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- INTERACTIVE TELFVISION \.\ $

A NEW USE OF.CABLE TO PROVIDE INSTRUCTEON INFORMATION
COMPANIONSHIP AND ENTERTAINMENT, ON DE.NIAND IN THE HOME

0 > -
. \ .

Welcome to the MITRE Corporation’s demonstration of interactive television.
The MITRE Corporation is a not-for-profit, systems analysis and engmeermg company Iocated in
MclLean, Virginia. . - :
L. // :
A Computer-Assisted Instruction {CAl} program sponsored at MITRE by the Nationa! Science
Foundation has yielded experimentat results which may lead to maSs education and instruction for less cost

than traditional methods. ,./

To demonstrate this, two community colleqes will begln using 128 term:nal systems ona (1evelop
ment basis during the 1973/J4 academic year. The project cost per student contact hour is less than one
doilar (onlv a third of current traditional cost).

MITRE's work with}&l stimulated the céncept of delivering computer-controlled information

+ anrd instruction directly into people's homes via a cable television system. This vital community information

system would include the innovations that characterize MITRE's interactive television sydtem, which are:
& the yse of standard calor TV recewers; N
® the provision for audio support of the visual display; i

e the large number of terminals, each.acting on independent demand and controlled by minicomputers;

- the low cost of terminals;

® the low cost of instruction delivery.
Interactive cable televisiom offers, in your home, indivdualized services on demand. Requests from
many points are accepted simultaneously by the minicomputers and detailed information is delivered
economically and, if necessary, privately to any cable subscriber. Interactive cable television provides
prbqrammable computer capability in the home.
_‘, :
Soon a significant step will be taken. The National Science Foundation is funding a program in
which 3,500 homes in Reston, Virginia and three elementary schools of this planned new town just outside
Washington, D.C. will be able to experiment with interactive television.

Jhe prototype services will be drawn from these categories:
-

4
(13 !'nstruction—Elementary grade computer-assisted instruction. The Fairfax County (Virginia) Public
School administration 15 working with MITRE to design a system and ta evaluate suitable program
materials for their specific CAl needs.

12y, ' Companionship for the Housebound-- Imaginative cammunication services far semiar citizens, the
infirm, mothers and the urban-isalated, providing information te make the community more vital
and help members be more aware of each other. Programs such.as "Who's Who in Town,” “"Whao's
New in Town,” skills, hobbies, etc. will help to stimulated persan-to-person and telephone contact,
and help to alleviate urban alienation.

. 13)  Community Ombudsman-—Here the computer is used to store infarmation on-community, municipal,

- cobnty, state and national government services. These are, in general, not advertised. In the small
communities of previous days there was often an individual, a local palitical leader, to whom one could
turn for advice. The typicai urban transient population does not develop such people. Interactive
television can screen the problem and guide the user to the correct information resource.
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{ar . Prnnrammmr, i he Schoels and Home . Thls refers to the subscrfber desrgmng the medium. New simple
) computer Iar'mlanm have marig 1t pnssd:lp for teachers tn learn fina few shnrt hours) to COﬂStrUC_)F\dI v
vidualized metraction programs for children with pecial neersg” “This ppens up the mest exciting passi-
ity that the cammunity members will progeam thetr own subjects: insl{_y,ctiunstothe'babysiner'in
rase of emergency; a “whitle aargh raralugue’ of community expenence, and whatever citizens find useful.

(5% Entertainment- This pxtansive area wicludas steractive games with the computer and with others: games
T *of skill, of memory, and of nhservation. Alsa. use of the computer to store “rainy day suggestions,”
party suggestinns, where to go. and what to do

3 Cm .
1617 Community Coberence Examples of the low participation of the population in forums affecting their

:
cammumty and their lives are numerous. The community will be able to use interactive television as at
facdhitate wlennfication of comman qrohlems and to provide a forum for aining special viewpoints, .

an achins In change a sttnation will mueh wiprave the quantity and*quality of feedback available to com-
munity leaders. and enhance community ineal¥emEnt aiid particrpation in-the governing process.
Communety Soaphox The hineted spare i Vietters to the editer™ (0 local newspapers and even.more
limited space nn television editonals in today's media provedes an-nadequate substitute for the relative
effert an mdwidual o a smalt commumity could Bave 10 espouse his views. The complete ramut from

-~

palics 1o poetry can be stared for perusal, on demand, by only those who are interested. The fow . -
expense nf a stqle time storage 1in a computer-data hase makes avaniahle a communications media that .
has no adequate Stuhstitute o Indav csncipty

I S

{8)  Health Carp Imnmrn-m teleyision’s yep 1o disseminate preventive medical nnfnrmahon tn the “activated

<

patient” anpatient whose awn paramedical sketes and unrlvr.nnduu of health 1s upqradud in order that he J
may hecome actively resnonsthie for managing fus own health care.

o .
-

Preliminary calcalations indwate that a vrde range of such servizes may profitably be offered for approxi-
mately S14 per month in addition 1o the regolar ene way CATV charge. The initial phase of the Reston trial
will be free. As the service offering expands, 4 modest charge {yet to be determined hy NSF) will be introduced.
- el »
Control aver the rlata base “the computer’s taerh irformation) and who has access to it is probably
the single most impartant problem to b reselved hy maims of trials in real community surroundings through

these experiments

No one yuet knows pist what the impact ol interactive communications in the home will be, there
are substantial clanms for the potential of mults servic ete tecommunications: new life patterns for-city

deellars are predicted. ?

Professor Edhwin Parkes of Stanford University predicts, An information utility.could be made
avallable to every urhan home and reral communtty in the United States by 19887
.Our purpase 15 to show that this new communications medium is capable of delivering many servicés
of true sacial significance 1n addition to commercial and business activities. Eventually we hope such services
. . . ey
will hetp retieve many of the ilts of our modern urbahlite.

K‘ This concept has been introdured by Vernon Waison, H E W Health Services and Mental Health Adsumistration.
.

TCoumnorcatiany feddpiadao par Db Developoient A wepart ot e Committer on Tm» LOUNMUNICations, National
Academy af Eoqeeiieas Vdigerin o Ceble Folecommmens i Sovtoms fhe Wired €y Department of Communications,
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Salutions may he debated i real time orina wuil quspappr “made. Immediate polhing of-prefererces -
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"Since the computer first appeared in the late 1940's, the infor-
mation industry has been a'eertaihty. But we do not have it yet.
We still do not have the effective means to build an "information
system." This is where the Qork is going on, however.. The. tools to
create information: systems may already exist: the communications satel-
~]1te and other means ofrtransmittfng 5hformatfen, microfilm, and the
TV tube to display and store:if répid printers to reduce it to éef—
manent record, and so on, “There s’ no. techn1ga. reason why someone
Tike Sears Roebuck should not come. out tomorrgw with an appliance selling
for less than a TV set, capable of be1ng plugged in wherever there is

electricity, and giving 1mmed1ate access to all the 1nformat10n neeeed

for schoolwork from first grade through co11ege.“

- ' Peter F. Drucker,
THE AGE OF DISCONTINUITY

e



1.0

2.0

3.0

4.0

5.0

6.0

- TABLE OF CONTENTS .

INTRODUCTION :

1.1 The Promise of Interactive Television

1.2 The Prohlem of Interactive Television

1.3. Overview of MITRE's Program in Interactive TeIev1s1on
1.4 Program Progress

PROGRESS. IN THE TECHNOLOGY OF INTERACTIVE TELEVISION
2.1 New CATV Configuration to Support Interactive Television

2.2 Interactive TV Test Bed "

CONOMICS OF OPERATING AN INTERACTIVE CABLE TV SYSTEN
Introduction to the Financial Analysis '
The ICEEM: A Capsule Description o

An Example of the Use of the ICEEM: Principle Assumptions
" Results of Example Application of the ICEEM -

E
3.
3.1
3.
3.
3. Ana1y51s of Front-End Investment and Cash Flow CaIcuIat1ons

mbwr\)—'

OPERATIONAL CONSIDERATIONS FOR INTERACTIVE TELEVISION

4.1 The Management Task .

4.2 Selection of Candidate Services

4.3 Selection of Candidate Sites for an EventuaI Urban Center
Trial of Interactive TV Services

DEMONSTRATIONS OF INTERACTIVE TELEVISION

5.7 1971-1972 Demonstration at Reston

5.2 The Impact of TICEIT Demonstrations
5.3 A New Reston Demonstration Developed Under This Prcgram

PLANS FOR THE .IMMEDIATE FUTURE

6.1 Services Planned for Multiple Home Delivery in the Next
Seven Months

Management of 'Serviee Production and Delivery

An Evolutionary Computer Syétem Design

Software

SOy OO
=W

APPENDIX ORGANIZATIONS AND INSTITUTIONS REPRESENTED BY VISITORS TO

THE MITRE CORPORATION'S TICCIT DEMONSTRATIONS

DISTRIBUTION LIST

58
60
61
62

67
67

73

-76

82

83-88
83



_LIST OF FIGURES

PAGE
1 HUB CATV SYSTEM WITH TRUNKING TO INDIVIDUAL CELLS 19
2 LIST OF SERVICES FOR ORIGINAL DEMONSTRATION PROGRAM 64
3 RESTON PHASE I COMPUTER SYSTEM o . 78

