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Abstract. An account is given of the so-
cial, economic, and technical factors
surrounding the development of reading

raids or ‘'devices for blind people. It is

shown that these factors interact in such
a way as to seriously constrain the ap-
proaches that can be made to device de-
sign. The progress being made in the re-
search, development, and deployment of -
several types of reading devices is de-
scribed to illustrate how the various
constraints have affected the design
goals and methods of deployment. Emphasis
is laid on the development of réading
machines with voice output because, ulti-
mately, they are the most likely types of
devices to be widely accepted by the
blind. Looking ahead to full deployment
of such devices before the end of this
decade, the paper concludes with a summa-
ry of the research, development, and or-
ganizational needs that must be met.

Key words: Reading aids - Braille - Blind-
ness - Synthetic speech - Print recogni-
tion '

It is generally agreed that modern efforts
toward the creation of reading aids for
blind people began shortly after the turn
of this century - in fact, with the birth
of the first photoelectric cells. Through-
out the intervening period the central
objective has been to create a device, or
group of devices, that could enable a
blind person to function at a level
closely approximating the performance of
a sighted reader (13). From the viewpoint
of the blind person, this has implied
that he would be able to use his tactile
or auditory senses to read the same

books, newspaper, magazines, recipes and
cereal cartons as a sighted colleague.
However, while gaining access to printed
matter has long been viewed as the prin-
cipal problem, it is by no means the only
obstacle to be overcome. A realistic ap-
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praisal of the reading aid field requires
one to examine not only the technical
questions, but the physical makeup and
needs of the blind population, their eco-
nomic status, the gtructure and the op-
eration of any available delivery system,
or systems, and the availability of the
resources needed to make them function.
The need to consider a similar set of
factors is, of course, not unique in the
bioengineering field. Where the present
topic may be unusual is in the manner in
which the various factors interact, - .
posing the need to confront more perplex- .

.ing problems and to accept difficult com-

pronmises. )

Let us suppose that a newly graduated -
bioengineer wishing to develop a reading
device for the blind were to enter the
field today. What would he find? This "
paper will attempt to answer the question
by introducing the social, economic, and
institutional background to the reading
aid field and then follow with an account
of current research and development. The
reader is advised not to overlook this
background material because it is really
essential to a clear explanation of the
factors, which (to varying degrees) have
conditioned current research efforts and
objectives. The paper will conclude with
a summary of the research, development,
and organizational needs that must be met
if genuinely useful reading aids and
reading services are to reach the hands
of many blind people before the end of
this decade.

This marks the third occasion, during
the past 15 years, on which the author

‘has been persuaded by a journal editor

to prepare (or share authorship in) a
review article on the topic of aids for
the blind (32, 33). Inevitably, this re-
view will contain some overlap in sub-
ject matter with the earlier papers. How-
ever, optical aids and electronic image
enhancement devices, which qualify as
reading aids, have been deliberately omit-
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ted to allow Space to introduce new ma-
terial on reading machines with voice

appeared during the past six years (1,
12).

CHARACTERISTICS OF THE BLIND POPULATION

The term blindness embraces a spectrum of
-visual deficiency, ranging from an acuity
level at which it ig possible to read
with special Optical aids to total blind-
ness. The most commonly used rubric
defining "legal" blindness is a visual
acuity of less than 20/200 in the better

of more than 20/200 if the widest dia-
meter of the field of vision subtends no
greater than 20 degrees. This classifi-
cation is now applied by public and pri-

which afford those with
severe visual handicaps some measure of
financial relief,

A search for information about the
U.S. blind population reveals a surpris-
ing number of sources. However, most fi-
gures are more than five years old and
lack any useful information on the occu-
pations, reading habits, reading require-
ments, and geographical distribution of
the blind. Even on the very basic ques-
tion of how many people are affected,
very few figures agree within acceptable
margins of error. v

The reasons are that the collection
methods differ widely and the standards
applied in most surveys are not suffi-
ciently rigorous.'Furthermore, continuity
is not maintained. Thus, particular sur-
vey procedures are applied and their re-~
sults published for a few years where-~
upon the procedures are then withdrawn,
making it difficult to observe long~term
trends. Publications of the U.s.
ment are particularly -prone to this fate
and the unfortunate consequence is that
the available data lack the detail or re-

1 While it is probably correct to say that the
data available on the legally blind as a market
for reading aids are more abundant than on any
other market (17), the relatively small size
and low economic power of the blind combined
with their diversity demand more detailed data
50 that careful planning can be undertaken to

" insure that the available resources are proper-
ly channeled. ‘

- portant need of the blind,

f
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From among the conflicting figures for
the total "legally" blind population
given by various sources, the most widely
accepted estimate for the United States

least 10 million people -~ 1 of every 20 -
who suffer from significapt, uncorrect-
able impairment of vision. Of these,
about 1.5 million are so severely im-
paired that they are unable to read ordi-
nary newsprint with either eye - even
with glasses (26). Table 1 shows how the
total blind population and the totally
blind (i.e., those having no light per-
ception) are distributed as a function

of age. Also available in Table 1 are the
five most common causes of blindness to-
day, stemming_largely from senile. degen-
eration, diabetes, and other multiple
etiologies of old age. Among children,
the dominant causes are genetic and pre-
natal influences, which tend to be asso-
ciated with other disabilities in addition
to blindness (41). Nevertheless to a.
large degree, as Table 1 indicates, the
problems of blindness go-hand in hand
with those of aging (39). ,

