o the K medee suel that it prodieed bed pritecbied prrper tapes gs
well as printel cop Arer the tirst pae had been pan s the cotpiter, the el
of the purpeer Lapes was boended into the tape fecolor amd T Bradilenboss stepbed.
Fhee tormal tape sember inpnt to the Braillotohoss nses the Beailler eode, not the
ASCTE vsod i the tedety o therefore, g eahle adnpter wis nsed sneh that the
Ve reander was driven in its e onde, bt the alfpelt sichss were fed fnto
Phe ey pusingent jaeh of e Beaillemboess Pl Beadlenboss rauning thme was

T Moae e 4 Bt Py Pvante,, SAFHiC TN NG 2
Ul Baeoa e qaameatagme SATINC LI Y B RYTLLTIRTS N VRS TR S
LR OO Y T IYE DO ARTNTIY VX SYRNAN [ FUTRY | RTTYE N T IV 0 I T | Mt XA PN Now 0 el s
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slighely logeger thay thee tertainal tine vin spite of the fied thot the Briilletuboss
v operated ot oo fistes vrate then the telety per sinee eaeh Braillamboss carriage
Pl Dok fatizer then with the teletypse Phe Termiiid vunitg titge tseid for
thi= tublee was 25 honrs, but the eomputer time used wax L9 wibntes, It also
Pools Sjgerstuncedy tiees onrs 1o e progrion il to vtiboss the Best eupy.

The table as produeed by the Braillonibes is embossed o one side onty, 1
interpointed bemithe Is destved, a0 snitable eony: cter could be canstrateted sueh
st the MPHE Amtoroathe Stepogpaph it Howe Press conld tse the ARCH tapes
tos iihinas the zine plates for press use. Mternatively, the tratislitor in the present
pidinesiti sy stem conld be used te drive @ e pranelt to produee pper tipes in
the Dirndber code nsed by the sterograph,

This demonstpation bas shown that the MCET. Braitlemshoss, when properiy
ftertaeed with o tite shaving eampiter, e produace mathemationl tables, in
Peaitte, of any marhematieal funetions that can bae progrivoned info a compater,

Porravetivs Bratbii- Resors Cospeeing PRasseain Grabve 2 Bratg

A person with typing skills but with o witannon kttowbdiee of Brinlle can
prosties o high gquality Geade 2 Bestte with ease and dispateh, using the Inter.
active Brithe Sestetn, The necessiry components of the system are

by N thesharing comnuter with DOTRY NS stopeed i it

i N telety pe ar other fiieshareing compniter teemival,

iy N Benitlemiboss attacehied to the telety e,

I1ore ot tereweiry for tlpe votapnter b be Joeated ar the sutne plave as the
Seeminal irad Breaitendwss,

The Bmtibemsbos< §so Beaiile poge pritter ' used o prodoee the ontpat,
PRV RY S bv oo sversing of DErrSYS G woditied to ase the Braillestoss? as oatput
g,

Phve pudderial to be beailbed is typed inte the comgaiter amd stored in o data tile,
Phas maarterial is 3 pesd in abioest as it i< wreitten In normal bukpeint, The teledy pe
te only Upper ciase ot conteeg clareter is teaaired fo el DUOYESYSS when 1o
capitetive, A sinaghe egusl sigao 0 1 s typed preceding oteh wonrd te he jnitial
vifribinaed, Do equant sigus before wiech word te imdiente that the word s solid
ca s Most gt tian s Gy poed jndiveetfy,

Mifditintnl tormad canttol eliaerneteps are required to tell the progrion when
toostart perrsgrnplis, Whent the 1ypist detsinds o new line to start not in the
el progressiog o ten?, it her toraat copteol symbols siee nsed to indieate
henalings atad Dithess Phe tost gsed sybods aand fortat controls are fisted on g
sl shee! cspoovery,

Sulpee FEH0INGE a8 Heessa vy Tor the 1y pist to Jeaee to erenite el manipnite the
e Lbes i thee carngaiter, This training can be aceotuplished inoa fow hours
seha haratins paepared by the Diaesshiaing eotgptter people,

Ater thooanpte tibe is ereated, prontrend and eotrected 8 necessey, the coimne
Ppriter s Tob by oo siscde ty ped o eotnnsind to prodaeo the Beadlbe, The compuater
Prapshoies the naterind and will either store the Braille to produes muitipte
capaes or the compiiter et fncnediately autpat the Beaitle to produve only one
Illl|.\

Fhas s essep Ty the svsten usedd i thie Nathal Beaille Press nod denton-
crrLied there o oty B Ve

Fhis Intveracrive Beaatle Systemn s destoned to be used i phices where skilled

b trienserabers e ot s linhibe, stele s e pablie selioal sgstess with a
Pow Bdimed stadents eteratbead, T con abso e ased dn an agetes envirobiment to
srprbenact the et shilbed transeribors o to free them frotn the relatively
stengee Bt rary Grinde 2B e teomaope specitlized Braille whieh s more deinand-
e heat she b,

Toovsiansatone o 0 Paarsi®s Thpa B oaonen  SAE W FHIS NG 20 Aage | Tutn
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BRAILLE CoN fion AND ForMAT Cobrs DOTSYS T oN THO 56067 wirlt 'TRLELY 1
AND BRstLresmBoss TrIMENAL

PR 102 Reypeseity
- Capitalization
for aitiod capital of tollowing waord,
s for all eapitals of following word,
fraliex +Shift O 1Ty )
Underseore oo 3 before cacl word for ope, two or throe words,
Fwo nndorseores hetore fone ot mmore wold italies, and
Opre utderseare borore Jast word,
Orvdering hdes, Capitals, Necont, Poetineator,
Fooree possible iliegal conteietion: 0 betore and © 7 after letters,
Prevent eostiietion; 8 within the letters to be ¢ontriteted,
thiotes;
sy beonsedd for both Jef 1 sond vigh? 37 bo quotes witliin aoguote is nsedd,
° R far et donide guote swithin g quote,
SeR tor right double quote within o guote,
SO far iner opeling qiote,
N'R for inner closing quote,
Aveent Mark s FesShift MO 1Py 012, 1L 00508 Kespunehn) . ®
. Rrackets:
<2 Poe o left bracket
o toroporight braeket 1,
Short N9 ible Njun o &8y,
Long Syllable Sign: 81,V
Fnd of Poctry Foot Nign o 10,
Chiestirin Nign  NOS,
Null Symbols 87 Nall replaceent syibod generally used to prevent eaniraction.
Foreed Dlanks: s,
Termriination Symbnol ; 8,
miragraph ;s 81
New Line: 81,
sSKkip Mattip b Line: S8Iunb o2 diglts = bk 2Kip un,
New P'age: sinG,
Fuhs
One tub XA unb tstart ot position nny,
Multipte SSEABimlan cset tab at position nny,
I for left Justitiention, IR for pight justificntion,
Y for dectmal justitlention,
R2m heforv eaeh item to be tabilated,
Titlos:
STLS hefore, and STLID after eaeh title prodaces eotitered tithe an weieh natne
b pirgees,
Headine:
STHDN, hetfare aud
SHDE, ufter for centeresd ane Hne headings
Paetey :
SPYEY S, hiePere aned
SUFYEL aftes all poetry test,
» Eletal Deaille
SO Paabbecdd tor § eadoes,
At s individad beaille colls to be fnpnted,
Arvangetent ot T 10 dot 20 20 et I g,
. ot f I, dat 0 Ukt 6 i

Compnter Diraille - SePBssasy wil! print § endes ench representod by graphie x in
the eoqupater besgite vodo  ASXCE] to ool

fettor Npen - -

Nelf Cheeling s The <sytnbol SXEOONS X 8 88 Ga g snd teotayn seffadueking on
b SRCOPE jy need to o selfchecking o belinator s teiveiathos,
ShiftNy v 'FY, e sveetical by on heypnteh,

S—

T vhitaln woorent contead comhind an kevperte Bodeebe st Mk Panet Loy s stefhe, &
0l it s hevs befape vric b Ul Stale o b ey atonntieats plbrees hevgrane by to
teitnb ce gl et s e e M Pase b boo il e are stran h
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BRATNLE NEWS TIMoNNTBA TN

Por several weeks the SARDUC tennshifed into Braitle, w portion of the thews
tortes carvte b by the Uuted Press futernatiovil pews swaee. The pesulning
Bt copy viis distribaeied to severad blim) preophe vlose to the Cender, Throngh
this sersive these blapl protessbonal people love boeeg presented i new witelow
P the world oo window very diffevent Cro te ote norvimally aviolable to them,
The vows i depth wias avaitable to them when they dosieed of and in g foru
thes condd cither <Gty or eXatnine iu odetadl ot their comvenivnes,

Thas has beens dote thronsh the hedp aed conrtesy of Peafo b F Reintjes, )N
Marrne aned b B culinnsha of the Blecteatine systoms Babapators of the Blectrical
Pratieering brepartiend of MLV N VR wite serviee 0 level jade pcdnter il
peperberator was pvinbible for their use on o project TSROSO spolisoged
by the Ntierican New sparper Paldishiers Assoclation.

The Poraitte was proddiecs by the NMULE. BratBemboss S equlppad with o Teletype
Ve tator o driven Wy the pagoer e which wis ptielied on the U roper-
Fropittap,

The prrze printer of the UPPD swire serviee bas o o maeninonn line Jength of 502
charaeters swhile thoe Tise Fetagth af the Braditeanboss o 0s eell< e Braitlemboss
here o sontatiatie pew e featare sueh thot whett v 35l eed] IS enthossed, the
pavpeer ds edvaneed and thee earriage retnrmed sk meed s pendy to ebioss the
srvredit charpeter at the begineing of dloe ey o With the ditferenes in e
fength abmost every inkprint Thue is canbosse o twar Bebe Hoes, sonetines
thyee Phe ol at doe e o Phe tiest Beaithe tine Wit heodivided o ehitearily in
sitnost every ease, N stple aoditheition was instalhad on the Brailbembonss sieh
tha! the nest <panee after Noeedls have towen egimssn] eamses 0 cilreiage rotnrn
eathiite] to be generatid, The iiinde e N owas sel 1o 32 evlls bat ean be chinmged
e the totad e of 1o 3xeedls,

Tl carviade return compmtind i< trer ed differentiy by the wire serviae page
printer aned The Praibemdaes, Phe swire servive joee printer vareiage retuen eonge
tsrted ddoes not advianee thy perper, anly retnens thie earebiee to the thest printing
Yoeaticar It pepives o separabe ot to o mlvanee the prper. The Bralllem-
fuess treats o esrriade veturn comnmad ss g tew Hine eoqumnd Lo, returns the
vinrringe and v es the proigaer

Fhese twoodditterenees prealuee o0 Beadile puge with an ungsual format. Bach
P o ahpreind becomes o wronp o two op three Bratlle Jines sepaeatod by n
Bt e Phas oland Tine vt beedeeted By poehityings the Brailembhos< to poguiee
3 hne feed concnitd alfter vverey exteraal earriige retarn comtaend. Pl Braille
ContiGtes aeteess the pande Tnes alsoc A fine feed connter modifteation similar to
Che cetb vannter compbd b addded Poostier oo nes pude atter evers 25 Hoes of Braille

Thye pepertvrator woas oparates] cachdiay, Pevan the tie FESTL peesannel qreiviad
Per werriv unteb the vall o pivper tague 02,0000 Fert was exbamsted, generatlly abont
S heeirs The tagee sas then e o thiee noalitied Bradlbetoboss vapippesd with the
Ty transktor Thee Breadileinboss running tinee for o vl of paer tope was
abeant 3 Lanres N tapival ran prodinced approsimatels 0o pides of Braille.

Bustrre Pronrorton gy DIVESYN T AN 11s BRaLLEM Boss

The Braodlemboss O aod DHVERY S HHE cambitintion has bevny sed toc pradiaes
severab vobinees o Biterne s bsn e Eoxanphes of this nsage sre “fo Dnrkgess,?
PRS Peabidienteo @0 Ths b ool TR 2220 This coanbinntion bas also beegg vsed
o presdige e e neatbe s qeeetne by Maeotan” by Frederich Silver,

Troe aeefabiess of this eatndiitiatbor s got lanpited o fitepney or tost materinds
cubv N st S b etle gt tables Baeve baen pasadneed asingg thee Bradll-
i s Y ESY S L anad eoangetterdenerated apnit s teriall The DOIESY S I
freette aptiogn Was tsad tooebtin the desived beaille Line forned, je ench e
f the dnboprint tabbe i Startes al the Teft ool st of tos beaitle gm] $hoee
aragtie continenod st s are dndented 5 osjuiees

LR TR I Y ZAETIN K RPYS TSR B ARPEDS 2 PN LRy R LN SAPEe s N

o T gl P Bates e Dean ey o fodo fges g ONALTHY TS Na s

Provead Jlepes 0y duhp 8 Mt fard Fowdatism ] b Dogane it ot Tl Sjeeed Braltler
S e M B st Ut e Brad e e s Tet e st Mot b tor the Bt

~Abta ~ 20 T
VR oadoies 4 ot e Peinter, SATIIN. TR No 2
Tute v ooy o S AR Fhis N 1)
B P A Pran partaqtbog o In foagrbpeas o DOPSYS THD ol the Birathhem
~ APt N T
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A Fortenn progeatn was weitten to generate the inpat nuiterial, The neeessaey
torwat control charaeters for the poetey line conteed were ineladed as liteeads
in the Fortran fornett statemends Pest waterial for thaoritle and headlngs eonbl
b generited by the use of iterals i the format stitetents: however in this
pone the Hhes srnd headings worealooe sepatately nsiag patheled paper tagee loope,
Fhe Lody of te tables were teansbited by DOTRYR H and stored in the cone
prater olisk gites, The folowing steps were jerfortmd to bratlle onl the table:
Run the g reader to phiree the heading and page sl an the pegze, then the
renired nmober of es of the tible wepe peid out trot the cogupter, tae hesd-
e phieed on the pext paoe the reguoins] aniner of JHines Tor the nest pagde were
pem] end Fromn the eomprter, otes gntil the entive Sthle was resnd one, With soue
nritor elonges in the handing of titles the entlre operation can be done it
nuttiesr e, A putielnad papeer tipe copy of the tables was tdso nitde tor fatnee
referenee wud mndtipde copies 1 desired,

The compitter genetition of the Gibmtbae materind relieved g tyepist of the task
uf ingetting the material imto the computer or g braillist nemngly produeing

v eitclr e,

One aof the gromul vules during the doveolopauent of DOTSYN T was that
i <honid he capible of producing any type of bradtle swhen saitabbe fupit material
Is providell, Fowas gssute] that oo sutlable pre-processar progtram eotidd e wreit -
fen to provide ajproprinte input materinl to DOTRYN L to prodaee mathen-

d tiead beadtle, There exists o sestem of tabs nnd tal eontrol for tabulae materiad
with each heaille line less thin the braile prge width or poetey format for use
with natterind containing longer lines, For example a0 snitable pre-processor enn
beowritten to take o simple suitable input tile and convert the tile into forw that
POISY N 1H will then transtate fnto mathematiend beadlle

For tabnuer material there are two options presentty avathable with DOTRY S
PIL 1 the table Hnedengrh ds Bess than the beatlle fine-length then the DOTSYS
PID ~ystem of tabe cnn be aved. I the Hne Js Ionger, then the poetey format
shontd hie used,

Breaille eoples of TDHS 1, Tha, 22, and “In Memoriam® are availuble on
reguest from the KALDC,

’
.

APPENDIN VI -BRAtLLEMBOSSES IN TSy

0.1 Sensory Nids Fvaluation and Developiment Center (SARDEC) 0 Serial No.
10 iprotorype, JJune 65-May 700 Serinl Noo 97 4 Muy 70 present.
0.2 SN Nevial Nao 26 L1 Mol 50 lane 710 Serial Noo IS ane T1-Rept
TV Nerinl Nac2h L, Sept. Tl-peesent,
VoMass Conpissiomn tor the Blind oMCB Dept. of ‘Pransportation, Dr, Jdohn
Merrison: Serial Noo T loan, Ot 69 Nov, Tu: Seriad Noo B Nov, T0O present
20 Perkine Nebowl, Progeionning Cropesec: Serial Noo 120 Felbe T present
SBOMOUR WWLE, Springtiel), Paut eaprte: Seviad Noo 220 pewswire, My 71
Ot 710 Wareester Patstectnion? Institnbe, Philip Hall ccCHent, NI DSy
Nerinl Noo 220 ANCHL Sepd T2 pivesen?,
4 MOR, Honeywell, Man Downing: Sevial Noo 260 loan, Jiee 71 8ept. 71
Nevab Noc 280 Tnterioetries, Septo 71 Ang 720 thaeswell, Ang T2 present
L1 MUE Natienad Braille Press, Deinone teation : Serial Noo 20, L, Sepd, T1-
Jone 72
SO niversity of Moanitedan Dol Keeping s Sepial Noo 2N L Oet T present
. 6 Bristol Fuwine Division, Redls Roveo, T THeks o Serial N 29§, March 72 -
pireesent
TOMUT hnrerna] Revenite Serviee, Litthe Rowcl, Arkansas, Jdaek dteSpedden
Nerial Neo IS oai, April T2 present,
SOMEPPOMETRELD Deeanseteatoom s Sevial Neo U Toan, July 72 preesent,
BOMEPE Arkansus FEuterprises for the Blined, Trainig . Serial Noo 15, b,
N't'[ﬂ. T Pirese it
T Pents State University . Ronaid Mortord s Serind Noo 200 Pel, 330 peesent,

Preeriee’Paeren N Taering: Pasen MIiTeER
N ebectrical panel meeter las heen sdeviaed fopr g Blind vser. The meter fog.
tures o e able daeranl indieator with o eabe, an omedible indication of cain

videnes beebwaeen tactaad el vieeal indicator< snmd coanpletsy psabitiog hotly efee-
trcali send Gyt 1y betsween the pocter pnoycipest ol (e fesndeon,
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Phe meter uses an AP inodel BTUS Compaek TEH eomtreoller whose basie move-
ettt s o contaethoss aptical gneter relay. S taetuad seade i< added to e eter
o The <ol poind adiustment Tover. cFor ndtiad dethonstratiog o e seaipent
of o pestravtor was eetetted to the sel point lever enide, Tael degree ek
wirs JHed to form an eastly fell neteh Faery tath noteh dits an additionsn
marh.or A tone Psoed to dedermime the avecient of thee locatiog of the visnaald
indicator, and the dneatioge of the set puint adjustiment lover.

Tor prd the meter, oo momentary saitelr is held dosed, activating the aadibhe
folicateg, 10 oo sondd s heard, the sed ot Jever is gnoved dowy sende nntil o
e slivates meter closire Fhe <ot poind lever is then parefaliy adjusted tor
the enact peidnt of the relay closing, Phe position o the set paint ever is down
sl when the reading ovele i initianted, the tone tolis the reader to msve up
<ol Bee thes elusure paint,

A bnonsteation patehare has been assembled tsing o 200 micraimmp meter, 3
et etirrent sourer, md o Mallery Souadert as the tone generntor, EXpari-
ot with o blind anbject los show b that steeuracies of 200 enn he abtained.
Thee preRitge is 5 0 S V12 dneles amd repiires AC power to operiato, Pravision
fv ateeindedt Toroan esternal enrrent souree to be tmeastared by the metor,

Mg Fack Stuowisa Paonn Neare BELow Sev PPaiNt Levenr

BRECON Muoovr e A Mo Wi 8 BrvVLLE DISPLAY

Vbt eleetrieal paned teter has heen devisoad for the Bl vser, 11 ases i
cotnteerera Iy avadlabhibe digital pooned meter aod has o heailhe display in paraliel
woth the poteevie display ot e meters Wty Hhis anit the mmmerie sdata s ddis
Pk Tootbe vesnadly o dn sl e, BE b thee diwital eopivalent of the Fleetra-
HMTR YL S

Plhive nweter is an Anndoaie ™ Maodel AN 2302 Digital Panel Mater, "This nnit has
Bt N e whenn tadbae s B Dy o Binary Coded Decipa b Loagie atpits, Phese
boeie vttt < alvive o Fone cedt aannerie bend e display. Fachocell of the dispday
has temre dlads, the top Dage odats of the breaitle eoell, those nevessiney 1o display
the oheaty CThis noabel aft beaifle vaptpnt does 1t v thee mmmber sjn,
et permnanent Iy debicaring thee nangbwr <izrecanht lecineorporiated,

Tl Yo e et dinnensions ave thoseoadopted by tlee NAC aned nsedin the
Perliins Peaibeswritor  aand thee Braillemboss Ul posnlting benitle charaeter
has thee braithe clurvacteristioo with which o blind user s fmiliae exeept
oo trretide et e is meetad dvestesad of prapwer,

Thee traithe alispdan is colposed of modinbss croh containing twe cellss e
foecvseary boc paadee thoal ol moediles o Phe smstliest solenedits with adesguate

Sttt b Faeersty P Wb SO ETIHY CPIIN NG Tt tabeer 1T

Moeo -t e i gt Dol b Poreecbeee Foe Basebra oo Metoe Mode] AN

T Nt Ui W bt Ab L qaT
St et e Peedd g cf Ml Moarteeed tear thee Bl cpd Vil Lt
cepa AN A T St ot A Seavan s i [T TTE IR T B A PEVP DY S
[ 5 BRI JEICTR S R S &
LIS SEETI SN e rign Seliedd bt Pl W an s, M

A YT PO Y AT I R R D TR AR T SO s NG NGt Tt
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[X]
vhuaracteristies and sutficiently high reliability are 7,16 inch in disnmeter. This
allows the solenoids to be viounted on Vi ineh conters which is twive the piteh of

stundard braille cells, Raller solenoids could be used hut hose availuble have
not demuonstruted sutlieiently high relinhiliry for this yee, Phose modules can then

ba stiacked to form o line of braille of any desired length,
"

. v - » 'ﬂ“» tant _. — et ”
O-‘) ave 'zy 'I{,}) ' .
/7 o.\n .'
\O 2 ] _._s -

The unit consists of @ head or pin guide that positions the pins in the braiile
matrix, Fach pin protrades througl, the head suel that it can be felt when its
corresponding solenoid is energized. This hesul structure also contains springs
that hold down the individual pins when the assoviated solenoid js not chergizoed.
‘The head = attached to n solenoid frame of mnin suppart, Fuach pin is conneceted
to ar controlled by a lever that serves as o eonnecting link with its appropriate
solenoid. "These levers are arraned in liyers to prevent mechanjenl interference.

