Reading Machines for the Blind
A Study of Federally Supported Technology Development and Innovation
by
J. Scott Hauger

Dissertation submitted to the Faculty of the
Virginia Polytechnic Institute and State University
in partial fulfillment of the requirements for the degrze of

DOCTOCR OF PHILOSOPHY
IN
SCIENCE AND TECHNOLOGY STUDIES
APPROVED:

Peter Barker, Chair

) T

AN L .
, //"/ 7 (,'/’;'/Z'Wf / et , A D, \@_MRW L.\ f\m
Richard M. Burian Lawrence A. Scadden
Ellsworth R. Fuhrman Doris T. Zallen
SN IELLY (et 7, ora
Richard F. Hirsh Robert A. Paterson

April 1995
Blacksburg, Virginia

Key words: Technology Innovation Disability Blind Reading
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Graduate Program in Science and Technology Studies
(ABSTRACT)

In 1943, Vannevar Bush established a federal government program within the
wartime Office of Scientific Research and Development to develop sensory aids for the
blind. From the first, the program was intended to benefit not only veterans but all blind
Americans. Over the next forty years, six firms worked to develop reading machines for
the blind, with various kinds of federal government support. This dissertation reconstructs
the history of that development and innovation effort in order to provide a basis for a
broader consideration of technology and social change for persons with disabilities, and to
provide recommendations for federal policy in the field of assistive technologies, based on
that history, as informed by innovation theory.

Between 1943 and 1947, RCA worked under OSRD auspices to develop working
prototypes of the A-2 Reader and a unique letter-recognition device. At the same time,
Haskins Labs initiated research into the information content of articulated speech which
later provided a basis for computer-driven speech synthesizers. This first federal program
was terminated at the end of the war, but in 1957, Eugene Murphy of the Veterans
Administration revived the program as Congress expanded the scope for federal research.
Haskins, Battelle, and Mauch Laboratories worked with the VA in a three-pronged
program, but ultimately failed at reading machine innovation. Jim Bliss and John Linvill of
Stanford sought but failed to receive VA support. Working with blind students, they
ultimately secured funds in 1968, from the newly-established Bureau of Education for the
Handicapped. In 1971, they established a firm to produce the Optacon, a reading machine
which converts print into a Times Square sign-type tactile output. Over 12,000 Optacons
were sold by 1990.

In 1975, Raymond Kurzweil sought help from the National Federation of the Blind to
develop a synthetic speech reading machine. Kurzweil drew on the knowledge of blind
readers, his own expertise at pattern recognition, and a speech synthesizer operating on



principles established at Haskins Labs to develop a software-centered reading machine that
has sold over 4,000 units.

The successful innovators sought knowledge from blind readers early on. They
systematically pursued innovation.  They stabilized a design through reiterative
development drawing on social as well as scientific and engineering knowledge. They
understood their practice of technology development in a different way from the linear
model implicit in the practices of those developers who failed.

The historical cases provide a basis for informing federal innovation policy when
considered in the light of emerging innovation theory. Technology developers should seek
to incorporate social knowledge in their development practices prior to innovation and the
establishment of a market.
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Chapter 1. Introduction

This work represents the intersection of two different kinds of interest in the field of
science and technology in society (STS). The first is the application of new technologies to
assist people with disabilities. The other is the practice of new technology development.
The meeting ground between these interests is the innovation of assistive technologies, that
is to say the process of bringing a new tool into existence and common use to meet the

needs of some particular group of people with disabilities.

Assistive technologies and the decision to conduct historical case studies of
the development of reading machines for the blind

The use of tools to compensate for a physical disability is an inescapably social
process. The principal function of an assistive device is to enable or facilitate the
participation of a person with a disability in some social activity. This includes individual
activities which take place within a built environment designed to meet the needs of persons
without disabilities. Examples of assistive technologies, also called adaptive technologies,
include telecommunications devices for the deaf (TDDs) which allow people with speech or
hearing impairments to communicate via the common telephone system, environmental
contro] units which allow people in wheelchairs to operate controls in their homes or work
place that are out of reach, and reading machines which give blind readers access to printed
documents. Not all assistive technologies are “high tech.” The term also embraces such
non-electronic devices as canes, optical aids and grip enhancers.

The term “assistive technologies” is a recent one, coming into general use in the
1980s. Its adoption recognized several technology trends as well as the fact that for the
first time people with disabilities were able to acquire commercial products designed to
“assist” them to overcome the limitations caused by a disability.' One trend was the
application of new electronic technologies, especially microprocessor-based products, to
create innovative tools to assist persons with disabilities. To a large extent, this industry
emerged among young scientists and engineers outside of the established field of
rehabilitation engineering. The case of Raymond Kurzweil and the Kurzweil reader,
discussed in Chapter 10, provides an early example of this trend. The field of assistive
technologies thus represents the common ground shared by rehabilitation engineers and the
developers of electronic assistive devices. It also includes a wealth of innovative

technologies initially created by disabled persons to meet their personal needs or by



rehabilitation professionals, such as occupational therapists, to meet the needs of their
clients.