T4 SIMPLIFIED BLOCK' DIAGRAM OF PHASE 1 PICTURE GENtRATION HARDNARE 79

.,!,

-

LIST OF TABLES

I PROGRAM OUTLINE | | o 10-11
II  EXAMPLE SYSTEM DATA B X 30
{1 LISTING OF GOMPONENTS AND CAPITAL COSTS OF DIGITAL CENTRAL
REFRESH SYSTEM -l 33
IV MITRE INTERACTIVE CABLE ECONOMIC EVALUATION MODEL 37-43
V. LIST OF-THE JUNE PANELISTS AND THEIR SUGGESTIONS FOR SOCIAL
NEEDS 44
VI LIST OF THE AUGUST PANELISTS AND THEIR SUGGESTIONS FOR |
"POPULAR" SERVICES - | | 45-46
VIT RANKING OF SERVICE PACKAGES FOR HOME DELIVERY® | 54

VIIT DEMONSTRATING TICCIT: THE NECESSARY TASKS AND DESIRED EFFECTS 58 *

vi




FOREWORD
This rebort was written to describe progress by thefComputer Sys-
tems Deoartment of The MITRE Corporation on a study of'thé‘féchniéal,
economic, practical, and social considerations attendant on fhendeTi—
very of instruction and related servTces via interactive cable teTé—.
vision. The work was direéted toward uncovering-and resoTving'probTemS

and developing Oppértunities associated with our plans to Eest an in-
teractive television system serving several thousand subscribers on a
daily basis. This report,. VoTume I, covers the first nine months of
work (Phase 1) ending in October, 1972. The.grant was succeeded by

xeeg

a seven-month effort (extended Phase 1), Initial Implementation, repor-
{

I
!

ted on in Vo]uﬁe IvV.
At the Lime of this writing, The MITRE Corporation is actively
prebaring to implement delivery of serviEes and measuring the conunity

response to 3500 homes and three schoqgls in Restoﬁ, Virginia.
Other voTumes in preparat1on for 1ssuance in the near future are:

VOLUME II TECHNOLOGICAL AND. ECONOMIC CONSIDERATIONS FOR INTERACTIVE
' TELEVISION

ATternat1ve Interactive Television Configurations --
Phase II Hardware Detailed Design -- Data Base Manage-
ment and Retrieval Design -~ Economic Evaluation Models

VOLUME ITI SOCIOLOGICAL AND INSTITUTIONAL CONSIDERATIONS INVOLIED T
IN THE IMPLEMENTATION OF INTERACTIVE TELEVISION

Pred1cted Soc1oTog1caT Impacts of Interact1ve Cable
Television -- Selection and Evaluation of Types of
Services -- Analysis of Some Selected Social Needs --
Evaluation of Cities for Future Urban Tests




VOLUME 1V IMPLEMENTATION PLAN FOR THE MARKET TEST IN RESTON,
VIRGINIA - ! . '

Phase II Technology -- Educational Gontent -- Health
Care Content -- Community. Information Content --

Evaluation Plan ///

‘V'i'i'i }V,




54 o .
1.0 INTRODUCTION -

1.1 The Promise of Interactive Television -

o

‘ ’ o - -. 3 ) . ) ‘ . ) N :
New forms and imaginative uses of teleCommunications can make

contributions of funqémental importance, to meating and setvﬁng neariy
f every major pfoﬁlan of urben society and urban life. The Report re-
cently 1ssued by the Committee on fe]ecemmunicatinns of the Nationa] )
Academy of Engineering, ‘whose membershfp is widely ﬁepresentattve:of
government,fjndustry; and nationa] civic groups, states: | ~

Qur cities have many problems in urgent need of solu-
tions. City governments have a réquirement for closer ‘ .
commupications with their citizens and readier response
to citizen needs.” City schools are less than satisfac-
tory in providing quality education 'to thé nation's youth.
Medical care is inadequate for the c1tnes “poorer and older
citizens. Individualized transportation is clogging. the
streets and polluting the air.” Public transportation is -
often inefficient and unattractive to its users. Law
enforcement agencies have- d1ff1cu1ty in coping with a
grOW1ng crime rate ! » =

The Committee be11eves that modern commun1cat1ons‘
technology; thoughtfully applied, can help in relieving many
of these problems and in upgrad1ng the level ‘of city life.
This conviction has been’ further confirmed as a result’ of
- the -Committee's in-depth study of city operqtionsg and a
continuing exchange of 1?eas with officials in a cross-
section of U. S: cities. ' o ‘

T

jnterest in teﬂecommun1cat1ons'as ‘an 1ncreas1ng1y powerful- tool
for dea11ng with urban problems is now’ wor]dw1de A te1ecommun1cat1ons |
study made by the Canadtan Department of Commun1cation5'says;
: Multi-service. te1ecommun1cat1ons systems, can provide

not only means of developing new life patterns for city
dwellers, but also solutions to many of the 1115 of urban

.TgﬂReport of the Committee on Te]ecommun1cat10ns, Nat1ona] Academy of
Engineering, Commun1cat1ons Technology for: Urban Development June 1971,

page 1. T o :




v
T

1iving. Through the planned use of such systems, urban

dwellers will be able to enjoy ordered, well-defined, _

and harmonious surroundings. They will have the oppor- .

tunity of participating in society in a manner never

befcre possible.

In -these and other sfudjes, interactive television, brought to
cities and commurities th}ough cable systems, is a coming communica-
tions mode that could have particularly high social value. Urban
planners, social scientists, and historians are increasingly- concerned
that one~way TV communications may be adding to, rather than ameliora-

ting, basic problems of our society. In an article on television in

Life magazine, Daniel Boorsfin, Director of the National Museum History

and Technology of the Smithsonian Institute, calls for a new technolo-
gy and+ﬁeW'Usgs to overcome TV's Tlimitations:

... The great test is whether somehow we can 7ind ways
in and throughttelev1s1on itself to break down the walls
cf the new searégation -- the walls which separate us
from one another, from the sources of knowledge and power,
from thg,past from the real world outside.

o We must _find ways to decentralize and define and sepa-
rate TV au§1ences into smaller, more specific interest groups,
who have' the competence-to judge what they see, and then to
give the! audiences an opportun1ty to react and communicate
their reactions. We must try every institutional and tech-
nological device -- from more specialized stations to pay

TV, to cable TV, and other dev1ces sti1l unimagined.

A second source of increasing 1nterest in interactive TV stems——,

from its potent1a1 for performing functions and:ﬁe11ver1ng services

2Government of Canada, Department of Communications. Multiservice Cable
Telecommunications Systems: The Wired City. Final Report of Telecom-
munications Study 8(d) Ottowa, 1971. Typescript page 15.

3“Telev1s1on, more deeply than we suspect, it has changed all of us,
Life, September 10, 1971.

2



that cannot be provided by one-way communications and that offer great
‘promise for ameliorating problems caused by géowing ufbanization.
These services might enable better access tc education, wider and
‘better dissemination of health care, direct access to a wide raﬁge of
information through computen hook-ups, delivery of specialized visual
material to the home vhen the subscriber wishes {0 see it, facsimile -
printing.of materia1 iﬁﬁthe home, and greater participation of urban
population in civic 1ife through polling and direct interactioncwith
political leaders.

Interactive television, built on the eXisting highly refined tele-
vision technology, in which American citizens have already invested
over 20 billion dollars, has been developed to the point of public demon-

;stration.4 By céupling home te]gvision sets on cable systems»to com-
buters, interactive television is ready for studies, experiments, and
demonstrations leading to the fulfiliment of its potentiaT.

Professors Edwin B. Parker and Doha]d A. Dunn point out in a recent
article in Science5 the great promise of interactive television, espe-
cia11y-when combined with video cassettes, computér information systems,

‘and communications sate]11tes which they call the total ”1nformat1on
utility". They see the greatest single potential for this nat1onw1de
1nformat1on is 1%5 capability to reduce the unit cost of education and

: to increase productivity in the knowledge industry. Not only would the

o

4The Reston, Virginia Test of The MITRE Corporat1on S Interact1ve
Television, MTP-352, Thé MITRE Corporation, 1971.

5Parker, Edwin B and Dunn, Donald A., "Information Technology: Its
Social Potential," Science 176:1392, June' 30, 1972.

