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I INTRODUCTION AND BACKGROUND

A. Introduction

It is now technologically possible to provide communications
services for the totally déaf and for those whose hearing is less
severely impaired., Computet communications networéguaill enable
hearing-handicapped people fo communicate at distances; for those
without serious hearing difficulty, this is a simple matter of picking
up the telephone. SRI International (formerly Stanford Research

Institute) has been actively involved in studying this potential for a

number of years and has operated a successful test-bed computer
communication network for the deaf, called the Deafnet, that has allowed

communication between subscribers in three metropolitan areas1.

The purpose of this report, prepared by SRI International for the
Department of Education (ED) and the National Telecommunications and
Information Administration (NTIA), is to assess the viaSility of
developing commercial computer communications networks to provide
these communication services to the deaf community on a
nationwide basis. The combined service that we describe (denoted
DNAS--deaf network and associated services) would allow access by
existing terminals used by the deaf as well as more modern terminals and
also provide as much intercommunication between deaf and hearing as
possible. It is recognized that a completely text-based system as
described here may fill a necessary communication need for the deaf, but
would continue to be a novelty for the hearing. Of course, the
computer-communications industry is rapidly expanding and, as more
businesses and individuals obtain the ability to communicate in this
manner, the deaf will benefit. For that reason intercommunication would
be limited and the service may still be mainly a deaf communication
medium, The goal is initially to provide limited services and as

pervasive access as economically possible with the intention of adding
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other services as they mature (such as text to voice and voice to text

conversion).

B.  Background,

1. Communication Needs and Difficulties of the Deaf

Telephones ring. Radios play. And gelevisions from coast-to-
coast deliver their daily fare of canned laughéer, evening news and
talk-show quips to 86 million U.S. homes. As the majority of twentieth
century men and women try to cope with the din of what futurist Arnold
Toffler has termed "information overload," it is easy to forget that
almost ten million Americans are deprived of their hearing to a
significant degree and, thus, of a vital key that would allow them

access to large and critical parts of the social network.

The degree of social deprivation experienced by the deaf and
hearing impaired varies to some extent with the time at which their
handicap was acquired. For example, the prelingually deaf--those
individuals who become deaf before learning to speak--often have severe
problems in language acquisition, which affect not only their ultimate
ability to speak but to read and write as well. Individuals wno have

become deaf after acquiring basic literacy have less severe problems,
but, like some 4.4 million senior citizens with a significant hearing
loss, they too suffer a handicap. Indeed, senior citizens are more
likely than other members of the deaf community to reject hearing aids
or'other equipment which could help to alleviate their handicap.

4




Table I-1

ESTIMATES OF HEARING HANDICAPPED POPULATION IN THE U.S.

Total General Hearing Significant Prevocationally
Age Population Impaired Bilateral Loss Deaf
Under 5 Years 16, 344,000 70,0C0 43,000 6,000
5 to 14 Years 34,938,000 665,000 298,000 67,000
15 to 24 Years 42,474,000 1,159,000 366,000 72,000
25 to 44 Years 62,707,000 2,837,000 850,000 75,000
45 to 64 Years yy, 497,069 - 4,479,000 1,993,000 100,000
65 Years & Over 25,544,000 7,020,000 4,437,000 158,000

Thé estimates in Table I-1 were prepared by the Office of Demographic
Studies, Gallaudet Collzge. They were derived by obtaining 1980
populatioq figures from the U.S. Census Bureau and then applying the
prevalence rates for hearing handitaps reported by Schein and Delk 2 in
The Deaf Population of the United States. The authors define the

"hearing impaired" as individuals with any degree of hearing loss;
"significant bilateral losé;s“ as sSubstantial difficulty hearing in both
ears; and the "prevocationally deaf" as those persons who lost their
ability to hear and understand speech prior to 19 years of age. The
particular group that is of concern in this report are those that cannot
use the telephone (even with amplification) because of their handicap.
That group is not specifically defined in Table I-1 but is contained in
the group with significant bilateral loss.andi contains the
prevocationally deaf. That this group is not precisely defined
underscores the difficulty in determining this type of population
statistic, The FCC has defined the "telephone limited" group rather
broadly as follows3: ‘ \SN

"Throughout the United States approximately 6

percent of the population is handicapped by various

degrees of deafness 2 These range from the
400,000 who are totally deaf, unable to hear any

j S,
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sound ¢f any intensity to the 10,800,000 whose
hearing is impaired to the extent that they require
a hearing aid. There are 800,000 who cannot
understand any kind of speech unless it is amplified
to a medically dangerous level.,"

Regardless of how or when they écquired}theif handicap, the
aeaf and hearing impaired need to interact with one another and with the
larger society. In short, they need in some way to compensate for the
social tool which they lack. In the broadest sense, this study seeks to
explore ways in which advanced telecommunication and computer technology
can. serve as the key that will open the social network to those
Americans, and to define "packages" of services which can be(provideq

today.

Telephony and broadcasting, two of the older telécommuniéation
technologies, already have transformed the dynamics of our social
networks. From over 98 percent of U. S. residences we routinely use the
telephone to apply for jobs, make dinner reservations, sell used cars,
buy new clothes and bank. Similarly, sixty-seven percent of all
Americans rely on televisinn as their principal source of news and
information. Indeed, broadcasting's ability to report events as they i
are taking place has rendered obsolete at least one former function of
_ the newspaper. Whether some type of computer will equally pervade our
homes is not yet clear, but if one should, it offers excellent

communication potential for the deaf.