Adoption of the term assistive technologies also reflects a second trend: an
expansion, over the years, of rehabilitation engineering practices to serve a broader clientele
seeking access, not just to employment, but to all areas of society. The profession of
rehabilitation engineering emerged in the United States during and after World War IT. At
first, the profession was largely concerned with medically prescribed devices, such as
prosthetics and orthotics, and with tools intended to help injured soldiers and workers to
return to work. Over time, the field expanded to include a wider range of tools serving
new groups of people in all areas of daily life. One factor behind the expansion was social:
federal and state governments, from the time of the New Deal, incrementally extended
medical and social services to a broader and broader population, to include not only
veterans and injured workers, but also children with disabilities, mothers, and elders
disabled by the diseases or frailties of old age. The needs of these people, as indeed those
of young workers, extended beyond the work place to include home, school, and other
social environments.> A second factor was the ability of medicine to save the lives of
persons with more severe disabilities, including certain congenital defects, brain trauma,
and upper spinal cord injuries. Increasingly, rehabilitation protessionals applied their
knowledge and skills to design tools to serve persons with moie severe disabilities in social
environments outside the work place.

The growth of the field of assistive technologies has been contemporary with trends
in the fields of architecture and environmental design which seek to provide a more
accessible built environment. Both of these fields are in turn related to a post-war political
movement for civil rights among people with disabilities. A major achievement of this
movement was the passage, in 1990, of the Americans with Disabilities Act (ADA). ADA
articulated a new national ethos and social policy in the form of legislation guaranteeing
access to employment, state and local government services, commerce, transportation, and
telecommunications to persons with disabilities, as a matter of civil right. ADA mandates
not only the accessibility of facilities and sites where public events, activities, and
commerce take place. It also requires the provision of assistive technologies by employers
and those providing public services or accommodations, in order to ensure, insofar as
practical, the unsegregated participation in society of persons with disabilities.

It is a long-term project, of which this research is a first step, to understand the
historical relationship among the evolution of these two disciplines of design and the



institution of accessibility as a civil right. This work, however, has a narrower focus.
When I first considered this research, I found that there were few, if any, historical studies
of assistive technology development. Insofar as I could determine, the only scholarly
account of innovation in the field was Sandra J. Tanenbaum’s 1986, history of the
development and dissemination of a prosthetic device known as the Boston elbow.’ As I
began to assemble documents relating to the development of assistive devices for persons
with mobility, vision, and hearing impairments, I found that in every case it was necessary
to go to primary documents — research reports, prototype evaluations, and contemporary
accounts in the popular press — in order to sort out the history of development and
innovation for a particular technology.  The history of social and political movements of
persons with disabilities is much better documented,* but in order to write about the
relationship of technological and social change in the area of disability and assistive
technologies, it was first necessary to conduct basic historical research into the course of
development and innovation for specific assistive devices.

I seiected reading machines for the blind for this study for several reasons. I had
briefly explored the topic before, so I knew there were interesting problems to be solved
and historical documents available to address them.” I was intrigued by finding that
reading machine research started as early as World War 1I, and I was eager to examine the
archival records of that research, as I had been unable to do in my preliminary work. It
was a field where there had been both successes and failures, providing a potential to
compare and contrast technologies which achieved innovation with those which did not.

Reading machines were meant to serve an identifiable and historically important
group of people with disabilities, namely blind persons, more specifically those unable to
read using magnification devices. This is a community with strong institutions and a
documented social history which could support this work, thus allowing this research to
focus on the relatively unexplored area of technology development, with an ability to draw
upon or refer to the existing social history.®  Moreover, that social history had not
overlooked technology issues. In particular, Frances A. Koestler’s classic study, The
Unseen Minority: A Social History of Blindness in America, provides a solid
consideration of such issues, drawing upon the resources and perspectives of the American
Foundation for the Blind (AFB). Other major, published resources include a variety of
contemporary conference proceedings or special reports devoted to technology issues
which provide a snapshot of participants’ perspectives on technology and social change at
the time they were published.’



The decision to research the development of reading machines for the blind implied a
case study methodology. Technology development occurs within specific laboratories and
institutions over a particular period of time. The following eight chapters address seven
different institutions which sponsored or performed research and development toward a
reading machine for the blind. One firm, Haskins Laboratories, is considered in two
chapters, because they first conducted reading machine research between 1943 and 1947,
under the sponsorship of the wartime Office of Scientific Research and Development
(OSRD), and then returned to the field from 1957 through 1978, with support from the
Veterans Administration (VA).