3
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capacity'of the iedividua1 instructor be enhanced, but educational
institutions would be aided to neBt. the iﬁggrtant chal]ehges ot equaﬁity
of access to educat1ona1 opportun1ty and open enroliment.in universities,
11fe-1ong Iearn1ng, and "the need for periodic (or contmnuous) retraining
accommodated to the 1nd1V1dJ ‘on a f]ex1b1e schedule -in.the home or
office, and diversity of ctrr:cu]um content to meet demands for rele-
‘vange and var1ety.

-Noting the.low cost, large capacity; and local coverage available
through cable te?ev1s1on, Parker and Dunn point up the greater variety
of program content that would become available to satisfy many minority
interests and tastes not now serted by te1evtsion. - They feel further
social potential would be discovered by Tegisiation that guuranteed non?_

’ﬁfdiscriminétbry access to expression of various political, social, and
ethnical viewpoints and to stimuiate availability of the media to the
economically and culturally deprived. They even see the information
utility as an aid to soiving the problems of congestion of the cities
because it Qou]d lead to greater physical decentra1ization of business
'apd other faci]ities. They state: |

The social goal of such an information utiTity wou]& ee h

to provide all persons with equal opportunity of access to

all available public information about society, government,

opportun1t1es, products, entertainment, knowledge, and educa-

tional services.- From the subscriber's perspective, such a

system would look 1ike a combination of television set, tele-

phone, and typewriter, It would function as a combined libra-

ry, newspaper, mail-order catalog, post office, c]assroom,
and theater :

The Subscriber Response, Hughes Aircrattrﬁbmﬁeny;']97];"A‘Program to
ImpTement .Communication Services, A. D. Little, Inc., 1970,

6

4




The private sector reFoanizes'the potential vé]uevofwtwo-way TV-for
se111ng products arid serv1ce9, and is developing such uses. - But what is
the place of serv1ces with h1gh social utility, with either low or 1onger—
term commercial app11cat1ons if the development of interactive TV is
supported by venture capital from only the pr1vate sector? One cannot
" be optimistic that the private sect6/(h111 eﬁggore the poss1b111t1es

of such uses on more than a token basis without firm policy guidance
' and ctrong initiatives from government 1nst1tutions,'if we look to com-
' mercially broadcast television as a model. We have, therefore, begun

studies leading to the development of a broad base of data and informa-
. \

tion on interactive services and a- prototype installation from which
more extensive data and information can be compiled on the basis of
demonstration and experience.

1.2 The Problem of Interactive Television

Discussions of the future of.cable television often present'g16wﬁng
pictures of potential two-way communications services on cable. Exten-
Sive 1ists of potential services have been compiled. Commercial ser-
vices, such as secur1Ly alarm monitoring, remote shopping, and computer-
to computer data transm1ss1on are often cited as important to -the econo-
mic success of cable television in cities. It is also recognized that

Y

non-commercial services, such as interactfve educationcl television in

& \.

the home and direct c1t1zen feedback on 1oca1 political issuest.would

be of great pub11c benef1t Impressed with these possibilities, the
Federal Communications Commission has recently ruled that all new cable
~.,-.\:':"(.'\ A 7 I\JJ‘ - S A g":::'/:-}‘é S 5

- R:PORT, “INTERAGINE
(RAND P[POR!
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_systems 1nsta1]ed in the_hundred largest-U; S; tetevision mérkets must

have a two -way transm1ss10n capability.
As is often- the case with emerging techno]ogwes, the promise of two-
way services on cable has, at times, been oversold. A]though most pro-

posed new services are technically feasible, many may not be economically

.feasible. Others can probably best be accommodated on the telephone

network or by‘ofﬁer:méans;_ Somé”may'50t:be-desirab1e at all.” The value

to society of, and the commercial demand for various new cable.services

is unknown at the present time.

As it turns out, the near-future capital investment per subscriber

to prdvide the delivered technology system for providing this vast poten-

tiat array 9f(sérV1cesiis smaller than that currently invested in the

u. S._te]ebhone system (investment is approximately $1000 per telephone,

although incremental costs to the system are in’the $1200 per telephone

range). Thus, a most temptihg'set of commerciil opportunities exists
on the horizon. Most pecple knowledgeable in:commuhication, academia,
government, and commerce, see mass utilization of two-way-CATV as an
eventual ceftainty. |

Because of the presgpt lack of any market tests of these services
not only is thé,investment community.re1uctant td support expansion_ih.
this area, but goverﬁmént planners from municipalrfo federal, from
educational specialists to te1ecommuﬁication regulators are also reluc-
tant to initiate programs‘without infermation on éitizen response to
this ngw“media. It seems probabie thaﬁ such uses as credit card valida-

tion and point-of-sale terminals (leading tovard the cashless society)
. 6 : [ ‘14,.“



in the next three years will develop information on the market for
commercial .services. We beiieve the same should be done for thé non-
,Jéommercial services, to investigate options such as interactive educa-
tional televisior’ for the home,
wCiting an historical aqé1qu, Stanley Scott of~the»University"of o
'Soﬁggern Ca]ifqrnfé-reféfs to a speech by Herbert Hoover in 1922'on the
future of first generation radin, then séarcely in its infancy;' President
Hoover stated; "It is inconceivable that we shou]d allow. 50 nwcat an ~
opportunity for public service to be drOWned in advert1s1ng chatter.'
"Yet," says Professor Scott, Wexproceed to fumble our way toward a
system under which advertising énd fts inf]uencg,ﬁwhile not 'drowning'
the media, certainly dominated its deve1opment; preempted its time,
aqd contro]Ted fts;;rogramming. This'syétem has seen three geneﬁat;ons
of e]ectronic;EOmmunications -~ AM, FM, and over-the-air TV -- experi-
ence abysha] failures to achieve social benefits that the developing
technbiogy could have produced. If government 1a%$se2 faire continues,
,wé may be assuring that-mé&{avhistory repeats itself. fhe only viable
alternative is a deliberate act of public will." Scott calls for: i
1) public intereslzoriented organizational support, and 2) a strong finan-
cial base that does not depénd pfimari1y on advertisin:, unless the
forces of advertising are neutralized or otherwise kept under control.
Professors Pérker aqd Dﬁnn‘;re more optimistic?
A1though,sdme consider any services other than enter-
. tainment that might be provided by cable television as spec-.

ulative, most know]edgeab1e observers e»HCbL strong growth
to take p]ace, in add1t1ona1 services.

7



They conclude:-

In .order to accomplish these positive social goa]s,
a-detatled plan for federal action and participation is
needed. Since most of the funds for this utility will come

-from the pr1vate sector, the principal needs for federal
action are in the areas of coordination, policy analysis,
and assessment, and the funding of pilet projects and
demonstrations designed to stimulate the development
of new pub11c sector educat1on and information serv1ces

) S1nce 1t w111 take so ‘much” time before mass’ test and social feed-
back occur, The MITRE Corporation has explored the feasibi]{ty of a
quick-thrust implementation in one or a few communitfes that can sig-
nificaﬁt]y decrease fhe know]edge'gap in this area. We have redson

to believe, based on our own efforts in this new techno109y, the
N\

comments of others on* our 1mp1ementat1on S0 far and the proposed

1mp]ementat1on of a number of organizations, that it should be possi-
ble to determine a community's response to the availability of inter-
active televi:ion. Of major importance is the concept that the set of‘

services will be, chosen by the comnunity from an initial offeiring, and .

.will not just ke predeterminedwpyrﬂ;ngu

1.3 Overview of MITRE's Program in Interactive Television

S1nce 1968, MITRE has been actively deve]oplng 4 computer system
ca]]ed»T.CCIT (T1me-shared Interact1ve Computer- Contro]]ed Informa-
tion Te}evision). Through the coupling of commercial television and

o

advaneed computer technology, MITRE has attempted to open new areas

> -

gl;erker Edison B. and Dunn, Donald A., v “Informat1on Technology: Its

Soc1a1 Potential," Science. 176 1392, June 30, 1972
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for cost-effectivé utilization, with emphasis on computer-assigted
instruction. :

A milestone was reached in J:: s, 1971, when the country's first
interactive te]eviSfon system was wemonstrated in a Reston, Virginfa
h:;e_by MITRE. * This system connected standard. television receivers "'
in a few homes and schools in Reston to MiTRE's comﬁuter;system via
the Reston cable television system. A demonst}atioﬁloiva,great variety

© of potentiaT'interactive services has been deéonstra?ed to government
and industry leaders (representiné the 148 institutions and Qrganiza-
tia;s 1jsted in the Appendix) during the fO]]owing y%ar.

In December, 1971, NSF awarded a grant to MITRE to study the tech-
nical and economic considerations attendaqt on the home delivery of

instruction and other socially ﬁg]ated sefvices via interactiVe cable
TV. The emphasis was on the problems associated with the development
of an interactive television systeﬁ serving several thousand subscribers.
This study is the first part of a planned three-phase program, shown
in Tabie I; that will lead to the installation and evaluation of'an

interactive television system in a yet-to-be selected urban community.