One of the most frustrating aspects of deafness is the
pervasive sense of dependence surrounding so many of these activities
and functions. There are few artifacts of modern civilization that ‘
underscore this dependence as frustrQSingly as does the telephone, If
one needs a plumber, a tow truck, a plane reservation, a cab, or a
pizza, the hearing person thinks nothing of his dependence on the people
involved or on the instrument he uses to summon them; neither would the
deafcperson. if this summoning were possible. But it is not--and on

every one of these occasions a hearing person must be found and,
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somehow, asked "Will you please call for me?", with each such request

adding to the feeling of helplessness and frustration. Few people can

afford a permanent secretary, and it would be a very unusual person who
would always be instantly available to respond to a deaf friend's
calling needs. Although there are service centers where volunteers make
calls in response to teletypewriter (TTY) requests, this does not alter
necessity of such interposit&on. The deaf person is constantly aware of
this. He .is also aware that even the TTY-to-voice centers are sometimes
ill-staffed or too poorly funded to provide adequate support or
sufficient hours of operation.

A deaf' person wanting to make use of the telephone is .
confronéed by a great many stumbling blocks. A hearing person in a
telephone-oriented society may have difficulty fully understanding the
psychologiéal effectg'of such blocks, but there are some areas of
activity, such as employment, in Jﬁich the practical consequences are
obvious. The primary reason the telephone offers such an advantage to
the hearing worker in comparison to his deaf counterpart is the vast
difference in the amount of energy required for a hearing perscn's
telephone call compared to the effort a deaf perscn must expend on
writing a letter or transporting himself from one place to another in
order to communicate. With pure information becoming a more~”and more
valuable commodity, the deaf person becomes more and more severely
handicapped by his inability to use the telephone,

Deafness entails a multitude of incompletely understood
factors, and there is no single panacea to be found. However, there is
no reason that the deaf, as well as the hearing, should not benefit from
the great advances in communication that tne telephone has spurred.
Indeed, it is singularly appropriate that this benefit be provided by a
further development of the very technclogy on which éhe telephone is

based, i.e. electronics. v .




2. Early TTY Network for the Deaf

The explosion in modern telecommupications technclogy has
proved to be both a blessing and a curse for thegdeaf and hearing
impaired. Since the beginning of the century, tgiephone and radio have
created greater Asolation for the deaf as sociely shifted to audio
telecommunicati:is for more and more of its socialxtransactions.
Although the deaf can often read, write, an< speak, hnw are they to use
classified newspaper ads to buy or sell a couch, to apply for a job, or
to call in sick once they have been hired? How do they contact their
fire department, doctor, or friend in an emergency? How do thgy learn

of storm warnf%@s d? accidents that snarl rush-hour traffic?

To solvi some of these proplems, deaf individuals now operate
Baudot/Weitbrecht Telecommunications Devices for the Deaf (TDD) which
use the telephone network and specially adapted teletypewriters. In
1964 Robert H. Weitbrecht," a dedf engineer, developed the modem
(modul ator—demodulator) acoustic coupler that dould be used to convert
the electrical signals used By the TTY into audible tones that can be
transmitted through the d}rect—d al telephone network. This pioneering
effort provided the deaf populaéion with their own tel~scommunication
access for the first time, severai years before it became commonplace
for computer terminals to ke used with phones (which started with the
specification of the "Bell 103" standard modem). At the time Weitbrecht
was developing his modem, the only source of inexpensive teletypewriters
was the Surplusvﬁenerated as the telephone and telegraph systems
replaced their older, obsolete equipment with newer and much more
expensive devices. Since the deaf have a significantly lower average
income sthan the hearing population, their leaders chose to support a
system utilizing that surplus equipment Such TTY installation,
equipped with an acoustic coupler, could be purchased for as little as
$300. &7 '

&
¥ For a complete description see Robert H. Weitbrecht, United States
Reissue Patent RE 27,595, March 6, 1973, based upon Robert

H. Weitbrecht, original United States Patent 3,507, 997 which was filed
August 22, 1966 and issued April 21, 1970. ,
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Although the decision to standardize cn these surplus
teletypewriters (which used the "Baudot" 5-level character code) made it
possible for people of average income to afford a TDD, it had the
unavoidable result of making the deaf TDD network incompatible as a
whole with the newer devices being produced for the computer and
communication industries. These use the "ASCII" character 8-level code.
These character set differences coupled with the differences in the
Weitbrecht mecdem signaling characteristics (compared to the standard
Bell modems) and the slow, cumbersome typing of the old TTYs limited the
effectiveness of these early pioneering efforts which originally were

intended to give pervasive communication capabilities to the deaf.

The deaf population consequently became isolated from the
rapidly expanding world of gemputer communications, a situation that
today effectively precludes\them from making use of new low-cost
terminals, couplers, and automatic answering devices; it denies them the
compatibility necessary to access computer systems (which provide
personal communication services such as electronic mail) and prevents
them from interacting with approximately three million 8-level terminals
in use throughout the world today.

In many situations, a deaf person away from his TTY needs some
kind of portable device to enable him to make an essential telephone
call wiihodt having to rely on a possibly uncooperative or unavailable
hearing person. Currently, no low-cost truly portable device exists to
£i11 these needs.: It is difficult for the hearing person, who takes the
telephone so much for granted, to tﬁ;gine the manifold complications
that arise from this dilemma.

3. The Possibility of Computer Communications

Today's more than 40,000 Baudot TDD's are primitive devices,
indeed, when compared to tﬁe three million ASCIIX computer terminals now
in use. Faster and more reliable, the ASCII terminals offer more
features for the money. More important, the ASCII standard is used
almost exclusively in the ever-growing number of computer communication

systems.