For the convenience of the reader, the case studies are considered in three sections.
Section I deals with the OSRD period. It comprises three chapters. Chapter 2 considers
the establishment of a federal research program to develop a reading machine for the blind
by OSRD. The following two chapters consider the OSRD-sponsored programs at
Haskins Laboratories (Chapter 3) and RCA Corporation (Chapter 4). Section II concerns
reading machine development efforts conducted under the sponsorship of the VA. Chapter
5 considers the postwar revival of reading machine research under auspices of the VA’s
Prosthetic and Sensory Aids Service (PSAS). This is foilowed by case studies of
development at the three PSAS contractors, Battelle Memorial Institute (Chapter 6), Mauch
Laboratories (Chapter 7), and Haskins Laboratories (Chapter 8). Section III presents the
final case studies which consider work that took place at Stanford University, Stanford
Research Institute and Telesensory Systems, Inc., leading to the innovation of the Optacon
in the 1970s (Chapter 9), and the development efforts at Kurzweil Computer Products,
which resulted in the innovation of the Kurzweil Reading Machine in the 1980s (Chapter
10). These case studies cover all of the major reading machine development efforts which

occurred in the United States in the postwar period.

Technology development case studies and the problem of innovation

A concentration on the practices of technology developers required a shift in focus on
issues as well. There is no practical way to link technology development in a single sector,
such as reading machines for the blind, with the overall course of social change for people
with disabilities. Even if the postwar social and political movements were exclusively or
primarily a phenomenon of blind persons — which they were not — it would be impossible
to isolate the impact of a single technology, such as reading machines, given the importance

of other technologies such as the long cane, recorded books, radio services, refreshable



braille computer displays, and public transportation, among others. The original purpose
in approaching this study must be relegated to the background for the time being, pending
not only the completion of this study of reading machines, but also additional studies of the
development and innovation of other assistive devices such as the powered wheelchair, and
TDD:s or others among the many assistive technologies which have been adopted by people
with disabilities in growing numbers in recent decades.

I approached the case histories with the idea that they would provide a resource for a
future study of the relationship between technological change and social change among
people with disabilities in the United States. I had an informed desire, therefore, to include
in the case studies whatever information was available on developers’ interactidns with
blind persons, organizations serving the blind, and other social institutions including their
federal government research sponsors. I also wanted each case study to be comprehensive
and autonomous, so they would be useful to other researchers with other perspectives,
and, hopefully, to engineers and managers of assistive device development projects.

This last criterion reflects the second interest underlying this project: A concern with
the practice of new technology development. The concern is professional - I spent fifteen
years in systems development, integration, and assessment of emerging technologies,
before turning to STS with the hope that studying practices of technology development
could provide knowledge that would help to improve those practices. The decision to
study eight different, but related cases of technology development practice provided an
opportunity to look for lessons which might inform technology developers.

The most interesting common issue to the history of reading machine development
seemed to me to be that of innovation. Some firms succeeded at developing a reading
machine which was adopted and used by some blind people. Others failed. Given the
axiom that no person, institution or society undertakes a development effort with the
intention of failing at innovation, uncovering and explaining patterns of success and failure
is an important task for STS research. At any rate, if there are actions or approaches which
technology developers can take to reduce the risk of innovation and improve their rate of
success, then most would presumably like to know them.

The problem of innovation is one which has been most broadly studied by the field of
innovation economics. Their research has been largely, but not exclusively, concerned
with industrial innovation within the firm, most recently within the context of international
economic competition.® A growing, interdisciplinary interest in the problem of innovation
within the field of STS is summarized in Robert McGinn’s 1991 text, Science,



Technology, and Society. As presented by McGinn, much of the interest in innovation
outside of the discipline of economics has been in developing theoretical understandings of
the relationships between technological and social change on the broad scale. He describes
the work of Jacques Ellul and Langdon Winner which is concerned with the global impacts
on society of institutionalized technological change, and that of Nathan Rosenberg which
seeks to explain how Western societies have, over time, come to institutionalize an
innovation system.” Jon Elster’s 1983 study, Explaining Technical Change, presents an
earlier critique of economic and social science macrotheories of innovation.'

This study’s concern with the problem of innovation has more in common with the
perspective of innovation economists than the social macrotheorists. Several STS
researchers have been concerned with social aspects of innovation at this level, notably
Wiebe Bijker and Trevor Pinch, John Law and Michael Callon,'' among others. Their
work, like that of some historians of technology, as described by John Staudenmaier,'” has
often been concerned with activities and social relations between individuals at the level of
the user and the firm. Recently, Thomas Misa edited a volume of Science, Technology and
Human Values devoted to issues of technological change, suggesting that a general theory
of innovation can emerge only from the synthesis of such empirical accounts by historians,
sociologists, and economists. "

It is the modest goal of this study to contribute to such a synthesis by providing some
related accounts of innovation in the field of assistive technologies. The cases studied here
have several features which should be of value and interest to a synthesis concerned with
innovation at the level of the firm. Taken together, they comprise seven cases of
development within six different firms, all concerned with the innovation of reading
machines for the blind (Haskins Labs, RCA, Mauch Labs, Battelle, Stanford/TSI and
Kurzweil). This is important, not only because of the relatively large number of cases for
comparison, but also because the interactions of the firms with each other, and with
individuals and institutions external to the firm, help us discover some of the characteristics
of innovation as a social process.