The head can also contain o ateh arrangenient for holding the braille pattern
without expending power in the nmin <olenoids, The Tateh enn be controlled by
cither two solenuolds, Lo one <olenoid for ench eell, or a ~xingle solenoid for the
two cells of the module,

The dreiver cireuits for ench eoll consist of 4 Darlneton transiztors auel A
inteuritted eireuits (107, The BED code from the Amalogie Meter is converted
into the braille code by the TS Fhere ix also tnelnded a0 strobe ejrenit that
berits the coll to ho turned on or off by an external switel sieh that the eell
it he enevgized only when being rend apd con be ofl it other times,

Mr Clawson

M Crawson, Thank vou again, Mr. Chairman, 1t is g privilege to
listen to this, My interest has been in the List several venrs directed to
those subjected 1o scizuves, Through Foderal patrticipation, we have
now seen a breakthrough and the electronie triggoring of o devies that
gives o warning that may be subjeet to seiznyes priorto the time one
ocenrs, At that moment, they will be able to phiee themselves in g posi-
tion whereby they will uot do injuey to themselves,

Ias very elementarey bt <0l very important to the people afllicted
with the-w physicaland mental conditions,

So Lo thritled with the adventure von have enggnd upon. beeanse
thi i< w'eo it amount< to, We will probably never overeome these
afllictions exvept throngh the combined effort of technalogy and
medicine,

My pirpose hete awain i to introshiee s« constituent of mine, Dr.
James Reswick, He s divector of the Rebabilitation Fngineering
Centerin Downey, Calif,

"“.|~:.m.|i=-—v' A Mackrea b T e Beelen el Dvalnatioan of o Bieatife- Prcitad Vettreteg "
Torsn Project 290 AITE Do p 19710
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We have done n lot of things in Downey. That is also where the
Apollo is buile by NASA, He is a fellow stiident, T understand, of Dr
Mann whom vou have just heand, They frequently eross paths in
sitnations of this nature,

e became a professor of conmunity medieal health and medicine
at USCL worked Tor the Nationad Aemlemy of Seienee Electvieal Fngi-
neers, Bo it s a personal privilege for me as his Congressian to in-
troduce to vor, Mr. Chaivman and this andience, My, James Reswick,

STATEMENT OF DR. JAMES B. RESWICK, DIRECTOR. REHABIL-
ITATION ENGINEERING CENTER, DOWNEY, CALIF.

e, Reswiew, Thank von very mneh,

Mr, Chairman and Mr. Clawson, we have two or three physicians
sitting with twe or three engineers, representing the collaboration of
seience and medicine in these hearings,

I have a conple of devices Twonbd like taexhibit to you Bat first,
in ty prepared statemern D mentioned o project which impressed me
very mieh at the George Washington University, being earried on by
Thomas 1. Shwarles, He took 27 high-level spinal injnved patients
who mostiy, by and large, stay at home most of their ives, By the
application of technology and training. he has made these people inde-
Sendent cortributors to the gross national produet of the country. e
calenloted a0 benetitvost ratio. the benetits over a five-year period,
divided by the cost aetnally spent in this trainin s and for euipment,
horanged from 1549 o o6 The countrey and the Goveriment get baek
S0t for every dollae spent, These wive real eases, They are in business
now and are not only able to survive o competitive ceonmny, hat we
e remlily appreviate the differonee it makes in their psvehologienl
well-being, Rather than being dependent on sochit] services to sustain
thens they are able to do this on their own, -

The secand point 1 owant to nethe is that the snecesses at George
Washington show it enn be done for 27 handicapped peaple, But to he
able 1o serve the millions of <ueh persons throwghout the Natjon s
a ereat ehallonge to govermment at all levels, partienlarly Federal,
State and connty, The problem is mneh comiplieated by the unigue na-
nire of the researchedevelopruent evaluation-ten aing and distribu-
Hon process in onr free enterprise svsten, Deviees which appear
prowising in a devidopnent Inboratory such as one of 1he new re
habilitation engineering centers, ahmost universally represent great
comtnerein] rick when considered as new produets for indastry, The
cost of design for production, the cost ot special maditieations for
pinch pertient, he cost of adeguare training and edneation of physicians
aned allied health personmel in their applicarion aud the cost of mar
keting and subsequent neintenanes is usually enongh to diseourage

a potential nannfacturer when faeed with a market potential which,

i< dithenh toidentifv and guantify,
That i< n problem, Tt has been overcome in some Banited enses, bt
it ot not resulted in solving the core of the problens for many peaple,
Tn oy view, the ost pressing present need 15 to besin the develop-
ment of an etfecrive federal state etfort, first to 1[1-\'¢-||)p l'”“"'-" and then
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to sdininister w system to earry new deviees to patients wherever they
may e, ' :

This will require first the building np within the rehabilitation sery
iee administration of a enpability responsibility 1o develop policy and
to administer the national relihilitation engineering program, and.
sccond. to develop mechanisnis better to implement this poliey throngh
the state rehabilitation ngencies. An immodiate neeed ie to appoint g
permanent comniissioner of RS\ and then to implement the present
Tow which specities an appropriate staff gronp to assist in the develop- |
ment of poliey and administration of programs. This step wonld he
the basis for reaching ont to state agencies, hottor to eoordinate and
encournge a higher level of serviee 1o the Nations disnhled popula.
tion. The svstei nsed by the Veterans Administration, while Imvine
some deficiencies, conld ‘well be o model or sonree of stiggostions for
improving the RRA-State rehiab agencies netivitios in rehabilitation
engineering,

Tat me iHustrate two, 1 think. very exeiting deviees hoth of which
come out of the rehabilitation conter. T eannot emphasize the many
failures which have oecurred beesmnse of the lack of recognition of
the need. Bt there is no veazon, given the conter of the enivronment,
that 2 number of costs, government agencies eannot be bhranght of-
fectivelv together,

The furst example represents an attempt 1o do that, We are al} aware
of the ampntee popnlation of the world weaving prostheties, These
devicos depend ona socket which connecess 1o the artificial Hmb, Tt is 2
diffienlt and not very effective solntion. Tt has been o dream for veiurs
to attach directly to the severed hone, Some initial deviees hinve hoon
aetuathye used with patients, T have here the element whieh Coes into
the hone of o severed limb, The interanednllaey pieee made of steel
represents the Kind of technology which snrgeons are coneerned with,
Buat the problen of <ealing the <kin where it comes ont ngminst infor.
ton has thwarted vesearch for vears This comes ont of 1 research pro-
graom conducted by the Ntomie Fnerey Commission. They wepe at-
temptivg tosdeveiop plateninm covered heads to be used in repetors,
That projcet never ended sip with plutoninm covered beads, bt it did
end ap with a carbon whicl conld he placed in the body, to which the
trssie combd wrow and adhere, The skin erows and forms o natural ba -
vier, This deviee was mmde ar Kennedy Space Center with te “onpm
tinn of NANA,

The second problem whieh NASA has solved i< o apply o speeial
deviee whiel wllows he prostheties, the e 1o he pushed into position
el docked i place, This i< now paet of the linh, The e, when
he wants toctake it off s merely pushes o bintran amd takes it ofl, 1t was
de<torned for yee i <Prneee, .

Heve i< o resabt avising out of the internetion of sonwe =P e,
Festll be placed i o patient ar Raneho, We Jave worked s o tean
theve torsee what the prrablems were, ‘

The second deviee was siecessful in privare industev, There is the
serparaly zed individial whoois anabbe vo B Bis toe when he walks,
Whent T have here dsoa devive whieh i< <nvesten iy nnplanted m Hu.- Poer
of w-troke patrent. O the ontside, 1t s basieally o edio teansmitrer
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which semds impulses to the deviee, Onthe shoe of the deviee is g trins-
mitter alo, mo cach thae i stepe s tikens the little bliek bos semds o
stenad to the nerve cansing the peeson’s foot 1o be Jitted up throngh
electrical impulses, This proceduge shows extreme promise, Many pae
tients veport considersble improveent in their ability 1o walk anod
sttt We duve applied this to the paralyzed hip ninseles of stroke
Patients, So those formerly not able to walk are now able to do so, The
ability to put o computer on this to program the movement is just
aronnd the corner,

Leant to thank o very mneh, M, Clitirnian,

Ulhe prepieed statement of b, Reswick follows ;|

NTATEMENT #Y Javes B Reswp i, Sed), Disroror, REHABILITATION
- FEINGINELEING CENTRE AT Bascito oo Avieos Hospiral

Mr. Chalrusin aml Members of “Phee Cannnittee

IUis fndeed s hoten for o 1o have this opportunity brietly 1o bring to your
attention certain eritjeal teeds o the Rehabilitation Yongineering Progreatn admin.
tstered by the Rehinhifitation Serviees Sddnisteation, Many olhers hiave cane
vineingly ~hown this and other cotmmittees of the Congress the great potential
ol cottbetiporary techtiology winn effectively applied to improve the qundity of
Hite of the nation's severely disabled apdd, indesd, throngh modest expemditure
to change these persons frome Hletiime recipients of federsl-stiale support jnto
Workitng contribntors to the gross natiom] prosinet,

oawish there wore tine for me tosgeesent in detadl o number of sprecifle exin-
ples of <everely disablod persons who are unw selfsuttieient s resutt of applied
tectitndasy and teaining, Wather, tor the record, " e inelinde bore as gt appemdis
the sunnuary of an exeelent projeet carervied s ot George Wishington Uni-
versity by Phiamas IO Shwarbes, MoAL entitled Develoapment of Modern Voeas
ot Objectives tor Severely Disabbed Homebonm] Persons: Remote Comptiter
Prrocrannning, Miceddin Baoipanent Operitions amd Pata BEntey Processes”
Prraf, Shiwarles reports in this snupnary bees <ome 27 spitat] injured porsons were
eepuippeed it teanited to voork in their onnes, Based om0 Sovear projection, he
st Benetit clarnines to GNPy o Cost cCast of equipment and tenining
ratios which ranee feane 1589 to 36 Many other examples are availiable to show
thiet <l trnee savings o tay manies do eesalt fron offective Rehnbilitation
Fonzineering Prozeans, The offect af sneb g eluinge o the mcaninz.oftlife to the
thalividuat is ditliendt 1o overestimate and impossible to vabue in dollars,

The survesses gt tivorage Washington University show what ean be done for
27 severcls ddisablind, Fo serve the mithians oF sach persans thronghont the wition
is woureat ehallenge to 2averiment v all fevels, paretlenliaely federal. <state sind
connty Phe paohletn is notely complicated by the nnigue iatnee of the Researeh.
Developent - FEvalvation ' Peaining atd Distriliatione proeess inn one feee enterprise
systen Bevices whiel appear praaaising inae development Bthoratory, saelyas one
of e nes Relarbalitation Ragiteerine Contors, ahinnst aniveersally represen? grent
catnereil rish when entisidered as new produets for jadustes, The cost of
shesivn For prodbiethon s the cost af spevial needificativaes for eaceh jartient ; the
cost of adegiete training and edisding of physicions e allivd health personned
in theie sppdivation: and the vast of nerrhetingg el stbsegnent mainteninee is
g by enonsle to diseenrade oo potentinl manutaetnver when thesd with o nereket
petentiad Which is datlicodt toidentity and quantify,

Rar thoe ditliendties van be overconae and somge exsonples of nesw eomnereinity
sviihabde devices developed it Relimbilitation Fongineering Conters, ineholing
the Raneho Medtronie Nvurotinsenbiey As<ist Deviee aod the Hivh Density Plota-
tien Ded ot tiavmar Indastrios il b mpendtioned s T titae peertaits, 1 woudd
Fikeo too <hvon v thiese e deviees for the disabiled s representative of technology
inoetion

Ta miy view, the st pressing present taaad Qs to beegin the developanent of
cflective Prodersd State oftvat, fivst ta develope poliey el then o sdminister o
vsbetn boeaery pew abevie b paticid s wherever they tnas b

Thi- will pespuive, test, the hailding ap within e Rebabilitation Sepevice
Ahcinisteation of co capability responsibidy to develap poticy el to administer
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thee National Rebabititation Bngineering Progrim, atd secomd, o develop mesl
anisms better to bpleient this poliey thrargd the Ntate Rebabiliition Aoen
cies, A imedBite newd i< o appoint o pertcien! Contpissiober of BNA My
James Barre<oFeonow Neting Cotnsdscdonier s, and then to implement the priseest
Tnw which specithes nnappropeiite Sttt crong: to assist in the developanent of
pobey il obndni<stedion of progenins, This <tepowontd be the hasis for eeqel-
fne out 1o State Agehcies, botrer to eonvdinate amd eneonenge a hifeher level of
<erviee to the natfon’s disabled popolation, Phe systom ased by the Veterans
Administration, white hving some detieivuclos, coulid well he o el op sopree
of strgestions far Dleproving the RNSASte Bebab Agencives” netivities in R
habititation Fnsineorine,

Thank you, Mr. Claddemun, awd members of the copnittee, for sttendinge vy
remnrks,

Mro Brapestas, Thank vou very noechs Mree Reswick, for o most
Interesting statetient,

D, Tielnner, T hring vou the warn greeting of o constituent of
mine, Moy, Smith,

STATEMENT OF DR. ERWIN R. TICHAUER, DIRECTOR. DIVISION
OF BIOMECHANICS, INSTITUTE OF REHABILITATION MEDICINE

e, e, Thank vou Tam borh o professional engineer and
professional anstomist, speciatizing in biomechanies, the diseipline
which deals with the mechanies of the human body as n strietnre
sulvjecs to hoth the lows of phys=ies and the biodogieal Tiws of e,

The term sdisnbility™ within the context of this testimony, does not
carry the medieal connotation of phvsieal disability bat rofers to the
mability to perform satisfactorily inoan ocenpational or domestiv
envivenment as aovesnlt of wophysieal inpairsent, Man is exposed to
eipmient i industey and daving aetivities of datly livine, bnterfae
e the handieapped swith equipment <0 wreat Nperiean teadition,
Perhaps the fiest publication dealing in depth witls the problem of
cecnprtional rebablitaton after severe phyv<eead inpaiement was writ-
ten by Freank Buoker Githreth, and was entitled *Mation Study for
the Fhandicapped This was pabilished in 1995 s problems were the
SR s Onrs,

W have o vast sonree of technolocieal darn bt we have o cononuni-
cuttons aap. Sometimes the barriers hetween the handicapped and his
ability toearn o livelihood and have the satistaction of independenee
are sl loreiviah bot they e vival in ters of coonotie needs, T hate
topt edotboe vardstek on honeo sitferine, Fatlare to inter faee pan
properly with the evervidav fools of industey costs this Nation S20
Littion o venr, Sometines <olutions< are videnlonsty <imple, Many dis
shbid hove Todt frecdonn of wrist taoverent, Usine a pane of standand
wive entters, e v e aecnpationa v disabbo s o aspeecin by oe
strreedd bienn tool coable< thenn to perforn <satisfietortbe, This nahes
the itference between complete abilite wod compdete disabibiny,

~upet e e disabbad Bave <Kille whiclo other ;u'u]»h- donot have,
Ty se wheel hes proviling ceeat mabiline, These help to eare
toob . from ane plave o another, Howo ver, there i< 0 cotmnnnieat ion
wipe betwern the handivapped amd the prospective eigployer i
sy,

[TI ST |'|-~|n---lI'H”\‘ that there 1 need for the .lu-\'c-h-mm-m uf
stiforrm Ninerean nation b ~tad e fon alnliny testine, “T'his <honbl
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Le written so it could he readily understandable to the employer, There
should be move researely into the speeifie kinesiology . the motion pat-
tern= of the disabled.

Now 1 would like to have the chairman’s permission to show a fosw
slides,

[ Slide }. Showing the effeet of hent pliers on performanee,

Mensnrements of range of motion on top of the slide are compared
with the musenlar effort nevesgary to produce movement shown at the
bottom of the slide. The disabled person has to make four times the
movements of an wnimpaired individual to lwrfnrm. e has to be four
times hetter to keep s place, unless somebody puts a bend into the
plicrs and makes a tool suitable for his use, :

Of 10 people plaeed inindustey with bent pliers, 36 kept their jobs,
O 36 placed with steaight pliers, only 15 Kkept. their jobs, These are
all wheelehair patients,

Sometimes peoprle ean sit and assemble things, But in order to got,
rid of the assembled merchandise, they have to toss it away, An in-
dividual may be disabled beeause he cannot put the stuth away after
he hias produeed it,

[ Slide.} Showing a deviee measuring the ability to perform tossing
motion,

A biomechanieal profile taken with these advanced deviees displays
the relationship between musenlar effort and productive output aned
shows how, through simple relocation of a bin on the worktable,
oceupntional ability can be restored, Using electrophysiology and
Kinesiology improvements to workplaces can be made withont signifi-
et cost to the emplover, Asa hyproduet, the employver reecives hand-
some dividends arising from higher productivity of the work foree in
aeneral,

[Slide. ) A biomechanienl profile s displayed which shows that a
disabled produees slower than others and is noncompetitive, Bat, it
also shows why, 1 yon look at the slide which, sayvs “eve muscles,”
vousee the eyes control the movernent of the wrist. By simple counsel-
ing, it ix possible to telb hing look at the typist. She does not look at
the kevboard, Yon do not have to losk at it either. Look once and
then move, A biomeehanieal profile based o electronie measurement of
movements, shows why somebody canno. compete and by adequate in-
struction to indnstrinl engineers who, after all. have the core of the
vietim of impairmert under coneern, to institute construetive correc-
tive tiensures, The most effeetive remedy is to teain the disabled him-
self todevelop an etfective motions pattern,

The Aty Lias developed the lethal sniper scopean infrared deviee
Jhisploving heat maps of entire arens, By this means it ean e seen
whether there s nan hiding in the bishes, A connterpart to this is
the health preserving thermograpl or infrared cuneree Many people
have sensory or vaseubor aflfictions of the hand, The development of
this paint seraper by tracing the hlood fow throueh the hand by means
of anomfrared enmern cnabled o handicapped person to beeome com
petitive, B looks primitive but it i< not, When we are in rehabilitation
engineering, we nst not lose sight that we tight the battle for the
disabled. This ean onty be won i peaple are teained in the npplications
of newly devised taols, Tt is possible now with infrared photography
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together with Neray to dingnose baek pain, 1t is also possible to ding-
nose iF ack pam stems from an injury to the baek or from the place.
went of the chaiv on the loor, The renedy is simple, put the wheel-
chairup on bloeks while the individnnl is working and he can produce,

Urespeet fully sulanit to this committee that vou consider esploring
the possibilities of establishing researel utilization centers whore the
shorest pathway can bedeveloped for practicn]l application of resenrel
vesults for the bepefit of Tandicapped, 1 know it iz dangerons to ewt
teross Government ageney bnes, However, Tsubiit, that the employer
willine to hire the severely handicapped often feels he does not hine
the quiditied pevsonnel to evaluste the disablod, Tt is therefore neces-
sary to estabhish standards, Stokond evaiduation proeedures will give
che dizabled means to demonstrate to prospective eniplovers what they
can dos This, in terms which a foreman withonr sophistieation, or
higher education, will e readily able to relate to the needs of @ nnu-
factuving operation. It will show the emplover that the disabled
possesses sKills and s able to atilize these just as well as the
unimpaired,

Finadlv, T feel it is necessary to standurdize these tests, U to now,
evers sehabilitation center in the conntey pretty well works in a ditfer-
ent wiy, There onght to ge a uniform standand for assessment through-
ont the conntry, The Neriean National Standards Tnstitute should be
consithted in this respeet,

To cone baek to the fears of the cimployer as to reliability in expos-
ing the disabled toa risk for which he may be proseenred, it is necessary
to realize that cave for the handieapped or disabled individnal comes
within the seope of o safety engineer or industrinl engineer, 1 lave
satistied myselt 1o the hest of my knowledge and Lelief that funds have
not been even requested by the Nationad Tustitate for Oveupational
Safery and Health for any futnre tisenl year. for tavining in these
prtter<c Tofeel it is necessary to bring together with NASA and all
other imdisteial organizations, the National Institute for Ovenpational
Safety and Health asaoteaining vesouree for engineers into play, ad
bring the disabled to the attention of these organizations, so that they
cane bevehabilivoed and emiployed with benetit to the national eeo-
omv, but even more mportant, with lenefit to themselves,

Thank vor . M, Chaivian,

Pl propared statement of D, Tieliser follows |

THSTIMONY oF ERWIN B TIenseer, Prorts-or o Biovpeltastes, 'y CrsTER
FOIRARFIY AND Direrogs Divisias o Bioseenasies, Isstiere or REs
RIOVEEAUIONS Mhrnpase, New Youw Usivpgsiiy

Mr. Chairiemn, Distingiished Conmnittes 3 oam both g professional engineor
Al prorfessioral amtomist, speeciabizing in biotecho pies, e diseliptine which
Aeals with the meechuanies of The Jnn v beady as o stestaee sableel to both e
Bosvs of phivsivcand the biologival hiws of Jife

My direet s dospewsinlty, whieh T have belpaad to pinteer, i acenqutionn] bio
neechamios, thee mechanbes of the o bedy, healthy g well us disetaml, in
work sitaatioos aned etivities of abaily Tiving 1 oo wetive as a0 pepeler, ro
s her et adtint ta agelusrey aed olvicar to several other wediegl institn
tiens atd envinecring collewes s well e Y Zovernnent geeneies,