Recent scientific advances, however, are creating new, even
more sophisticated communication systems which could alter society's use
of existing technologies. Electronic mail systems (EMS)®, for instance,
may be more efficient than the telephone for handling some types of
social %transactions. As Ncbel laureate Joshua Lederberg has observed,
the merging of telecommunications and computer technology into:
electronic text systems is "expected to increase the thoughtfulness of
communication, the return of literacy in the efficient and precise use

of language, and to enhance...discourse in many other ways bon

Electronic text systems may have at least one other
significant consequence: as they develop and proliferate, they could
provide important new opportunities for mem.ers of the deaf community to
interact both with other hearing impaired individuals and with society

at large.

what some have called the "telecommunications revolution® is
due to remarkable progress in developing semiconductcrs, computer
systems and new transmission services. As such progress continues, the
merging of communication and computer technology will accelerate:

'bringing with it a new array of sophisticated electronic text services,

. There are, for instance, thousands of electronic mail systems
already operating in the United States. These range from small
community bulletin boards Systems (CBBS) serving home computer hobbyists
to large national networks for commercial users. Many corporations
routinely use their own or others' computer systems for both inter- and
intra-office mail. Meanwhile, CompuServe and The Source have been
especially aggressive in developing the home comﬁuter market, offering
custohers a vériety of services-—including electronic mail. CompuServe
alone has more than 12,000 subscribers with access to its electronic

mail service.

¥ Tn thIs report, we use the terms "electronic mail systems" and
nelectronic text" to refer to computer-based technologies. We do not
include telegraph, telex, or TWX.
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How can the benefits of these new services be captured for the
deaf? The growth of the home computer market, which is expected to take
place within the next 10 to 20 years, may offer the most promise for the
deaf and hearing impaired. Indeed, the deaf may be regarded as those
members of the home computer market who are most likely to benefit from

such services.

Our experience w_.th the Deafnet demonstration program in San
Francisco. Washington, D.C. and Framingham, Mass. has supplied ample
evidence that the deaf are eager and effective users of the message and
mass communications service that can be provided by EMS. Deafnet links
the deaf to one another by allowing them to send personal messages and
to publish an electronic newspaper containing information about
captioned films, signed lectures and other events which commercial
publications often do not carry. In addition, the network offers the
deaf access to a database of information from schools, libraries and

other public-service institutions.

Most important, the demonstration has offered the deaf
valuable exposure to new technologies, while giving researchers fresh
understandirng of the users' needs. The research has shown, for
instance, that EMS for the deaf should have features which are also
suitable for the broader market. In particular, the system should be
casy to operate and affordable, with charges based more on the services

used rather than time spent on the system.

by, Difficulties in Implementing Computer Communications

The full potential of electronic text services fer the deaf
community will not be realized until several transitions are completed.
First, the telecommunications industry itself is not orly growing
rapidly, but is also in the midst of a massive restructuring due to the
Federal Communications Commission's (FCC) decjsion in its Second
Computer Inquiry 5, Computer Inquiry II (as the FCC's decision is
often called) will deregulate large parts of the industry, including
AT&T, which will be allowed, for the first time, to offer sophisticated
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computer communications on a fully competitive basis, provided it does

so through a separate subsidiary.

Although such deregulation may generate new industry
competition and superior products at lower prices, Computer Inquiry II
probably will bring with it a shift to cost-based pricing; thus,
consumers will be forced to bear more and more of the actual cost of the
individual services they use. This is especizlly true for local
telephone service, which is now subsidized to some degree by long-
distance revenues. In other words, local customers will be much less
likely to pay a flat monthly rate; instead, they will be charged for
actual transmission time they use. This type of pricing could create
substantial problems for deaf users, who may spend more time reading and

writing on a system because of their language disabilities.

Second, as the communications industry grapples with internal
restructuring, it will, at the same time, be struggling to penetrate a
marketplace that may resist some of its newest products and services.
To put it differently, the industry will be trying to manage the
difrusion of its innovations throughout society. This process of
innovation diffusion could be especially difficult for members of the
deaf coqpunity, who often are isolated from, self-conscious about, or

otherwise reluctant to use new telecommunications devices.

Finally, as part of this general process of innovation
diffusion, the deaf will be facing still another change that is even
more directly relevant to their immediate concerns: the technological
transition from outmoded Baudot teletypewriters used exclusively by the
hearing impaired to ASCII-standard terminals used in computer
communications systems. As our earlier research has shown, the cost of
converting existing TTY's can be &3 high as purcnasing new ASCII
systems. What, then, is to be done with existing equipment or to

encourage the deaf to purchase the new terminals?

These and other questions may ultimately be resolved by
policy-makers at both the federal and state levels. Many state public

10
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service commissions, for instance, now require telephone companies to
lease Baudot-standard TDD's to deaf customers on request. Some state
commissions have required or encouraged telephone companies to provide
service to the deaf at reduced rates. How wiii such commissions handle
the impact on the deaf of the telecommunications industry's shift to
cost~based pricing, or the deregulation of all terminal equipment?

In trying to respond to the needs of deaf citizens, federal
and state gévernments must be aware of the broader technological
transition now facing the deaf community. Whether it be policymakers in
agencies and commissions or deaf individuals and vendors working in the
marketplace, someone will select a technology, and someone will

distribute it to an as yet undetermined number of users.