In a recent article, Sgrensen and Levold discussed the importance of “meso-level”
institutions to the innovation process, that is to say organized groups of people which are
larger in scope than the firm and the individual or corporate innovator but smaller than the
state or global social units which comprise the domain of macrotheories of innovation.'*
The history of the innovation of reading machines for the blind is one where such meso-
level institutions played important roles. They included an identifiable community of



researchers, organizations and communities of organizations providing services to the
blind, organized groups of blind consumers, philanthropic foundations, and federal
government agencies, all of which played important roles in the development and
innovation of reading machines for the blind.

The intimate involvement of federal government agencies as sponsors of technology
development lends another dimension of interest to this study. Increasingly, since the
Second World War, federal government agencies have sought to sponsor research to the
benefit of the general welfare, or to the benefit of some target group within the general
population. Examples include not only programs in the field of technology and disability,
but in an immense variety of other areas including alternative energy systems, computer
assisted manufacturing, fire suppression devices, police equipment, medical techniques and
drugs, agricultural tools and methods, educational technologies — the list is endless.

Within the framework and rhetoric of “technology transfer” and, more recently,
“defense conversion” and “dual use technologies,” there has emerged a great debate over
the value of federal investrent in technology development based upon a perception that, in
the past, large investments have not reliably, or even regularly, resulted in innovation to the
benefit of the citizenry. The concern is universal within the federal government’s science
and technology community. NASA, for example, has established a large technology
transfer effort which attempts on the one hand to export NASA-developed technologies,
and on the other to justify space exploration based on the byproduct technological benefits.
But problems of innovation are not exclusive to inter-sector applications. In my own
experience, federal agencies as diverse as the Veterans Administration, the Department of
Energy, and the Army Research Laboratory are concerned that their sponsored projects
often pass through the development process without achieving innovation by a group of
interested users.

Many case studies of innovation have been concerned with industrial innovation
within a firm, where user and developer inhabit a common organization. Some have
considered the innovation of consumer products by commercial firms, where sales
departments provide a channel for communication between developer and user. Others
have addressed the development of research instruments by communities of scientists,
weapons systems within the Department of Defense, and new aircraft within the aerospace
industry — all cases where institutions have evolved for communicating technical and social
knowledge between developers and the intended users of an innovative technology. When
government implements a policy of sponsoring technology development in order to benefit



all or some group of its citizens, those institutions may not exist. In the case of reading
machines for the blind, as we shall find, they did not exist. It is an inherent feature of
government sponsorship of third-party research that at least three distinct interested parties
are involved — the government sponsor, the intended beneficiary, and the firm conducting
the research. This pattern is the norm for U.S. government sponsorship of technology
development. It is a pattern of relationships which is more complicated than the cases of
industrial or consumer innovation.

Part of the story of the development and innovation of reading machines for the blind
is the discovery that certain developers did not understand the relationships between
development and innovation. These developers were not particularly aware that something
was missing in their concept of technology development and thus in their development
practices — an ignorance which could have a deleterious effect.

Writing in 1985, Stephen J. Kline, a professor of mechanical engineering and of
values, technology, science and society, at Stanford University, noted a lack of clarity
regarding innovation, which he attributed to “the implicit use of an inappropriate model of

industrial innovation processes.” Specifically,

The linear model views innovation as ‘an orderly process, starting with
the discovery of new knowledge, moving through various stages of
development, and eventually emerging in a final, viable form.” This model
has not been made explicit as a diagrammatic model in any publication this
writer has been able to find. Indeed many scholars... are quite clear that they
see the linear model as far too simple to be adequate. However, the linear
model continues to underlie the thinking in many current speeches and much
writing.... The common current name for innovation processes — R&D - also
implies the linear model: the phrase itself suggests a direct and unique path
from research to development and product. This continued use of the linear
model very probably results from the fact that no other model has been

available ~ discussions cannot proceed without talking about something."

If an implicit linear model has characterized industrial approaches to innovation, it
has also characterized R&D programs sponsored by federal government agencies.

One social consequence of a developer’s ignorance of the innovation process can be a
failure at innovation. The result can be the loss of invested time and money. This



straightforward consequence was experienced by several of the developers of reading
machines for the blind. A more problematic outcome can be the experience of
unanticipated, negative social consequences of a technology subsequent to innovation.
Often, this takes the form of benefits to one group in society at the expense of another,
without the intent of the developers. A technology may even create new social groups
based upon its differential effects. An example might be the distinction between blind
people who can read braille and those who cannot. The limits of foresight constrain the
extent to which developers can take such factors into account, but those constraints are not
universal. It is a matter of common experience that developers do make design choices
which influence the boundaries of the community of potential users. They also make
design choices which seek to control the impacts of a technology on its physical or social
environment. Even in the absence of perfect foresight, democratic governments which
sponsor technology development have a responsibility to consider both the taxpayers’
investment and the consequences of innovation to all sectors of society.