1.4 Program Progres§

This;“the first of a four-volume series of reports, summarizes
the results of MITRE's five years of technical, economic, and operational
studies of interactive television. Subsequent volumes will emphasize

»

special areas.




TABLE I
PROGRAM QUTLINE

Phase T -
o

Phase II

-Design and Evaluation Study

J
¥

‘Perform subsystens and cemponent design of hardware and software.

Develop economic evaluations of system capabilities and corfigu-
rations. |

Develop:griteria, ratioha]e, and- make preliminary recommendatibns
far initial service offerings. -

Develop criteria_for and eva]uatefurban center test site candidate
selections. |

Conduct complementary theoret1ga1 ‘and. pract1ca] ana]yses of time-
shared 1nteract1ve service de11very ‘

Prepare a plan for Phase. II.

- Sysfem Development

Phase 111

Home - test hardware for'reldability, function, and human engi-
neering considerations.

Home-test software for reliability, funcfion, apd human gngi-
neering considerations.

Deve]op\soc1a1'seévice content.

Test in Reston to determine subscriber kesponse.

Select urban test sites. |

Deve1op 1nsta11at1on plans for urban test s1tes

- Implementation and Measur ement

Install system in test community

Modify services in response to community feedback.
| 10



TABLE .1 (Centinued)
| | PROGRAM OUfLINE
Y Operate and Maintain fhe systeh;/pe%form demonstration and
tests. | |
® Measure subs ribgr response.

@ Evaluate results of demonstrations and tests.

11




. The latest major'ééchniéé] accéﬁplishments of the prqgraﬁ_aret
® Deve1opmeqt.of a ﬁgw, economica11y'aannfagéous:CATV'ddétr14
| bution sysﬁemconfiguration,'espec1a11y'sgited fbr.interactive
v te1gvisidn-énd compatible with cable operatorsi constraints in
large urban center;. | | :

e App]ication_fér soéﬂal-seryiceé delivery of compﬁter operating
system software pr&ducts developed under MITRE's CAI project.

e Demonstration of interactive TV service concépts delivered over*
a CATV system controlled by a’stand-alone minicomputer system.l )

® Demonstratidﬁ;of=a two-Way, broadbank 1inK 6n the Reston CATV
system.

e Plans for development of a Home/schéo1 instructional program
plan in cooperation with three Faijrfax Countyf\V1r§1nia elemen-
tary schools. “

@ Selection of pilot, 1nteractivef£elevision services that have
a broad appeal to all economic, age,ldnd,educational 1eve1s.-

® 'Recommendat{on for urban center 1nferact1ve television trial

gites. l
Another major accomplishment has been the: development of an ecdﬁo—
mic analysis moae]; capable of handling advancéd'1nteractivéﬁtelevision
CATV systems. Baéed on a twenty-year project,;gash flow may be traced
'*"fOF’;;¥$busmﬁehéf?afT0h ﬁafeé}ﬂmﬁétﬁiyéhargés, and ﬁapiéheﬁiéffgﬁvrrw
strategies. Thi% new model, wh{cH"has-evo1V§d from one developed

" for an urban cable systems study recently completed by MITRE: for the
r r B B . ) N _;l. N
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£

?

John and Mary R._Mark]e Foundation, has been used to analyze one Wash-

ington, D. C.’service area defined in this earlier study, using ‘the

—~>

““actual demographic, business, and system_parameters,as input data.
The results indicate that iﬁtePLctive television in the—selected area
/ would be economically viable at‘charges of $14.00 per subscriber per

" month. Naturally, this value is sensitive to many parameters. Section

.

2.3 and Volume II treat this complex area in detail.

Al

. In the operation avea, MITRE focused on the selection of inter-
| active television services,_tﬁe management of service production, and -

. LS .
the selection of candidate test sites for an eventual! trial of inter-

~5

active television. To gdther suggestions and advicé, MITRE convened

"~ two advisory panels. Educational, social, and communications specia-

1

~N Tists served on the first panel; practitioners in print and television:

h média on tﬁe second.9 A1l of tHe pane%;sf%,expressed enthusiasm for
the potential of interactive television. They affirmed that TICCIT
must be able to successfully vie for vigwer's time before attention
can be concentrated on the social impacts. Each,page1ist provided
exampiés‘of-cothh$Cations‘prob]ems within hié spec?alwfielqﬂphat
would be a11e9¥at§§\by.the flexibility And fésponsiVenéSS”of intér-
active television. ) | |

The resu]fs of the“study convince% us that meaningful experi-

" ments with 1nﬁeféctive television can be made today. The techholoéy

is available {a large set of interactive services can be offered

Q_‘ RN N ‘
i \

v b \

:
97ables III and IV Tist the panelists..
13,

Q \




without the addition of any significant new electronic equipment in the
home), the cost js reasonable, and the operational problems of service

selection, production, and test-site selection appear manageable.™

< ER

N
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2.0 PROGRESS IN THE TECHNOLOGY OF INTERACTIVE TELEVISION
Ve be]jeve’the most important technical achievement of this program

has been the concebtua] déve]opment'of a CATV system cbnfiéurétion‘éSpe— 2
cially engineered to be economical for delivery of 1nteract1Vé’teievision
services, This configuration permits-immediate testing of interactive
services with a large-sample popu]étion. A major advance has also been
made in software products, developed under a related CAI system develop-
ment project at MITRE, uti]121ng.te1ev{sion-de1ivered instruction. Many
of the most complex software package programs (for instance, the.realf |
timg operating“system) will be used in both applications. |

5 Other accomplishments of the program are: (1) the country's most
sophisticated interactive TV demonstration, (2) a study,offhrdjected
-&gbscriﬁgr fee aﬁd cémmercia] operational financiaT implicatiors of
this technology, and (3) a two—way'CATV insta]Tation in Reston, now .
being installed and tested through the cooperation of the Reston Trans-
missidn Coﬁpany and TeleVision Communications, Incorporated (respectiVe]y,
onerutor and owner of the test-site cable system). J

2.1 New CATV Cohfigyration'to Support Interactive Television

A broad system's approach to interactive te]evision:has noi been

taken by any of the commercial developers of interactive television hard-

I

ware. For the most part, oﬁﬂy bits and pieces have been demonstrated in

two prototype two-way systems, These have been interactive only in the

sense that subscribers can respond. None have offered individual ser-
vices.

oy company has yet developed a clear plan that leads the system

15



operator from a conventional one-ﬁéy system throUgh various levels of
interacticn, to a full, TICCIT-like system in an evolutionary or cost-

effective mannev'.]0

For thié reason, we have déve]oped an evolutionary
implementation plan that maximizes the use of avai]ab%é channel space
and time-shares the expens{ve components.. Evaiuations of configurations
and their costs are continuing, and will be included in Volume II. The
following is a summary.

For more than a year, MITRE has been experimenting with and publicly
demonstrating an 1nteractive.television syétem in Reston; Virgini&; jn
conjunction with the Reston Transm%ssion Company. A major impediment
to the operational impliementation of this system has been the cost of
the refresh memory needed in each home utilizing interactive television.
The refresh memory and its associated electronics cost mofe than $1000
when bought in moderaté quantitics. In Reston, a video-tape recorder
was used as a refresh memory (in its stop—frame.mode), providing the
home-owner with not only a refresh memory, but a1$o a video recorder/
player. But even with its mu]tip]eiuses, the refresh mémory costs a
dispropbrtioﬁgte amount, relative to the cable television system.-

To overcome ‘this prob1em, we are taking a new approach. We assume
that the aQerage household will use interactive television services that
require a‘computer-génerated disptay (and, hence,. a refrgsh memory )
about thirty minutes -each day. Assuming a ten-hour dayiithis means
that one refresh memory could serve up to twénty households with