One of the prime motivations for the
design of reading aids for the visually
handicapped has been to enable them to
become economically independent; however,
the data on age clearly indicate. that a
large proportion (certainly those over
65 years of age) will probably not bene-
fit financially. Moreover, since the
blind do not form a homogeneous group
{(a wide range of Ccapabilities, interests,
and motivation being represented), it is
extremely unlikely that many will consid-
€r a single reading aid to be universal-
ly useful or even desirable. This is in-
dicated by the fact that although most
rehabilitation professionals, for example,
believe that mobility is the most im-
less than 2
percent of the blind currently use dog
guides and barely 10 percent have received
any training for independent cane travel.
As regards reading, only 10 percent of -
the blind population are known to use
Braille. Hence, the point being made here
is that the use of existing aids may be
influenced as much by personal desires
as by any restrictions in their avail-
ability and utility. Furthermore, . under
these circumstances, one should not ex-
pect that new products of technology will
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Table 1. Distribution of the U.S. blind population by age

Legally blind

Age: Under 5 5-19
0.5% 9.5%

20 - 44

17.0% 26.8%

45 - 64 65 - 74
17.2%

75+
29.0%

Totally blind (no light perception) 10.6% of legally blind

Age: Under 5
24.3%

5 - 19
15.3%

20 - 44
13.4%

45 - 64
11.1% 9.7%

Cause

65 ~ 74

75+
15.1%

Glaucoma Cataract Retinal Myopia Optic nerve
disease disease

Other

11.0% 13.1% 25.0% 3.0% 9.2%

15.2%

be used unless they are of very signifi-
cant help in gaining a' large number of
vocational opportunities or in furthering
personal goals. Therefore, if truly ef-
fective reading aids and services can be
created, Table 1T may be taken to indicate
that today only about 10 percent of the
blind population (those younger blind
having good motivation and no other dis-
abilities ' comparable to their blindness)
would be equipped to use reading aids for
the expansion of career objectives and
economic well-being. To many with concern
for the plight of the remaining 90 per-
cent, this'may appear to be a distres-
singly small number of people on which

to devote the substantial sums of money
required for research, development, and
deployment. However, it should be borne
in mind that the results of expenditures
on behalf of a vanguard of younger mem-—
bers of the blind community would, in
time, inevitably spread to a larger pro-
portion of the blind. This would be ex-
pected to occur naturally as the early
users of reading aids (becoming older)
merge into the population and provide
inspiration to the less strongly motiv-
ated. Thus, given time, a research policy
initially directed toward the needs of
the young singly handicapped blind per-
son may be expected to eventually embrace
a far larger proportion of the blind pop-
ulation.

SOCIETY AND THE BLINDNESS SYSTEM?

Vision is the most highly valued of all
man's senses and is easily the most im-
portant source of information about the
complex, dynamic world in which he lives.

2 The "blindness system" is a term commonly used
to describe the network of roughly 800 public
and private agencies which dispenses services
or directs financial support to the U.S. blind
population.

-

However, despite the fact that blindness
overtakes a large number of victims each
year, blindness does not, for example,
arouse the same degree of social concern
in the United States as cancer. The find-
ings of public opinion polls (2) and the
wide differences that exist in the amount

-of public support given for cancer re-

search versus research on eye diseases
clearly attest to the lower position of
visual defects on the scale of national
priorities. The reasons are not difficult
to find: blindness is not usually asso-
ciated with pain and death and therefore
arouses less sympathy and concern. More-
over, recent efforts to dispel the image
of the blind as being a race apart have
perhaps had their share in changing pub-
lic attitudes toward blindness as a dis-
abling affliction. o

During the past ten years, several
major surveys and research studies have
been carried out on different aspects of
the blindness system. Although the fi-
gures. cited in these reports are now
largely out of date, the basic picture
conveyed remains the same today. Thus, a
national systems study embracing all eco-
nomic aspects of the delivery of welfare
and other services to the blind and vi-
sually handicapped estimated (in 1967)
that a half-billion dollars is provided
annually by private, federal, and state
agencies in welfare support and other
services to the blind (32). Between 1967
and 1973, direct federal and state pay-
ments to the blind (about one-fifth of
the total expenditure for 1967) rose by
28 percent while the number of recipients
fell from 83,100 to 77,900 (50). Revised
figures for the remaining categories are
not readily available, but a very conser-
vative estimate for the current annual
cost of blindness would place the figure
at $ 0.65 billion. Scott, in a book pub-
lished in 1969 (40), reported that the
funds for direct support and special ser-



research expenditure wasg g little lesg
than $ 1 million, or 0.2 percent of the
annual cost of blindness in the U.s. dur-
ing that year (6), a similar survey pub-
lished in 1973 reveals that the total

Very significant drop in Yesearch expen-
diture, Thus ' the greater portion of the
money that Society makes available tg -
the blind ig employed in Supporting ser-
vices ang direct Payments, which, in

73, averaged roughly '$ 2200 Per person.

vVocating broad frontal attacks on complex
Socioeconomic problems. The results of

.
1
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rather than to support‘broad Coordinated
-research Programs that endeavor tq deplo

year-by-year basig, Second, in the U.s,,

university departments, reésearch instji-
tutes, ang business COntractors, each
with their own -strengths  and weaknesses,
Most of thig work is being pursueq on an
autonomoug basis, ang few opportunitieg
are taken for Organizations to comple-
ment one another in various roles, This
applies both to work on the same basic
set of reading aid goals and to work con-
Cerned with other handicaps, for exXample,
hearing loss, where the overlap may be
smaller but, nevertheless, clearly vig-
ible,