In recent years, government sponsorship of technology development has come under
fire from both the left and the right. Liberal critics have been concerned with the
differential impacts of technology on disadvantaged groups and the use of technologies to
the short-term benefit of the few at the long-term expense of the many. Conservative critics
have questioned the ability of government-sponsored research to benefit society on other
grounds, claiming that only the private sector can bring new technologies efficiently to
market and that only the economic marketplace should arbitrate technological innovation.

Both these perspectives seem to presume that technology developers cannot improve
their practices in ways which enhance the likelihood and efficiency of desirable innovation.
They incorporate a type of technological determinism which allows for political intervention
at the national level to control or regulate the practice of technology development, but they
neglect or overlook the potential for reform at the level of the firm and the individual federal
sponsor of research. In short, they overlook the possibility suggested by Kline that some
of the negative outcomes of technology development programs are the result of sponsors
and developers’ employment of a faulty understanding of the innovation process. If the
innovation process often seems to be technology-driven, it may be partly due to the fact that
developers act as if it is. If, on the other hand, the practice of technology development,
properly understood, includes an element of social arbitration which is essential to
innovation, then the democratic control of innovation may be more readily and thoroughly

accomplished through reform of the technology development process rather than through



political control at national-level institutions. Chapter 11, Practices of Technology
Development and Innovation, addresses some of these issues based upon the limited, but
productive example of federally-sponsored programs to develop reading machines for the
blind.

As a final introductory word on innovation, it is important to note how the terms
“development” and “innovation” are used here. Development is the less problematic term.
By development I mean the systematic, reiterative and goal directed process of designing a
tool for manufacture and eventual use by some group or category of persons. Development
may be practiced by different people in different ways in different social contexts. The
development practices considered here were conducted primarily by small teams of
engineers and scientists working in industrial, commercial or university laboratories,
although they also included testing and design recommendations by blind readers in
schools, rehabilitation centers, and in the work place.

The term innovation has been used in different ways by different writers. Edward
Roberts, for example, uses the equation, “Innovation = Invention + Exploitation.”"®
Willem Dijkhuis, in contrast, suggests “Innovation is invention’s child — if it is born,” and
“Innovation is the essential embrace of the results of science and technology.”’ Robert
McGinn notes that innovation is commonly used in two different senses. On the one hand,
borrowing from Everett Rogers, he notes that innovation may refer to “‘an idea, practice,
or object that is perceived as new by an individual or other unit of adoption,” such as a
group or a whole society.” At other times, innovation refers to a process, “namely that by
which an innovation (in the first sense) comes into being and is distributed in a social

system.”'®

John Staudenmaier tells us that historians of technology have come to understand the
process of technological change as comprising three dimensions: invention, development,
and innovation. The term, innovation, originated in a tradition of economic analysis and
focuses attention on the entry of new technology into the marketplace.' I use the term
innovation more in the sense of Dijkhuis and Staudenmaier, to mean the initial embrace of a
product of the development process by some group of society. Innovation is the adoption
by some group or category of individuals of a new tool and therefore it is the adoption of a

new way of life.
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A capsule history of reading machine development and innovation

It may be useful to readers to have an outline of the events considered in the
following chapters in order to place each chapter in context. The following is a capsule
history of the development and innovation of reading machines:

The idea of a reading machine for the blind was first described by Fournier d’Albe in
1913. His idea was that photosensitive materials, such as selenium, could be used to detect
black print and convert it into an audible output which could be interpreted by a blind
person. D’Albe built several models of his Reading Optophone which converted print into
a six-tone scale. A small number of optophones were manufactured and sold in the U.K.
by the Scottish engineering firm of Barr and Stroud. The device was known in the U.S.
but not widely, nor was it commercially available here.

In 1943, Vannevar Bush and Caryl Haskins of the wartime Office of Scientific
Research and Development (OSRD) decided to direct the resources of that office to the
development of technologies to assist wounded veterans. They established a Committee on
Sensory Devices (CSD), under the chairmanship of George Corner, a colleague of Bush at
the Carnegie Institution. The program was managed by Haskins Laboratories. In addition
to its management role, Haskins conducted research toward development of a reading
machine, at one time seeking to develop an optophone-like, “FM-slit device” which
embodied their initial research findings that a simple code carried as much information to a
listener as a more complex one. At the same time, RCA worked to develop an improved
optophone, designated the A-2 Reader. Haskins Laboratories turned sour on such “direct
translation” devices, dropping development of the FM-slit device and discouraging
innovation of the A-2 Reader. At the end of the war, RCA was working on a prototype
machine which could “recognize” letters and spell out words. Only a single prototype was
built. With the demobilization of OSRD, these early research programs came to a halr,
although Haskins Laboratories continued its research into speech recognition and the
generation of synthetic speech, under the sponsorship of the Carnegie Corporation and the
Department of Defense.