10

uch as is described in "Urban Cable Systems," MITRE Report M72-57.
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interactive television services. This is equivalent to a 5% load factor.
Some peaking will occur; ‘until usage statistics are gathered, assumptions
have to be made on how parameteré such 55 system availability and pri-
cing strategy affect deméﬁd. In practice, this wi]]ibe predominantly a
function of the type of service and the user, hence experimentation is
ésseptia] to the validation of this approach. We have used queueiﬁg
theoﬁy to evaluate this system configuration; with the present hecessaf&
assumptions, we are satisfied that deiays will not be unreasonabie. |
Volume II Aetai1s this analysis. On a 1ohg—ferm basis, we foresee the
following scenario: As the market and services .for interactive tele-
vision devé]op, and the cost df refreshers decreases (to, say, $200-300),
~ heavy users of the system may lease their own refresher,-allowing them

to bypass queues at peak hours on dédiéated channe]s by using a time-
shared addressed, multiplexed channel. For example, a s;hoo1 making
continuous use of its television terminals would bést_be served by such
a. multiplexed channe1; feeding refresh memories associated with each dis-
play. It is clear that the refresh memory is a key element in the.dis-
tribution system; as a contribution to the progress in this fié]d, MITRE
has developed a solid-state frame-grabber. - It is not c?ear,Ain any gen-
eral sense, whether a mix of dedicated and multiplexed channels (that is
with refresh memories at a centril location at subscribers' TV receivers)
is a desirable operating”configuration, or whether a system, must, for
practibaT reasons, be either one or the other. MITRE is anaiyzing al-
terhate systems in an attehpt to discover how combinations of subscriber

density, service ]oad, and refresh costs affect this choice}

17
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The advantage of/;haring refresh memories is obvious ~-- the cost
L] y ‘ /:_r
per refresh can be spread over many users. The central location of

the refresh memories creates a need for a communication channel between
the.shared—refresh memories and the home-te}evision receivers. As
shown in Figure 1, the cable system is divided .into cells of about
200 subscribers. E$ch cell is connected, with its own trunk caQ]e,
to a hub, and each hub services about ten trunk lines (i.e., approxi-
mately 2000 subscribers per hub).  The hub, in turn, is connected to
a common-program source, the headend. About ten channels on the cable

. system are dedicated to interactive téTevision. Broadcast television
is trancmitted throuQH the system from the headend to the hub to the
trunk, and, finally, into the hohes in each-cell. The interactive
te]éyision channels f]oQ only from refresh memories in each hub to
the homes/in each hub's cells via the individual trunk lines. Each
trunk ‘line in this example has ten refresh memories associated with ft,
one for each interactive chanﬂe]. The users in each cell, therefore,
have acéess to ten refresh memories by tuning to the ten interacfive:
television channels. Located in each hub is equipment>to place the
broadcast teléviéion signals on each of its ten trunks, along with
the oﬁtputs of the 100 refresh memorieg. ‘The hub also containsveither
the computer to provide interactive television services, or equipment

- to allow a remote computer to servg;it.jipommunication from the home

~ . keyboard (and other devices,v5u§hﬂasﬁﬁéfér rgaders, burg]gr alarms, etc.)

to the hub is accomplished with a separate, relatively narrow-band
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HUB

: HCAD
END

TRUNK FOR CELL 1

TRUNK FOR
CELL 2

NOTE:

EACH HUB AS A NETWQORK OF ABOUT
10 CELLS EACH OF WHICH IS SERVED
BY A TRUNK

FIGURE 1
HUB CATV SYSTEM WITH TRUNKING TO INDIVIDUAL CELLS
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digital commqhication signal on the same trunk that carries TV signals
to the home.

Thus the MITRE hub-type system combines switching characteristics,
(which have some simi]érities to the functions carriedsout by a Discade
or Rediffusion hub), and the traditional distribution and signal origi-
nation role egercised byﬁé‘cdnventional, one-way system hub. The MITRE
hub concept serveslfeWer subscribers than conventionai-hubs, so as to
fhcréase channel capacity per subscriber, and to improve point-to-point
- CCTV capability, aﬁdioldistkibution,hand store-and-forward communica-
“tion potenti§1. | |

The MITRE,hub-type system has an added attraction, if reduces
the'spurious'signal'pickup problens that have plagued early two-way
experiments and places: less of a demand on c§p1e amplifiers. fhese‘
,’adyantages‘(eXpanded on 5hvVo1ﬁme II) andliﬁs mfnimization‘bf special
hardware in the home have contribute&'to,the encouragement we have
~ received from industry leaders, briefed on. the new approach.

A1l v{ewers Tocated within a cell are sb1e to view material in-
tendedrfbr anyoneywithjh that cell. If the material re&zires'privasy,
it!islnecéssary to scramp]g the”video at thé;headend and descramble
afﬁthe hdﬁe, with a;codé kna . only to the.intended viewer's terminal.
- Fortﬁnate]y,»eQUipment to perform this function is being independentTy
developed by a number of firms to proQide "pay -TV" services. It is
1ﬁke1y that this equipmehﬁ, which has an expected cost of $25-50 per

terminaly will be»wjde1y implemented to allow "pay TV," regard]ess”of

20



TICCIT implementation, and éan perform the additional service of pro-
viding TICCIT privacy at Tittle or no additional cost.

Three types of home keyboérds will be used in the interactive sys-
tem; a simple, twelve-buttoﬁ keyboakd (similar to the ATouchtone“ pad)
will be the standard input device; a full, typewriter-like keyboérd :
will also be available to those users who wish to enter textual material
or to take a major CAI course. In both cases, a CATV cable will carry
the keyboard éﬁgna] to the computef. A time-slicing digital communi-
cations techniqué wi]] be used to provide each user w%th the capability
of continUOUsiy‘entering data at alrate equivalent to 100 typed words
per minute, For the immediate future, howevef, we recognize that most
existing CATV systems do not have two-way capability (this.will.gradually
change in the next five years becahse'of new FCC rules --‘see Section
'3.3), aﬁd that, initially most users will enier the interactive program
only infrequently. For this reason, we will provide the interactive
~capability using existing home Touchtone telephones as entry devices.
While there are many reasons why the te]éphone {s far ffom jdeal for
the Tong range app]icati%n, we feel it is a good interim device for
the Tess expensive approaches MITRE is devefOpihg. : , .

2.2 Interactive TV Test-Bed

fThrough the generous cooperation of the Reston Transm1§siqﬂ Company

rev

(RTC), MITRE has been using the Reston CATV system as. a teétfgédxfor
its interactive TV experiments since May, 1971. The system is of

high technical quality, but it lacks an‘operationa1 two-way capability.
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Because of the numerous technita] problems associated with two-way
cab]ewcommunications, MITRE has felt that it.shouiu conduct tests and
experiments on a two-way system. To meet this need, a portion (15,000
. feet of cable) of the Reston Cab]é system hgs been retrofitted for tw6—k
way operation by the Jerrold Corporation, under coﬁtract to the cab1e 
system owners. The funds for this hardware expansionl(approximate]y
$25000) were provided by TeleVision Communications; Incorporated, a
division of Warner Communications, which controls Reston Transmission
Cohpany's cable television system. With eXcel]ent cooperation on the
parf of the cable system operator, two-way video digita] and audiov
experiments were conducted ahead of schedule. |

During the study phase, the Reston TICCIT demonstration test-bed
system has been mégnfaiﬁed and shown to many government and industry
people. The tomputer control was successfully changed ovef'from the
original IBM 360/Honeywe11 516 machines to a stand-alone Data General
minicomputer. In addition, an all-solid state digital refresh device
replaced the video-tape piayer as the %rame grabber, and the system
output to the cable was converted to a NTSC color signal, so that home
subscribgrs may now view 1nteractiVe television in full color. %he
-range of service presentation techniques has been expanded to include
graphics, a choice of font, slides, and_the selection of video tape
materials. ;

Any of the 3,500 subscribers to the Reston Transmission Cdmpany

CATV service can now (one at a time), call up the existing MITRE data
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base of information aﬁd entertainment for display on his home reteiver.
using his Touchtoﬁé;telephone as the feedback mechanism. During fhe
comiﬁg seven months, the system capability will bé expanded'so that i
hundreds -of families will have scheduled; real services available on

a time-share basis, in which approximately 20 lines are available

éimu]taneous]y.
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3.0 ECONOMICS OF OPERATING AN INTERACTIVE CABLE TV SYSTEM
MITRE has developed, under this grant, an economic model of a

CATV systém.]]

It is especially designed to test the economic viabi-
lity of a]ternatheAEab]e systems, both in terms of configuration and
financial operation. The concepts emp]oyedzin the computer-based
Interactive Cable Economic Evaluation Model (ICEEM) are the standard
ones used in the field ofﬁengineering economics and capital budgeting.

| On the financial and marketing level, the ultimate viability df
'TICCIT rests upon mérket acceptance of TICCIT services, delivered at
costs tgat justjfy system 1mp1ementatioﬁ. No matter how sophisticated
the feasibility study, the duestioﬁﬁof market success will ultimately
be settled thrﬁugh the actual offering and marketing of services. With
this in mfnd, considerable effort has been invested in devfsing §ystem |
chfigurapions thét mihimize the commitment of investment, prior tor :
tHe demonstration of consumer acceptance.

For persuasive technical and economic reasons, TICCIT is best
e implemented through cable systems. The genesis of cable teTévision
has been its operation as'a community.antenna system for carriage o%
distant TV signa]é. If cable is to serve as the transmission medidm
for TICCIT and otherinteractive séfvices, then -TICCIT must be evalua-

ted within th: economic and financié] context of the existing cable

.-

]]This model has benefited from prior MITRE work supported by the Markle
Foundation, reported in “"Urban Cable Systems", M72-57, W. F. Mason et.
al, of The MITRE Corporation, dated 1972.