A major characteristic of university
Tesearch is that it can seldom Stray far
from the goal of serving some educational
role, Consequently the reasearch tends
basic in nature; direct Competi-
tion with industry isg discouraged; a lack

Moreover, because of the subsidiary pur-
pPose of university research, the cost may
be somewhat lower than in industry. Given
these conditions, research on reading
aids is an attractive Project for a col-
lege with technical resources. Fundamen-

Research institutions, on the other
hand, maintain professional staffs and
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output applications often realized within
a planned schedule. In addition some con-
tinuing systematic evaluation can be ex-
pected. However, manufacturing and mar-
keting activities are usually expected

to be taken up by independent commercial
interests.

Since the potential market for reading
aids is small and not economically strong,
commercial organizations have been re-
sponsible for very little independent re-
search activity. Such industrial research
as there is tends to be either supported
by government contracts or company sup-
ported and justified in terms of corpo-
rate image rather than potential profit.
Unlike universities or research institu-
tions, industrial organizations offer
manufacturing capabilities as well as
those of development and research, al-
though the costs are high. These organi-
zations therefore possess considerable
resources but they are largely untapped
due to severe economic restrictions which
cloud the entire sensory-aids field. .

While all of these types of organiza-
‘tions - university, research institute,
and industry - have been involved at one
. time in the research or development of
reading ,aids, there has seldom been any
serious attempt to coordinate their ac-
tivities in an effort to combine their
strengths and avoid the weaknesses of
each. Neither has there been any visible
effort on the part of federal agencies
to define ‘priorities, set goals, and co-
ordinate funding. As for the private
agencies, very few have been willing to
make funds available for research, al-
though a somewhat larger number have pro-
vided funds for the purchase of individ-
ual reading aids from manufacturers.

Also absent, until quite recently, have
been many moves toward looking for com-
mon needs among populations of the hand-
icapped - conspicuously, the blind and
the deaf - both of which have communica-
tion needs which could conceivably be
served by a unified approach (31).

In the arena of deployment, the exist-
ing structure of federal, state, and pri-
vate agencies represents the only viable
channel through which any substantial
number of reading aids can be supplied
today. Again, there is little mutual co-
operation among these agencies and there
is evidence that their fragmentation cre-
ates an inherent bias toward the support
of low-cost personal reading aids. How-
ever, such aids cannot, at present, match
the performance which can be offered by
centrally located high speed text tran-
scription services operating on a com-
munity-wide basis. The opportunity to
establish automated reading services con-
fronts these agencies with demands for

15

resources which they are individually
unable to find and with pressures toward
cooperation and organization for which
they are constitutionally unprepared.

The result is that the development of
reading services, which require long-
term commitments of funds and relatively
large initial expenditures, is seriously
hampered. One example of such an auto-
mated reading service arises in connec-
tion with the computer transcription of
Braille where very few of the established
institutions for the blind have responded
to the technological opportunities, de-
spite the fact that they have been in
existence for many years.

-

IMPROVING BRAILLE PRODUCTION AND ACCESSI-
BILITY

By far the-oldest, widely used reading

~aid for the blind is Braille - a medium

employed by barely 10 percent of the
blind community. The main problems as-
sociated with Braille are the bulk, the
production cost, the difficulty of the
code, and the slow rate of even highly
skilled manual transcription. Several
attempts have been made to avoid these
difficulties by storing Braille texts on
punched paper tape or magnetic tape in-
stead of the stout paper on which Braille
is usually embossed. The tape is then
read by feeding it into a device which
senses the information and displays the
text a line at a time by means of an ar-
ray of electromechanically energized
pins (5, 11). Another approach is to use

" reformable moving plastic belts upon

which Braille can be written, read, and
then erased (20). A survey conducted by
Gill (16) lists eight Braille output de-
vices which are either in current pro-

duction or in development.

The problem of increasing production
speeds and reducing costs has been at-
tacked by employing automated methods
based on computer transcription programs.
However, progress is being hampered by
the difficulty of converting texts into
machine readable form. Usually, inkprint
must be converted to computer readable
tapes or cards by hand keypunching which,
although much faster than manual Braille
transcription, is nevertheless timecon-
suming. Some hope of avoiding this input
bottleneck through the use of composi-
tors' typesetting tapes is often expres-
sed. Modern printing plants use photo-
printing machines which are controlled
by computers using texts stored on mag-
netic tapes. These tapes are created by
typesetters who input, edit, and correct
the texts at computer consoles prior to
photoprinting. Frequently, once the page
plates have been made and the book has
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been published, the magnetic tapes -
which are the property of the printer
rather than the publisher - are discarded
or erased. If easy access to these com-
puter tapes could be obtained, there ig
no reason why Braille books could not be
published at the same time and from the
same input as inkprint editions. While
the advantages of this approach are very
attractive, the difficulties are almost
equally discouraging. There are a variety
of different combinations of editing fa-
cilities, computer installations, and
photoprinters in use in the printing in-
dustry. For this reason and for reasons of
security, the individual autonomous print-
ing plants (which are employed under con-
tract by major publishing houses) use
different codes. To acquire the tapes,
both the printers and the publishers

must be approached and, at present, many
months can elapse over the negotiations.
Finally, when the tapes are in hand, each
may require a different code-conversion
program to retrieve the text and discard
the formatting symbols. It has been sug-~
gested that the only solution to these
difficulties is likely to come through
the setting up of a clearinghouse of com-
positors’ tapes, administered by the Li-
brary of Congress under its special pow-
ers and the adoption of a standard print-
ing code.