The torm  Haabilite™ within the eontest of this te<tingony, does fol carry the
tmedicnl conretation of cphvsieal disabifiss™ bt refoers te the inahility 1o peer
forme ~atisfoaborily i an ceontational oe Dotnestie pnvitonment a< o pesill of
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physieal impairment, There are two basie thea<ts to he considered in the devel-
opnent of teehnodogios for the pehsbilltation of the phiysieally handivipped,

Plestiv, the developient o farthior desclopinent of techuotogios which aite
#t the oprovempent of phvsion! Mnetion, By wiy of illusteative exumple, elee.
tronheaily operated artiticind Hihs, veading Jdeviees for gquudeiphegios, awl the
Hold of Lyperbarie wedicine siid other medieal diseiplines e mentioned,

Secandly, there (< need to dovelap and apply researeh miethods ad feclimologies
i slgneal (o fueilitote the relotesration of the itpaesd into o prodoetioe. come
poritive cinployimna proees<s or 10 this is not possible, o provide mettonds of
interfu-cine with domestie sgnipmnent so tloet thoey eon dend ot least o relatively
trdependent 1ife at huie

The btter uspect js oa timeonored Amevlean teadition. Perhaps the tiest
prthlention dealing in deprly with the probletn of  oceitpationas] relihilitation
Al severe physical Dipairment was written by that great Ameriean, Freank
Bunher Gilthretl, and was entithal Wetion Studu for the Handiecapped, s ooty
s 1Y Hie problems disd st dober from ones The problems ine T and the
stes it 197 E are alihe, Sophisticated techpologios doveloped fn many tiokds were
Phes st as bdie s avattobde Phe peobilen witss amd s <t Bew oo spgdy This
st natiom! hoeritage of superior Nmerivan researeh aml technology te the
practicat henetit ot the andivapge-l To achieve thiv, a threepronged approneh
IN Heeessary oo, reserele gegredd Lo siseras The potentind and Ill’llit_\' of the vt
storehotise aff techiedogioal atal medieat bosie Koo ldee paoissed it the ex.
podise of fnpaaers” ey, atd anoegually siguitteant espeaditure of the eo-
tioma: amd intelleetnal resonrees of devated poaeaiehops,

Too toettion ae exnple - NASN by pnassed o vast oamnventars o of hasie
Fessat el resndts techindogient appdieations, hteowdoow gl peajert puorigetnent.
Nevertiebess, beeittise NANNA wae i eonevives) s o0 ehahititon agenry, we
v nat Ldy apperiaised of thee patore and mergnstade of fhe beepdits, which are
stadonbtedly egior, ate whin b niy weerue o P disahbead from the sjutee eftort,
Phis is e the tandt of the spoes gpeeney 20 is aseribabbe S conpmnications
caf which sitmpdy evasis betsweetn NASN D the vehabilitation vonnmunity, toe re
habitites ol the podential vmpdes e of relinbilitees,

tie e thesrs teebitinbioe Liegve beetnr srsspvaad bt i Leerssa ey To o codudinet paissjon
o Gtest pescarcl foswaeds o it application to the relbilitative prociss

Frody s ated thie st e sand luae, to cotpbpe! peseareh withont conrnerent
tradniig ot beast e the tield of pebabilinatmn and disabality peevention is 1 bea
Fesprect by the Cvinpettec’ s Torgiveness foroqay barshe bincseae, ntieely usieless
O o ew Technobaty s develngud, poeopde pontessionadds ated Techiiofntes, are
Feaprieed Lo apply the vechdogies amd debiver the necessars care, Withaut 2
stuppdy of veaimd tadiclogiets sl Noray techinicians, the Noray tobe swondd «till
b o fascinating curo displayed vndy in mosentas to selioliors of phy sies,

A evdntittnent o pron bl redababitatione sers pees entaths anoobibigatinn tosGirds
Hie peotessioigt] prepirsation of the necessary geersantiel A ecising to eondnet
Felahritatoen eseiep b itnplies o mesrad obdizaton Sootrah persotitel which vat
teshsjoor! the pesnlts o vecenrels into The reatig of prac ties! tsefubieess, Reseamch
attd the Trritang oF pecetioners sited the praetical proeess of pelahilitation are
ientrn abdy interwovey el oo odeeision beoenetne snany o of the thitee ear
s thee meerad ] fsend responsitality o engaue il thie:

Thee fotlowing ligur-+ bt the fatien’s begeet opidemnne bave been vaotnpilied
Froee oo varnety o F anirves b thae bist e sctomee, there wepe S8 anillion foen
dreete whineh bl Dealosalality ol boespatadezatian Phas does it even tuetde
vpedopr Vel e i et CThe tatat esonnate of aleedadiny stemtning Froatne beeads
e e ol e ottt ~salery aned hea e ot atesnted Yoo tuae Dol
Yo aheal it al s <tineated costoad e thote 820 Bt Fatal e Tnst was
VR it 1nan o Vot rotee fr-alo ity gl e 17 e eent of the civilian
Joogribation o worbang e g Phee Dgtdasl States 10 e proested that dadteast
FAANEEUEY FEPRT I PP LYY O wall Lo vty odreabdend T s ‘Il'l'l]'l.llill““! (|l‘:|ll””_\
Feealling Pronn phiyonab topoirment o itedeed the pntiot’ s perjor epidemi Hew
vie e Dochioloone abovebepeel sl peeent vears shoss that gt pis~ibile ter ofn

stz thinne atoagt !

P 1eal paeepele T {10 ]-I'I-I-I'IH ey "'llll"'ll'-:l"lll'..' for even the noost
FERICIN PR Y TS B I

oo so s vers gt endinee s a e catniie upcaee 10 i thae fnilividnel with
Grevtoal Lt Lo b b B b ok oda teodtee o hiis piesient imnpurivinent
W oo b e T b s et Batthe ey o pdavsdead tosk ades fop e
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nomie survival, within the femnework of a eompetitive working enviretiment,
Thix battle oan be won it the technologies neeessa ry to achieve shieeessfiyl inter-
faeing of the disabled with the workpliaee ire dissemdnated and their application
tinght fo those egagsal I abity assessuent; placement, emiployment and supwers
vision of the produactive get itself,

Hew this ean be done will how be detionstrated with four exiampiles

ENAMPLE

Numerous individnals who suffer from inflammation of periphieral nerves, or
dinnsge to the peripheral nervons system due to motor ear acebldents or, perhaps,
are arthritie, have lost to come ontent, freedom of movement of the wrist Joint,
They way e contlued to wheelehatirs but gevertholess hive been mdjudged per.
feetly enputhle of wiring electronle devices, Alreudy, on the tirst working duay, it
maty e fonnd tlat they are completely disabled besinse they eannnot toop thin
wires around stout pegs when usitis thee phiers commaenly eiployed for such pur-
posges, I the vietims of suels physicial diserders e Ineky enongh to have been
teented i rehahilitation conter where the liovel of trrining of the phy sicians and
liod health professiomils goes beyond the purely medieal aspeets to include
Enowledge of the technologies involved. and if they are equally lucky ta timd
¢ nployment in an enterprise where the industrind engineer ;ind the ctuployment
officer have recelved triining in the anatomy and physiology of work. then it
will be innnwdintely recognized that the aflicted s lost the ability to bend the
wrist awd instend, reconrse is befug taken to o simple  chnologicul remedy---
leitve the wrist steaight bt bend the pliers,

A Kink in the hawdle of approprinte ngnitmde and at the right spot does indeed
miake the difference hetween complete disability and complete ability,

The potential employer of a disabled individunl has overy vight 1o ask if this
person Will e able to perform economieatlly without mijor todlthsitlons to the
workplace and hias a elanee to become a stable employee, it minor modiflentions
of Itls phy Sienl environment are nunle,

'his assuranee can be 2iven by wmeans of “he Biomeehanien] Protife. which ixe
By < clenely the relationship between phiysiological effort atul prodnctive otpat
under i viriety of cirenmstinees, In the partienlar oXampde at bad, the jnb s
simubated in the laboratory and the resaltant Blomechantienl Profile shows
eleavly that with the wrist straight ard the too! bent there is litthes musenlar
effort and it great range of movement, However, when the tonl is steafght and the
wreist benit, the worker Las to work twiee s bard to have halt the atitput, He starts
with an immediate centagnie hatdienp eotaparved With the unaiflicte.).

Justus weare tooking for potential and usofnl spineoi¥s teoiny NARA techiology,
Sodoes cach industrinl employer rontinely espeet a0 usetul by prodoet™ from
reluhilitution engineering He is more hkely to employ the landieapped I 1t ean
he demonsteated that cimployient of the atdicappel, becise of fhe HECEssy Py
tmprovement 1o the prodaction method, will atematieatly inersise the level of
prodactiviey and qralits of the enterprise tn general, 11 can be shown from sitple
industrial statisties that desabibity of the v =50 when e disabled and the healthy

arfe eotguired i not o difference in °° 1 ditferenee jn desres, aml that
maore thutt Iwive the nimmber ot he whiils et through the trining
period When instrueted it the nse priers, It oenn, turtherinre, be shown

thiet the e of an auatomienlly correct bl by thae impaiced il healthy alike
teditens pvalietion vosts sand enhimees the gquality level of the praduct mnnn.
fivetured.

EXAVPLE U

The next exaple will deal With sl is eomtnondy known in indnstey as
Trosspn wotiott T Wit deep is oie of the wore Pregneit amd aoafortingite after-
effeets of both fnjores to thee spinnd cord et tranne s woell as nimerogs other
central atd periphoeeat nervone systen disabilities Fhe inabidity to exteml the
WISt niikes i e possible for the allictaal to toss the finishol prohiet away aftey
by s et stcvesstully prraeesses),

s thetefore, messsary o ovatuale the ahility of wrist exlensjon prior to
placenont. This agatn can be sbome inoa techofosivally oriented relishilitation
center where the people are traited, B8 pol e pemetioe, then at least fn Hie preine.
ciples of Dwelusteial engitereringe atd oeepecrinten] safets and health s thet the
sprestint pay b aoswered to thee satistaction of thee empdod tent atlicer hetore
iohees v teeen ashoad
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With a1 suitably vonstrgeted deviee, the Blomechanienl Profle of wrist esten.
siots ix faken i i 10 shows thid the prospective etigployee futigines extensively
wieler suely canditions, thets he = simply eonnselied 1o wave the fote bioe Where
the timishied artivies nre doposited, to diffevent position so that at the teriini-
tion of the work evele e may seoop the canpotient into o bin rather thian toss
it awiay. Agiin, the position of o box mnkes o differenve between ubilhty el
disability,

ENAMPLE &

Phe nest exatuple will address itself to dithenlties of had wovement, defective
visogrl fiebds sindd dithicnlties with eye o coordination, "hese are experieneed
frenpuettly as it cotseqienee of all hinds of physieal disability as well us of trent-
went with medisstions, 1is tow possible to simulate, in the laborntory, the
vitive podion esele involved i wark sitation by aneans of relatively simple
desiees, During o simubited work evele, Tand npwvement, eve movenment, anil
wrist ovetet are measired eleetrondeal,y, The resalting Biomechanical Protile
iows not only et seanething is weongg bt alse what is weong auld what can he
e et i,

Ia this panetieubnr enso, 3 ean beoseen that the impedingent to suecessfol eme
oyinent is defective eyedimd eoordbeiion o eontitiions canteol ol Wrist move-
ment by g pair of cusions eyer of the patient, .

Fis possibile to fnstenet the patient in the propeer use of the eyes, if necessiey
fooeenplidn 1o b that o typist does ot necessarily ook at the Keyboard, bt o
ady ise Wb merely o ook briefty at the et and then to forget looking al
pve purjuesefndly toswaed< I The leneth of pagwr constned to prodaee e Rin:
mechanionl Profile i< hodientive of the tisne uesded to peeforss e operatiou, Fhe
rodsie] daration of the praduetion esele suleequent to saeh instraction helps to
winbudze hea] ovennent and thns peodiees botter eye-hitnd coordination. "T'os
ttkes the igdividhu ! votperitive again.,

Apporentins emplayed i the foreshown exatuples of bttty testing is hnlhy.
ertphe enpensive il pegquives 0 luboritory settiog. However, it is veliabde, The
e degroe of relinbility condd e achiovedd el more eeonmpically hy ot eon-
SEtetinn "ot of g kind™ e e deviees bt by employ it the teehnnlogies of
nutbitariztion and glssioneoriented manntfuetneing developed by NANA and
othier ageneies This wanld provide o battery of andform il standardized tests
which van b sdinistered o pelinbilitation setting und frlnstey as well, by
trainesd techinivians, with regeatnbbe and meaningfal oeenpatiom! resubis: There
o SHEEE o vertain comsannicutions wap between the weadient rehabilitation center,
the vengtionad evaluator in an institntion, aml the employer, "Phey doonot speak
P <t Toniige sl do not v the sate seprae ot vabies,

This i~ what the employer is looking for in g prospeective eiployee, be he dise
sthlend o nnbipnired -

e can the snplivee produee ceopemientiy o with o minimun of stwervision,
whithe etjoying, at the some tine, o high standard of phy siological nod emotiotinl
weellhuejting

v Fhe Oegpaetionad Rafery saol Health Aet nikes §0 ineimmbent npon the
elngdover B predect e working popntation feomn all bazards, inelading bio-
fies hatobe sl obes, ] e qiiestion way arise Whether o pre-esistiog disabiliey
e reases o ot contingensy of oeeapational disease or aecident, due 1o
precengtin disabality oo real hazard, Poder soel civenmstinees, the employer
will b tiabbe oo s, therelfore nndikely to hive,

e i an emnphaer b transfoernad sideway < within the enterprise teo o dif-
frerent ok <Toomlil sentioanie oF techindowiont cotisideriatiois ndrthe this tiesessiarey .

b AMost ftapertant of alh whivh netioh eletnents in connan ase in work-
Pl desiun thoaghont o given enterprise, aecording toits o system of i
P stoedy nrrentby i Sashion, can the applieant for engdoyment peerfori, Thi~
I~ poerturpee thes fipeesd tipmrtient onnsitleration

Ve N evtnnuttie Lpos e wmay avise CThe ctngdoser is e atways supee that
thee ohiabbed inediv sboa s sy abiation is Laraad onoi battees of tests b ogiately dupe
Beuting the shnpkind clemuats of motion naal in 2 be produetion peoeess Phere
v noften epicion that preempdonent testssearricd ot dn e pelmbilitation set-
itz 1o cnnt Fivend, et ol it faad o not sttest Lo the existenee of ahilities
amel <htlie toremsary b peerfirm effectivedy in renl ™ worh sittions Muny indos
Prtee e it cauel T it the dicablead even those st severs fipairmepts,
Hoe ey el thoet Foatee b satisfy quesds of itnsaranee searviers nod foinerense the
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general level of ocenpietion:: | hezard within the elterprise, Which could he rrised
by the exposure of individunls with pre-esisting disubilities 1o ovenpational di-
seqrse and aeeident,

I respectfully <ubmit that 1the lattery of tests gdiministered to disnbled sevk-
vrs of employment shall be fdenticnl witly the bitltery of tests given to the un-
impirivedd, and shall be Jdentical in g rehabilitation serting. in the carporition's
employ ment oftice and also, if so desivod, i an insieee virrrier's evahition ynit,
Nueh tosts, it realtistically designed, will not only show the abilittes nnd limita -
tioms of the disnbled seeking emplogment, bt will 51lso demonstrate clearly that
disahilty wy well be i wuse o supwerior sKill sl inerensed safety of per-
fortiisner, Inomany settings, the tined]l work surfaee height and the relative
mobility of wheelchair bonnd individimds is g distine wmdvantage, prrthenlarly
mder cirenmstaniees Where szt quantities o inventory or tools have to he
ciarried from workplivee to worky .. -, siel as ix the eise in light assenbly work
andgnality eontpol,

The individual who lost one arm, in spite of the disnster which befell him.
if properly trained amd evabited. will De highly < mpwtitive, productive gnd
sitfe in the gssembly of electrie applinnees, or in soall press work where one
tnised hiid ean get into the way of machine or tools, Even pro<thetiv deviees,
b they the old ashioned hook or the prore sophisticated electronically governs)
artiicial arm, have, to be best of iy kinowledge, not beeh evialunted in terms of
stutidsard industrinl motion study, Therefore, it ix not Kuown whether thejr
isers o not possess sKis not spvailable from the unimpaired,

There are minuerons consenans standards in nse throughout indnstry in this
ot ey, 1 orespoetfully subimit the need for the devedopment of 2 unifortny Ameri-
cin Natlonal Standnrd for ability testing. This Is not sl enterprise. The
development of o Standard may require sovernl yeurs to complete, Neverthelpss,
it will pay handsome dividends when we think of the projected number of
disabled, bnsed on current statisties,

There s 0 need to develop mass serecning technigues and to reenll that the
Neray tube wonld have been nseless withont the development of trined and
qualithud personnel, Another deviee will now he demeonstrated, and advaneed
teehnology which is availuble but which cannot e ntilized beenuse applieatlon
methvds and qualified personnel have not been trained o< yeto T refer to infrired
photography, or thermography. whirh was developed by NARA and  ether
enterprises tog high Tovil of perfoction. CErample §)

By way of oversimplifientinng, it may b considersd o “soft tissue” N-pay pro-
cothire, It i henth preserving cariant of the lethal “shipwerseniu’” af the Arinal
Forees 1t ean be vwsed to demonstrate i€ 0 tool of chalr ents off blood eirentation
tooa Hmb unless mealdifled, or to contivin the existenee of baek pain not dingnosabhe
by other means, Tt ean even he v to show if sneh baek pain i saffercd by o
individnal only it performing fn an environment involving exposure to vibention.
Huwever, the apparatns today eosts S$5,000, g price comparabde with an X-ray
maehiite, but it s only in conpmon nse for the detection of bhreast enheer

Other applications, highly dreomatie and ilbesteative, deanding with clotting in
bBuportont Llood vessels, fnfuries 1o jolnts and other conditions are st in the
resenrch stage heeaise not only of the eost of the instemment, which, if devolaned
praperly cun beeome an haporeant tool for s seraening of snploye. ability, bt
alo dtie o the complete npavaibability of trained personnel, The thermogranh
el even e developed into g rapld ness sepeening deviee to predict the danger
of deenbital wleers <o cominon in people With centeal nervons svstem e stinal
vont ininries Beemise of its potetitial predietive valae, it eangdd well make 1 pos
siblec tocinstitnte preventive mensnres before thee afietion oeenes, This wenbd Las
partientarly fmportant to the wheelehalr bonnd severeiv disaliel

The X rav tnbhe was mentionel eaelier. With pespect o infeared photodenphy as
applied to rehabilitation and ocenttionat safety aml Wealth alike, o comparison
i he deawn b the cardioeram The eapdinggrand weas devedoned in 1920 and wis
totentially o most wsefnd instemnent, bt eondemmal to nselesspess duaring the
fest ten venrs of jits existence which were spaent an statsdaedizing the proeodure
ared traininge personpsed Weo <honhd Tearn Fronn test expmtienes ol l"_nn«hl'-;' H
plivation teatning caneurrent with the developunnt of mew techinalogivs, Tada v
e hrve effiative thermozranhs bt relativedy fost peeandic wWho can tise thoem snd
vven fewor who ean inteeprel the sicnificanes of the pictnres sadeqpately ol
e ninghilly
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Asother urzent nevd which conbid be fuliiited by application of existing rerearel
Fewtilts ix the deseloprment of “sprny oy, eleetpudes, Respivatory magiitoring, uee-
pwet F fee eondhat disatbl 3 resnitmg from pubonayy atilietions saeh s edupliy -
it or e bieh g of iners, s sl as the snterfaeing with theee huprstn beady
ol the i inerons Vriettes of electroniendly governed sl deviees, inehuling ehee
tranie peostheses alrends cevntlnbbe, is curtentts Tpeedesd by the ssfering of the
disatdert from g ek of cleetpmdes which van be sty el ot it an neresol Tiskiton
and e beft in pliee o the lsonn shin for dads or perhaps weehs, Without
entt-ing divtarme and or frritation

Finadly, sdeqaite telemettle vire uf thee vietis of heart diseise while i work
wettht bne pmde feasible theough sueh develojanent,

Uare Por the disabded at the workpliee by peeds ann -t be Larsely i the hands
af the inddustrid ehiginesrs, sifety professionnts and industrl byzienists, Riee
i< Lo fedisteiad enterprise whieh employs sutliciently lirge sittndiers of di-nlded
o sarrant the hirimge of qualitved rehabilitation professionals, Thetefore, i
veadliatle - tiny, one weenpationad safery ol health speelialist will normally be
voteernedd with the enre tor the disabled and animigaived ahikies The thenpatiomd
Nifety ated Feaith Aet imotidates that the Nutiomd bnstitute for cleeupntiml
Safery sund Phealth teanin personnel ipialitied to pat industry iuto eompliznes with
the Aet. Fhie Witlintn Steiger Aet las been designed to elsare oeenpational sufety
aned hen it for adl workers, be they disabled op uot,

Por e best of iy henwvledae, the Natonal Institute for Oeenpuitional Safety
ared Health fsee not requested, for the fortheomning fiseiad pours, futuls Tor traine
ing progeams, 10w il e national disaster I teaining progeies in necupationnl
safety and health are phased out, A Arrlins technatogy gap iy result, Fhis is
an aue of clonging workforee il elmnglug teehinology, o indnsteinl work-
farer gets older amd, therefore, heeaies move amd moree el to disability,
which nutles the prevention of voeatbomal disability stenaning from physleal
bgeorment an itemn hgh on thoe Tist of nationnl priorities, The workforee i< this
Ot EY - nly tneanineing vesonree Quite apirt fron the huinin suttering, which
overy real Tooanybody conneeted with aebl industristl work situwtions, we
canptut aftord atteition of the woprkfopee by prmatire fetirement cantsed by dise
ability We are aleeady i dongder of beeoming o fess developed conntry with
Pespuect T nsbth ca s for the working pepmilation, A fechiobgey sip with respect
L the offectives atHiziction of our human resogrees is P pidly developing between
thi~ ated other countries,

1. therefore, submit respectfully to this Committee, 1wo proposals:

Vb A ntensified progeiin of training of practitieners in thee fisedds of onenpir-
tiotal satety ad heatlth, foensing an baoth the needs of the healthy and thedise
ablead uneder thee atispiees of the current featnewnrk of thee National Institute for
Ocenpertonal Safery gl Health in evaperiation with other auetictos sipeh as the
Soaciil Welatnlitation Administeation and the Soclnd Seenvity Ndmingsteation,
A tish Fepee <honld b empanetled toodetermine not bow el we save by the
phetsing ottt of traindng progrimns. hut by how el we stand o Jose in terms
both gopetaey aned in hitnan snffering

19 Resenreh utilization conters shonld dee establistied, They stsmld have o
speen e anedates oo osrell for hasie setentifte il techinsdogiead sevelapiaent s,
toenplore thear potential eelevines to pelabilitation, to devedop procedures of
Pt a b ey for voeptiotal assesstoent meaningful to the vebabilitation eon-
oty Lned thie industrind cmployer atike.