In 1948, a Ph.D. engineer named Eugene Murphy joined the Veterans Administration
as the first Assistant Director of Research of the new Prosthetic and Sensory Aids Service
(PSAS). Murphy thought reading machine development should be continued. He also
thought it was premature to abandon the A-2 Reader. It was 1957 before he could secure
VA funding, but the program founded by Murphy worked continuously for twenty-one

years toward the development of reading machines for the blind. It was initially a three-
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pronged approach. Battelle Memorial Institute was funded to develop an improved
optophone. Haskins Laboratories was to conduct research toward eventual innovation of a
synthetic speech reading machine. Mauch Laboratories was to work on an intermediate
device to produce speech-like sounds, either an artificial language or spelled-speech.
Murphy reached out to the service community serving blind people, in ways which the
wartime OSRD did not. He also established a reading machine research community which
provided a forum for developers and a common meeting place with the service community.
In spite of his efforts, the PSAS program ultimately failed at the innovation of a reading
machine for the blind, in spite of the fact that it developed several working prototypes.
Working closely with the reading machine research community, James Bliss and
John Linvill conducted basic research in the field of tactile perception and circuit design for
the control of tactile stimulators. They then developed the Optacon, a reading machine
which converted print into a tactile signal, moving across an array of raised pins, like letters
moving across the Times Square Sign. Failing to secure financial support from PSAS, this
Stanford University team first took advantage of defense contracts before securing funds in
1967, from the new federal Bureau of Education for the Handicapped (BEH) in the
Department of Health, Education and Welfare. They worked closely with a small group of
blind readers to develop a manufacturing prototype, and then established a manufacturing
firm, Telesensory Systems, Inc., (TSI) to bring the Optacon to market in 1971. Initial
innovation depended heavily on purchases subsidized by BEH for scheols serving blind
students. By 1990, 12,000 Optacons had been sold at prices of about $3,000 each.
Raymond Kurzweil decided to develop a reading machine in 1973, to apply his
interests and talents in computer programming and pattern recognition. Lacking any
academic connection or prior contact with the reading machine research community, he
raised venture capital from friends, relatives, and a corporate sponsor to build a prototype
device. When the sponsor withdrew support, Kurzweil focused his efforts on a machine
for the blind, and sought the participation of the National Federation of the Blind (NFB) in
his development effort. Within four years, Kurzweil brought a synthetic speech reading
machine to market. This was done without the advantage of a federal research grant, but
not without federal support. Kurzweil Computer Products, with the help of NFB and the
Blinded Veterans of America (BVA) persuaded BEH, the VA, and the Rehabilitation
Services Administration (RSA) to purchase fourteen prototype machines for evaluation.
NFB had secured donations from philanthropic foundations to buy the first five machines,
a total of nineteen prototypes, which generated about $1 million in capital. In 1978,
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Kurzweil brought the Kurzweil Reading Machine to market. By 1990, 4,000 machines
had been sold at prices from $12,000 to $30,000.

TSI and Kurzweil remained alone in the reading machine industry until the late
1980s, when the advance of microcomputer technologies brought new competitors into the
field. The PSAS reading machine research program was abandoned in 1978, in the face of
TSI and Kurzweil’s success.

The following nine chapters seek to explain how these programs came about and how
they were conducted, and with what results. Chapter 11 examines the case histories in
order to seek conclusions about the relationships between the historical events of

technology development and innovation of reading machines for the blind.
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Section I. The Office of Scientific Research and Development (OSRD):
Mobilizing Science and Engineering to Aid the Blind (1943 - 1954)

In 1944, the United States government undertook the development of reading
machines for the blind, under the auspices of the Office of Scientific Research and
Development (OSRD). OSRD was a wartime agency, directed by Vannevar Bush, which
mobilized the efforts of civilian scientists and engineers, and applied them to the
development of new technologies for fighting and supporting a global war. OSRD’s
agency for the reading machine effort was its Committee on Sensory Devices (CSD). CSD
also conducted a program to develop travel aids for the blind, based on the reflection of
light or sound from obstacles in the environment. This study will follow the development
of reading machines alone. Their development and innovation proceeded in parallel with
work on guidance devices. It was generally conducted by different research groups in
separate laboratories and firms, without co-development or major interchange of problem-
solving approaches.'

This section will consider the establishment of CSD and the committee’s efforts to
develop reading machines from January 1944 through June 1954, although CSD was
largely reduced to an information clearinghouse after October 1947, when its major funding
as a wartime agency was cut off. Two major groups of scientists and engineers were
responsible for CSD’s technology development efforts: Haskins Laboratories in New
York City, and RCA Laboratories in Princeton, New Jersey. Between 1944 and 1945,
their efforts centered on the development of direct translation devices, which convert a
printed letter to an audible or tactile signal, based on the shape of the letter. The signal
must be interpreted by the reader, and recognized as a representation of written English.
Between 1946 and 1947, the focus of research and development shifted to recognition
devices — machines which recognize print as a particular letter, and produce an output
which is similar to speech.