3
7
-
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!
fe?evision industry, the services it-current]y provides, and its pros-
pects for tHe future.

The economic and finaﬁcia],studjes, involving a'thbrough considera-
tion of cost/service/system combinations in conjunction with trade-off
studies and-sensitivity ana]ysés, have required a major.gbmpqtationaT
effort. ’A1though some computer programs that deal with cable te]évj-
sion's economic viabf]ity are avai]ab]e,'héne were found capabTe of
dealing wfth a hierarchy of service levels and alternate ‘system stra-
tegies, including interactive compﬁter-bésed servicés.

ICEEM can directly answer the questiOn "how much must be charged
for interactive cable gervices in order to achieve some given rate of
return on capital invesped over the 1ife of tﬁe project?" An example
of the ICEEM applied to a two-way system 1is discussed later in this
section. An important area of study using the ICEEM has been the fifst
cost of an interactive cable TV system. Regular one-way CATV systems
require hfgh initial capital investment. Expansion into twofway'and
u interactive serVices is phased to minimi;e froht—ené financing: This

is reported in detail in Volume IT.

‘3.1 Introduction to the Financial Analysis

ICEEM is a capitaffbudgeting progrém based upon the discounting
of projected cash flows over the expected’11fe of the proposed under-
taking. Discounting is future oriented, taking into account the time
value of money. The principal outputs'are projections of cash flow,
profitability, and required revenue. These three important parameters
are briefly discissed below.
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Cash flow is the flow of cash payments at the moment they take
place, Cash flow for the total investment includes capita];in?est-
ments, operating costs, and revenues -- all at the point'in time they
occur. Cash flow for.equity purposes is total investment cash flow,
adjusted for césh 1nf10wsa§nd loan repayment (both interest and prin-

cipal) due to debt financing.

Profitability is measured by the rate of return on total invested

capital (project rate of return), ana the rate of return on common
equity. Appearing under many diffefént guises, rate of return is the
fundamental measure used in financial ana]ys1s Rate of return is
the rate of d1scount which brings the- pgesert worth (capitalized value)
of total discounted costs into equality with the present worth of total
discounted revenues; both costs and revenues befng on a cash-flow basis:
If the rate of return on tdtal invested capital is greater than
the cost of debt, then a proposed investment passes the preliminary
screen for profitability. At the second level, given the cost of
debt and extent of fjnancia] leverage, if the rate of‘reﬁurn on equity
for a given project is at least as great‘as the rate avaf1ab1e on alter-
na£iVe investments in the same ;iSK class (the required rate of return
on equity), then the project 1s cons1dered econom1ca11y feas1b1e
The cost of~debt “and the requ1red rate of return on equity,
weighted by theifnrespective percent con;ributions, is called the

cost of capital.
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If the project rate of return exceeds the cost of debt, then
increésing financing leverage will increase the rate of return on
equity. However, the reverse is also true, increasing leverage can
increase the cost of debt and risk to the equity holders.

Discusgions with financial representatives of the cable tele-
vision industry have indicated a target before tax rate of retu;n on
" total invested capital in the vinnity of 12%. Naturally, tﬁe exact
desired rate depends upon the anticipated risk of the particular
proposed project. Seen in terms of the cost of capital, theré‘are

numerous combinations of finar.cial leverage, cost of debt, and rate

of return on equity that would produce the same fédure. For exam ie-
prodi p

: [ kate of
% Deht Contri4 Cost of % Equity Con- Return on Cost of]
bution X Debt |+ tribution | X { Equity = | Capital
.8 X 8% + .20 X 130.0% = | 12.4%
2. .65 X 8% + .35 X 120.6% = 1 12.4%
.60 X | 8.5% |+ .40 X'118.3% = |12.4%

Empirical evidence, combined with results of financial stimulations,
indicates that, as a result of accelerated depreciation and the invest-
ment tax credit, the nominal 48% vax rate on corporate income produces
- an effective tax rate of about 33%. The before-tax rates of return on
equity used in the previous example of 30%, 20.6%, and 18.3%, would
become after-tax rates of return on equity of 20%, ]3.7%,land 12.2@,4
respect1ve1y. The combination of financial factors listed above re-
flects actual cable industry experience. (The ICEEM program also cal-
culates an equityfratelof return based on borrowing for capital honstruc-

tion onTy._ Since/initial operating losses are financed wholly by equity,
' - 27 '
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this bfbduces an effective’leverage of only 54% debt.finénéing, rather
than the 80% shown abovei The.Aower figuré would be common to the fi-
nancially weaker_ownerg‘of cable systems;?the top MSQ's afe capable

- of achieving the higher leverage with an 8% average cost of debt.) In-
flation is taken into account thhbugh adjusting the cost of capital.
Instead of adjusting‘costs and revenues for the compounded effect of
inf1at{on, the rate of inflation is removed for the cost of capital.
For example, the 12.4% rate. of return alluded to above, adjusted for
3% inflation, becomes a 9.%% "real" cost of capital.

Required revenue is especially useful where 11tt1e is known about
market prospects. A cable investment can be approached from two
viewpoints: ~

1. Given antiéipated costs, charges, market penetration: finan-

cial 1everagé, and cost of debt, what rates of refurn can be
achieVed? |

2. Given cost of capitai, equipment, ahd'operating costs, and

expected market penetration, what revenues must accure from

each service? | ) _
_ We have ca]]eq the second method tﬁe requiredﬁrevenue approach. ICEEM .
is unique in its capability to calculate ratéé of return, given 2 change
structure, énd simultaneously to report the required revenue for a giveh
post of. capital (to be able to repay debt and retain sufficient profit

to achieve the required rate of return on equity).

P
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3.2 The ICEEM: A Capsule Description

In addition to providing projections of rates bf-return and re-
quired revenue, the computer model calculates financial résUTts for
the first six years of the 20-year assumed project life, (Excep; ,
for inflation, and the automatic provision for rep]acemeht 1hvestmeht,
years 6-20 are assumed to have identical market penetration and
financial resu]ts.) Figures reported include revenues, expenses,

Toan reﬁéyment, net income and cash f]ow (net incomé plus deprecia¥
tion and loan repayment). Corporate income taxes are taken into
‘account thréugh adjusfment bf the required rate of return on equity.

Operating costs. and capital recovery (fﬁfégést plus depreciatioh)
are itemized}and totaled. Costs are prinfed out on an equipment-
unit basis. Separate market penetréfjon profiles are avai]abie for-
two classes of services -- one way and interaEt1Ve television. VCost‘
and revenue.categoriés are itemized. This detailed reporting facili-
tates a fu]T,tracing‘of co;t and revenue origins -- an essential
ingredient to engineering. economic éna]yses, and to the pricing of
~ services on. a marginal and fully allocated cost basis,

3.3 An Examp]e'of Use of the,ICEEM: Principle Assumptions

Special consideration has been given in designing the urban TICCIT
sygtem, minimizing the hardware investment réquired before actual
market penefration is known. Through cross-wiring, only one-sixth
of the expected ultimate iﬁvestment in computer and. other electronics

\ for the chosen example system (see Table II) needs to be undertaken
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TABLE I1I
EXAMPLE SYSTEM DATA

A. NUMBER OF HOUSEHOLDS PASSED BY CABLE 26,680
B. PENETKATION (AVERAGE) PERCENTHGE:

YEAR T 7 3 1 5 6-20 | AVERAGE
HICH
ONE-WAY | 12 32 47 50 58 76 61.23
TWO-KAY | 7.5 20 30 | 37.5 | 42.5 47.5 38.27
Y 1T W'f """ T T T T T
ONE-WAY | 6 16 24 30 | 34 38 30.62
TWO-WAY | 3.75 10 15 18.75 | 21.24( 23.75 | 19.14
C. BASIC SYSTEM - NUMBER OF CABLE MILES - 76
D. TICCIT SYSTEM - NUMBER OF CABLE MILES -  107.5




in the initial stages. The moderate increases in wiring costs are
completely offset by the interest savings and reduction in 1nJéStment
risk.

As previously discussed, if the cost of capital has been set at
12.4%, after-tax fates of return on equity in the range of 12-20%
may be expected (depending upon the particular financial circumstances,
expecially the strength of the system owner). An inflation rate of ;
3% per annum is assumed to apply equaTTy to costs énd,revenues.