Vind nnadby, they <heathd e el with thee onns o f trainim sndegiiafe num-
ot ol ju-rsonnel shibhal in the preaetieal applivation of 1l trec-hiologies nyailable
<o that meaninefol resabts can be obaitaad ot oo monironmn nober of alis
aideal three with ~theelinieat itngairient, those with tuedinm disability aned
Pheee Wl are severely adisabled can be ventewetead it the vinployment
firneiss,

A report of the Space Rescarch Conpdinatioly Center off tne Utversity of
Pt bosrseh <loot « Thett thee oreatest pasd of this commrry i the Beld of Liatiechani-
cal ke Batnon L tors eniteering isopatitied insteactional persontiel Poverty
vk ecd by st b dtin terne tinnciad ated unterial, or by way nf jeb
satisFetren, e vy psth e also one of D vasises i o ationad seade.
of the inabadite of tans indistries beoooingpacte soevesstiathe in international
i rhete o onone et it of paivment - ol tost impertantiy, it ditninishes
thee bove bt ooy bappdne < ane PR ety L Foe o feel that wotetbing can
Bae e cobeant i thenaigh appreprate Jegicvtion, Which nmhes feasiblic the two
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propesitls atbove. ‘Fhis, of votrse, nust be followed by faithfiyl and effectlve jm-
Mementation, in gecordance with the intont of onr logislitors, of any sueh laws

{rissed.
——

NEw Yok UNIVERSITY Miprear, CENTER,
INstiere oF Rutamararion Mooy, ]
New Yorle,, VY., Devcember 27, 1973,
Mewmarandum
e Dissemination of NASA ‘Fechnology, _ .
To: Boward A Rusk, M., Clinieman, Departinent of Rehuhilitation Medicine,
From: Jumes M. Pwyer, Erwin R, Tielauer,
This memovandum ix written in pesponse to your recont re)itest

SUMMARY

1o Muel NASA technology is well documented and, with moditiention, could
be usefnl In the blomedient are.

2 The lmrdwars frr many systeins was prodoced in Hmited guantitios amed
it be dupdicated inespeusively only throngl quantity produetion,

0 dolnt ventures smong lnbortories conld resalr in frweafa-kind costs bejng
sharvl. Fhey woulid neeessitiute multi-party conteaets thnt NASA is skilled in
supwervising.

t. The potential payoff in exploiting sueh techinology is enormous, Biomedienl
telementry alone conld halve hospitnlizntion costs for many conditions,

A, The researel henetits would be great, ‘There woull be dramatie beneflts in
niels tor the disubled.

B Now degistution and funding mechanisms e needed to make the benetits
af NANA research uvailable to the catninuity at irge,

INTRODUCTION  AND GENERAL RECOMMENDATIONS

The NARA program of the 1960°x will long stund as one of mankind's great
dehieveents. X byproduet s o huge inventory of aeenmulated knowledge and
teehitigne stored in progress reports, on compiter tape, embodied in existing haird-
ware, el i sewne cases, enperied as person;| exprerience by the men who did the
wWorrk, Sitee thie foeal point of the NASA work wis teletietered comteol over living
it sl ot this expertise holds enormons promise for the medicnl commaunity.
This memotundum suggests how some of this i be transferred to the American
metlienl comnnity,

The physician working in a busy hrospital Lias but Httle tine available so ~ift
through the data that NASA hos Produeed, Furthermmore, results are often
conclind insophisticated ehgineering longuage with which physicinns may b
natimiline . Aecess toindividud reports will henetit Tew doctors, gmd  fower
b ients, Phe sumonnt of it minst bee rodueald to manigeble size, Far example,
the desizgi of nnits to handle hunsn exeretion in zero Zravity involvel solse eon-
Mderatinns also wet in the nnrsing oure of the paerapleio. Aastromant eontimd
P capstide tor g week has many similieities to g putient in o wheelehair, ‘Uhe
desivn wark of a fight-weluht, sulorliss disposil systenr nay contuin informationg
wsetnl to wny hospital, Fhe wnin point s 1t s hospitals shoubd obtain g
Fesn o these sy shagns Pop study autad evabiition,

Bviednatel N a0 seennd consideratiog presents itself. Neither the hmrdware,
Hor its dewnpentation, are particnbarly useful jn and of thetselves, They mnst
b evahicbed ina medival <ettine sl ey st be noshitied for clinfeal use, e
Bresent Sy stet of NASN Regional Infortoation Coaters is Basienlty useless, Whnt
IS teded s et i sy stets of doenmentation depositories, but teehnieal sssistan e
crnters swith o thiees Fabl tnission -

e Te loeate uot indiy idaatl peporis, o sers of repovts related to o paeticnlar
it Further, assistanes shoald e gitalde te render these docneents jn
feves ndvestinndable 1o w0 physicinn, The centors shoih) SPONNAP Cirses,
SVieosii et ote for and by the nedjien volmaniry,

2 Tl petiond centers <hondd Ine able te deliver components and - oy a<sen;.
Blest bardsware toognalitiod inve-tigators, They <shoubd e abibe 1o help in carrying
it i b o s
ST centers need B bave fandites wailable to gualiticd gronps to ntilize
SIS B et ies devebigoad Phe soonomies of Thi~ e e tisenssedl Biter,
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Hoere it i suttivlent to note that neither duententation nor hardware will be
evploited nnless competent peesonnel gee available. Basieatly. this means the
vettters shonld be spapsoring resesttel ad developisent projects within the
hiowedieal conguunity

The ntilizntion of NASA technology will require o close, continning cooperi-
tion befween the engincering and medieal communities for which there is; at
peesent, no mechirnsin CThe coneept of expanded NASA Regional Informantion
Centers wonld provide stueh o weclsnistm, Bioengineers, focated at the NASA
Centers, shonld aet sis the connselors amd advoeates for the wedieal community in
a dinlog with meannfactnring @ronps, The Boengineering gronps shonbd be able to
fund pevanising poojeets initinted by e medieal and blomedieal seetors, only
when all these clemwents are interteting will the enorimous potentinl of NANA
techantoey be tenly “mvailuble’™ in the sense that paticnts ina hospital witl receive
seryvices.

GENERAL CONSIDERATIONS

y 11 NAXA his mde a0 read and ongohing effort 1o see thut its knowledge and
SKill e widely disseminated, Ontstanding in this regaed ave: Biomedien? Appli-
virtiones et Southwest bnstitige, S300 Cnlebra Road, Sano Antenic, Tesus
TUN) CFechnolugzy Applications Group, George Washington U0 Medical Center,
Biologic Scietpes  Conpnniications  Project, Washiington, DCo0 Stantord U
Sehool of Medicine, Biomedieat Applieations Yeam, Pato Alte, Culif '

¢ N i jor problem facing o medbal researcher attengaing to exploft this
Beehinedogy s its highly speendized nature, For justanee, e tse of solid-state
electranios nsually involves the nse of enstom deshgned “eliip” civenits absolutely
ettt izt ta the aperntion of the Whole system. Soch eliips were produced in
st H quantity on the basis of vost-plus contrtets and ave no longer connercialy
avaifabbe Tt ois of paratoennt sigiifivanes to develap o funding meechnnlsm o
e s crrcnitey cheaply available to clinicians so that it can he Incorported
i i et of detices used i the dittgnosis and trentient of stroke atid cuneer
prittrents

i CThe current poliey of widely dissominating weitten reports on NANA teche
podogy, bt denyeng fonding for handware constriction il or tmodifiention,
tirhees stife Tt svery one knows of opportunities availiable bt denies nny prossi-
Bility of utilizing then. With few exceptions, NANA developed deviees which
ittt e peprodueed cotnnerciadly nsing low bodaet funding

The sgino? epuiptent wis buile to eonstom design in sl production rons,
Thie vonsideration erfebds To precision netors, vlecironie eaponents, eleetro.
aptweal traesdimeers, esotic netal ablovs, and other estraortinary ftems

Fither NASA oF sone ather agenes should develop a fiding mechanisim to
trahee these developent s not only visibde bt slso theaneinlly aceessibde,

che I shonld ot be suppesed Thiat exteaordina ey stps of jnoney ave needed.
Thee per itetn cost of produeing o devies capable o felemetering Dlind prressure,
et rate, pospiat o, amd BEG dats frome s subject juea hish velority centri-
e wire con<ervatively estipetted at 25 midlion dolbars, Seh oo fivare lu-l'ulm'_ﬂ
nrpher<ti bbb When 1t is tealized that ole salid stite chip ciren it costs approsi-
ptely XS000 The test ate igdred wondd vosd about one hindred doffars each,
tetalling ten thonsatd dollies But the nest ten thonsinml civenits wonhil vost ons
deodtar e b Foranother ten thotsand dollars,

Thoee e the sceniotnies T CabeeolaeRind™ pradnetion is astronomically oS-
Pensive Crew af s hind” batehes aee chieap Much of NASN techinlogy was in
P came of i hind eagerhitity, <o that deviees van b treediced for wider nse Hli!l
dne relnvely o CPhe dramatie deope it e cost of de sk top eatenbitors s
o v npbe o the Tevierase this 1y pee of eernanics vl exert.a

SEGEESTIONS 1oy TH PUTURE

Vo e e iy oodissemnine te edware AN information to g multiphieity
of rreseareloers in hespital < nesdiend conters, aceademic lnboratories, and industrizl
Lrhortorie< NASN is the owieal agene v T overses this proces< 1 has et the
v perieiee of Waprkimg Wil specitie contracties for produetion of lmited, hishly
cpeciabizead itemns and cabse has il npoay etlicient inforngnion transter caqa.
hility

vy NARY chenbl formmlbate gabilelitnes thet wonld  requtire joint ventpres
atenz ~ veral deDtntions for itews in the fewof a Rind eliss Two purposes
wonbh b erved 10 wonh] provide o stiote ineentive fopraliscnssions o mmany
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Iiborutories seeking to become oligible for suel joint ventures. Aso, it would
be i mechanism te Keep project costs down eciigse $he sithe fund wonld be doing
deubbeduty, For exsmple, it wesihd lae Wasteful for emeanstitition to tey to il
dlexaeskeletal system : but for four labo aHories to jointly bulld seven or cight,
stimed at locomotion, arm movenent, lifting, ete, conld aehivve signitieant NIVHIES
and at the same tiwe expedite the tetnsission of technologicl know-how.

tdr 1 waitld be necessary for logishitive clsihiges to implemwent sneh convepts,
Notonly NANA, beciuse most goveritment Akeneles are orented townrds projects
voicebved und execnted by imdividual cout ritetoprs,

A varlety of teehindgques e hossible tog mahmtaining ftecountability, P'he most
olwvious worhl be that an individia) Lihoratory wontd sulecont raet piris of u
project to other Inboratories for the broduetion of & partleulur system.

EXAMPLES OF SPECIFIC TECHNOLAGY  URREN 2.y DEVELOPED BUT NOT € d MERCIALLY
MAILARLE

L. Spray-un Electrodey

These incorporate o silver powder fia Huid watrix sond cien be applisal to Lurge
Or small areas over seleetod mpscles, Thes ave superior to eonvent ol et
ing puste eup eleetpodes heennse they cun be left an o subjeet fop lotger  vjods
and have Hntle wotion induced volt: g

At present these eloot rosjos g re fabricated i each Lthoratory fron s Vitbiery of
industrial sourees of silver Powder, Yome care st be taken to ensire thyt the
partientar Inteh of silver powder ix not sdmixed with feritating additives,

Our own jastitute js cirrently developing ~in hogse” expertise within e
Division of Biomechanies in developing spravoaom eloctrodes for:

A Respiratory mionitaring tprevention ot erib death )y,

B Myographie clectrodes fap tong-term adhesion tinge My oeleetrie prosthess
htensive Care enrdine Huitoring ;.

2o Nub-ntiviature Riotclemetry Unit

NARA has developed the technigque of tennsmitting phy stolowienl stgnnls by
radio tooa high degree, The elreitits ure welldetined amd seversl genergtions of
profotypes have been employed in NARA Ihoriatories, orbital Rights, and in
medical lnloratories antside’ NASA. The Applicitions range from EMG. KRG
te remote respiration monftoring, all while g subiect is free to pove whont
oXereise.

However, oqely Liboratory mch delve tnto the NANA diterature to titd the pele.
vant data and individnally try 10 loeane sitanhle components feom stinda el
indostrial sanrees,

S Cumpoxite Epary Clath Jor Orthotio Derviees

Ntatubard steel Frnes are dithendt for wenkened patients to manipulate in sucl
devices as e and g bracees, Epoxy cloth is hizlity tloxible antil “cuped. il
vizidly holds irs <hape under hesivy boonds. B pwerinit< the custom fabirfention of
arthotic deviees whieh sare licht in welght and form-ditting in a nscer of hours,
Most impartant the compansaits sre onsity repliemd,

These eloths aree prodaced in Hmited Jots e r NANA coutreaet, Phe graphine
winss fornmiations that are arrently avaibible commmereially e yor cisily enred
ith ronin temperatinre,

1. roxthesis 10 Maoturs

NASN has developed 5 widee viriety of small. light-weight motors et inre
citsily contrafled with Lidly precision fur aofurhing solar pauels nnd positioning
antennas,

Such motors, cothined wWith suitahle havdware are ns<etnl in aetificial lmbs,
wechanicad page teners, ote, and other prosthictie devives. The Ricaneehnnics
Latboratory woubl be interested in nsing <teh ttars tes develop precision beads
for use jnroeasuring bimuechanie:n) proatiles,

The motirs avilable from fwinstry earpurate sotie of this NASA develoge
went bt are pecessarily prodieed for o §ingited range of apqldications il often
Feanire exneessive enrrents o do ot meet e precision control speeitleations of
the original NASN contraets,

S0 Bea <o letal Suit for Lovomotion Anrlyxix

The Langley Resetirch Center s developed st exoskeletal Tesnwework that
Permits the nosesurement of one limdes motion relative te g seeald L to g pree
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cisten of 174 A seeond genemsition prototy pe ineorpornting o telemstering cipi-
Pubity ix under test at Bmory Universety soid the VA hospitai in Misimi.

The Biotnechnnies Lathewitory has, with sonne dithiendiy, buitl o lordisimieter
nabing simbine prinetples bt prodwedinge information of a0 ditfecent wafuye. Our
Ibornbars wonlid be gaost bterested e esploiting the inhereat en bty of sueh
i iy iew i mestsaring the respotise of the body to i variety of Lifting tahs

Thic system has consldernble elingeat interest beese wauhl allw the
dvimnmie chapnterization of pepropathically injured patients feeovery progyess
during o treatiment programe 10 wonld permit quantitutive galt aandysis feee of
ehetpnhering wites. 11 oadso easnres the ability of o pedient fo traee ontoq
three ditsensibnd pattery,

6. Ohulonicter

The Biomeehznies Laboitory of this institate has groat interest anmd expeetise
i evechand enordination stidies, I evabsting pilot visnal coorilinition NANA
Wi devedoguad stosystenn that atbows froe Tesed motion bt e mensiee eve hiree.
tion, pupll positton, pupilb dismeter, divection ol veloelt: of ~enn and vadio of
horizontnl o vertionl sean eseaesion, Suen o sysbet wonss - itnbily produee
infornmtion of wrent <ignifbennee teelinieal bivaneehanies oo sl as in the
tresttaent of hendnoshnnnge.

tGiiven the prospest of sectreiug an oenloweter, thie Bioanechanies Tathoratory
wenthl b willing o pradnice o seenre the eoiponests fur several move in vone
Junetion with other nboratorues, The tneentive wonbhl econe even stronger it
tietissiotia tetde B HKely That severn? Bilinttories wontd use sdonlnr systeins in
dilferent wid s so s ot o daplicateco esperiment s Huheeessarily.

NpyeE RESEFARCTE CoaRDINAVTION CENTFR T'wo BrrveEys or THE Nikns or Faot-
CHTIEAG Stitciie 1S tne Wit o Biostoinantear asn Hrsas I acrors
RN ENY FRTIRNTES DT IR U TR *

s lrwin BOTivhaner, Preofessor ad Directur, Division of  Biomechantes,
Iititule of Relabititation Mewiae aml the Coader for safety, New York
University amd Man A Ghreer, Assi-tant Professar, Mechanteal Bugineerimg
Doepartwent. University of Pitestarreho

The Spoee Resarch Conpditation Center, establishidd in May, 19623, has the
Frdbeos it Fonetions o by it whininisters predoctoral el postebvetoral fellaw<hips
i ~puter pediated setenee ed eniteering prosrimes: 20 it mkes available, on
apgdication mpd aftey review  gpllocatisns tooarssist iew faenhty meanbers in the
Prvicion of the Saturnl Seiepees g the Sclinl off Bogineering to itndtiate re-
ssirel prorams or to permit estiddislad faentty newmbers to do prelimtnarey
worrh o Feesen el e of s onvel elareeter . G in the Divislon of the Natural
Qepepees if ke <o antont] atloeation of fands to the tnterdiseipthuiey Laborn-
tuey Tor Almospheriv sl Sjeee Seieneess cbin the Sehont of Bngineeringe U
Bathes o sinnbire aBocation of funds tocthee Depairtnent af Metatlurgieal and
Mteriale FEngineermg amd to the progerae in Bugineering Systens Management
of the Depaetipent of Tndasteial Fagineering: aml o in coneert with the Uni-
vebsit s IS e beedie Avaibahility Rystems Center b serhs b assist in the arderly
Pratstor of rew spaee geneeated B ledae inindistrial application. The Center
s dssties paerioadie pepeorts of  space aricnted research amd o voprehensive
Hune report,

Thee Conter is supported by an Tistitntiopal Givant 1 NSG 1y o the Na-
tional Neronantios d Spene Ndinistration, Strongly stpptetaented by grants
From tee A WS Melten Ddueatinnad and Ctevetabde Prast the Meorlee Falk
Medies] Framl, the Rictaed Rine Melan Fonwdateon awd the Sarab Mellon
Seaife Fonndation Muel of the work dheseribed in SREOC veports is finaneed hy
e hoer wrant < stk tocinedic idnad fuendty nembaers,

PREF AT

The 1we ~orvevs of e Needs of Fngineering Sehools in the Fielt of Bio.
mees lesniesr b and Human Faotors PEngineering Fdueation were conplieted fo the
fetaeetnitent cond Pl Baetors Dnseion of The Mmmevican Soviety of Me.
clatties] Fpgiteers odnrine PG and 1967 Ly Frwin It Tichauer, Fxceuative
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Committee, Blomechunteal and Human Factor: Division, Ameriean Nociety of
Mechanieal FEngineers nnd by Alan A, Gluser, Eduentlon Connmittes, Blinnechnnl.
cul and Human Factors Division, Awmerlean Soclety of Mechanleal Engineers.

TABLE OF CONIENTH
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Tha Sumple,
Approuch,
Natitre aud Processing of the Data Recelsed.
Correlution With Resulty From Other Surveys.
Results From the 1144 Nurvey,
Resulty From the 1967 Survey.
Nummnary,
Acknowledgoment,
Bibliography.