The transitions now facing the telecommunications industry,
its customers and, particularly, its deaf customers raise a host of
problems and possible solutions. This study suggests several
alternatives with the conviction that, if adopted, they could ensure
that the almost two million deaf Americans partake in the benefits of

the telecommunications revolution which is upon us all.

c. Structure of the Report

This report first defines the required services that best suit the
needs and abilities of the deaf, and then discusses strategies for
commercial provision of those services. The report is organized in
eight chapters. Chapter II, directly below, summarizes principal
arguments and results. Chapter III discusses the issues that are to be
addressed in determining the commercial feasibility of providing such
communication services to the deaf. Chapter IV assesses the current
status of communication needs and capabilities of the deaf showing what
is potentially applicable in the present day technology. Then the
Deafnet computer-based communication demonstration system is discussed
and reactions of some of the users are summarized. Some pertinent
information about the recent developments in California about providing

communication devices to the deaf as part of the basic telephone service
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is discussed, and, finally, a discussion of several economic factors

relating to communication for deaf individuals is presented.

Chapter V develops a structure (architecture) for a commercial-
vendor based system and a charging method that is tailored to the unique
needs of the deaf. Chapter VI applies some recent economic theory in
designing tariffs and assesses éhem i{n terms of "critical mass" (minimum\
number of users necessary to make a communication system go), ultimate
network size, and potential revenues, costs and profits for a mature
service. Chapter VII gives concrete estimates of these quantities for a
specific target population that might be served nationwide. Finally,
Chapter VIII\discusses the evolution of the network from both political

and economic points of view.




II  SUMMARY

The key objectives of this study are to define an affordable,
useful, new communication service for the deaf and to assess the
viability of developing commercial computer-communication networks to
provide these communicatien services to the deaf community on a
nationwide basis. The motivation is to help the deaf cvercome the
difficulties they experience in using the telephone system, radio, &nd,
to a certain extent, TV in this modern communication~intensive world.
In the process of achieving this goal, the deaf and other handicapped
individuals could become the vanguard‘of the computer-based
communication movement rather than continuing to lag years behind the
technolcgy. The combined service that we describe (denoted DNAS--Deaf
Network and Associated Services) would allow access by existing
‘Baudot/Weitbrecht Telecommunications Devices for the Deaf (TDDs) as well
as by ASCII terminals with Bell modems and would provide limited

intercommunication betyeen deaf and hearing.

Deafness entails a multitude of incompletely understood factors for
which therc is no single panacea. However, the deaf, as well as the
hearing, should benefit from the great advances in communication that
the electronics industry has spurred; indeed, it is singularly
appropriate that these benefits be provided by the very technology on
which the telephone is based.

The more than 40,000 Baudot TDD's used by the deaf today are
primitive devices when compared to the half million ASCII computer
terminals now in general use. Faster and more reliable, the ASCII
terminals offer more features for the money. More important, the ASCII
standard is used almost exclusively in the ever-growing number of

computer-communication systems.
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" The Deafnet demonstration has offered the deaf valuable exposure to
new technologies, while giving researchers fresh understanding of the
deaf user's needs. The research has shown, for instance, that EMS for
the deaf should have features which are also suitable for the broader
market of home consumers. In particular, the system should be easy to
operate and affordable, with charges based more on the services used

rather than time spent on the system.

But the full potential of electronic text services for the deaf
community will not be realized until several transitions are completed.
First, the telecommunications industry itself is not only growing
rapidly but is in the midst of a massive restructuring due to the

Federal Communications Commission's (FCC) deregulation decision in its

Second Computer Inquiry. Although such deregulation may generate new )
industry competition and superior products at lower prices, Computer
Inquiry II probably will bring with it a shift to cost-based pricing of
telephone services. Second, as the telecommunications industry grapples
with internal restructuring, it will, at the same time, be struggling to
penetrate a marketplace that may (esist some of its newest products and
services. Finally, as part of this general process of innovation
diffusion, the deaf will be facing still another change that is even
more directly relevant to their immediate concerns: the technological
transition from outmoded Baudot teletypewriters used exclusively by the
hearing impaired to ASCII-standard terminals used in comput.er-
communications. This trausition will not only minimize the cost of
serving the deaf, but will also lead to the fullest market penetration

and the largest overall net social benefit.

The Deafnet experiment, while it has demonstrated technical
feasibility, falls fer short of demonstrating ultlmate commercial
viability on a nationwide basis. To be profitable, a product or service
must be low enough in cost to attract customers willing to pay for it.
Aithough the cost of computer hardware has dropped dramatically in
recent years, telecommunications costs (as seen by both supplier and

user) have stayed relatively constant. For DNAS, we expect some such
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economies, but not substantial ones. Whereas communication costs are
estimated to be about 33 percent of total costs for serving the urban
population, they might constitute as much as 51 percent of total costs
for the rural population, resulting in an overall figure of 42 percent

for a system reaching all users.

The communication systems the deaf use must be convenient,
affordable, and reliable, with adequate privacy protections. As the
present incompatibility between the Baudot and ASCII standards
demonstrates, the communication system also must be flexible enough to
accept or adapt to technical improvements as engineers and vendors make

them available. k

A communication system for the deaf must be responsive to its
users' multiple limitations. Specifically, the system must be easy to
use vwith a minimum amount of training. Because a written "conversation"
between two deaf individuals will take significantly longer than its
spoken counterpart, user costs should not be determined solely by time
spent on the system. Indeed, cost is an especially critical factor

given the comparatively limited inccmes of many of the hearing impaired.

Computer-communication services are more prevalent in the
commercial sector, where Xerox, IBM, AT4T and Wang are Just a few of the
companies aggressively promoting various components of the "office of
the future." Although effective, such services usually are priced well

beyond the means of most deaf or residential’ users.

In short, the public-.at large must become more aware of, and
confident in, the ability of electronic text systems to function as
partial replacements ror traditional telephone service, mail delivery,
and publishing. To put it differently, the proponents of computer-
communication services must acknowledge and solve the problem of
innovation diffusion, the means by which society learns of , and begins

to use, a new product or service,.