' Grade II Braille is a version of the
Braille code that was designed to permit
higher reading speeds by using single
symbols, called contractions, to repres-
ent common  function words, prefixes and
suffixes, etc. During the past 20 years
several computer programs have been writ-
ten to translate orthographically coded
input into Grade II Braille. Unfortu-
nately, however, none of these programs
is capable of completely satisfying the
purist by producing perfect Braille. The
difficulties with the computer algorithm
lie in the complexity of applying a hi-
erarchy of rules for selecting the correct
contractions, some of which defy opera-
tional definition at the purely ortho-
graphic level. The answer, which has of-
ten been proposed, is simply to change
the rules (45) but the scars of battles
fought between the present American
Braille code and New York point in the
1920s and 1930s may appear to be too
fresh for the Braille institutions to
want to confront this issue yet.

Despite these difficulties, versions
of the MIT Dotsys Braille translation
.program have been used by the American
Printing House for the Blind to produce
books since 1964 (37). The cost of com-
puter Braille is said to be in the "same
range" as that produced manually. In the
Atlanta Public School System, a COBOL

. .
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coded Braille translation program (Dotsys
II) has been employed for a number of
years in the preparation of teaching ma-
terials. It is perhaps of more than pas-
sing interest that the conversion to g
computer-based transcription system in
Atlanta was triggered by a fire that de-
stroyed the Braille library. The example
of Atlanta and the few other installation
mainly in colleges around the country,
represent the first 'systems-based reading
services for blind people. The reason for
their success lies primarily in the fact
that they share facilities assembled for
other purposes and, to emboss’ Braille, the
require relatively modest modifications
applied to standard computer output device
The development of computer output de-
vices to emboss the Braille symbols in
page format is being approached in a vari-
ety of ways. Broadly, these range from
jury-rigged model 33 teletypes or modified
commercial chain printers to specially de-
signed remote consoles like the MIT Brail-
lemboss or the Page Braille Embosser pro-
duced by the IBM Corporation. Printing
rates vary from roughly 10 Braille cells/
sec to 400 cells/sec. No less than sixteen
such devices are listed in Gill's survey

(16) as being currently available commer-

cially or in prototype form. Most of those
listed come from the United States. It is
notable that the development of all types

.of Braille production equipment, measured

in terms of the number of current active
projects, outstrips by a factor of more
than 2 : 1 all other reading machine de-
velopment projects combined (15) .

While the number and the success of
Braille developments is impressive, it
has to be recognized that computer-gen-
erated Braille cannot begin to meet all
of the needs of the blind for access to
printed material. Many books and journals,
especially those not widely read, will
not normally be produced in Braille:; more
important, great volumes of informal ink-
print, e.g., correspondence notes, pre-
prints, briefs, will appear in Braille
only under the most extraordinary con-
ditions. Moreover, beyond the issue of
Braille supply, there is the inescapable
fact that many of the blind never learn
to read Braille at all, or never succeed
in reading fast enough to use the medium
effectively. Thus, efforts are being made
to provide a device or reading aid which
will enable a blind person to obtain di-
rect access to the printed page. .

"TECHNICAL AND ECONOMIC CONSTRAINTS ON

READING AID DESIGN

The essential purpose of a reading aid
is to convert the printed page into an
auditory or tactual display that can be
understood by a blind reader. Several
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possible approaches are available. The
very simplest that one might use is the
direct translation approach where the elec-
trical output of a photocell array is
displayed acoustically by different tones,
or tactually as a relief image. In. this
case, experience has shown that blind
readers need to spend a considerable
amount of time learning to understand

the reading aid's unfamiliar output and
most can expect to read only very slowly.
Alternatively, a somewhat more complicat-
ed data processing capability might be
built into the aid, enabling it to gen-
erate spelled speech. Now, given a per-
iod of less-arduous practice, skilled
readers might expect to reach up to 90
words per minute (wpm). Finally, perhaps,
an even more complicated aid could be
built that converts its output into
speech. This would represent the ideal
because a reading rate of up to 175 wpm
would be virtually assured for all read-
ers and little or no training would be
required. Given these choices in the best
of all possible worlds, the right selec-
tion would be obvious, but performance
and complexity go hand in hand with high
cost and immediately clash with the econ-.
omic realities of blindness. '

The average annual income of an em-
ployed blind person has always been re-

- latively low (it is now close to $ 9000)
and most engineers and researchers agree
that this must be taken into considera-
tion when'choosing an approach to the
question of reading aid design. Thus it
is not economically, or technically, fea-
sible to build and market a  personal, port-
able reading aid that every blind person
can use for a price that any blind per-
son can afford?®. The major difficul-

ties have been the lack of any low-cost
reliable techniques for multifont optical
character recognition (OCR) and the lack
of the knowledge needed to develop an ef-’
ficient tactile or auditory man-machine
interface requiring no unusual percept-
ual skills, Faced with this situation, it
has been usual to approach the design of
a reading aid in one of two ways.