There was no significant group of scientists or engineers actively pursuing the
development of reading machines in the United States when CSD initiated its program in
1944. This meant that the CSD program created a research community. Such beginnings
are important because they establish boundaries, conventions, and directions for the
community. Chapter 2 describes the establishment of CSD as a new research community,
and considers its relationships with other communities with interests in technology for the
blind.
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Within the new research community were administrators, advisers, evaluators and
researchers. The major research on reading machines in the CSD period was performed by
two firms, Haskins Laboratories and RCA Laboratories. Haskins Labs also served CSD
as a program manager for both the reading machine and guidance device development
programs.

The two laboratories brought rather different perspectives to the technology
development problem. The principal staff at Haskins Labs were biophysicists and
psychologists with a special interest in the psychology of auditory perception. They
approached technology development as the application of scientific knowledge to a given
problem, namely, how to provide an efficient reading device for people who cannot use
their eyes for perception. Efficiency was, by and large, taken to be represented by the
speed which a reader could achieve using the device. Chapter 3 first considers Haskins
Labs’ efforts to develop a direct translation reading machine — a technology which they
abandoned in 1945. It seeks to understand why Haskins Labs rejected direct translation as
a viable technology and turned its attention to the development of more complex recognition
machines.

RCA, in contrast, approached technology development as an engineering design
problem. Given a design concept, the problem became to select or create the right
components to best embody that concept. Chapter 4 first provides an account of RCA’s
development of the A-2 Reader, a prototype direct translation reading machine. It then
considers RCA’s efforts to demonstrate the concept of a letter recognition machine, as
proposed by Haskins Labs, by designing and fabricating a prototype device for the
translation of text into spelled speech.

CSD operated from January 1944 through October 1945, as a committee of the Office
of Scientific Research and Development. During demobilization the committee and its
operations were transferred from OSRD to the National Research Council (NRC) of the
National Academy of Sciences (NAS), with sufficient funds to continue its program
through mid-1946.2 OSRD’s director, Vannevar Bush lobbied with Secretary of War
Henry Stimson,’ and with General Omar Bradley,* the postwar chief of the Veterans
Administration, to continue funding the CSD research program, and funds were provided
by the Army and the VA through fiscal 1947, when their direct support of CSD ended.
According to A. A. Bombe, CSD’s Technical Aide, the withdrawal of VA support for CSD
Research was the consequence of a drastic reduction in Congressional appropriations for
1948.°
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From 1948 through 1954, the committee survived on a small grant from the Kellogg
Foundation. Between 1947 and 1957, former CSD contractors, including Haskins
Laboratories, found research support from a variety of sponsors. The U.S. Army Signal
Corps provided funds for the development of guidance devices. The Department of
Defense and the Carnegie Corporation of New York funded Haskins Laboratories’ research
in areas related to synthetic speech and voice communications.® Efforts to develop reading
machines for the blind, however, were largely dormant until revived by the Veterans

Administration in 1957. These developments are the subject of Section II, below.

16



Chapter 2. The Committee on Sensory Devices (CSD): Creating a
Research and Development Community

Prologue

In 1913, Edmund Fournier d’Albe, a British physicist, outlined his idea for a
“reading optophone” in the journal The Electrician.” By 1917, he had built a prototype
device which was demonstrated in the inventor’s laboratory by eighteen-year-old Mary
Jameson. Though blind from birth, she was able to use the device to read printed text at a
rate of about one word per minute.® Active in the promotion of reading machines
throughout her long life, by 1923, Ms. Jameson had achieved reading speeds of up to sixty
words per minute, using an improved optophone.’

By rotating a disk with five sets of holes at different circumferential distances, the
optophone separated light from an incandescent lamp into five vertically aligned beams.
The light was pulsed through the holes at rates from 383 Hz at the bottom to 767 Hz at the
top. The beams were reflected from a page of print, and focused on a selenium bridge.
Selenium undergoes a change in conductivity as a result of the incident light — an inherent
property of the material, first noted in 1873 by Willoughby Smith. The selenium bridge
was connected in series with a battery and a telephone receiver, so that five tones were
generated in the earphone (G, Cl, Dl, El, and Gl, or so, do, re, mi, so), based upon the
frequency of the five pulses carried to the selenium by the five rays of reflected light. The
focus of the light could be adjusted to span the vertical height of a line of print. Then, as
the five vertical beams were moved horizontally along a line of print, the black portion of
the letters would absorb one or more of the beams of light, and one or more of the
corresponding tones would be interrupted. The letter, “I” for example, would first
interrupt the highest and lowest tones, then briefly interrupt all five tones at once, as the
stem of the letter passed under the beams, Then, once again the three middle tones would
sound as the right side if the capital and pedestal passed under the probe. The letter “V” in
contrast would make an arpeggio of silence, first descending then rising as the light probe
traced out the letter.'’