The technical problems of developing a communication system for the

deaf have, for the most part, been solved. Deafnet Gemonstrates that
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* computer communication can provide a wealth of options never before
available to the hearing impaired. While minor hardware and software
ad justments still are necessary, the major problem now facing the
community is ignorance--the deaf must be informed of the new service.
Without that knowledge and support, even the most superb technical

~ system offered at an affordable price may go unused.

In general, most Deafnet users interviewed were very enthusiastic
about the system and hoped that it could continue. As the reported
usage data suggest, by far their favorite feature is the electronic
nessage service. The popularity of this service explains many
respondents' desire that their friends be on Deafnet and that Deafnet be

expanded to more areas of the nation.

A number of users suggested that newsletters and workshops
explaining how to use Teafnet would be helpful. The§e suggestions
reflected the feeling of many respondents that they did not understand
how to use Deafnet as well as they would have liked, often because they
felt the manual was confusing or because they were unaware of, or felt
uncomfortable with, the on-line instructions. These comments point up
the importance, whatever the service, of simple instructions and ease of
operation.

When asked about features that should be added to the system, the
most enthusiasm was expressed for a communication or answering service

of either a voice-text conversion type or a standard message service.

A mnjority of the respondents said they would be willing to pay the
somewhat higher bills (almost always under $20) that we expect for
similar useage patterns on a commercial netionwide system. It seems
likely that, if the system actually were nationwide and had a large
number of users, its value would be increased considerably beyond what
is perceived at this point, since its practical value as a communication

device would be so much greater.

The recent California legislation and the CPUC implementation

program to have the telephone companies distribute dual-mode TDDs to
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certified deaf individuals at no additional cost above the standard
monthly phone charge will generate a large population of ASCII-
compatible terminals for use by the deaf. As this type of legislation
spreads to other states, even more users will become aware of, ‘and
skilled in, new communication capabilities. They will also begin
realizing the (proportionally higher) cost of using direct distance
dialing over the telephone network for terminal commuiications. This
will spawn a group of users familiar with terminal equipment that demand
lower-cost communication systems. The term.inals will be (nearly)
compatible with digital networks and thus can take advantage of them as

well as force the development of better communication services.

Cost is an especially critical factor for the deaf, who often have
low incomes due td their comparatively limited employment opportunities.
Whether one is considering convanticnal teleplione service or the most
sophisticated computer-communicatior system, cost can be divided into
two elements: (1) the cost of terminal equipment and maintenance and (2)

the cost of transmission services.

Prices for conventional TDDs range from $450 to $750, TDDs can be
leased from the telephone companies st per—monthly rates from $6.68
(Michigan) to $15.30 (Kemtucky). Of course, the convenience of leasing
may surrender the choice of TDDs to the telephone company, which may,
unwittingly, frustrate the distribution of new equipment using the ASCI(
standard.

Although growing steadily since the late 1Y70s, the market for
personal computers is expected to explode within the next f}ve years.\
The anticipation of rapid growth has spawned the development of new
businesses eager to supply housewives, students, and small commercial
users with an array of supportive services ranging from electronic

information retrieval to customized software.

Improved software and processing ability could represent an

important breakthrough for many deaf users who are intimidated by the
new technology or frustrated in its use, given their sometimes poor
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language skills. Personal computers are not inexpensive, although a few
already are competitive with conventional TDDs with prices ranging from
$399 to $2,500. The sheer number of models, brands, and prices may
intimidate some potential users. This characteristic, combined with the
fact that retailerg will often offer discounts of up to 30 percent for
bulk orders, suggests an important role for leaders in the deaf
community: a computer-communication system may be more sSuccessful and
economical if it is introduced simultaneously to a groub of deaf users.
A group introduction, however, requires per-uasive and organizational
skills—-which are less likely to be found at a Radio Shack outlet than

at a church, school or community center wih an active program for the

hearing impaired.
In August, 1981, AT&T filed a revised tariff at the FCC seeking to

reduce interstate rates for speech and hearing-impaired customers. The
normal (maximum) long distance rates of $25-day, $16-evening and $10-

night were reduced to $16-day and $10-evening and night.

Thirty~six states now offer reduced intrastate rates to the
certified diaf, with similar tariffs pending in two more states and
another on file in Texas. Of these, 18 states have bI;ns which are
similar to the reduce%?AT&T interstate tariff. In the other states, the

deaf receive a 60 percent discount off the basic day rate at all times.

Less expensive alternatives are available, however. Deaf customers
who place a substantial number of long-distance calls, for example, can
subscribe to one of several low-cost long-distance services now offered
by MCI, Southern Pacific Communications and other companies. Time-
sharing systems may also be cost effective, especially for computer-
communication systems. For instance, Telemail's night time rate of $4
per hour is significantly lower than AT&T's. Telemail's customers can
further minimize tiansmission costs by using a personal computer to
compose and store messages before they are sent. A printer combined
with a personal computer would achieve similar economies for receiving

messages. GTE requires that customers spend a minimum of $500 per month
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for Telemail service; in addition, the company imposes a $140 monthly
subscriber charge. Although $640 may not be feasible for an individual

subscr iber, it is ecqnom’car for groups of 120 or more.

Leaders of ... deaf community have an opportunity to piay-a pivotal
role. They could, for instance, fight fiercely to preserve‘the status )
quo, i.e. mandatory leasing of TDDs and rate discounts. However, they
do so at a risk. Computer Inquiry II d%d not spawn t“e changes now
taking place in. the telecommunications 1lndustry; rather,‘the FCC's
recent decision has only accelerated an already well-established trend
toward competition and cost-based pricing--a %rehd which is driven by‘

tecinological progress.