The first approach has been to accept
severe compromises in performance in ex-
change for low cost by building direct
translation reading aids. Whatever their
3 The assumption that manufacturers should ex-

pect to recoup the true cost of a reading aid
under competitive market conditions has been
implicit in much theorizing about the economics
of reading aid research, development, and de-
ployment. However, it is a fact that there are
no reading aids being developed or commercially
deployed today which have not, at one time or
another, received a very substantial research
and development subsidy from federal funds.
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shortcomings, it should be borne in mind
that direct translation aids do enable
some blind people to read a wide variety
of print unaided and their usefulness to
these people should not be lightly dis-
missed. '

The alternative, which also has draw-
backs of its own, involves abandoning
the ideal of individual ownership and in
its place creating a high-performance
reading machine system as a shared re-
source. Such a system is programmed to
carry out the necessary OCR and linguis-
tic processing which converts orthograph-
ically coded tapes, or printed texts,
directly into speech (or pages of Brail-
le) for recording and distribution to
groups of blind individuals within a
given region. In this way, the high in-
stallation costs of systems-based reading
machines are divided among a number of
clients, bringing the cost per person
served to an acceptable level,

Located between the extremes of the
direct translation approach and the systems
approach, there have been a growing num-
ber of development projects in recent
years, which have been striving toward
a low-cost OCR capability allied to a
spelled speech output system. These read-
ing devices would potentially make some-~
what fewer demands on the user than di-
rect translation aids, and could poten-
tially be lower in cost, but they have
proved to be singularly difficult to de-
sign. However, there are hints that the
time may be approaching when the distinc-
tion between direct translation and systems-
based devices will become blurred and
tend to disappear. Advances in micro-
electronics seem to be proceeding at such
a pace that, with continued reductions
in cost, it may conceivably be possible
within this decade to build quite com~
plex linguistic processing and storage
capabilities into a personal, afford-
able reading aid. Currently, however,
the design objectives represented by the
majority of the reading devices reviewed
in the following sections still reflect
a dichotomy between direct translation
and systems-based devices.

DIRECT TRANSLATION READING AIDS

The most successful direct translation
reading aid available today is the Opta-
con produced by Telesensory Systems, Inc
of Palo Alto, California. Originally de-
veloped at Stanford University and Stan-
ford Research Institute, the Optacon
translates an area of the printed page
about the size of a letter space into a
facsimile tactile image. This image is
produced by a 24-by-6 matrix of small
rods driven by piezoelectric reeds. The
entire array fits under a single finger

*r
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of one hand while the other hand is used
to move a small electro-optical pickup
probe along the line of print. A mono-
lithic silicon integrated array of 144
phototransistors is employed in the probe
in conjunction with an optical system
capable of a 2,5 . 1 magnification range,
Telesensory Systems is currently offering
two models of the Optacon both priced at
$ 2895 each, together with a range of
Separately priced accessories such as at-
tachments for reading the displays of '
hand-held electronic calculators and a
range of Optacon training aids. At the
end of 1973, over 500 Optacons had been
sold (18). By the spring of 1976 the num-
ber sold had reached 2000 with approxi-
mately a quarter of the total going to
clients overseas.

Reading speeds claimed for the opta-
con have ranged as high as 70 words per
minute for highly trained, well-motivated
users. However, in the report of one
evaluation study, it is suggested that
only a very small number of blind people

= particularly adults - are likely to
have the capacity to read at rates of 50
wpm or more (46). Results of a more. re-
cent educational evaluation of the Opta-
con show that after an average 58 hours
of instruction, 112 subjects attained a
mean reading speed of 12.3 wpm (51) . The
authors were careful to point out that
the readers were continuing to improve
their performances when the study ter-
minated. They also expressed a note of
caution against Citing the high pexfor-
mances of outstanding readers as a spur
to new students because it was more like-
ly to lead to a discouraging let down.

The largest single category of sup-
port of Optacon deployment has come from
Private funding sources dominated by
foundations. For example, the Richard
King Mellon Foundation has supported a
$ 1 million, two-year project to evalu-
ate a model deployment plan that could
operate in any city. Under this plan,
any blind student can' receive an Optacon
for $ 100 - an employed blind person
would pay $ 500 . The results of the
study are currently being prepared for
publication, .

Whatever the Optacon may have achieved,
or will achieve in the future for indi-
vidual blind people wishing to read, it
can be said to demonstrate clearly two
points. The first is that there is a
strong desire among the blind for the
kind of independence that being able to
read unaided brings. This is evident in
the way users of the Optacon and would-be
users alike are quick to rise to its de-
fense. The second point is that if ade-
quate research and development support is
initially available,

_tracking aid

- permit the reading of white

it is apparently pos-
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sible (with energetic
a variety of eXisting
through which reading
cially distributed to clients. Whether
these channels c¢an be sustained is a quei
tion that urgently needs to be explored

management) to fin
deployment channel
aids may be commer

Since 1970, several direct translatior
reading aids have also been manufactured
by Mauch Laboratories of Dayton, Ohio.
These devices are the Visotactor (Models
A and B), the Visotoner and the Stereo~
toner. The Visotactor-is a hand-held self
contained device which uses a single ver-
i eight photocells. The in-
put image isg transmitted to eight tactile
stimulators, two on each of the four fin-
ger tips of the hand which holds and
guides the instrument across the page. A
called a "Colineator” is
also available. Reading rates of about 15
wpm are the highest reported for this de-
vice so far. : ‘

The Visotoner is a redesigned version
of the Optophone which was invented in
1912 and manufactured by Barr "and Stroud
in the 1920s (13). Similar in appearance
to the Visotactors, the Visotoner con-
tains nine photocells and outputs an au-~
dible signal consisting of nine pure
tones ascending in frequency, the lowest
tone being associated with bottom cell
of the array. Scanning the array along a
line of print produces a series of chords
which are heard through an earphone. The
quality of this audible signal is much