OLJEC PLIVE

Neveral excellent surveys about the state of the art of bloengineering, blo-
mechanles, nnd blomechanieni and homan factors ehgineering at Ameriean uni.
versitios and colleges do already exist (1310 Likewlse, slrendy under way ure
studies denigned to determine the best syllubus steneture for the trutuing of
engineers in those bratiehes of the professicn which nre lifeselenees orjentod
(1§=165). Thix report endeavor: to complement and supplement the aforemen.
tloned two strands of inquirles with the oplulon of euginecring eduentors anbout
the needi to train, In sutfelent nunibers, badly-needed professionnls far the prae-
tiee of our fast-developing diselpline. While the purpose of the ''wo Ritrvevs was
to obtafn information on biomechaden] and human Puctors engineering eduen-
tlon in particulur, the results nre of Inte est and upply to wost areas of blo-
technology, o

THE RAMBPLE

One hundred seventy-six englneering sehools 17) cnjoying full professional
necreditntion were ennvassed by two different NUFVeVS,

The first survey, completed n 19686, indlented the need for additionnl infor.
mintion, xo n second survey was condueted in 1067, Responses were good for both
siurveys, with 11 respondents for the first and $11 for the second. Both surveys
were directed at the needs basie 1o the trafning of engineers, life-selenee orjen.
titted in thele profesdonnd oittlook, expected to practice ns specinlist englneers
In their own rlght and not merely as, for exnmple, nstrumentation engineers,
supporting progratus of other divcipiines, Instructions for the questlonnnires
emplinsized that the term “eonrse” shonld he decmed to tnelude ench and every
scheduled wetivity cog. formal clusses, luboratorles, sendnars, orgur ed work
by gradunte students on o thesls or dissertntion fur u degree, supervisod nnder
graduite projects with substnntinl Instenetlonal content, ete ), Tt was emphasized
that the existence or absetee of o formnl eurrlentum ta the fleld at the Institution
ernuvassed wik not o eriterion for participntion aud that the survey would not
be concorned with questions as to whether these aetivities would be coneen-
truted In one departnient, he Interddselplinary, malttdlselplinary, be adininis
tered by Individunl, committee, or faeulty, or even o cominittee of representat] ves
frow virrlous facultfes,

APPROACN

Prelimlnney conversatlons with o nmnber of . adentie and admlnistrative
offlecers of varlons fustitutions provided convineing urgnients that the surveys
Wnder considerntion can be bost condieted at the level of fnterests of pendemle
deans. The one argument, advaneed most froquently, stated that most degns
were well formed not ouly hont happenings within thelr own faentty, hint,
due to qerviee on committoes gl freguent formnd nod informal contrnet with
offfcers of administention at i higher level and thelr own collengites (e, othier
deans) In other facultjos, they had normally o good overview ahont st pro.
grunms, crreent as well as planned, thronghont the entire fnstitnrion, Further.
more, there seemied to he some consensis of opinion that an aendombe degn, oven
It he himself were not interestod, world be ina good posttion to know who wonld

P Nembercin parenthouwes pefer ta the hiblioeru s

YeH2S 11 i
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be interested and forward the questionn; re to that interested nnd competent
purty to be fithed fn. Doring eonversations with many acadeniie ofticers, it was
alsee conchuded that o very siwple, ote or two-pige ipestionnnire would well
be the most likely to insure speedy, aud comprehiensive vepties, This formant
was lised for both surveys,

NATURE AND PROCESSING OF THE DATA RECEIVED

For the 186 Suevey, the questionnalres were divided fnfo two gronps: those
retarned by schools which maintalaed bioengineering, blomeelmuies, biomedienl
or hnman fetors eotirses, and those returned by institutions whieh were not
etiveas yetin b Held.

The former peturned 25 questiommives: the fatter, 18, whicvh  indicntes
thit byt ronghly 1 (o 8 sehodds had orgunized activities of somme sort in
the fleld, Careful perasal of the raw data reecived lead to the conelision that
the resnlts of the suevey econdd best be disettssed by a0 rebatively ansophistiented,
nonmathemation], and gualitative treatnpent of the raw data or the busks of per-
celtinge response tublation,

For the BT Sarvey, the situation changed considernbly, Tnstitutions having
a degree progenn or o feast formal caiese work in bioengineering - hiomuan fuctors
cugineering amd which veturned completed guestiopnsives now aambered 58
ant of these S8 institations, 30 peported themselves as having formal course
work or progeats, atid the remainisg 28 institutions are known to have sneh
aetivities from the results of other sueveys, (27 T addition, 4 ont of
these 5 have funded resenrelr projects in the field, (T Another 37 Instittions
returtted thelr gquestifonnaires el ont (o detail aud evidently have definlte
interest in the tleld: approxingtely hnlf of these atready have funded re
seirel projects o bioengineering or hinoan faetoes englneering, (71

he remaining 168 respondents indicnted that they ind Bo fntevest wt present,
Thus, the 1987 Survey shows that ot Tenst 1o 3 jnstitutions ant of the 176 can.
virssed hos tormal organlzed bloengineering human Cetors cngineering netivi-
thos of some 1y peo This indientes 0 goubling of the aetivity shown by the previous
vogs Nuevey . Asstming the other 35 Institutions which Tinve interest continne
to hove it 1t is possible the vatio eonld be inerensed constderably in the nest
few yenrs.

Nittee 95 institntions ont of 111 responding have at least a definite interest in
biochzitieering human Gretors engineerime, it owas decided to simply veport the
wposs pereentiges enther than divide the data fnfe twa groups as was done for
thee 1066 Sievey. The 1967 Suevey form al nwed spaee for the respotdent ta wdd
cotnmments i desized, and the ost pertine ot s interesting of these are inchinded
B the results presentad below,

CORRELATTON WEHH BESEUL, . FROM OTHER + TBVEYS

The donbling of activity in bloengineeritg hian factors englneering, which
Witm ndiestted by thee 1966 el 167 Sieveys, represented sueh o lirge inerese
thit it wis devided to vibidite this result by g eloser study of Hhe saeveys fisted
in the hibliography

Tastitutions which lid wot respomd to the ERT Sueveys bt are known 1, 2 7)
o hatve bisepziteering haman Gretors aetivities amnnbee approxbiontely 39, "P'hus
ot of the 176 institatiens iy assed saboat o380 4 58 » 07 have organjzed bio-
enginenring- o Gietoes aetivities of some tepe aod the carrected mtio of
activiry shonld probably he closer to 1 in 2 fnstitntions beinge wetive with o defi
nite tendeies to ersise even inore

The wtmber oof institutions haviag gradmite degree progriins in bivengiteer.
ing hmunt Goctors epgineering is approvinately 35 aceording to the ANKE
At Diveetors of BEogiteerimg College Researelr and Gradugte Study (7 and
Thi< tenre s retatined <tatie pecopding to thelr H and 17 results. Cone
sthering the variability of reporting suevey results, this tignre compires reison-
ably with thes o presented here

O the asts of ceseti el projects sthd Teseiren expenditiures, the inerense in
interest i< more definitets indicated, Awain denwingg from the SEF Anunnl -
vectory 71 thee nnnher of institatinns having Fesen e projects in hioengineering’
hinnan fielors ehgitteering wis 73 for 19655 with o total reserell expoendituree of
R TG0, For 16T, 85 institutions peporteld peseateh projects with a tnl:‘ll
pesenrel expenditure of STLOZS 2T and this represents a 15 thmes inerense in
funding frouy the previous yoar.
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Ui the basis of reseqirel projects ia the particular nreas of biomechanies und
Bicenuieering, 10 sl Giiois peported pProjects in these geeas tofatting S2087100)
P BRG. B ar 1967, 86 institntions now {5l Boengineering or bloanechauies pwi.
vebs With expenditores of SEOIN TG This repiresents ranghly o daonbligmg of e
seareh fndine Srom BBG to 18T bt ix e prinridy o Lirge grants tover
NEOIHIO Which were recelved By i few jnstitntions, Fapr TGS, the st les projects
in blotectimies sond bioengiineering averaged abont S1200 over phogt 8% aebon)s,
While $ur 197, the sutitHer projeces averiged ahout 833000 wver nhoit G0 selion]s.
These resutts correlate with those of the present Survess by showing o large
tercase fiuinterest ju the Beld with moare 1< i ations providing starting fauds
fas mmliented by the decrease in the average Droject sizeo. The fitet that ey
tstitutions e doing researel with woniiomnn fBinnding indicntes e desire todo
researeloin this sre does ondst and et s adent s danud fuenlty are pvailble to
SEOU Leger progenins When fisls e e sevailible,

From the above considorntions, it Hppears e the 166G a1l THET Nnrvey s did
shtiin a reasomably acvurate erossssoetion of the interest optinfons, ol patentin]
i the feld of bloengineering houmnn faetors engineering edoeation, Fvidently a
stzenble fuerense eactivits tn the theld hias ocenrred dnrime 1966 1967 1 i fn.
crease i etivity easnred i ternis of new resenrell projects, fnuding, cr new
Histittions entering thee tield is on the order of 13 1o 2 thines Hie provions 14ig
fevel Constdering the pespuises frotg e 1067 Nirvey phis the evidenes from otler
Surees s it is probably gl redasomably aeeurate tosas that uow 1 in g institutions,
or hetter, Bave aetivity of some Ly pre B the aren of bloepgineering Tannan fietors
chgineering,

RESTE IS FRONM DI 1956 SURVEY

f. I turur from snstitutions with hinewgimeering, hismvelimnes, hivmn-ehunivgl,
o fownian furctors cagineering eourses 1 otl returne; 2N
fricxtion 1o For thie purposes of gaintenatce gyl development of existing
Bivtuechauics, Bioeuzineering et $lanstn Fielooas Fgiueering ronrses we Snive
fonnd the gvailability or
[t percent]

Very

No 1esponse Adequnte lnadeyuite adeguate

Tastructsrs I 7.4 214
Raseanh worker:, 36 1.8 71.4 7.1
Tedcmag htm- 214 . 35.7 4.8
Sprc e textboyks, 4 36 14.3 60.7

This taldee shows that there Hpprars cotiseusus g eNpericneed fustitntjons
thatt thee asailability of instrnctors it researeh workers wenernlly is insde
HOate Lt nots in Hoo majorits of eises, very iadenanite, It sheald bae usst i,
Bosvever, thal any of these institutisgs cay supgdy theiv own denuaod tor janior
instene et il Pesered <Gt frong within tienr owrp stitdent body, Tt is wortyy
nedite Pl fhe leved of pespoli with respreet to Teaching Filins and Speeiadizel
Festhombis was nneel loower thare in the v ol tustrnetors and Kesea el Work
crscoHowevers among thoase whe vespotuded, 1here swas sulstantil Hureement thmt
Phac ool for teaeling s wiis vithey padeqiately or vers tzdegpetedvoet ol
it i the vase o specialized festhnohs, i the svers helun i i geriny o e,
o necd Por sueb Titeratnre wips sty feft

G sticn 2 T the platmi @ oF e eonrses to T Apperoved in the ature in
Prcaneclnnies Bivengitoering, and Uanst Fietors Fangineering we lave fonnd
thaeanvaibahility of -

[t perenty

VEIV

to ro L pgnss Adwuate tnadeqaale magequate

tate ot 16 89 ? I8
e watih ganrnes th 113 7510 .1
| BRI RN T A S A2.8
Yo gigd Derthnk 5 in 321 Wy
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It is consldered that the replies to this set of questions do not vary substun-
tally from those ghven to Set b aml hove probubly been cotditionet by thent.

Quextion 3: The need for speeiidized workshopeseninars to truin instructors
its the Biomeehunies, Jwoengineerimg, and Hiuuan Faeto s tield

Pereent

Does Hot ONISE oo mee v meee meamammamm e o - e
May exist ot sone insUHONS. oo oCoaiil o ameeeieiaan cmenne a0 ()
Fixists st pmny institutionN. . . eno.. U UUURUOTTRTRTPTOVIS | | A
P

In eheTied ahtd UEROI . e e aiee e nimaee mmmn e cme e b 3

There seems to be @ threedoone conselsis of opinion nmong esperienced in.
stitutfons thit there enistsar rend newl for fustructor training.

Quextion 4 The level of training of Bimuneehnnies, Bioengineerimg, atul Human
Firtors engineers s Hupmn Anatomy amd Physiology as distinet from Usyehology
isut present,

I'ereent
Negunte L. .. fmmm oo et e e iiccreemmieiman—an . mmmm—— e
Inndequnte ... . e e aamas e mmmar e amian———— . uh0
Very indegunte o0 Lo L SRR Y |

it shonld be noted that all fnstitutions with eourses did reply 1o ¢this set of
questions, and there sppenrs to e snbstantial ngreenent thit it is necessary for
engineers e adopd an engdneering npproich to lfe selenees and to leirn to
esplain behavior and fuetion of (he Hive orgnnism on the basls of ity stroetiure
sl Newtoninn mechantes. Henee, the need for the development of a4 speeiatized
enginvering nantomy and physfology is very real indeed.

Questions 5 nud B odid ot apply to this group of returns, ahd no nnswers to
them weer recelved,

Lo Betiwrns feom fnstitutions without intruectional activity in the fleld of bin-
enginevetng, bipechanies, Simpechanival, or hunan factors engineering
Clutal returas: 13.4)

1t was this group which rebarned wmost of the incomplete questionnalres, nnd
it way perhaps be conchuded that these institigtions replied ouly to those ques-
tions fulling within (heir seope of either experiencee or direct fnterest,

Guestion 2 I the planning of new eonrses ta he approved {2 the future
Fowechanies, Bioengineering, and Hummn Faetors Engineering we have found
the avaitability of

{In peicent)

Vely

No response Adequates inadequate inadequate

Instructors 63.9 .. . 13.5 22.5
“0a0atth antkete 706 26.3 . ] 3.0
Tearhing hims 86 4 10.5 3.0
Speceanzed texthooks .. 63.9 . 29.3

C 6.7

The high level of “No Response” to this question Jeserves attention, Like
wise, it should be roted thiat about #5007 of those pesponding to the question of
Avaitahitity of Researel Workers found these " Ndeguite” Personal eonversie-
tions have contirmed that o rood number of in-titutions without orzanlzed in
stenettanal progens do have individnal or organized researel acHelty in onr
tield, often boense one op more geutiied vesenrehers aecidentally “drifted” onto
enpns o were reernitml i conbection with o defenses or spaee.orfentated proj-
vt 11 shonb! also he noted that o great mujerity of responsive answers found
the wvallability of Instruetors and Specialized Testbooks “Very Inadequate’
rather i “Tnadequate’”™ white the situation with Teaehing Flims was con-
sinferod ta be <lightiy bettor.

Ouestion 32 The need e specinlized work<hop-seminars 1o train instruetors
in the Biomechenies, Bioengineering, and Human Factors fleld.

Perevent
NO POSPIONSO . e e e mmae e e e SRR | R 4
Doeps not oXISE L0 _. L e edcmeiamamee- e e e 0.9
Mav exist at some fnstitutions, J e emmrm e 0T
Fixiste ol many institutions _ . . e e mmm e emm——— nmame DT
I general and UPEONE . .. o i iee e mmmenem mme i mmmm———e —- 2.0
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Apparentiy, the need tor specialized seminars wis cahsitdered to e ofther
skt wr very grent, according to preferences by o imiority of respondenis.
Follow-np conversations reventod that e degree of feeling wis uot affected in
any way by the desiee of the institutiog o copsiderp A progeam at o futiure date
it instroctors woere avaitahile ol wis distritanted fairly evenly between n-
stitutions interested i g progdmm and e wily were not

Question 32 The Jeved of training of Riomeehanies, Rioengineering nod Human
Factors Englneers in Hastuan Ntomy cud Physiology aa distinet from Py ehivl-
IV N At present

Pesvint

No respolse . VPR Y § IO 1
Addequate .. Lt emme i e e Y
Inadsspiite e ) VU™ 1| 2 11
Very dundegute 0 L .. O 11 33

Auain, as enn be expected with this gronp theve was o firly high lovel of
"No Response™ 1o this question, perhags becinse of ek of personal esperfence,
The froguency distribution of responsive retnpns, owever, indieates o olegr
Consensus of opinion expressing a0 nead for teaining in Hinan Anatomy and
PPy xiofogy Folow - up conversations reventod thiat the feeling of “Vers Lgnde
auate” was practically untnimons mmone e institutions who hind operative
researeh progrnns in progress. Amost o of these, at one time or other, tal
necded to completent or supplement bebaviern| data by baste struyeturnd and
runctional considerations tanatomy nd physialogy),

Wucstion G0 We do not have organized  Biomechinies, Bioengineoring, und
Humun Factors aetivitios ax vot beeguse @

Pereent
This is not intondeal to farm part of oar progrion s yet . . a4
No interest sumong the stipdent oty . . ) N
Latek of fnstructors .- : . RIHE
Faek of texts o . - g N
Lnek of teaching Hims o . ()

The wording of the guestion ax well ns the fiet that the returns mnount to
L3200 woukd, at flest ghinee, <iggost that tHi individua] subequestions wepe fregtod
by the respondents ax interdependeat. Caretnt nualysis of the rongh datn revearlisd
that, tuvarinbly, those whoe indieated “Liek of Tesis ns principal catise lboring
agaitst wegitnized progrims stmnltunrously norked “Laek of Tnstiuetors”, <o that
there are two woll-detin.al gromps glving rational ennse for ek of o peogram.
The herger of thens repllend @ “uot intended to form purt of ttheir) progron . . .
et nwl the second group, stightly <mniter than the tirst, privctienly infers
thut Bt is the combined ek of Insdrncoors amd tents whieh by o prevented the
Institntion of a program. It should be noted that o) respondents naswersd this
question.

Question 6: Wo Cwonbl, wonld noty consider 2 Biomechinies, Bloengineering
arud Human Factors Froggram i tradned Insteuctors wore avinilanble :

Poereent
Nu respouse. L L . . S U
Waonld ) . 3.0
Wonh! naot - . YR

This guestin also shows g high leved of resfilse, however, the Wl bevel of
“No Response™ voplies to OQuestion 2 wis destne] to e o dentive, in many enses,
ek of interest in the avanitihidity of fnetem tores amd be schinge abils, Therefore, the
reflnbility of replieos was tested by ddirect follow-up . versations with o repre.
sentutive sutuples Ao resilt of these conversntizns 1o opinion wis formed thit
anly abent 20 0 <dishtiy more ths 1597 of the respondents seonid jnedoed, withont
hesttation nnd spunditiention, vibinrek on g poogeam iF fest e nal persotine! wers
nvailable s wherens, of the 76 negtive veplios, 30 quatitied 1 oir noswer < in Titey
conversitions Inostating that fu o:bdition to insiraetors they needed Inboratorfes,
terdsw e, ol of eonrse. fmnds, Flenee, the dnswaepes to Question 6 nnst b fronted
as the Jeast-well considered guestion of the entire gquestionniee
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Cueston 10 Wit do yon thidnk of the adea of brondening engineerig's bisse
from the phiysical seenees to inelinke some stady in the blolughend seienves for all

stindents?
Peyeont
Like the dden. oo o0 0 <00 0 - e e om e ——— e .'f?
Likee the fdea as an option £or some sElents e caeommcanccvan oo b
Pistik  the idea . R S VPP 1

Most votments were enthusiostie aboint this proposal, sinee the generat cote
fenstis ol Fespondents was that thepe i< gred tutare for bivengineering.
Biedogieal evsrses shonld beonefuded i the engiceering cursictthun just ax the
hunnities and seedal seiciees aree gow, Phe main predlem wil be to til these
conrses into an alrendy croswded engineering enrtienlum withiont replacinge the
huninitios opf soeind seiviens, BEvidently oo migjor elinge i the usaal englueering
ctirrienlinm wil be reguive] 1o hinplement thise Ot step in this direction that was
peeottinended is for BCPD to aecept biofogy i thele evibtation of seienees,

Qe ation 22 Whiat is the best ethin, of developing youtg Faenlty equipped 1
offn P cottrses 1 bioengineeritig or biomedicil engineeritg?

Pereent
By the wntnral process of arilizingg the gradnates of carveant progeans. nld

1y smnner conpees . R O L

By workshops daring the seicdemie year . - e ee e o4
Combination of above choiees, o 0 0 el 4l leadas sacnmcen - 14 4
Na o apinion S OO UPUPU < N |

Fividently i~ the opinion of most institutions that facalty be develupd frum
the graduntes of current programs, however, the pereentides were sttheient fog
BIVIDE stuonner cotlipses ntnd workshiops as aftermdives, Bowas sapggested thut.
tie warkshops coudd b el ne part of teclinieal or educational conferences,

Coestion 80 Is an sssoeinted medicst sehool, dentil sehaol, or sehool of veter-
ey medichine sseettng, JSesirabley o not requised, i coneetion with i bio.
tedion] engineering program”

Pereont

Frzentinl . L . e e e e e 41,0
Desirable . .- . e SO | N
Nal requine . . C U A

The o jority of tespotdents eluphinsized the e Tor an assocfation with a
medicat facillry
Cuestron 0 Are tie biologd conrses desologued specifteatly for mediead students,
st istaetary fur students inon hionsedieal siggimering progeam or for engineering
stadents w il desire toedest sueh coltrse s
Poreont

Yen . L. e e e e e ieem eme e emmeae ameee MO

No . P UUIIUPRY (LA |
Propends . . - e e e e ek cme e 27

Na apitiion of don't know R e mem e S B A
There bs eiotgh oF 3 bias in these Pesudts to <y that bie conrses for med-
ienl studonts aee nob oways satisfietorys for enginess - ols 2lven for this
wmelwde too mvech cmplasis on memerization, ot e omntical rigor, und
this teconinended by aany respoidentis to bave arses iy hivhagy de-
the vesquieement For hoving ey prerenaisite e, ) Pl solution to

sigheal just for clagtieet~, Respondents who aewered o indicited, on the other
hatied, thitt their tnethend ennbies etgiteers 1o boarn how edien? seientisis think
and Hwrefare e e of o brondening effeer on the ehginese's ontlook, Ninee
et Dieetetigities e nrh e teatn meimber widde medieal peophe where ot is im-
prartant 1o have ceoprerition, this poind of view eannot b tpeplected,

Core e 5o Ave thoangineering nind selenee conrses develdaped for an engineer-
g progran satisfaetors for medicnd sbdenr s phy sielans, dentid stadents, nanld
dentists who wisie to aeguiee some backgronnd in bivtmsadis o engineering?

Pereent

You : . o [HB
No . R Y i |
lullu'lul.\' . - .. .. 4.0
No opitiion oF den't know e R (.

O
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Fvidently satliciemt esperistee i< available e natke the definite corelision that
steiueeringe caprses e ot saitabie foeomedicallv-teained people Fhe oy
Feasat Tor Dhs s et wedieal dental <tirbents do not have enongeh backarogld
e wnthetattes, physies, and bashe enginerring coneepts "Phe solibion sngees bl
for s s b peovide the enspeering bacheronnd by meihs of well designied
short courses, Developing suely conrses wonhl be s eludlenge sines esperietos
show s that eagineers< apgmrentty bmve beec ditlienlts when talvdong medical vonrses
thinw medieab; dendat <tadends whe are fabimg emineerigt conrses, Lodently it
wodillienlt to replace seiars of engineering teaining and esperienee by oo short
teview of basie engineering, stiee edieal dental stodents generndly luve the
<atire el sehool ad early ecollege biaekgroutd as engineering stndents and onght
to he alde tosdo as well given satfeient tine

Quexton 60 Can stindente whe have a1 BS, in engineering hope to satisfy the
vegnirenients foroan MEN e Pl byan biotiedienl engineering as vagadly s they
might ey conventiotind tield<? 17 not, ow el mose Hse wonld Be rogqiiped
for the hiotwediend eogineering prograjus?