»

Should the deaf community devote its efforts to preserving the
status qud. it may miss important opportunities to influen9e the
business and policy decisions which will shape an ever-changing
technotogy. New computer communications hold far more promise for the
deaf than today's telephones and TDDs, However, without teréicipation
from the deaf community, these new technologies may develop in wayS that
are not as beneficial to deaf users as they might be. In short, the
deaf community mey discover that while it was fighting one battle, it
lost others which were ultimately far more important.

Leaders qf the deaf must be educated-~and quickly. They, in turn,
must reach ?Et in three directions: to deaf telecommgpications users; to
the computer-communication industry; and to state and federal
policymakers. Whether one labels this process "innovation diffusion,”
"education” or simple "marketing," its purpose is the same: to ensure
that members of the deaf community have access to a new technology that

is convenient, affordable and responsive to their communigation needs.

/

The major conclusion we draw is that a service for the deaf must
provide basic communication services akin to the telephone system--a
service that is economical, convenient and fully integrated. A $5-10
per montth charge for the additional convenience of a camputer-based
system is not unressonable and would likely be paid willingly by deaf
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» users., if. further, less-expensive long-distahce communication could be
provided by §uch a system, then a per-user average charge could be on
the order of $15-20 per month., We estimate that a person typing on a
TTY would take 5-9 times as long as a talking person to convey an
equivalent number of words. At long-disiance phone ra}es, this can give

a deaf user = considerable phone bill each month.

From the supplier point of view, Startup and provision of the basic
communication service represent the largest portion of the cost. Thus, 7
we need to consider ca@pfully whether the consumer can afford this
service. From a (deafs user point of view, we need to make a
distinction between 1) economically usable services, 2) urgent services
that are not available now but would be used if availabie, and 3)
"enhanced" services. The enhanced class of serQice can be provided
without much additional cost and so has the potential of ¢onbributing
pirimarily to profit. The key, then, is to define enhanced services that
will be attractive to the deaf community. Representative basic services
are computer-based mail, terminal-linking, and online news}reports.
Examples of enhanced services are games, entertainment guides, home

delivery of educationé{/;ourses. and recipe libraries.

Finally, a good evolutionary strategy would be to start by offering
services that the deaf can afford, where the payment is Jjust a
substitution within the family budget. Once subscribers begin using
such servicer and become familiar with the new skills and concepts,
there is an easy and likely transition to begin using the service for
entertainment, business, and other activities. This evolution easily

leads to a built-in market for the enhanced services. -

The architecture or structure that we recommend is based on "tiered
charges" or cost-based pricing. That is, the user should be able to
select the™gervices he wishes to use and pay cnly for those services.
This ti;}egigharge model is distributed and uses regional community
centers. The regional centers aresconnected by a Value Added Network.

Each of the regional centers can be tailored to match the communication
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requirements and available capital (investment pctential, income) of the

local community and to provide specific services.

This model makes no restrictions on the type of hardware or
software used to implement the regional centers, but rather requires
only standardized communication pﬁbcedures. They are of three types:
terminal mode, block mode, and message mode. With this structure, a

wide variety of services and methods of access can be provided.

Recent economic theory should be applied in designing tariffs to
assure a "critical mass," the minimum number of users that would be
necessary for commercial viability. Tariff design is also critical in
assuring a maximum number of subscribers for the mature or "equilibrium"

network,

Critical mass would vary considerably, depending on the tariff
structure and on subplier costs. For the best case considered,
attracting 1§0,000 subscribers would ensure spontaneous growth. For the
wor§t case, 750,000 subscribers would be necessary. Multipart tariffs
redhce this iniiﬁal barrier by f%wering the subscription fee.

—

Equilibrium network size would range from one million to 1.76
millipn subscribers, depending on assumptions. For maximum market

penetration, a nonlkinear tari?f should be employed.
/

Average subscriber outiay (exclusive of any terminal costs or basic
connection charges) appgars to be relatively insensitive to the
modelling assumptions'bosited and ranges from $28 to $33 per month.
Annual call volume for the nationwide system could exceed three billion.

Total‘§¥5€;m revenues could be considerable, ranging from $360
million t9/6ver $500 million. Multipart tariffs stimulate revenues
substqnfially; lower supplier costs also stimulate revenues by
igcréésing. indirectly, the ultimate network size. .

As expected, multipart tariffs tend to reduce usage per subscriber.

However, this effect is offset by the additional subscribers they
stimulat into Jjoining.

L
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Once critical mass is achieved, all cases studied are viable, with
revenues exceeding costs by a considerable margin. Net revenues would
be substartial, varying from $120 million to $450 million.* The
nonlinear tariff is clearly the most profitable choice indicated by the
model. Although consumer surplus is reduced by multipart tariffa, this
effect is more than offset by ingreasing producer surplus (net revenue) .
Hence, usage charges for DNAS appear to increase overall net socijal
benefit.

Still, some form of subsidy.appears to pe needed at the outset.

This will be true overall, and for each regional center. Most subsidies

are in the form of government infusion of funds or legislated
surcharges. However, another mechanism, based on the free market place
itself, is to take advantage of the increasing popularity of these
services outside the deaf community. Businesses have already shown a
keen interest in the word-processing and rapid communication

capabilities of such computer-based systems.

Thus, the deaf and the hearing share a motivatiod for use of such a
system. A commercial regional system could sell excess capability to
the deaf or the deaf regional system could sell excess capability to the
non-deaf until the number of deaf subscribers reaches critical mass.