* higher than the Optophone ever produced

but the basic limitations on human learn-
ing capacity still prevail. Consequently,
reading speeds have not been dramatically
increased and one report cites the best
speed as being of the order of 40 wpm.
Currently at least 36 Visotoners are in
use in deployment projects sponsored by

‘the Veterans Administration (V.A.) or in

training programs conducted by the v.a.
Blind Rehabilitation Centers (44).
Experience with the Visotoner and some
additional experimentation led to devel=~
opment, during 1971 - 72, of the Stereo~
toner. This instrument uses a stereophon-
ic output, a small optical probe with a
10 : 1 magnification range, a switch to
characters
on a dark background and a lightweight
control box which rests on the user's
chest suspended by a neckstrap. Ten mu-
sical tones are generated in conjunction
with the stereo presentation which gives
a horizontal dimension to the display.
Production of the first 100 Stereotoners
began in 1973. The current price of the
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Stereotoner is about $ 1250. The Ameri-
can Institutes for Research have recent-~
ly published a study which was conducted
for the V.A. to develop a basis for
trainee selection vis-d-vis the Stereo-
toner, to develop instructional materials
and to assess and give advice on train-
ing. The course of training which has
emerged from this study is now in use in
the V.A. Blind Rehabilitation Centers.
Other results from the study showed that
after 140 hours of training a group of
readers achieved an average speed of 7
wpm while the fastest reader in the group
achieved a speed of 34 wpm. An unusually
skillful long-term user of the Stereo-
toner was observed reading at 85 - 90
wpnm (52).

In addition to the reading aids which
carry out direct one-to-one transforma-
tions of input to output, thére exists a
¢lass of aids which perform low-level pro-
cessing of the optical input in an effort
to reduce the training time usually re-
quired by direct translation aids while
increasing the reading rate. The Lexiphone
(3, 4), developed by Beddoes and his col~
laborators. at the University of British
Columbia, is an example of this approach.
The input "Sensor consists of 54 photo-
diodes in a vertical column providing
high resolution along that dimension and
assuring. that alphabetic images can be
transduced within the tracking tolerance
of one lower case letter height. Beddoes'
reading aid output is produced by a
square wave generator whose frequency is
modulated according to an algorithm that
discards letter thickness information
and ensures. that changes in the vertical
alignment of the sensor array do not al-
ter the harmonic intervals of the output,
but only the "key". At least ten Lexi-
phones have been built and reading rates
of about 40 wpm have been reported.

Another example of a direct transla-
tion reading aid is represented by the
Spelltalk system being developed by
Longini at Carnegie Mellon University.
However, Longini's aid is not intended
to operate from printed input but to uti-
lize typesetters' tapes or a specially
recorded input stored in high-density
form on microgroove or magnetic disks.
The output is generated in the form of a
series of speechlike sounds representing
the 26 letters of the alphabet. Spell-
talk is therefore a code and differs from
spelled speech in that the sounds are not
the spoken names of the letters they re-
present. Preliminary studies using 50-word
vocabularies are reported to have yielded
reading speeds of "120 wpm or higher"
(10) . A figure of $ 300 per device has
been estimated as the likely cost in
quantity production,
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PERSONAL READING MACHINES

Among the reading aids which are too com-
plex to be classed as direct translation
aids, which are too smill to be classed
as systems-based, and which are intended
to be personally owned, there is a small
group which will be referred to here sim-
ply as reading machines. This group employs
optical character recognition circuitry
at the input and some form of speech on
output.

One of these reading machines is the
Cognodictor which is being developed by
Mauch Laboratories for the V.A. An early
model of the Cognodictor was reported to
read "most popular typefonts" with 90 -
95 percent accuracy at a speed of 80 -

90 wpm. At least three models have been
used for a number of years in an informal
evaluation study supervised by Mauch Lab-
oratories. The most recently built ver-
sion of the Cognodictor ‘rYecognizes print
via an array of 64 small CdSe photocells
and a "Two-dimensional Multiple Snapshot"
process which is the subject of an is-
sued patent. A reasonable amount of mis-
tracking (of the lines of print) is ap-
parently tolerated by this recognition
procedure but a Colineator is usually
employed to reduce misalignment to a min-
imum. The output of the OCR is delivered
in the form of a five-bit code which se-
lects among 31 prerecorded spelled speech
letters or ligatures. Buffer storage of
up to eight letters is provided between
the recognition unit and the output de-
vice -~ a continuously rotating drum on
which the spoken letters are recorded
optically. Recent reports suggest that a
radical rethinking of the Cognodictor
concept is underway (29). Plans are be-
ing developed with the objective of im-
proving the OCR performance by increas-
ing the resolution of the photocell mo-
saic and of improving the user perfor-
mance by using a synthesizer to generate
speech output.