The duration of the franchise and the economic life of cable

12 211 electronic

distribution plants both have been set at 20 years.
equipment -- home terminals, converters, and electronic equipment in
the Tocal distribution center or subheadend and headend -- have been
* assigned an economic 1life of five years. The actual, physical life
should be much longer; the five-year 1ife is assigned principailly
because of expected obsolescence resulting from cost reduction and
improved performance. This assumption is conservative since replace-
ment equipment would have to be both cheaper and better, to justify
the short economic 1ife. This has not taken into account projecting
rep]acement costs.
The unscrambler provides a first level of security, achieved
through selective gating of aécess‘ It is recognized that hig%e;

levels of security, involving actual scrambling, would be necessary’
12

PrevioUS"fihancial.ana]yses of cable systems have assumed system sale -
after 5-10 years. Assumptions about the sale price significantly
effected the over-all results.-- the tail wagged the dog.
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if sensitive material «vere to be transmitted. The TICCIT

system, analyzed, uses digital central refresh with the hub configura-
tion. At maximum assumed market TICCIT penetration (50% houses passed
by the cable), the maximum-assumed possible usaée rate is 5% of sub-
scribers at any one time. Queueing considerations may reduce this‘
figure by 10-40%, depending on acceptable wait times and probapi1ity
nf getting a busy signal. «

The analysis is conducted on an 1ncrementa] basis. The base
one-way system has twin cable with set-tap«qonverters. Eventually,
the system has a two-way capability; however, the second cable is
quiescént-(amplifiers not installed). .

Table III shows a breakdown of syétem componentscosts that are
based-én our estimates for limited quantity production within the
near term.

.
3.4 Results of Example Application of the ICEEM

In the analysis conducted for a hypothetical system, a section
of Washington, D. C., with a total of 26,686 households was pa§sed
by the cable. Separate penetration profiles are projected for one-
and two-way services, and sensitivity analyses are conducted for
high and low penetration profiles. Sysfem daté are shown.in Table II.

Results are in terms of required monthly revenue. This is the
revenue required to yield a-12.4% rate of return on total invested

capital over ihe 20-year life of the system.. Values are given for

" the high- and low-penetration assumptions,
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TABLE III
LISTING OF COMPONENTS AND CAPITAL COSTS
OF DIGITAL CENTRAL REFRESH SYSTEM

AT HUB:
DOLLARS
COMMUNICATION PROCESSOR . - 21,000
MAIN PROCESSOR | | 26,000
PERIPHERALS " 95,000
KEYBOARD ‘DATA MOD/DEMOD | 5,000
REFRESH CONTROL ELECTRONICS = ” 10,000
CHARACTER GENERATOR -~ 7,000
CHARACTER SWITCHER L 3,000
DIGITAL MEMORY | 72,000 (0.62 x 116,000)
NTSC ENCODER | 116,000 (1.0 x 116,000)
VIDEO MODULATOR : 58,000 (0.5 x 116,000)
SIGNAL SCRAMBLER | © 11,600 (0.1 x 116,000)
COMBINER/SPLITTER | 6,000 (0.5 x 12,000)
TOTAL: | : ~ $430,600.00
TERMINALS:
HOUSE DROP : ' ' 40.
CONVERTER o | 27
~ UNSCRAMBLER | 25
* DATA MoDEN o | 200
ENCODER/DECODER, KEYBOARD 292
HUB COST PER SUBSCRIBER - - | 203
TOTAL : o $495.00
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S

For the base case, one-way services only, required monthlyu

revenue is 3&5.78/$9.33]3

for high-and low-penetration, respectively
(see Table II). Halving the penetratibn fate increases the required
revenue per month by 61%, 1ndicatfhg strong sensitivity to penetretion.
The required monthly revenue per subscriber assumes an installation
fee of $5.00. Revenues from pey television, secgnd outlets, adver-
tising, anqvchanne{ lease of the 60-channe1 system would result in
?equired monthly charges for basic services somewhat lower than the
gross revenue requirements.

Required monthly revenue for the TICCIT systehie1bne on an

13

incremental basis, is $13.73/$14.90'° for high and Tow-TICCIT pene-

traffon, respectively. The average high-TICCIT penetration is 38%,
\]ow isllé% Phased TICCIT is rather insensitive tdrpenetrat%on; a
- +halving of penetrat1on results 16 only an 825% increase in the

revenue requ1rement per subscriber. Combined month]y charge for

TICCIT and basic services is‘$19751/$24 23, This is within the

range of the average monthly te]ephune b111

3.5 Ana]xg1s of Front End Investment and Cash- F]ow Ca1cu]at10ns,

The bas1c one-way system would require a front-end inves

e;ent

: of $1 53 m11110n, and an additional investment of $67 per added sub-

o

scriber. The combination one-way_and TICCIT system requires a fixed.

]SA]so see Table IV, Section 8.0 for run at high penetration. Results

are shown in terms of required annual revenue. Some figures in the
test are not,derived from the sample ¢ output (?ab]e IV), but from other
computer runs.
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investment of $2.38 million: $1.53 million for the basis system,
plus $0.42 million for the additional cable and equipmentrassocia-
ted with the hub configuration, and $0.43 million (see Tab]e I11)
for the hub itée]f. The additional investment for the combination
one-way and TICCIT system is $202 million.

As far as hardware costs are concerned, TICCIT requires a 56%
increase in front-end, fixed investment, and a six-fold increase in
incremental investment cost. HbWever, at’1east at the hardware 1evg1,
‘finahcia1 risk is not great, since even a minimal market pgﬁetration
- for TICCIT, at the indicated charge level, would provide the 12.4%

B Qveral] rate of retufﬁ on the TICCIT portion of‘invested capital.

The major source of risk is the investment in computer software
and éburééwafe that wouid befrequired.to make TICCIT an attractive
service. The first large-scale interactive syétem woﬁ]d have 1im1ted
program material to draw upon, and would have to bear substantial costs
of software and courseware development. This would be recouped;
by sale or lease to subééduént systems in other cities, providing the
initial éxperiment proved successful. ;

In addition to‘providing information retrieval and ﬁomputer-
aided 1nstru¢tibn, T;CCIT is capable of point-to-point messagé:
forwardiﬁg (useful in electronic banking), and message and telegraph
>services. TICCIT's.pol1ing capability is an"impé;;ént feature in the
feasibility of pay television because it permits automatic billing
and sampling of program popularity in general. The scnambfér used

for‘TICCIT could also serve- for pay television.
35



Table IV is a sample print-out from the ICEEM program, which
shows the results of the run that determined the required mohth]y
‘févenue for cqmbined TICCIT and one-way services, under the assumption
of high penetration. |

As-indicated, a positive cash f]oQ is projeﬁted by the second
year. This is predicated upon rapid completion of the system construc-
tioh. Under the financing plan shown, a profit position is achieved
by the fourth year. If the project were put on é 1que—back arrange;
ment, prafitabiﬂﬁty_wbu]d be achieved by;thé‘fifth year, Using 80%
debt finahcihg;at an 8% cost of'debf, a mhjor MSO could achieve
a 20% after-tax ratérof néturn on equity. Due to reduced financial
leverage, Smai]er cable system owners would achieve the equity rate
of return listed in Table Iyrof Section 11,0 as 17.03%. This trans-
Tatesvintq.T3.69% when adjusted for inflation and corporate income

tax.

Y
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4.0 OPERATIONAL CONSIDERATIONS FBR INTERACTIVE TELEVISION

. Since-interactive television must compete for subscriber time with
conventional TV and other educational and ieisure—time activities, it
is not enough to develop just the technology to deliver interactive
services. Attractive examples must be identified, fhg means for their
pfoduction developed, and the markets selected for the chosen services.

ThesewfundaMentaI steps must be taken ir the first, large-scale demon-

-strations of interactive television, with the awareress that the poten-

tial subscribers will help in the decision process, as they accumulate

~experience with intéractive TV, and whet it has to offer. It is desi-

rable that the results of these first tests be generalizable to the
brqad spectrum of potential users. The early 1nvestmént in inféractive
television programming will be extremely Timited (in comparison with
commercial television programming), and the operation and selection
@f the test site must maximize the benefit/cost ratio. -

" In this section, the major operational considerations for an
intéractive television trial are summarized. Later, in Section 6,
operational recommendations for a_“quick thruSE“ data-gathering

experiment are summarized.

4.1 The Managemment Task

Management systems are needed to formalize the process of trans-

‘forming ideas into operational services. For conventional TV, the

need. for management of;program material development has not been

required. The task of'devising the mechanisms needed to develop
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program materials for two-way systems hasvbeen deferred until the
time when services were selected. That time is now, and the task is to
require a mixture of pragmatism in the face of practical limitations
and a flexibility that will allow the unexpected -- pqssib]y unique --
"interactive services. | - 'A

The technology has been invented, deveToped, demonstrated, and
evaluated; analysis has shown interactiVe'te1evisiqn has the potential
for viability. Meanwhi]e; the 1ist of‘"poésib1e“ sé;;ices to this
communications-dependent sociéty is growing rapidly. Management sys-
tems to handle the production and de]ivéry oflinterﬁctive services
mist be deviéed, devé]oped, demonstrated, and evaluated, -just as the -
technology has been. ‘

Management starts by identifying the resources. - The first 1ntef—
active\servidés will probably be based on existing progrém material.