The business users could eQen continue to be served beyond that point as
long as capacity was available and the service to the deaf was not
degraded. This shared use would also offer the ancillary benefit of
increased potential communications since the deaf could communicate

directly with these business users.

) The foregoing agalysis indicates that DNAS is likely to be a
commercially viable offering, capable of generating revenues that exceed
costs,by a comfortable margin over the long term. Thus, although
outside subsidy will almost certainly be needed to initiate the network,
it is highly probable that such payments will no longer be needed once

¥ These flgures Indlcate profit potential, rather than actual profit.
Front-end losses during startup, taxes, and competitive presgsures are
not accounted for in our model and can be expected to reduce these
figures considerably.
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the network reaches critical mass. Depending on how the network

evolves, the offering may become profitable long before critical mass is
reachad.

Finally, results show that the nonlinear (block declining) tariff
is clearly the best choice, not only because it maximizes supplier net
revenues, but because it leads to the fullest market penetration and
maximizes overall net social benefit. For DNAS, however, its most
valuable property may be that it induces a voluntary functional
equivalent of cross subsidy, allowing those persons least able or
willing to pay to join the network.

We have discussed the commercial feasibility of DNAS in terms of
specific costs and revenues for a target population of users.
However ,it should be stressed thet these costs and revenues, though they
appear to be appropriate and reasonable, are based on models and’

assumptions that bear further investigation before proceeding to build
the network.

In summary, many factors are involved in determining how much
subsidy will be needed. Costs, revernues, prices and the way in which
the network expands are primary economic determinants. But the success
of DNAS will depend ultimately on the users themselves and on their own
leadership in fostering its growth.

vy

23

39




III KEY FACTORS IN DETERMINING COMMERCIAL FEASIBILITY

By means of direct experiment, it has now been demonstrated that
Deafnet is popular with those who have had the oppertunity to use it.
Nevertheless, this initial test falls far short of demonstrating
ultimate commercial viability on a nationwide basis. Before launching
any enterprise to offer such services--with or without any startup
subsidy--a much clearer picture of supply (i.e., the network, equipment,
personnel and their cost) and demand (i.e., the users as a2 market and
their sensitivity to price) will have to be ascertained. The following
issues are offered to set a context for subsequent, more detailed

analyses contained in Chapter VI of this report.

A. Viability

Until the 1960's, telecommunications services in the U.S. were
offered by a highly regulated, relatively closed, monopolistic industry.
Such an environment fostered development of a telephone network without
peer, offering basic services to cities and remote rural communities
alike at very low rates. Such was the intent of the Communications Act
of 1934, with its mandate for ®"universal service." Unfortunately, this
same environment did not foster as much technical change as many
believed was needed. Indeed, had it continued, computer networks in

general, and DNAS in particular would likely have remained little more

than an academic concept.

Instead, over the past twenty years, the telecommunications
industry has moved toward being a free marketplace. The new
technologiesqbnd‘Services it has spawned, including satellite
transmission, packet networks, and interactive, decentralized computer
services, have been phenomenal. Coincidently, the markets have become

less protected and competition has become fierce. For a business
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operating in such an enviromment, the issue of primary concern is that
of economic viability.

To be "viable", (that is, profitable), a company offering a product
or a service in a free marketplace must be able to produce it at a low
ehough cost to attract consumers willing to pay for it. For
tesecommunications services such as DNAS, this truism is complicated by
_certain market externalities, inherent in the service itself, which tend
to impose distinct thresholds on viabpility, making it less amenable ‘o
standard continuous supply/demand curve analysis. Still, the cost as
borne by the supplier must ultimately fall below the price as borne by

the consumer if the enterprise is to be successful.

B. Supply Considerations

Despite inflation, costs of computer hardware have dropped
dramatically in recent years. Telecommunications costs (as seen by both
supplier and user) have also dropped, but far less dramatically:
inflated dollar prices have kept costs relatively constant (that is, a
decrease in real dollar prices of about ten per cent per year has been
offset by inflation). Toll prices have dropped substantially, largely
because of a recent opening up of this area to competition. However,
since toll revenues are the major source of subsidy for local exchange
telephone plant, local access charges have, of necessity, increased in
relative terms and will continue to do so in the future. (See the
appendix for a further discussion of this point). The main vehicle used
to increase local charges will be the imposition of measured usage fees,

which could have a severe impact on such systems as DNAS*.

1. Economies g{ Scale

Because of generally high fixed startup costs relative to
generally low variable (that is, marginal) costs, most businesses
exhibit economies of scale. That is, the average cost per unit produced

tends to decrease as the number of units increases-~the (supplier) cost

¥ The use of Intelllgent terminals with memory buffers could alleviate
this potential problem.
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per user tends to drop as the market of users increases, For nonzero
startup costs, this characteristic holds true even if the marginal cost
of serving each additional user is constant; higher startup costs tend

to produce stronger scale economies (see Fig. III-1).

For DNAS, we expect some such economies, but not substantial
ones. SRI's preliminary cost analysis6 determined that, despite the
computer-intensiveness of the service, the computers themselves would
contribute but a small portion to overall costs. Indeed, most of the
costs are incurred by the telecommunications links (local access
charges, especially) and the user terminals. Since each new user will
require a terminal and local access to the network, the variable costs
will tend to dominate any fixed startup costs--the situation depicted in
curve (A) in Figure III-1, The best approach toward reducing these
costs may be to offer DNAS as pért of a much larger system, thereby
sharing both fixed and variable costs with the larger resource, Owners
of such larger systems (notably, The Source), when interviewed
personally by SRI on the subject of implementing DNAS commercially,

expressed keen interest in pursuing this "piggyback" approach.