For many years the Cognodictor has re-
presented the most ambitious attempt at
a personal reading machine. Very recent-
ly, however, its position has been chal-
lenged by a reading machine being devel-
oped by Kurzweil Computer Products, Inc.,
Cambridge, Massachusetts. Still in early
prototype form, the Kurzweil machine
uses a NOVA mini computer associated with
a Charge Coupled Scanner to recognize the
printed input and to convert, by algo-
rithm, the alphabetic spelling to a form
of phonetics. Continuous speech output
is generated from the phonetics via a
data buffer and a VOTRAX speech synthe-
sizer manufactured by the Federal Screw
Works of Troy, Michigan. The OCR system
is based on a feature analysis procedure



wpm (27) . However, the Speech quality is
not as good as the Speech synthesized by
a computer, :
Demonstrations of the device were giv-
en in January 1976 (30). 1n 1974 the com-
pany stated that it could build fifteen
self-containeq personal reading machines
(employing @ synthesizer of their own de-

School for the Blind ang in the Boston
Public School system (30).

SYSTEMS-BASED READING MACHINES

The term "systems—based" refers to a ¢lass
of high-performance text-to-speech con-

implement them using less than g medium-
Such systems could be
installed in large libraries and respond

The development of systems-based read-
ing machines began at Haskinsg Laborato-
ries in the late 1950s, Subsequently, re-
searchers at the Massachusetts Institute
of Technology (MIT) and Bell Laboratories
entered the field. In each case, the main
objective hasg been to produce highly in-
telligible natural sounding speech from

. *
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grams has been relatively Small, specia]
areas of emphasig have tendeg to develop,
For éxample, the Haskins group has
concentrated op the development of seg-
mental rules for speech production on a
formant resonance Synthesizer (9, 28)
and has also more recently been concerned
with evaluating Synthetic speech outputsg

The Haskins prototype
reading machine falls short of the high-

The synthesizer consists of a source
of buzz eXcitation whose frequency isg
voltage controlled, a Source of random
noise, and a network of tunable filters
and resonators, The filters are used to

variation ang context effects, Following

and the entire barametric array ig trans-
mitted to the synthesizer. The whole com-
putation can proceed very rapidly and
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not found in the dictionary. Comprehen-
sion tests have shown the resulting
speech to be intelligible enough to en-
able inexperienced listeners to understand
nontechnical narrative material at speak-
ing rates of 130 wpm (36). Also, hand
editing of the machine-generated phonetic
script to adjust the speech prosodics
results in a measurable improvement in
listener performance, showing that a more
elaborate parsing of the input text would
enhance comprehension.

-Recently, the Haskins group has been |
arguing that, despite its shortcomings,
synthetic speech may, nevertheless, be -
good enough for many purposes where
spoken transcriptions are needed urgently
and quality can be sacrified. They have-
suggested that a pilot reading machine
center should be established which would
serve both a research and service func-
tion (34). Such a center would have an
important catalytic role in spurring re-
search and development on a number of
the instrumental problems which have ten-
ded to be overlooked - notable among
which is an OCR system suitable for 1i-
brary-based reading machine applications.
In addition, it would give an opportunity
“to confront some of the unanswered human-
factors, questions which surround the
organization and operation of a center,
as well as provide a sharper focus for
basic research on speech synthesis.

At ‘MIT, during recent years, attention
has focused at various times on OCR read-
ers (48), speech synthesis (24) and let-
ter-to-sound rules (1). Noting that in
the processing of unrestrained text, all
of the words of the English language must
be recognized, the MIT researchers argue
that conversion to phonetics entirely by
dictionary lookup would be exceedingly
costly due to the large volume of storage
required. They maintain that even if
these costs could be met, the system
would not avoid a significant interrup-
tion rate arising from the failuré to
recognize recently coined words or un-
usual personal names. The MIT group has,
therefore, been developing an algorithm
which separates the prefixes, affixes,
and stems of orthographic words and,
using a 15,000 unit English morph dictio-
nary, constructs the phonetic equiva-
lences. Words whose stems are not found
in the dictionary are processed by let-
ter-to-sound rules. Once the sound re-
presentations for the words of a sentence
have been obtained, the sentence is
parsed to provide a close approximation
to the correct correlates of stress in-
tonation and juncture as well as to re-
solve noun-verb ambiguities (such as rec-
ord) . When the conversion to phonetic
spelling is completed, the string of sym=-
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bols is operated on by a speech synthesis
algorithm which computes the parameters
required to.control a formant resonance
synthesizer.

The Bell Laboratories researchers
have specialized in the development of
an articulatory model of the vocal tract
and on rules for parsing the input and
specifying prosodic durations (7, 49).
Input from an OCR system is assumed and
followed by conversion from orthography
to phonetics by means of a dictionary in
conjunction with a parsing algorithm. At
this point, a speech synthesis program -

‘converts the sequence of phonetic char-

acters into control parameters which
specify movements of the tongue, jaw,
pharynx, velum, and lips of an idealized
vocal tract. To simplify this conversion
process, all the parametric degrees of
freedom have been kept to a minimum. The
resulting speech sounds slurred when com-
pared with the best speech generated by
a resonance synthesizer. However, this
attempt at articulatory synthesis is
notable for the fact that it requires
fewer parameters specified to a less
detailed degree than does resonance syn-
thesis. ' ’ '

OPTICAL CHARACTER RECOGNITION

Lurking in the background of much of the
foregoing summary of reading machines

‘and reading systems is the question: What

sources of input are these machines to

- use? One source - the typesetters' tapes -

has been mentioned already together with
some comments about the organization dif-
ficulties surrounding their effective
use as reading machine inputs. The sec-
ond and, in the long run, most important
input channel has to be direct optical
reading and therefore it is appropriate
to devote some space to a broad summary
of the state of the art as it relates to
the requirements of reading machine sys-
tems.