Perent
Y ox . ‘ . - - . AT N
Ny . " . o . . a4
Ppemds . . .. A 20
No oopbttioq or dat’t know : - - . - - 34

Mblitional time requited] is: bty a3 years

Aot good percentige of institations eampletion of gradnate work in o
cititieering does take onger, ‘Po jusare the growth of this eld, wo are obligated
te reduee this additionad time

urxtion (0 Whitt do vou think of the ldisr of additg fonetionnd antoany and
Kinestology to the existing instraction in physiology mpl psyehialogy ar gs i
veplivcetnent for e of the comrses in the social geienees or huninitios?

Pereant
Like tlue dden e e A . . L. . . 440
Dristikhe the blea . - ) . . KA |
[hepeend s - - 1S
N wpittion - . - . IS8

Thoees oppus-ing this Ides indivated that the engisoeering cuerienbiom is alveady
crowdod, and Ar ansthime, it as the physienl seietecs that shotld he replinced
instictd o the fiboeral avts eonrses. Such oo camhination eanese wanld heve te b
carerully planued ol integrar el to et enginesri 12 pequireinents, Prosent
conrses in these areas e generaily gt deseriptively without the nat he
tattiea] vigor deagapnled by englineses,

Gy <xtion S Shoubl the S National Comguittes on Fngineering in Medieine
and Bicjogy, which is alrewdy operative nnader the anspives of The Natiop
Acaderny of Fuitoerng, o axoa committes of dinison between the phiysieal
serpepees g the life sejeness

Prereent
Yes . e . - (b
Nn . - . | R3]
No apunion - e . IS 4O

This opeestion peonided spavee for the pespotdent s answering peeatively to e
thee resesonr o theie position, Phe most notable comments inetyded snelt thines
s

Ui not heoadty enough copceried with phiy<ical seteee

There e Haiseotoarmnps i envitoimen al engineering which o e expidend
toafo this ™

“Phis worko v better dotos loeally >

o have po faithe in this gronp”

Tt not wsd hireat ratje

e present conpuittee mevds <ot medern e live bioengeiiecrs o i

Oedinm e haesd the veespiotudient toe wive his oo ool penes of the terins bio
.n_u--h:nm':xl chutbecriig, it Getors engineering, el bionadived engineering
Fhie aletivation Disted bolos ave o <innsies of e respntiaes peceived 0 e
thiee termns the st wnleby povanized wa- Lionosds ol engeewaering
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Guextion 9 How do yon deflne Blomechanient Fngineering
Roesjumians

“The upplication of wechunical  engineering to problems of  blology

melicine
“We don't "
“1don't ke this term™
“Never heard of it betore”
Phe NJLHL is studying detinitions”
“Frogmented diseiplines are hard to define”
“Ciomd Tnek on thic™
How do you detine Thunan Factars Kngineering
Responses:

“Phe sty and application of hnman physieal factors in engineering.”

Q~eaa. O The englneering of maun-machine systens,”
ST e stiudy of the respalie of man to engineerhigg environments.”
“he appdication of espgineeringg in <upport of psyehology,”
“We don't”
“1 ean's”
“I wish T eonhd”
How do von detine Blomedienl Engineering?
Re<puhises -
“Phe npplicntion of engineering to biologienl wud mediend problems’

“Fhe instedmentation naensupelnent aid annlysls of physiologienl systems and

the design of artitleind organs”

“Uhe appliention of engineering in the sotation of clinfenl problems
“At s adready detined fn the seope of the TEREE Blomedienl Canmittee)

CPhee defuition for this ineludes the other twa”
“Ihore are ten ditferent ways todetine it

I dant

T wonhdn't use the word.”

The interestod reader (s pefereed to Martin « 9 nud Sauer aud Nevins (83 fov
more eoliclse detinitions of terms gsed to prame the varlons arens of blotechnology.
Guestion 10: 1 von desire to make aedditionn! connments coneerning bioengd.
neering  hnna faetors cugineeriug, phiree the in the spoee below 1 appllenble,
Sinte yonr resenrele and trnining objectives i bloesgineering, human fuetors

ehglneering

Of the 11 respondents, 3% gave responses to Question 10, nnd these nre sunm-

marized s follows
“This is a rapldly growlng tleld.”
<N departments are Interested.”
“We g re establishing o bioenglieering depurtiment ™

“Po auke a1 contribution {n these nrens, ope geeds to be an eseeptionnl engi-

SWe owint to train M8 and Ph DLoenghieers who ean sepve on interdisel-

pHuary tenms ™
W ted engineers in this teld.”

“1 fuvor nndergrindnnte bioengineering contrses as the hest menns to develop
good bineugineers ; these genduante progenms dow't do o thorough enongh joh"
cOnee voip gel the reseireh, then bloengineeving trafnlog progrinns cin b

dovelopedd” .
“Woe o't constder designing equipment as bloemgineoring.”
“Your questionnlre is londed ™

“Y oo surves isonost interestimg s we soitld be interested fnseeing the resuls”

“AWe nre snger to benr more ahont this work™
“Ieep ip this work: it §s needed ™
“Phis §s one of the frontiers of the B0t contury

The following arens of resenrel wops imentioned B the Tosponses ta questton
10 <anitary engineerbig, onvirommental engtoeeriigg, stoimentation, elinfenl

problems, hiomechunies, prostheses for humans, and animals, sitfety resenreh,

RUMMARY

Thie tportant results of hoth suevey © ean ho sutninarized ax follows:

1. The husie pi vsdent qefenee coneses tahken by every amder graduate cugineer

shonld inelude the fundnmentals of biolagy, anntomy, and physlology.

ERIC } 92

Aruitoxt provided by Eic:




ERIC

Aruitoxt provided by Eic:

101

S tooorder to develop any Biomedienl engineering progenm, it is the opinion
of most sehwols thit an sssociatod wmedbent sethanl, dantal sehonl, oy sehioo] of
veterinary medrcitie is eseentiol ot lew-t desirable

G0 For the purpose ot plannming, developing and mmintaihing coprses in hio-
mechinies, bloenginesring, amd loomn fetors engineering,  the nvaiinhiljte
of in<tractops, resenreh workers, teaching fthins, aud spueelnlized testbooks I
Hurdegate,

1P best gaethod of developang voung fnenlty equipped 1o offer colrses
e Bioengineering i, in the opinion of most sehools, by the natam) progess of
ntitizing the gradnates of curvent progrnms. Aeecptuble alternatives gre simmer
eolrses for fioenbty and specklizgd warksbop seriinnes wWhich condd be heldd
as part of techiiconl ar eduentionnt conferepces,

G Bindogy eonrses developed specifleaslly for medien] stidetts e nof al
Wiy s satistactory for engineers sinee they ek mathemstionl rigor amd plines
ton anneh emphnsis on memorizntion, Specinl biology conrses destgned  for
ehgineers are favored as a solution to this problen. O the other Iainel, en.
gineering il selence ecneses developed for an enghinering prowsam nre, i the
opinion of winst sehools, not Suitable for medbeat and dental stadents who want
to tenen some binenginecring. "he prinmes reason for this is e medicnt
dental ~tudent. daek the bisie pent henaties, physies, nned engineering poineiplos
Whiclonre regnlaely appliod in Bioengineering conses

G Completion of gradante work in bloeagineering cnn take longer than 1.
the more conventionnl enginecring tlelds. For the Ph.D. in bloenginecring, the
stident any rogiire ane-hnlf to three yeses bhevond that required to complete
the nsual PhoD) in engineering,

T The US Natjonal Committee on Engineerbmg in Medicine and Blologs
should vontinne to wet s the committes of Haison bef ween chugineering and
the HHfe sriences,

Approvinmtely 138 institutions which responded to the Nurveys hive no bio-
engineering, blomeelznies, bismechnnient or husn factors eigineering depart.
ment with a formal degree progen : however, over half of these are inferestod
in estabilishing progreoes when fuils, insteetors, sl testhonks hecome nenilable,
OF the 196 institntions survesedo it appeiies that ot lenst 1 oot of 2 gre netive in
some Wiy With weadite amt faenlty resenrel, spectal eotrses, mdergradingte
project ntd o faenlty bioengineering conmmittees, WHE 1 in 2 jnstitutions now
Pervinee soerivity i thee aren, therss will andoubtedly bes more offorts made o incor.
porite bisenglneering ‘lonoan faetars prineiples into the engioeering enrrienivm.

The drpetns G the estublishient of new curelentn and progritms comes from
the many stadents amd faenlty (7,100 1) who now recoghize boengineering in its
Y Foeets s one of the frontiers of one centurs
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Vol TN 2 Frderey 1900
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oo Padbsnn Mlet, “Seope of Research Tngered af the Birdoeehandeal and
Hunsn Factors Dvion” ASMEL Biotechmnival awd Thanwin actors
Phvieton Newshetter, ypeil s, Apeil Tt i

dhhy  Report of The Emnmission oy Erineering Fdmeation” “New Directions
in baborstors Instruction for Biggineering stndent< Jdournad of Bugineer
e Fdiaton, Vol 55 Ny 3, Noverhep 1965,

C1Ty cMeapbership Divectory of ASEES dournal of Fugineering  lnducation,

Procenber, 1960 il 10,

Ve, Rivespas, Thunk vouvery mnel,
D, Reieh !

STATEMENT OF DR. THEOBALD REICH., PROFESSOR OF SURGICAL
RESEARCH. INSTITUTE OF REHABILITATION MEDICINE. NEW
YORK UNIVERSITY MEDICAL CENTER, ACCOMPANIED BY MYRON
YOUDIN, DIRECTOR OF BIOENGINEERING

e, R Boliank yonveryvneh,

I aerompanied this moraing by My Yoodin, He is director
of the Bloepgeinee i section the Tustirnte of Rehabilitation Maedi
cine snd s the Haieon between thie institute and NASNS Reseureh
Tramele Tnstitate, Mo Youdin has 30 vears’ experichee in teehnologic
diveloprent inhioengineering,

Thoe overriding bnportanee of the <ithject which is hemny vonstderd
today s thhi-tested by the awesome bueden estimated to approach =4
Lithion o vear that ondv ome makaly - stroke of the many that can=e
chiranie di-ability poses onoonre Naton, What doe= technologie e
el mld «l«-\'uln|mu~nl heve 1o dee with this |nl'nh|vlnf

The answer i~ that in the Bfe sctenees o the health care field, dis
coveries, nes el better wans of doing thing=and ability 1o predict
ard avert eatastrophe the path of all of these  i= often paved fay
h‘l'lllﬂilﬂg‘i-' .‘Hl\.‘llll'!',\ \\||]|-|| |||:|l\l- |m--i|n|1' lin- :_’;lllu'l'illg’ nr Hieswy, Htre
l"""i"" :||n| et et b e llllf”l"ll:llillll to clarify the unknown, nn:
n-L the noysterions, and aecompiish the heretofore impossible,

'”u' Jurat ill'l':llll' |l:|< 1_'i\l~l\ lnil'lll o Iv-'lllllllll:_:'_\' Illlln:llu'hml 'Ill onr ]li\'-
tory. Onr Goversonent has heen deeply inolved i sponzoring tieh
|:n|n:_'i|' |'|-~--:ll'|'||. A —|l|n~l..l||i:||. |u-|'||:l|-- AAREH | III:li“l' ]n:ll'f. ol \\'!Iil'h
} - 1«~l:|||'|| tes Iln- ‘lin -l"ll‘lll'l‘i, !|:|~. ln'n-ll -':ll'l"h'll [N }'.\ \‘\\\ ]l i‘ ]'nl'
thi-pe-on that | wonhl e towehihe-s the lnnH--ln of how to tmns

- 94




ERIC

Aruitoxt provided by Eic:

103

locate this technology und apply it to the health enve fieh] most
ettectively,

N good bt of one ow i work ad the work of by ot our collengrnes
ntitives metheds, teehniguess and instenments 1ho developiment of
which wasstinmbated hy N ASA S neee, A good bit ol NASA technol
oy Lns alrendy filtered down ta pretieal nse by Tite seientists and
physicinns i the elivical Hebd, Some of (his technology was developed
“ihonse™ or oncontraet ; some was developed privately, inspired or
based on NASN mietheds op teclimignes s and some was developed iy
private dndistey when NASA w0 Jonger redrinred s particular
serviee,

For examiple, Biotelewerry which s used widelv in our studies of
the cardiovisenlar svstem, il which has been <ol hy other life
seientists to sty hiologie phenomena ranging from bebincdor to efr-
culatory adjustment wnder nataeal conditinn. and which tenday s a
staiebed method Tor monitoring hman patients i eavdin: care unis.,
Hlnstrate how o development that has been perfectad hasieally be
catise ol NASNS peeds s fonnd applivation in biologie resoare
and in healthovare,

A fortnitous civemnstaner which has benefited onr own pesen rely
L!l'i':lll_\ thvolves the Sprter 'l't"lllfl'!)g_l"\‘ product= section of the Generald
Fleetvie Co, 1o completion of it NASNA wark, this section of GIF
nnder it managers MesJdack Gay, was left winh o great deal of know
how and was thus able 1o devote not o inevmsiderable technoleie
eifort tosnpport onrown work ot New York Ennversity Mediea | Cen:
ter's fustitnte of Rehabilitation Medicine in the tll-\'t-luillln'ln al
tmethod to deteet thee evolution of cirenhitory tentlicieney i the hrain
hefore onset ol 3 paralytie strake, | neod not dwell on the potentind
strnficance of this veserreh whivl his been finded by the Goldman
Foumdation.

NASN el apprecinies thhe potentid value of - developments
aned o it know-how in this vegard, T prbilishes billotins aned briefs,
and at sponsir- rewionad centers in three seef jone of the conntry 1o
whern tigniries coneernine N AN\ technology ay e divected, How .
evercthic i< whepre the problems arise,

I et the exprericiee of one eolleagnes at our nodien] center is $hat
NASA pnblivations do not reach o<t of then, Second, the ideas
and snswers proposed by NASA Lane often b theomplete, nnso.
phisticated, nor redieed "t peactioe, ang with whieh there s been
ho eXperienes we suspect even in e N AR\ hanee, They have the
catirh- of feving beern Bammbated by peopde whiodo not appreciate
the poabbans of hea ol eape,

Such v are o From vperationsd, o they snnlly require a
veseareh porogect within o re-eieh profect asctiest <tepin their devel
optacnt and ncibization, Irois therefore clear that there i< newd for
"llm-]' ll:llﬂm ,H'|\\('l'll \ \\\ the seclb ol r|-~|um-i|n|«- !.lll' IH':IJ”I eHre,
i d Hte sotentist<) NAS A< vesional conter sl Baove vt futfilod the
tedrircinent - For hetter commamiention, Baasienthy for the rensons< that
we hinve Just erommerated, I spatee ol g best etfart, the approach has
Pueers et e e v in ),

To overcame theer preobdenss s tecamend the establishanenm of
tidv Cronpe of informed podentind nser- with o inferest in a particn.
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B doain of NASAS teehinologie development and know-how, The
purpose of these study groups would e to eaplore NASAS inventory
of developments and enll ont those that niay he applied to a segment
of the Liealthe eare field represented by o particular user study group.

Mueh vxer study groups ought to contain life seientists with knowl-
edeze o needs that exist in a partienlur biomedical domain and who
would therefore be in a good position to identify produets amd ideas
which they cnnoatilize from the NASN inventory, biomedieal engi-
nevrs il technologists who would be in o position to evaluate the
Feasihility of transforming NASN praducts ard ideas for applicabil-
ity to the biomedical domain, and NASN seientists and administra-
tors who would be able to gnide the user study groups throngh NASA
arelives, mventories, ivboratorios, centers, of cotern,

The nser study gronps wonld reciproenie by introdieing N ASA
seientists tothe health eare environment and the users” necds, FEngineers
and teehnolowist< who have not worked e biomediea] or elingeal set.
ting often do not comprehend the clinieal shorteomings of their devel-
optuents atd therefore their uselessness, We feel very strongly
that such exposire of tec' - Clevists wonld aecelernte and entalyze the
reansformation of  NASN fecnnology to hiomedieal  operational
Hu‘”uulnluu'.\'.

The tser study aronps woitld categorize NAS s technology first, as
prvely conceptual and therefores yrquirme further study and deslop
ment sseeord. s rdeass methods< aud appetratas thar hiave heensried
aned tested i the laboetory s abont whiel thens i< imformation coneern.
me poer Fonpanee el vesalts only ander resteictive laboratory condi -
tons for which therve aoee constenction bineprints for a potential wser,
tdels of whineh maey exist for the waer’s personal inspection and hetter
vetowloeh pmy beomade aviilable to the potential user for treial and
evatliation: third, the user study gronp wonld identify that NANNA
l|-|'||llu|n:_'\‘ \\|!|| \\'||i-'h lhul'l' i\ ('.\]n-l'il'lu'l' in l|l|' lit'lll :llltl \\'||i1'h ll:l.\'
bevo mannfucinred cormercially,

e wser sty oronp might advise regarding the eztineted costs of
developroent or acqinsition of a partienlae produet or idea and the
beved o serentitie tenmmme el the nmber of personnel reguired to
TR

Finallyothe nser <tudy group wonld help in designing more eflective
techimgees for dissemination of mfornmtion, utilizing soely avennes as
setentites vnd techmeal jonenals of intcorest to o partienlar user gronp,
wreal presentations ot such convenhons, catalogs coneerning produet
aned wleas appheahle i a paetienlae <eetor of health care and bhiomedi
cal el s and work<haps, and sinlae tnformation dessemina -
Loy et B s

T he cioee-- il apphention of ionyedaeal techmology to better health
cate cate be docimented Trom The experienee ol athier eovernmental
acetoes Phe Natwaa b Serepee: Fondation tadioy aoud the Ntomie
Foarcres Conanpsston tn Hue pist e tao orcanizations whose sponsor
--||i|u uf lm-lmnlugh' andd et hm|n|ug'n- reseately Tas Ted to |n'm|lll".~' anil
e lennpaes thet ind wide appheation tadas i< therefore anfortanate
thot the National Seienee Fonndation, for example, has heen instrueted
Lo ren i noe e |||'inl"|1 te< and shafr s support of technologie resenreh
e the Lol conee tield to solareneray cvens when siel research involves
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a disense which enuses w84 billion deain aunoally and therefore falls
cloarly under NSE's classitivation of Reseaven Applied to Nutional
Needs (RANN),

We wint to emaphasize, M, Chaivnian, that we do not wish our
reniarks to be interpreted as aeastigation of NANA, its oflicials, or
stother ageney, T is onr desive to make consteuetive suggestions abou
how to utilize an important and expensive by-prodist of g govern-
mental research organization's eforts for our eitizens' welfare and
best interests,

Onee againg Mes Youdin and T want to thank vou for the privilege of
speaking to yonr committee this morning, We will be glad to respond
toany questions that you may have, :

Before coneluding, My, Chairnan, we would Tike to permit M,
Youdin to present the committee with two cogent examples to demon-
strate the deficieneies of which we speak,

Me, Branesas, Thank vou, sir

Mro Yovoise Desc Mann and Reswick are dithieulr people for an
etigineer to follow, but T would like to eite a few practien] examples
of ineapacitated. or people who will be incapacitated and will vequire
rehabilitation, examples which have not been eited,

For example, of our present population, there are 20 million people
now over the age of 60, In other words, oue out of every 10 is over
the age of 60, Based on existing statisties, approximately 40 pereent,
S million peoples will become mentally disabled as a result of aging,

Now at the Institute of Rehabilitation, we have organized and are
pursuing a program for the rehabilitation of the intelloet of these
persons, One of the problems we ran into is in gathering encophalo-
graphic datn, We ran ont of space as to where to pat all this data
and reduce it. We know NASNA lias this kind of know-how heeanse
this ix the Kind of technology that was developed for monitoring the
activities and well-being of our astronauts,

So s the elinieal engineer and Haison to NASAL T proceeded to go
after this information, T did get the iaformation bat the information
that T got, and this is not criticisi, but T want to give vou u practienl
example of how the ieflicieney of teansmitting infornmtion hecomes
aovery costly and time-consnming process, The information that eame
hack was a computer read-out of short five- or six-sentence summaries
of every bit of infornmtion that corresponded to the key words, en-
cephalography, which had ever been perpetrated or pursned at NASN,

That kind of information ig of no great valie boeanuse what it means
is that a elinieal engineer, u biomedieal engineer, and medical people
must now take that and sift through it and proceed from that point
to seareh thronghout the entire country as to where this technology
exists, Frankly, we do not have the money to send the people east,
west, np and back to look at prototypes and determine what technology
savatlable, T we conld not got technology, even a form which we conld
put to usge immediately, it would be of no gyeeat value,

I think it is a practien] example of an ineflicient situation to trans-
fer information detinitely there, 1t results in added expenses, duplica-
tion of effort amd waste of thue, Tn other words, it puts a project hack
by months< aud mouth= until this can be cloaved up.
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One other example of a population of persous who need rehabilita F
tion are amputees, Now, for examples the Department of the Army
has stated that there are L0080 jobs available for the maintenanee of
utderwater lockers, We know from programs we are condueting at
the institute that winputeeare suitable, are able to be trained tounder-
take this type of work, We also know, as yvou stated. Mr, Chairman,
the phenomena of weightlessness in an astronaut is very similay to the
plienomwena of bhuovaney inan amputee immersed inwater, We feel that
iy directly applicable to this researeh,

Againg the nability to get the needed information in a coneise and
usefnl way ix going to impede this type of vehabilitation program.

Thank vou,

Mr, Branraas, Thank you very meh,

Dr. Cooper? ‘

STATEMENT OF DR. IRVING S. COOPER, DIRECTOR. INSTITUTE OF
NEUROSCIENCE, ST. BARNABAS HOSPITAL, NEW YORK, N.Y.