2, Rural Subscribers

One of the basic problems faced by any telecommunications
offeror whose motivation--or mandate--is to serve the nation's interest
as a whole, is the high cost of reaching the more sparsely populated
areas of the country. These high costs are one of the prime reasons why
the U.S. telecommunications industry was structured the way it was
(and, for the most part, still is). As the system stands today, most of
the basic services are offered by regulated monopolies who agree among
themsélves to subsidize Service to rural areas with excess revenues
obtained from toll service and from other profitable offerings. In
contrast, a company operating in a competitive free-market environment
would not care. It simply would ignore the rural areas or any other set
of potential subscribers unable or unwilling to pay for the actual cost

of being served,
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For DNAS, which is designed to serve an underprivileged !
minority, it would be ironic if a subminority (hearing-impaired people
in sparsely populated areas) were not allowed equal opﬁortunity. should
the system be implemented. Yet the preliminary cost studies conducted
by SRI thus far indicate that the rural areas will irndeed be expensive
to reach. If the deaf population is distributed geographically in the
same manner as the hearing population“, about 60 percent of the hearing-
impaired live in urban areas (the top 129 cities). For the least
expensive case studied by SRI (a systenm linking regional computers to
inexpensive, unintelligent terminals), these urbar DNAS users might be
served at an average cost of about $10 per month**. However, serving
the remaining 40 percent might cost as much as much as $27 per month,
raising the average cost of the overall composite to $17 per month--a
substantial increase. Fufrther analysis has indicated that most of this
increase is due to the communication portion of the computer-
communication system. In particular, wherees communication costs would
be about 33 percent of total costs tor serving the urban population,
éhey might constitute as much as 51 percent of total costs for the rural
population, resulting in a overall figure cf 42 percent for a system

reaching all users.

Such increased costs can be interpreted as diseconomies of
scale. As shown in the previous section, we might expect per-user cost
to drop slightly as more and more of the urban population is served, If
scale is increased further to encompass the rural areas, however, higher

marqénal costs would tend to pull up overall average cost.

¥ TRIS assumption requires further study to be verified fully. It must
be stressed that these results were derived under assumptions that would
allow relative comparisons; they are not intended as absolute dollar
amounts.

## Eycluding costs of the user's basic telephone connection (assumed to
be $6 per month) and the user's terminal ($15 per month). It must be
stressed that these results were derived under assumptions that would

_ allow relative comparisons and thus the dollar amounts should not be

considered absolute. For instance, taxes and profits were not included.
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A more detailed study of tariff design for this market and a
discussion of more diversity in implementing the system (using new
technologies”such as microcomputers, for instance) is discussed in
Chapter V and VI. In fact, by proper design of tariffs, the impact of
providing rural service may be lessened--see 3ection VI.D.3. However,
it is clear that any business plan proposed for DNAS must address ways

to provide comparable service to rural users.

c. Demand Considerations

Estimates vary widely as to the number of hearing-impaired people
in the U.S. whose deafness is severe evough to preclude use of the
telephone~~even with special amplifier attachments (Sge Table I-1), For
purposes of this discussion, we can assume that at least one million
persons are S0 impaired ana would welcome a service such as DNAS. It is
possible that ‘another 1 million hearing relatives, acquaintances and
other interested parties (including local, state, and federal govelnment
offices) might subscribe. Thus, the potential market might be as high
as 2 million users, or roughly 1 percent of the total U.S. population,

How much of this market can be realized depends on subscriber
willingness to pay' (that is, demand as a function of price) and on an
externality peculiar to interactive telecommunications, called critical
mass (See Section VI-A for a detailed analysis of critical mass in this
type of market).

1. Willingness to Pay

In general, the amount of the potential market penetrated will
depend on the price charged: more people will subscribe if the price is
less, Since the basic purpose of DNAS is to improve the quality of
services to an underprivileged minority, capturing the entire potential
market (that is, pricing the service low enough to be affordable to all)
is certainly an important goal. However, commercial viability dictates
that total revenues exceed total costs. Depending on willingness to pay

# Several technical terms that appear in the text are defined in the
Glossary at the end of this report.
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(in particular, the price elasticity of demand), maximum revenues may or
may not accrue at full market penetration. Unfor;unately, it is likely
that they will not.

Figure III-2 depicts a generalized deﬁand function. Also
shown are the standard definitions of price elasticity, willingness to
pay, and consumer surplus. Price elasticity of demand, "e%, is the
percent change in quantity demanded (that is, number of sdbscribers or
market penetration) for a percent change in price; the percent change in
revenue for a percent change in‘price is one plus the elasticity.
Assuming the demand always decreases 53 price increases (as depicted in
the figure), price elasticity of demand will glways be negative. Demand
{s sai® to be elastic if !e}>1, inelastic if iei<1 and to have unit
elasticity it tel=1. As prices are reduced, revenue will fall if demand
is inelastic, will rise if demand is elastic, and will remain unchanged
if demand is unit elastic,

Most telecommunications services ih the U.S. and elsewhere
have been shown to be inelastic (that is, up to a point, as the price
rises, people will continue to use the service at the same rate of
usage). Thus, teleccmmunications revenues tend to rise as price
increases; conversely, they fall as price decreases. For new services
such as DNAS, there is as yet no firm base of data on which to estimate
elasticity, although the fact that only a limited number of subscribers
dropped out of the WDC Deafnet experiment when fees were first imposed’
suggests that demand is inelastic (See Section VI-B for more details cn
the WDC Deafnet experiment).

Still, it must be borne in mind that the deaf minority has
fewer job opportunities and, hence, less income than the hearing
majority. Because of this, DNAS users may be more sensitive to price
than the general population. This is borne cut in the preliminary
survey of potential TDD users 