It is fair to say that the growth of
the OCR industry has not proceeded as
rapidly as many people predicted seven-
teen years ago, for example, when the
V.A. launched its research program lead-
ing to the production of a reading ma-
chine and assumed that a suitable multi-
font OCR system of high accuracy would
be developed by industry. However, dur-
ing this period, the companies which have
commanded the largest portion of the
market have been concerned with reading
bank checks, credit card forms and in-
ventory documents. More recently, the
market has broadened somewhat to include
the newspaper industry and the commercial
documents of smaller businesses. The



lem of handling bound books, Most ocr

Come a viable Ccommercial interest unless,
for some reason, the development of elec~
tronic library Storage receives g sudden,
very sizable, impetus, Hence, if high

Speed Systems-based reading machines are

algorithms that are Suited to . the input
demands of reading machine Systems,

EVALUATION OF READING DEVICES anp SKILLS

The questions of what shoulg be measured,
how it should be Measured and hoyw the re-

Procedure, are the central issues of
evaluation, Unfortunately, there is guch
4 paucity of basic knowledge of the pro-

tle intercompa:ison Of their datg has
been pPoOssible, Moreover, the limiteq

trained thep for disappointingly short
pPeriods, Consequently, the resultg have
been s1gnificantly less valuable than

might have been pPossible,

In many ways it is apparent that the
heed for evaluation hag caught many
bPeople - eyep researchers who ought to
know better - unawares, rn addition, the
administrators of funding agencies have

ned, long-ternm evaluation Studies at g
time when, with the major Costs of re-
Search ang development thought to have
been fully met, a reading aid jig about

SOory-motor ang cognitive gkilis that man

one does not know whether the reader under-
stood what he was reading, or how complex
was the reading matter, Methods have been
developed by educational—psychologists

to assess comprehension, content diffji-

and thereby contribute to a growing pool
of useful knowledge.

COMMENTS aND CONCLUSTIONS

parent that we are now at gz point where
several Potentially usefy} reading aids
are available and that, with a coordji-
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nated effort, more could follow in the
near future. However, despite the fact
that we stand at the point where the
first real fruits of nearly twenty years
of research and development could. be
grasped, we appear to be holding back,
unable to find the resources needed to
make that final push and unable to create
the organization needed to make the re-
sults available. Why? What can be the
reasons?

Part of the answer may lie in the in-
ertia of human insgtitutions but it is by
no means the only reason. Another power-
ful restraint arises from the fact that
we simply do not know how to compute
the costs and benefits of providing read-
ing ‘aids or services to all the blind or
reading handicapped who may need them.
For this task we need data and these are
seriously lacking. an additional ‘problem
arises from the fact that we are spending
so much on direct support and on the
maintenance of existing services to the
blind that we are reluctant to spend more
on reading aid research and development.
We are caught in a vicious cycle since,
without increased research and develop-
ment, we cannot expect substantial numbers
of blind ‘to become independent of programs
of social support (31). Finally, perhaps
too few people are aware of the impact
which a:sustained, coordinated program
of research and development could have
on the lives of the blind".

We have seen that the creation of a
family of useful reading aids and their
supply to the blind population of this
country embraces a complex array of so-
cial, technological, scientific and or-
danizational issues and it may be help-
ful to draw together some conclusions as
a summary statement of needs.

First, the formulation of a coherent
policy for reading aid research and de-
velopment requires a considerably better
understanding of the basic demography
and sociology of blindness. From these
demographic data one would hope to find
out not merely how many, but where, with
what ambitions, with what capabilities
and with what opportunities.

Second, there is a need to examine
the requirements of the whole handicap-
ped population with a view to developing
a coordinated attack on common problems
and making use of common resources.

Third, there is a need to develop a
well-coordinated deployment mechanism
which is responsive to user demand and

4 The work will be by no means complete with de-
ployment of the aids described in this paper,
Many new ideas yet to be examined have been
listed in the reports of various committees,
notably reference 42,

‘deployment.
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which contains built-in Capabilities for
a continuous evaluation of the reading
aids or reading services being dispensed.

Fourth, ‘& larger fraction of the total
funds available in the blindness system
should be devoted to research on all as-
pects of rehabilitation services for the
blind. .

Fifth, the opportunities created by
the past twenty years of basic research
on reading aids are available to be ex-
ploited, but there is a need to commit
the funds necessary for development and
It makes no sense to fund re-
search and fail to follow the undertak-
ing through to a useful conclusion when
the opportunity for application is avail-
able. .

Sixth, we need to recognize the short-

comings and utilize the strengths of the

free-enterprise market system as it af-.
fects the reading aid field. Hence, in-
centives should be introduced to harness
the resources of industry in such pro-
jects as the development of an OCR sys-
tem suitable for systems-based reading
services. :

To end a paper on this note, with a .
recital of needs, inevitably risks leav-
ing the somewhat negative impression of

-an endeavor fraught with many insuper-

able problems. This is, in many respects,
untrue and to set the balance straight
some additional observations deserve to
be made. For example, it should be noted
that for none of the suggested needs is
progress barred by fundamental problems
and none require the making of ‘a finan-
cial commitment that we, as a society,
cannot afford or should deny. :

Indeed most of the needs can be met
by preparing plans, establishing prior-
ities and applying the organizational
ability that this country has in abun-
dance. The facts are that there is now,
as at no other time since the invention
of sound recording, the opportunity to
introduce by the end of this decade a
group of reading aids and services which
cannot fail to significantly broaden the
vocational and recreational horizons of
the blind. We can make that final push.
The choice is ours.
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