Dr. Cooprrr, [ am grateful for the opportunity to appear before this
stthcormittee in order to demonstrate the manner in which contribu-
tion of applied technology can be innovatively utilized to cure and
rehabilitate countless individuals who are incapacitated due to varions
disenses of the central nervous system,

My testimony shall consist of @ motion picture tilm illnsteating five
patients, totally ineapacitated by nenrologie diseases, previonsly
thought to be irreversible, The first three patients were alleviated by
a technigue which we developed which is called ervogenie brain sur-
gory, This techmigue employs basie knowledge and technology of the
seience of ervogenies or extretne cold. Tt isa seience extensi ey applied
by NANA,

T'he second two patients have been relieved by a device which we con-
ceived and developed and which is referred to asa brein pacenntker.
This consists of 1 svstem which seleetively stimnlates certain portions
of the hman brain, Tt could be markedly advanced by existing clee-
tronie technology employved hy NARN, '

The tive eases on the filmench represent the first ease of its partien-
Inr diseuse ever to be reversed, or in sone instanees enved totally. The
disenses ape:

[, Heredofamilial intention. ('This also applies to the tremor of
parkinsonisueand mudtiple selerosis,)

2 Dvstonia musentorum defornmns,

5. Spastie paralysisof stroke,

4o NSpasticathetosi<of cerebral palzy,
Ao Ineapreitating generalized mvod lonns, -
The brain pacanaker has alza heen emploved to arrvest imeontrol-

Lhle convilsions of epilepsy.,

These patients are part of o series of 2000 cases operated by my
collengnes o] mveelf in one institation, Fhe veseaveli and develop-
ment of the technigues veforred to liave thos far received no eeonomie
siupport fromeither NHHor N AN,

[l
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Now I would like tg show some aetual incidents recorded on filin,

This man has had this particular type of trima for 30 vears, It is
inherited, it isa very conmon teauma, 1t does not alwayvs get this seri-
ons, We phiced a ervogenie probe in the left side of his brain, which
cottrols the vight ide of his body and dest royved a small part of the
brnin ealled the thalamus, This relieved the tranma from the right
side of hix body, He s the first patient who has ever been relioved of
this type of tranma and has reniained enpad,

This i dystonia, "The surgery in this type of easo rave us the
leacl in cerebral palsy, She also” was the first, She wis operated on
by the ervosurgieal technigne and she is shown here with her own
child 15 vears later, What this method does is it freezes o sl pot -
tion of the beain and venders it funetionless,

This Tady had a stroke in the part of the brain ealled the widbrain,
Three years before, she was totally paralvzed on the Teft side of her
body and spastic, What [ am demonstrating there is the severe Spas-
tieity which is one of the ineapacitating fentures of the stroke, In this
ense, it was ealled by all the newrologists who had seen her previously
atd by onrselves asa spastic paralysis,

I want to demonstrate the fact of relative safetv, We performed
three operations on this very helpless person. The first. m the back
of the brain where we destroved a nueleus in the eorebellum, Tt made
her alitthe bit better, Most patients ean tolernte this type of surgery
well, Therefore, when al] Ler svinptonis eanie back in 2 vears, demon-
strating that other parts of the hrain had picked up this svmpton, we
performed precisely the operation as performed on the first wan
and we did stop the tramnn and we were surprised th (quite a hit
of ‘her spasticity disappeared, What appeared to he an irveversiblo
spastic paralysis was beginning to reverse itself. A fter not having
moved momany vears, within moments of the operation she was able
todothat,

I that same vear, we stirted to operate on a third part of the brain
which we found out atfected motion, At that time she was vendered free
of spusticity awd T ane sure she represents the first case of revorsible
paralysis following stroke, That has huted this length of time without
reprission. One of the things partientarly striking was the ability of
her 1o move her foot which, as van vecall before the operation could
not be moved even by the examiner,

Following this, there i< o very brief segment of an operntive seehe,
It i< mot very gory if anvone is frightened of it, elose vour eves,

This plate carries the electrodes of the beain paceniaker whieh we
developed, 1t is: voperation in which we placed these eleetrodes on the
surface of 2o of the brain ealled the corchellum, which aets as a
rheostat t - other parts of the hrain, One of the favorable features of
thix operation ix that brain tissue i< not destroved, The electrodes are
merely placed on the surface of the brain <o they ean subsequently
stimulare that part of the brain, That isx one sot of electrodes being
placed, .

The second <ot of electrades is beineg placed on the anterior surface
of the corehellnm and chis is merely a segeence showing placement of
the <econd set of electrodes, Tt is near a venus channel,
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These wires coming from the electrodes are brought out of the skull
but remain under the skin and come down unier the skin in the neck
tou receiver placed under the skin of the patient’s chest, A radio fre-
quency wave placed over that receiver stimulates those electrodes and
makes that }mrt of the brain function,

When it functions, it functions to inhibit or chut down an undesir-
able activity,

This ix a 29-venr-old man with cerebral palsy. He is primarily a
s‘mstic atrophied. e has never wulked in his Jife, never risen from a
chair, although he is intelligeni and actually helds a master’s degree
in psychology.

Now, the stimulator, unlike the other operations. has a pradual
effect over several months, ‘This shows the patient after just 5 days of
stimulation at the age of 29, for the first time in his life rising from his
chair and ambulating,

We have since had him back at the hospital for recheck. Tle was
operated on 5 months ago and he has continued to improve, has his
hands at his side and has quite 0 different life. Yon witl see on his
right side a little valice which carries the power pack, The tape vepie-
sents the antenna placed over the receiver, under the skin in his chest.
This is nutomatically timed and continues to charge this part of the
brain on and off thronghont the 24-hour eyele of the day.

This is one which would have interested the gentlenun from Cal-
ifornin, since he mentioned his interest in epilepsv, She twitches this
way any time she attempts to make u movement, She waxs totally bed-
ridden, 46 vears old, and in addition to these uncontrollable move-
ments. had periodic uncontrollable convulsions of epilepsy. She had
been treated. Hler husband was a naval officer and she had been treated
in Government hospitals for the past 3 years. She received exeellent
medical treatment without any response,

This demonstrates the sune patient after use of the paceraker on
only one side of the corebellum, She has total use of her arms, there
ix aherration of her legs and teunk., partial a erration in her legs and
complete relief from seizures,

The goal with this particnlar pacemaker is to improve it with tech-
nology already in the bands of NASA, to minimize powerpacks so
they ean be totally implanted in the body and also so it would tele-
meter information ont to the brain which wonld be valuable in caring
for the patient and making esrtain the equipment was working.

b just wonld like to conelnde by urging. as my fellow collengnes
have, that Congress realize the great human needs that exist in the
health field, particalarly among the ineapacitated, T urge you to place
this human need certainly. if not the first, among the tirst priovities.

Thank you,

M, Brapesas, Thank you very nmeh for an exciting presentation.

Becnuse my colleague on the subecommittee, the gentleman from
Tdaho. Mr, Hansen, must move to another meeting, T will yield o him
toask any questions he wight lave at this time,

Mr Haxsex, D wonld express my appreciation to all of you for some
very exeiting testin:ony.

VWhile the problews in applying what we have learned arve implicit
el of what we have heard, it s still a very hopeful and encourag-
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: ing developiment. 1 might note that Tagree fully with the implications
b of some of the testiniony that T have heard with respeet to the priori-
ties of , ese researels efforts,

I lve been coneeined, as wus voiced here, that onr preoceapation
with producing energy. expecially kilowatts, must not permit onr at-
tention to be diverted from some of these very promising but nmeh
less known problemis, T have expressed this coneern in the meetings 1
have attended ws @ mewber on the Joint Committee on Atomic Energy,
This includes, as you know. many important programs in medicine,
biology, and other areas, '

Often in the nrge to produce eleetricity, sometines we overlook some
of the basie researeh proreams so essertial to the future progress, T'o-
day s basie research becomes tomorrow's npplied researel. ven with
nninerensed effort inmany of the researeh programs’we ean see n fall-
nge ot of support for some of the very important medical applications,

I ovisited mnthe fast few months most of one national laboratories
. where there are some excitine things going on and where 1 have seen
Beart warning aedieation ad enthnsiasm to put what we are learning
te use In relieving sutfering as we have seen in presentations this
Morning.

First, for example, 0 medieal researeh program has at Brookhaven
produced vosnlts similar to those we have seen here, Medieal nses of
ridinisotopes and heart pacemaker aee applications of veseareh spon-
sored by the Ntomie Fnergy Connuission, :

It strikes e, however, as 1 listened to the testimony this merning
that w major stumbling bloek ix that of developing the mechanism that
will initisnlly ereate greater awareness thronghont the countryv-of what
i~ voing on i osone of the laboratories and universities with these
programs.

Secord, this will make it possible to more effectively coordinate those
etforts and tap and apply those results in the way we have seen can be
done from the testimony here this morning,

A question that T would propound ta the panel amd solieit any sug-
vestions whicl von may eare to offer is, how mueli awareness is there
aned what is the best way to inerease that awsoeness throngh RSAL
throngh other Federal agencies, or through congressional initiatives?
What is the best way 1o develop hetta communieation and w meci -
pist to wore eifectively apply the total resonrees we have to sotme of
these obvious problems?

Mes Braness, Dr, Reswick

Dr. Riswion, Mes Fiinsen and Me Beademas, von eai lier raised the”
question of how el money wa- Teing spent at the engineering re-
imbilitation centers and what is needed,

- First, I wonld Hike tosav what 1= needed s a total svstem. Bot mayhe
more important amd wneh more ditfienlt to handle i the system which
eets the developed things from the Inboratory into the hands of the
people who ean apply them througiont the conntey, It <ees the State
aveneies and o wide variet v of national ageneies are the proper govern:
mental unit< o carey this forwamd,

Richt noworonnd Smitthion is spent i the RS for rehabilitation
cnginevring centers. People here can correet mie it Tien weong, From
ReAL the Veterans” Adiiainsteation spent abont another mitlion or so
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and perhaps NSEand NPHL o the area of vehabilitation would add a
few miflion more,

The five existing centers conld vasily speud up to a million dotbars
eacho Dthink that is kind of aeritieni amount,

There ave thiroughout the countey potential centers whiel: ave rondy
to blissom ot at Jeast o half dozen thut 1 know of, So if we take tive
and add ~ix more at a ST mithion level, that comes ont to S0 or X111
million just in the RN administeat;ve activity, 1 also miade a point in
my other remarks that 1 feel personally that the RSAL a2 an organi-
“ation, needs considerable enhancement of statf and budget aHoeation
to eiectively manage this progeans, They have been doing, 1 thinl, an
extrentely good job, given the personnel that have been focused in this
arei, But it desperately needs to he expandel.

When yonadd now the ability to deliver this throngh the nwencies,
throngh 14 private enterprises, vou gt into iherenses in funa-. Bt
s even nny. many millions of dollars more that veed to be made
nvailahle to the State and other agencies for actual voestional rebn-
bilitation for the nullions of disabled people throughont the Nation.

My, Braprsas, Yes, Dro Tichaner?

De."Frenavvers Mr, Hlansen, still would like to return for a moment
to the communnications gap, To make vesearch wsefull it is necessary to
apply the results. Sinee it is a major effort todo so, it is necessary to
present the tesults in sneh a form as to immediately ereate an awnre-
ness how this ean be utilized by the fture omplover of the handi-
capped.oand desigmers of furnitire for the handieapped,

We have not even evaluated the oldest forms of prostheses with
respeet to the potentinl use fulness in the common industrial emiron-
ment. without modifving the environment nor have we communiented
the available motions inventory of the disabled to the supervisor,

Pagree with Dr. Reswick that a program should he directed at the
point oF actual usaze, I do think this is where oor major shorteoming
1= dizsemination of knowledge ina form which ean be understomd by
His nonsophisticated. by the designers of products, of prostheses, "The
most sophisticated prostheses have no use unless they ean perform
within the consteaints of industey, To get the producers into the same
Eingnage, intothe same sense of values ax the producess of advantaged
techmologies, a high priovity shonld be assi sned to the establishment of
rescarch ntilization programs which shonld be condueted conenrrent
with teseurch progruns proper,

My B, Dreo Mann ?

Do Mav s T reinoree and perhaps expand a bit on the remarks
of my friend and colleagne, Jim Reswick, o central issue i< inog sense
n=ing the parlinee of the Federal agencies, the designiation of a lead
ALeney,

P have the Bighest rewared amld respect for a number of the other
arcncies which have Leen ident” sdteday, tloweyver, enel of them in
s owr way does ot see thisoarea of rehabuditation as their prime
forus b think they necd to be encournged, nandared. as the term nsed
arhier, to collaborate, But 1 think there needs to he o desig ation of
alead queney,

Onie e rhe interiag peablens s the understandable eon fusion some-
tines evadent o the ot of welf menning people who wonder how it
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i NH does not make a more substantial contribution in this avea,
Their contribution is very modest, The same ean be said for il the
other ugendes that have been wentioned in the - ontext of this problem,

However Jor us assess Jim Reswick's statenont of 10 or L] contors
aperating at about i1 nHion a vear, That v g reasonable leve] in
terms of what it does, T identities these probems, brings technologios
il technictans to bear on well-defined patient goal-oriented problems,
What it does is demonstrate fea: Bitity, Tt gets to the point where the
dropfoot stinnilator looks like a feastble coneept, or the cane for the
blind looks fike a feasible project, But there is a very larze gap be-
tween: the demonstrations of feasibility and its general vailabilicy
to the public that needs it. The problems here, of course, beeome the
whole yuestion of the way the free enterprise system is applied. In
most of the thines we are talking abont here, the prospeet ef profit is
miodest, indeed, So the Foderal Government is going to have to address
A mate foreeful and direet way, Of how these concepts shown to be
feasibie wre in Fact enconvaged by public support and private invest-
ment into the marketing of these technigues, I nead not bring to vour
attention the recent experience of venal dinlysis and the impact that
has on the conrse of hiealth eare to be deliverad to the Ameriean people.

The existence of a technology which is superb in the mair teet has
nevertheless acost associated with it, We must addivess oursely 4 as to
the ways we enforee that process,

A we moves the Congress moves aid the administration mov s .
gome form of national health policy, it is obvious that we have illus-
trated on a disability basis the public will religiously elamor for that
when they ov theirloved ones are aflficted by these problens,

So. i omy view, an aporopriate lead ageney is necded to bring to-
gether the technology of elinieians both miedical and enginecring and
parimedical, hring these serviees where the patients are, But please
don’t overlook the cavey-on problem by which we make any Find of
teehnology availuble tathe Ameriean public,

Me. Braves s, Dr, Reich 4

Dy Reres The National Svience Foundation smdoer its RANN pro-
grane has o phrase whieh T think iz adequate here, Tt is suser nterest
and uwser apphicabitity” 1 think we have to remenber that idess have
to he eulled o as to what is available, The only people who ean de
this t-ﬂ'v('ﬂ'\'t'l_\' are the [u'n]nh' ‘hoare going to v it, One I'u:l”_\ hasto
arganize user stidy gronps, I eannot find a better termn than that, to
find ont what exists in teehnology, in NASN N anvwhere, We
want to look into this in order to identifv those areas and that work
whiel ean be developed and breonght to fall eaition,

Friiok in the judament of feasihility also, T eertainly endorse Dr,
Marn's ifleas, X< these front runner organizations, resea el centers in
techmology. cngineering technology, their prime vesporsibility shonld
be todentif v feasibility, There ave simple godgets which, for example.
e b used quite ensiive and there are those that require assistanee,
Foouse this, these have to beidentified, and dhis informasioa has ta be
miade available o very common basis 1o evervhody who is going
to tev it whether it be in New York, Chicago, anvwhers in the United
Ntutes,

Mi Braousas, My Goldenson?
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Mr. Gotpissox, T would Hike to raise the question of whether the
tine L not come, just as when Spatnik tiest was Lamehed, this conn-
texdid not have the thrast to gen aonem on the Moon. 1 wonder whether
the time has aot come for o conference such as wis hekl during the
Nputnik incident, where all the seientists got together and it was then
determiined that NASAL based on all the seienee put into that plan,
would Tatinch o satellite and el o man on the Moon by n certain
time, I sueh a conference were to be ealled, von bring in NASA. vour
Department of Defense, every ageney of the Government involved,
your top seientific schools and medical sehools for such conference,

Out of this you set forth a plan and perhaps we could eall it the
Medical avd Technologieal Institute, Who it should be under is some-
thing you gentlemen woull have to sdetermine, but that institution
wonld concern itself with medicine and technology, and would eavey
out the plans of the conference, So, in etfeet, you are taking a 1-yvear,
S-vear plan to bring into being some of the fantastic things we all

mow are right on the frontier of being available to the public, Yet,
care all fumibling avonnd for ar answer.
<! only raise that as a possibility,

Mu. Brsbeseas, Thank you, That is something that will give us fur-
ther food for thonght as we consider what vou have told us here
tonlay,

Pl e several questions which T would like to put to vou and at the
ontset, I wonld like to say how enormously ilhaninating and inspiving
has been this diseussion of where we nmay be able to go if we put onr
mindsand wills to it

Pane very elad to see you here today, Mr, Goldenson. and vou are
obviously not a eulprit in the inYietment 1 am abont to deliver, But. 1
et sy that wey in the TTouse of Representatives, have o terribly dif-
fiendt time in goettic o the attention of the news medin on matters of
some canserqience, This hearving today may well be an example that
there e some constraetive things going on in the Congress of the
United States, But, we have a hard time getting the attention of the
publiccand 1T have nnburdened myself at lengthy sermons on this mat-
ter to miy fricnds on the staff of the New York Tines, the Washing-
ton Post. and other publications.

Mr. Goldenson, would von like to respond ?

MreoGorokensan, Yes T think that is definitely so, In that connection,
we are having Dy Fleteher invited to our ity by one broadeast divi-
ston, hoth radio and television, to attend a hineheon., i think more
of that has to-be done, We have to enlist the aid of other networks to
concern themselves with the problem and an important hearing such
as thi, T think it should be covered by all three networks, to take the
tnpismentation of what vonand vour eommittec are teving to do, This
<hemilel et ont 1o the pml die,

Mo Brvevivss We have communnieations problems, too, But T ap-
precite the lendership yonan PABC are giving in this field,

Fet e toen quick] yto some questions. and perhaps if vou will not
take 2t LT wonld remind yor dat we are in the Honse and not the
Senate,and perliaps woevan impose the F-minnte rade beeause we still
want to sive s few miinntes toour friends from RS\,
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One of the questions T would ask is, is it necessary to develop intor-
chisciplinary resoureex in universities in the United States, if wo are
going to make headway in alining the developmiems in engineering and
medivine? / )

Dro Maxs Mr. Brademas, von aie nware of the internniversity
program in Boston, T wenld agree with you completely, ‘There needs
to he an intensified and enlightened edueational progeam in discipli-
nary honndavies between seience technology and medicine,

Our appronch is several fold, One, the generation of w new breed,
if you will, of medical doctors to purste amajor part of their program
at the Harvard Medieal School bat who are preselected from appli-
eants with mathematienl and engineering backgrounds, They have
special conrses tanght by MIT and Harvard, where the thrust is
seient ifie,

In the field of biomedical engineering, which ineludes both research
in physiology as well ax what has been referred to as elinieal engineer-
ing. the divect involvement as students and engineers in a elinieal envi-
ronment has produced o very vigorous progream beeanse of the stident
interest, This whole area of heaith, sometimes T think the university
administrators would say is apoalling, So the interest is there and the
programs are developing,

My, Bravesas, Dr, Reswick ¢

Dr. Reswier, T agree, The interest i a number of activities are
under way. The problem is these men who graduated recently eannot
tined johs, T'he potentinl is rond - to buest,

Mr. Braveaas, Dr, Berenborg?

Dr. Brruspere, 1 have been at the Harvard Medieal School seeing
the great excitement of poople coming over from MIT. T would sug-
gest to the Chairv. when programs ave developed they not. forget the
advanced training needed, f Howship support and’ the special ex-
pertise in this field.

Mr. Bravesas, T might <av that as the ek-irman of this subeon.
mittee I have been very eritical of this admivistration for entting
back not only researeh funds in the rehabilitation field, but aleo for
eatting back training funds, Obviously, it is not pogsible to mount ef-
feetive programs if yon do not have the edueated avd teained people
tosupport them. as well as the money.

Dr. Tichauer?

DreTienmaver. We have 60 geaduate students in physical and health
scieneos, who ave all being broughn together i the same elassroomn,

I wonld like permission of the ehairman to submit this report hy
the Space Resenrch Coordination Center, Pittsburgh, Pa. This enn-
merates desirable courses in the life and medieal sciences for physieal
seientists and enwinecrs, [See p, 92, SROC Report No, 124 appendoed,
It atso shows something else: There is no shortage of students but
there isa shortage of instrnetors,”

T found on a recent trip to England and Poland where T was eon-
durting ceinars, that the bottleneek is the ek of gualified instrne-
tor: willing to devote their time to the training of graduates in
marketable siills velating to rehabilitation, ocenpational =safety and
healthoand human produetiviey,
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Mr. Bravosass T have one othie question, One of the policy de-
cigions that T had derived from what most of yon have said today
gives support vo the judgment that perhaps as we consider extending
the Relmbilitation Aet, we onght to mandate the Rehabilitation Sopy-
wees Administeation to enter into conperative relationships with NASNA
and those other departinents of the Fedoral Government that snppont
tesearel and development that may produce technologries susceptible
of application to the rehabilitation of the handieapped,

Rather thar pursuing another alternative which would simply he to
acdmonish and nrge, is there dizagrecment - and it there s, do not
hesitate tovoice it s there disagrecient mnong you in respeet to that
particular proposal ?