As a result of Mary Jameson’s demonstrations, a Glasgow firm, Barr and Stroud,
Ltd., undertook the production of a small number of optophones (see Figure 1)."’
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Figure 1. The Barr and Stroud Optophone

The production model used six beams (adding F1, or fa, to the octave). It also
employed a second selenium cell, called a balancer, in opposition to the primary bridge. In
this way, reflections from the white paper canceled the output of the balancer bridge, and
the black portion of the letter generated the tones. Thus, the letter “I” would rise out of
silence as low and high G, followed by a six-tone dissonant chord, and resolving again to
high and low G. The letter “V”” would be an arpeggio of sound descending from high to
low G and back again.
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Mary Jameson’s eventual fluency with the optophone was remarkable. The reader
was cumbersome to use and difficult to learn, and few people could achieve her skill. The
device, never well-known, was not a commercial success in Britain, and was virtually
unknown in the United States. In response to an inquiry in 1943, Barr and Stroud replied,
“We discontinued making it several years ago and it is unlikely we shall resume
manufacture of it. The optophone was used successfully by several blind people but it was
difficult to get it introduced on account of the popularity of the braille system which was
used in most institutions.”'?

At some time during the early development of the optophone, Fournier d’Albe was
visited in London by a young Russian graduate of the St. Petersburg Institute of
Technology, V. K. Zworykin — probably in 1913, while Zworykin was a postgraduate
student in the College de France. The following year, with the beginning of the First
World War, Zworykin returned to Russia to serve as an officer in the signal corps.!*
Thirty years later, in the second great war, now 54 years old and an accomplished,
American research scientist, Zworykin remembered meeting Fournier d’Albe and he

remembered the design of the optophone.'*

Wartime Meetings

On Sunday, November 7, 1943, Vannevar Bush and Caryl P. Haskins met to
discuss the possibility of launching a new research program to develop aids for the blind."’
Bush, 53, had left his post as Dean of Engineering and Vice President of the Massachusetts
Institute of Technology (MIT), four years before, to assume the presidency of the Carnegie
Institution of Washington, D.C. In June 1940, as the European continent was falling to the
German blitzkrieg, Franklin Roosevelt asked Bush to chair the National Defense Research
Committee (NDRC) which, in June 1941, was merged into OSRD as its basic research
arm. The NDRC chair was then assumed by James B. Conant, a former chemist and
President of Harvard University.

Haskins, 35, was a biologist, whose doctorate was from Harvard. Upon graduation
in 1935, he had founded Haskins Laboratories, a multidisciplinary research and
development firm seeking to combine research in the physical and biological sciences, and
also psychology. Haskins had joined the war effort as an NDRC Assistant Liaison Officer
in 1940. He became head of the Liaison Office in 1942, responsible for information
exchange with scientists in the allied nations. In September 1943, Haskins assumed the
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position of executive assistant to Conant. In March 1944, he would be named Deputy
Executive Officer of NDRC.'®

The Sunday meeting was to prepare for a discussion between Haskins and Zworykin,
Associate Research Director of RCA Laboratories, in Princeton, New Jersey. Between
1927 and 1942, Zworykin’s research group had been responsible for many of the patents
underlying American television technology. Zworykin was a member of three NDRC
subcommittees, through which his work was being applied to new uses including sniper

17" According to

scopes, reconnaissance systems, aircraft fire control, and improved radar.
Bush’s memorandum of November 8, he and Haskins had previously discussed the subject
of aids to the blind in some depth. Bush had also discussed the topic with Zworykin, who
must have told Bush, as he later told Bush’s staff, of his meeting with Fournier d’Albe,
and of his inspection of the optophone in London, “many years before.” Zworykin thought
this early device was capable of great improvement.'® Bush felt that Zworykin might lead
such a project , and he asked Haskins to meet with him to explore the possibilities

Bush’s memorandum appears skillfully crafted to serve three purposes. It established
a justification for the expenditure of government funds for technology development, by
claiming it to be war-related. The memorandum somewhat ingenuously justified its agenda
as “...attempts to restore incapacitated individuals to the point where they can again aid in
the war effort, which certainly puts the work in the scope of OSRD efforts.” More
realistically, it cited the possibility of post-war aid to blinded veterans. The memorandum
outlined a strategy for the proposed effort: OSRD would pursue a simple, short-range
objective, to be determined, whose success could lead to a postwar effort which might be
funded by “some of the large foundations.” Finally, the memorandum documented a
priority claim to the technological ideas which Bush and Haskins had crafted prior to the
meeting with Zworykin. As Bush put it, “While we will undoubtedly wish to follow
Zworykin’s own ideas, we have developed together a number of suggestions in our
discussions which may well appeal to him, or suggest other approaches.”"’

Bush’s idea was to use a beam of light, interrupted by a variable shutter, then
reflected from an object to a collimated photocell, to provide information about the distance
to the object. The reflected light striking the photocell could be converted to an alternating
current, and amplified using small vacuum tubes. The current would then be converted
into mechanical vibration, whose frequency would correspond to the distance of the object
reflecting the beam of light. In the longer term, Bush thought, this concept could be

combined with a scanner to provide a two dimensional tactile array, delivered to the chest
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