Dy Reswick, Perhaps the issue should be stated in stark terms, bt
et me just sayvein my wind, the RSN and o nnmber of other agencies
have done a ot of interneting. Under geants from NTIT and the VAL
thes have attempted 1o bring together a number of people thronghout
the agencies and throaghont the world today in developing a lot of
pressnre asto these problems,

Mreo Brapesass And having put that hypothetieal question to yon,
I do not mean to judee one way or another what RSN is doing. Lot
them defend therwselves here ina moment,

Mreo Yovms, Fwould say the mandate is almost necessary becausze
all other methods have failed up to now, One of the important things
i to salvage informmtion which ix available now. This is in contrast
to other plans for the future whichic of course, have to be earrvied ont,
But there is still aowealth of information available immediately and
Fthink that i< one way to get it ont,

Mreo Braoesas, Well, Toam not hearing any dissent for ny
provosition,

Professor Mann/

Do Moass, The ondy eaveat Twould offer is that it wonld he terribly
naportant that there be somebody in <havge, Jest the essential atirac-
tiveness of thi< results in a competitioy of the etfort, T think mandate
< inorder,

Mr. Branesas, Do von think there ought to be a speeial office within
RSAin charge of this particular responsibility /

Dro Masso D may extend my renieks, That is the need within RRA's
advisary funetions, people who provide advisory support for a broad-
cning and strengthening of their functions statfwise, to deal with the
broadening program. The program 1 helieve thus far has been admir-
ahlyv pueesued bt if the bonmdaries are to he extended to take in ull
these ather agenciess NASN and all the others, it RRA were to he
destgnated the dead agenev, there <hould he o mandate to thew {o
cotnpete with the other deencies, Yon would have to mandate,

Mro Bawnostvs, T have Boen aronnd liere long enough to Fnow that
mdmonition ora bodaet without o mandate is not tervibly effective,

Dovou tind i respeet to the present funetions of RS\ there is n
pottern of o pecr roview of their poiicies and programs< 4 That i< to sy,
to put it imanother wayvodo they consalt in RRAZ Do they consnlt with
peaple like vou vour associntion, people aeross the conutry, vour
|l|':'l'.‘~.'
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Dr. Reswick, Inomy expevience, I wouid say eing-hatieally, yves, Hut
sthso there is a tremendons room for enlargenient and Suprovenient and
bringing in people of great status,

Me Branesas Gentlemen, againe 1 want to thank yoi, 1 ean assure
you I think that although we have not had an asmy of members
of the committee here raduy- this being o Friday worning in an
extremely busy institution - -what vou have had to say will be widely
studied and Lanhopeful weenn lave more hearings on this subject, 8o
I oane very giatetul to all of vou,

Uthink we shall now hear from My, Jawmes Burress, Aeting Cow-
missioner of RSN aecompanied by Dr Jates Garerett and Mes, Joen
L Miller,

Mr. Burresse Dro Guerett, and Mrse Millers we are vory lappy to
weg .\'(lll,

STATEMENT OF JAMES BURRESS. ACTING COMMISSIONER., REHA-
BILITATION SERVICES ADMINTSTRATION, SOCIAL AND REKABIL-
ITATION SERVICE. DEPARTMENT OF HEALTH, ZDUCATION, AND
WELFARE: ACCOMPANIED BY DR. JAMES GARRETIT. ACTING
COMMISSIONER FOR RESEARCH AND DEMONSTRATION. REHA.
BILITATION SERVICES ADMINISTRATION: AND JOAN H. MILLER,
DEPUTY ASSISTANT SECRETARY FOR WELFARE LEGISLATION,
DEPARTMENT OF HEALTH, EDUCATION. AND WELFARE

Mryo Busgess, T feel quite humble making o statement fol.owing
sichanexeiting presentation and 1 odon’t ntend to have ns my
defense of what we have done in terms of suppoeinr the program of
engineering researeh, Dam heve simply to put be (o yvou the position
inowhich we are today and hope that what T sy dight serve as o
foundation for planning our further activity in the ourse of present
and futnre events that have been well illustrated for ns througeh
the preceding testimony,

I have with me De James Gareett, who, as von know, has heen,
nxsociated with the rehabilitation resewreh progreun for its entire
history,about 20 vears, e isc 1 think, more than any ot her person in
the countiy, Teading the way toward the implenentation of applied
technology to the needs of the handicapped and the dissemination of
information through our public programs,

We also finve Mrs Joan Miller, the Deputy Assistant Secretary
for Welfare Legistation for the Department,

I wor't try to vead this throngh, Mr. Chairman, beeanse time i< of
the essence, T know this document ean be ineluded in yonr record,

We have been coneerned with tinding wavs of serving the far more
serionsly disabled throngh the developient of deviees not only in
mobilitys bt alzo b the tse of the lmman aetomy, To do so has heen
Hie voncern of anr program throngh its long historv, Ty 1951, the
Oflice of  Voeational Reiabilitation (OVIDL throngh  anthority
aranted wder the Voeational Rehabilitation Xet enacted that vear,
begior the snpport of rescarch g training activities in the fields of
lll'l)~'”ll'1il'<. arthoties, Selirory aids, Tn this vespect, the OVR in
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those dave joined with the Verersns' Adminstiation, the Ay and
Navye the National Institutes of Healdth, the Childreps Buyeean aud
the (tlice of Fdueation in elosely coordiaated programs of reseaeh
and tenining Tl prograsy was disigned at that time to foeus major
eniphasiz on the problem of the amputee,

The progeam hax been elosoly conrdinated over many vears througeh
the consultation and adviee provided all ngeneies by the National
Aeademy of Setenees Committee on Prostheties Research and Deyvelop
ment, s progress was ade inccertain areas and manpower was devel-
oped to nidertake other problem arveas, the progeam was expanded to
mehude orthopedie beacing, mobility devives sach as wwheelehairs and
sensory aids sueh as hearing aids, reading machines for the blind, and
many othersimilar deviees,

I should like to shorten this statement gquite a bit, bt ctill leave von
with ax strong assuranees as Eean at this poiut that the S million wo
hove invested in the progrmn at this time represents asanall moount
in tertis of the good o has hrought us to this date, "T'his is @ tiost cost
eifective effort,

Haopefullyv, our investineut will be ineceased to S millon in the com-
g vear, it too, perhps, cowd be donbled depending < vescareh priori-
ties with the aimvte justitication reflected here taday,

We also lmve staten.ent ineludaed here which T think will support
the question vou put forth as to the assuranee of exeellence in the kinds
of activities going on and of appieability of researen tindings, We
are trving to take adv age throngh use of foreign eurreneins, of
developments in Poland, Yugoslavia and other countries, which Dr.,
Garrett could cite to von, But 1 want to deal for umoment with a
natter not referved to in my paper bat certainly referred to in the
testimony, ‘That is the very important subjeet of appiieation and
utilization,

Timely and fall atilization of what sve know has been, in iy estima
ticn, one of the major stumbling bloeks to the extension and improve.
ment of onr services to the more severel - handieapped,

Priring this week, T had a very exeiting experience at a evbernet qos
mstitute vight here in Washimeton, DJC T saw demonsteated o vonnge
worman who was a high-gquad. quadriplegic, She conld only move her
tongne, They had developed o device attached to a typewriter and
throngh o muoltiple svsteny of electronie deviees, this woman has been
able ta type at the yate of 22 1o 25 words per minute with hier tongue,
This apens up the apportanity for her to do many things ac home,

1 asked her about getting outside the home for a job, This enme up
in o disenssion with o gromp of peaple from the Departinent of Tranes-
port: tion who are siving some real sertous considera ion to deviees that
will improve the mobality of people thnited in terms ot beirg able to
walk and who ase wheelelairs to get baek and forth to places of
emplovimeat,

T term< of the ny plieation of most of this teehnology onr adminis-
frar o natieally wonld have to have g greater knowledge of the re
cearens Too bow progeam mlministrators knew of the new deviees and
their potentinl, T saw an ilhesteation of o deaf-blind pogson on tele-
vision nsing one of the sensory devices signading hime to piek up
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phone, When the voice was transmitted, it was transmitted in Braille.
That certainly opened up a new horizon for that young man.

We need to take more time in teaining rehabilitation staff and in
acquainting the public with these new developments, The other part
of the problem is the capacity of the industry to find ways of produc-
ing these kinds of equipment at a cost that can be reasonable to the pur-
chaser or user,

This, in summary. is where we are. T hope we can look forward. Mr,
Chairman. to greatly increased emphasis in this area, As I suggrested
earlier, if we are to serve the most severely disabled, we must have
these kinds of tools with which to do it, Thank you,

[The prepared statement of Mr, Burress follows:]

STATEMENT oF JAMES BURRESS, ACTING ("OMMISSIONER, REIABILITATION SERVICES
ADMINISTRATION, DFEPARTMENT oF HEALTH, ELBUCATION, AND WELFARE

Mr. Chairman and Members of the Committee: We are pleased to have the
opportunity to apperr before this Subcommittee to discuss the application of
technology to the needs of handicapped persons, We would like to present a
deseription of the Rehabilitation Services Admninistration program of research
for lmproved rehabilitation service systems for the handicapped using and de-
veloping appropriate technologles.

BACKGROUND

Our concern in thix aren has n long history, In 1854, the Office of Vocational
Rehabllitation (OVR), through authority granted under the Rehabllitation Act
enncted that year, began the support of resenrch and training activities in the
flelds of prosthetics, orthoties, and senzory aids, In this respect, the OVR in those
days Joined with the Veterans Administration, the Army and Navy. the Natlonal
Tnstitutes of Heanlth, the Childrens Burenu and the Office of Education in closely
coordinnted programs of research and training, The program was designed at
that time to focus major emphasis on the problem of the amputee.

The program has heen closely coordinated over many years through the con-
sultation and ndvice provided all agencies by the Natlonal Academy of Sclences
Committee on Prosthetics Research nnd Development, As progress was made In
vertain areas—that i< artificial Himbg—and manpower was developed to undertake
other problem arens, the program was expanded to include orthopnedic bracing,
moblility devices such as wheel chalrs nid sensory aids such as hearing atds and
reading machines for the blind and many other similar devices.

During the middie 1980's, n concentrated effort was mounted hy the Rehahilita-
tion Services Administration (RSA)Y to utillze wherever possible the technoiogles
developed in the United States space and defense programs. A joint program was
developed with NASA whereby unclassified technolezy would be miade avallable
to rehabilitation specialists for use in resolving comjlex rehabilitation problems.

After elght vears experience, the prozram was gradunlly changed toward na
more realistic appronch of placing engineers, physicians and related scientists
together physically in a clinieal setting to work on pntient problems, T'nder this
appronch. the necessary teamwork was established nt n level of expenditure
that wonld produce cost effective results and improve communications hetween
the diseiplines. This program was set up as the core area for an expanded pro.
gram enlled Rehahilitation Fngineering,

In the past year, nrrangements simflar to those we now have with NTH have
been worked onut with the National Seience Fonndation and its Research Applied
to National Needs (RANN) program, as well as with the Department of Trans-
portation and the Department of Housing and Urban Development,

SPECIAL, FOREIGN CURRENCY PROGRAM

A major effort of research and demonstratious under the Speetal Foreign Cur-
roney Program was monnted and continues {n the fleld of Prosthetics and
Orthotles,
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Tu vanutries where hoth technology und wedieal practice vompaire favorably
with that of the US, sach av Palinnd, Yheoslavin and seael. more sophisticated
creseireh prosthetios und arthoties is supgaadted by the SN with Speein]l Forelgn
currency, T Polinud, SR8-sponisoted rescarel has developed the widely acelaimed
treatinent of muputees innnediately following nwputation threouelh the titting of
i prosthesis and then enrly twhthin 24 hours) ambadation. Widely aceepted
throughout the U, and the world, this technlgue reduces hospitalization costs
twd tine and allows the patient to return to normal voeational nctivitios within
S48 days following the amputation, Compared to so-called conventional man-
agement, this resuits in o rebabilitation time saving of trom six months to one
yYeut.

NATIONAL SYSTEM OF REHABILITATION ENGINFRERING CENTERR 01 ENCELLENCK

o Jady 1971 the NRNZRSA, following the advice of the Nationn]l Aeademy of
NSejetvess begnn the oxpanded prozram cialled Rehabilitation Engineering, he
plan develuped by the NAR calls tor contination of the very suveesstul project
roseitreh grant program of the previows 15 yvears. To additton, it recognizes that
certain institutlons of higher edneation with existing scehiools of medieine and
engineerning which have very active reliabllitati a0 seevice, veseareh and training
programs have detnonsteited theie capability in the area of Rehabititation
Fngincering over the yoars, The flest Rehabiitation Engineering Centers were
funded In FY 072 The conters funded to da o with their core researeh ureas
tre:

t1y Ranvcho Los Amigos Hospital-University of Southern Californiag—"Fune-
tional Eleetrical Stinmibation of Paralyzed Nerves and Musclos™

t2) Moss Rehabilitation Hospital-Temple and Drexel Universities—Neuro-
musenlnr Control Systems.”

3 Texas Institute for Rehabilitation nid Research, Bayior University (ollege
of Medicine od Texus A & M Vniversity: - Fffects of Pressure on Pissue”

by Harvard Undversity and Massaehusetts Institute of Technology—*"Sensory
IFeedbinek Moechanisms,”

¢ Northwestern University and the Rehabllitation Instiwte of Chicago—
“Internal 'Total Joint Replacement.”

Recent signfticant resnlts with progeam hmpaet nelnde the following @ fune.
tional electrieal stimulation for museles in hemlplegia, otation (md) bed tor
spitatl cord injnred and burn petients to prevent pressiare uleeration of the skin,
Hight welght cosmetic aud functional drop-foot braces, modular prostheses, cone
trol of exterually powered upper extreniity devices through pattern recoguition
techuigues aiud BEMG, bio-feodlnel deviees for physical tralning of disubled and
early mohilization of patients witl) severe fractures of lower extremity with
fracctiure brieing teehniques,

With this past history, the SRN/RSA weleonied the provision in See, 20200y ¢2)
ot the Relmbilitation Aet of 1973 for a rehabilitation engineering priovity. In
ciarryingg out the provisions of that Mct, RNN in Fiseal Year 1974 will be conunit-
tithe something in excess of $4 mition- -82 witllion in rehabllitation engineering
centers of exceflence, 0.2 giltion o rehabilitution engineering activities within
the research and teaining center program, and the remainder in eleven rehahilita-
tion engineering project<. For Fiseal Yeur 1975 we expeet ta inerease onr invest-
et to the Shanillion carmarked in the new Aet,

Waoowanld be happy to respond (o any qiestjons yan may hive,

Mr. Braveaas, Thauk you very much, Mr, Burress,

By the way, let me say weare aware of vour outstanding record in
vour regional re ~pnn~|ln|n\.

D, Garrett it is very good to have you hefore ns, Have you a state-
ment vou would like to make 4

Dy Gakierr. T do not think so,

Mro Bremess, We are very pleased within RSN\ to have Dr, Garrett.
Back within RRAL Leeanse it will nuake it possible for him to relate re-
searel more divectly to the issnes,

Mro Branesas, I oappreciate that. T am impressed by what T take.
Mr, Burress, to he vour indication of the nesd to give more attention
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to support and linkages to the application of technology to the reha-
bilitation of the handicapped. T would hope that the expression of
concern on your part will find some listeners down at HHEW, at other
levels— even in the celestial realms of the Oftice of Management and
Budget—when they look at both the training and research components
of RN\,

It wonld seem to me, on the basis of what we have heard today, that
not to provide for training ure research in this field is fiscally
irresponsible,

What about the linkage problem? 1 have heard the criticism voiced
today here by Mr. Goldenson and Mr. Gorman at the outset, then by
other gentleten, about the lack of communication between N ASA and
RSA, forone example. Conld yon romment on that ?

Dr. Gargrerr, T would be glad to eomment on that, Mr. Chairman.
First of all, we had i the beginning a written agreement with NASA
to set up an experimental program with the technological utilization
group in NASN on an experimental basis, They were to work with
some of onr research and training centers and some of our pro-
gram grantees to determine whether or not, within this vast store of
technology. there were methods or techniques which could be helpful
in problems of rehabilitation, :

After abont 8 years of this eooperative etfort, and Dr. Reswick
here was one of those involved in that etfort, as was New York Uni-
versity, we found that merely the sharing of information was just not
enongh to bring technology to bear in the solution of human problems.

The reason for that is beeanse we have, as was pointed ont, a dicho-
tomy between fundiwmentally the engineers on the one hand and the
health seientists on the other, Therefore, we determined. based on this
experience, that the only way technology conld be bronght to bear
on the problem was to start where the problem was, which was in
the clinieal setting.

Therefore, this national system of rehabilitation engineering cen-
ters. of which you have had two representatives today, is an effort
to have engineering, wedicine. and health-related personnel brought
together at the elinieal level in order to solve the problems,

In other words, mercly mandating the sharing of information is
not enough. The only way in which we will have any solution is to
apply what we know where the problens exist and where the demand
is for the solution, That is the reason for the vehabilitation engineering
venters,

Mr. Brapraas, Don't you think in view of the testimony we have
have here today we need to put substantially more money into the
rehabilitation engineering centers than we are presently doing ?

Dr. Ganeerr. You have a problem I suppose of balanee of the ye-
search program. If vou look at our particnlar budget. which for
1974 i %20 million and for 1975 is £20 million, You will cee that we
have built-in continuation costs of the research and training centers
which roughly take np half of that appropriation request. Ko when
one talks in rerms of 20 or 25 pereent, this means devoting o very
considerable purt of those resources in terms of available funds to
rehabilitation engineering research, The resourees that we are bringing
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to bear are in the regalar R. & D, program as well as in the research
and training center program.

Mr. Baapesas, T was about to say, Dr. Garrett, I appreciate the
sensitivity of vour situation, so I will not press you further.

Mr. Gormax. I would like to make one comment, Dr. Garrett is per-
feotly right. Mandate is one thing, but we will have to go before the
Appropriutions Commiittees to get the money.

Now, the administration has not set up the full authorization
amaint for research. They sent up %20 million this year for fiseal 1975,
RS\ ~iys they expect to inerease their budget to 85 million, Big deal,

Theve is $25 million in authorized money and 25 percent of that
amount equals more then $6 million, '

In other words, they are not even requesting the authorization in
HLR. 8070, Tt seems to me totally inadequate in terms of what they
are doing now, T am just raking the small tigures that are in the law
and I say why isn't the President sending up the full amount in the
total vocational rehabilitation budget? T want the record to be very
clear on this. This great leap forward to $5 million carmarked in the
new act lenves me flatter than a paneake,

Mr. Branesmas, Dr. Garrett, do either of you. Mr. Burress or Mrs,
Miller, wish to respond?

Mrs, Minier. Perhaps T can respond. In evaluating the budget, the
decision was made to put more in services. While the budget only in-
creased slightly, the purchase of services through the Social Security
Act and the title 11 aet is inereasing,

There is $137 million outside RS\ programed services. We feel, as
Dr. Garrett said and also as Mr. Burress said. that we need to take the
research and apply it to the operating vocational rehabilitation service
programs. I think through the State programs we have pnt money
in services. T would like to put that on the record.

Mr. Brapemas, T appreciate that, but T must say in all candor that
that reminds e of Mr. Nixon saying how much more we are doing in
the human resonrees field this vear than last year. But he also fails to
point out that a good chunk of that inerease, to whieh he was vigor-
ously opposed, was shoved down Mr, Nixon's chrcat by the Congress
of the United States. i

So T would like to express my own hope that when another look is
taken at the budget for rehabilitation, that there be consideration of
the impact of these hearings, It is also my view that the pml])l'o testi-
fving today are among some of the most knowledgeable 1 this area.
T feel it wonld be fiscally irresponsible for this administration not to
seek adequate funding both for research and training. _ .

T met a fow davs ago with other physicians concerned with rehabili-
tation research and training and they bronght to me the sune kind of
message I heard today. So T think it becomes in large part a question
of what the administration believes to be important. Some of us on
this committee. both Demoerats and Republicans. have tried to get
across the point that we think greater investment in rehabilitation is
much more important than some of the programs which the adminis-
tration apparently feelsare important. _

Mr. Burress, Mr. Chairman, T eannot disagree with vou. T have
heen in rehabilitation 30 vears of my life and it is my life. T believe
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this is the avenue where we can make a sigmiticant difference in our
Nation today. T take the liberty of making that statement.

We have a lot more ground to cover and as was illusteated today, we
can do it. T also feel very strongly that the whole rehabilitation pro-
gram should be so structured that it has good meaning and purpose.
that it has public acceptance, and that. to the people who recetve serv-
1ees, it means a restoration of dignity and self respect.

{ believe this should be the gonl of all the efforts we are making
today.

Mi. Brapesas, [ approciate that response very much, Mr. Burress.
I will ask you one more question before we adjourn. It is the same ques-
tion, in effect, 1 put to your predecessors: numely. your reaction to a
proposal that we shonld make it mandatory that the RNA engage in
cooperative relationsghips with other Federal departments in respect
to the application of technology to problems of t‘w handicapped.

Mr. Burgress, T would welcome that. T think you have already man-
dated several activities which we are carvying out this yvear, T helieve
we are underway with some of the cooperative efforts with some of
the other agencies that are concerned, and the only hesitation T have

Jix beingr able to tinancially support this kind of a mandate.

It is embarrassing, 1 helieve, to be asked to dig a Jditeh with a shovel
which has no handle on it if T ke mysel f clear,

Mr. Branesas. Tappreciate that response and I should have thought
it wight not be wise to ask you to give a judgment with respect to that
mandate without giving you some approprate resources to be uble to
carry it ont, That ix the reason many of us are working on the act
concerning edneation for handicapped children. For the courts are
insisting on the constitutional right of handieapped children to an
ocueation- vet the money isnot available,

I hope you will nllow ns. Mrs. Miller, Dr, Garvett, and Mr. Burress,
to tnvite you back again.

The Chair wants to thank all of those who testified today, We are
grateful to all of you. The subcommittee is adjonrned.

Thank you,

{ Whereupon, at 12:58 pan.. the subcommittee was adjourned, to
reconvene suhject to the eall of the Chair. ] ‘
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