Vast libraries of film and.videotabe, both in the private and public

| domain, afe available as'a resource for interactive preséntation. A-
| second source 6f_qateria1>is the growing body of edycatioﬁaT:programs
designed specifically for cohputer control and diép]éy, This material
“has been devé]oped for delivery withfn the .school or college frame-
work. Delivery into homes will require new.management techniques.
Perhhps%the moit potenf resources will be thé users themselves.
The ingenuityjand ;nterprise of individual subécribers, local societies,

and the community leaders to advertise, annource, claim, disclaim,
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. ‘.‘-
or, in short, to communicate, will very possibly develop useful,

even wealth-creating services and functions. 14
An NSF/MITRE review pane] w111 mon1tor sources and de11vehy of
services. It would be a serious mistake to settle prematurely on
. one particular way to utilize each resource, éven if first trials
are successful. The sing]eg‘host'powerfui aspect of interactive tele-
visioh, proper]y'interpreted, is the viewer's real-time response during.
or f0110w1ng the use of each serv1ce The delivery services must be
managed so that each subscr1ber S act1v1ty is logged.
Finally, the management system must provide rewards and motives,
newvmarkets must be deve1oped“’ Anaiysis of shbscriber usage and re-
sponse for each class of serv1ce, plus the suggest1ons from users

themselves, will form the bas1s for modified and expanded serv1ces

4.2 Se]ect1on of Candidate Serv1ces

The selection of 1nteract1ve“serv1ces presents a considerab]e
cha11enge Many more aspects than those that make up an eng1neer1ng
experiment must be cons1dered - |

First, there is the question of the type and value of the inter-
actiont The serviéeéiinc]ude, among manyAothers,ﬁinstruction; enter-
tainmeht%‘cohpanionship, and employment, each piggy—backing, economically
speaking, on the others. Each 1ntroduces\va1ue sy§tems with separate,‘
-possibly conflicting criteria. Second 1s%the question:of interpreting

the response, understandihg the reaction insubscribers. Therein lies

14Thombson, Gordon B., Moloch or Aquarius?, Issue IV (February 1970).
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our major indication as to the merits of the deliVery_oystem. In par~
ticular, the choicezot_serv1Ces must be made with an awareness of the
1nstructiona1 and community fabric that may be affected.

/ The first'of the two*pane]s of specia1istsfconvenediﬁn June, under
the chafrmanship of Dr. Lloyd Morrisett, discussed 1nteraot1ve TV ser-
vices from'the.vantage points of-the panelists' experttee in commun1ca-
tions and education, the soc1a1 'sciences, and programm1ng for the
print and television media. The pane%qsts agreed that popu]ar1ty and

- frequency of-use should be our social 1nd1cators. ‘The MITRE staff has
| _investigated a number of potential impact areas constituencies- (the
aged, preschool children, etc.), and activities (career educatioo,'
hea1th-service.de11very), but the panel contendedvthat.pi1ot-serrices
directed to specific problems in such areas wou]d not make the best use
of the prototype dietribution system Spec1a1 prob1ems must have spe-
cial programm1ng, which is costly and time- consum1ng to produce, and must
— show progress in a spec1f1c sjtuation that requ1res the development and
then the interpretation of special soc1a1 indicators.
The June pane11sts enjoined us from re1nforc1ng the "duplex society"
syndrome by prov1d1ng interactive te]et1s1on support1ng’on1y the needs
of a chosen-few., Thus, oarlier ideas of_demonstrating:the success Qfm.‘%
interactive television services by gome specific improvement in a specf:
fic social Service has been rep]aced/by the general phi1osopﬁypthat ine
teractive services must first compete.succeSEfully for the subscribers'
,Etime. The total package must appeai to peOple who differ widely 1‘h:w
economic. status, Education;ﬂqge.-apd ethnic backgroodd, before 1t.can
<47 ' |




become a practical carrier for special interest services. Tables

v and.VI {1st the:qunejand'August paneTs,»and.their suggestions.

We have madeian”erhaust?ve search of the Titerature concernjng
experiments and techniques that'have been proposed to measure the use-
fulness and’effectiveness of communications’systems~ Wh11e there is

a cons1derab1e body of theory and ph110sophy concern1ng such measure-

‘ment and forecasting poss1b1]1t1es we have not found a techn1que that

’

we could cons1der pract*ca] in the time frame we are trying to meet -
for the se]ect1on of’ the service options, system d1str1but1on options,
and operat1ona1 strateg1es ;' | .
It should be po1nted out, however, tha+ everyth1ng we have read
reinforces our be11ef that computer- med1ateo interactive te]ev1S1on can
have a revo]ut1onary effect on national commun1cat1ons Interact1ve
television +ncorporates the essent1a1 parameters for such a revo]ut1onary
capab111ty It prov1des access to everyone, 1t provides from w1th1n

the commun1catlons med1a 1tse1f a mechan1sm (i:e., the common computer)

for structuring and man1pu1at1ng the mater1a1 communicated. Thus,
common_body of understanding and insight is furnished by the media for o

the communicators. Further, it provides from within the medium itself )

" a basis for deveToping.a concensu’s on the squect being addressed by

those 1nvo]ved in the" commun1cat1ons

el

While the time-shared computer has been recogn1zed as a device that

could support these des1rab1e character1st1cs of a new communication system,

el

15

Thompson, Gordon B., Moloch or Aquarius?, Issue IV, February 1970.
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TABLE V

“Panelists -

Mr. Franz Alina*
Dr. C. Victor Bunderson

. Mr. W. Bowman Cutter
- Dr. Bernard Gitford
o Dr. George Kennedy

Dr. Gerald S. Lesser
Dr. Lioyd Morrisett, Chrm.
Dr. Edwin B. Parker

 Dr. [thiel Pool

Dr. John Riley
Dean Alvin L. Sdlorr

Social Needs Suggustgd

" 'DAY-CARE SERVICES:

INSTRUCTIONAL TRAINING:
CAREER EDUCATION: ’
PARTICIPATORY DEMOCRACY:

“READING AND MATH
INSTRUCTION:

HIGH-SCHOOL EQUIVALENCY:

EMPLOYMENT-OCCUPATION

GUIDANCE |
CONTINUING EDUCATION

- MEDICAL-INFORMATION-
CONSUMER-CITIZEN ASSISTANCE:

PARTICIPATORY GROUPS -
INTERFACE: o

LIST OF THE JUNE PANELISTS AND THEIR SUGGESTIONS /FOR SOCIAL NEEDS

i

© Aftiliation

Children’s Television Workshop
CAI Lab, University of Texas
Cable Tulevmon Information Center

~ New York Rand Institute :
* High-Scope l:duu,monal Research Fdn. -

CTW and Harvard Grad Sch. of Education

. The Markle Foundation
7_,j':'l51dntord Univ. Institute for Communication .

" Research

. Political Sugn@ Dgpt M 1. T

Equitable Life. New York
New York Univ. Grad Sch. of Social Work

For both teachers and pa'rents.
For both children and adults.

Covering contemporary community issues.

Both bas)‘é and ‘remcdial.‘

Covering vocational training. tutoring for
“home-bound™ persons, and interactive
parents-children (game-type) activities.

Reinforcing para- protesmondl preschoe! child
care personnel.

Both preventive and emcrgenéy'.

Covering duy-to—day_ livihg concerns such as
the legalities of wills and contracts.

Suc,h as shut -in widows, high-school dropouts. -
.ete. - all of those who have I'L(,UI'I']HE needs

that are not being met Sdtled&,tOI‘lly at

“present.
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TABLE V1

LIST OF AUGUST PANELISTS AND THEIR SUGGESTIONS FOR
“POPULAR™ SERVICES

Panelists , L Affiliation” . . .. . .
Mr. Lewis Freedman Hollywood Television Theater
Mr. James A. Lippke Broadcast Mana«'umnt/i:nbmurmg_,
Dr. Lloyd Morrisett, Chrm. The Markle Foundation
Ms. Theodora Sklover " The Open Channel
. Mr. Robert D. Smith " WNVT (Channcel 53, Northcrn Virginia
4 - Mr. Charles E. Tate S The Urban [nstitute

Popular Services Suggestc:d
AUCTIONS
' Reul time live or lepsud (blddmg_, will LlOSL at noon).

COMMUNITY FORUM _
Consensus recognition and dlssunnmtxon by the computes . groaping pro and con
] Lommumty questions. . . .

1001 ANSWERS.
Pooled community experience on ““how to,” “who to.” “when to.” programmed
or bulletin board format. An experience Ldtleé '

EVERYDAY. THERAPY , S ’ .
Interpretation of dreams . discovery-of people with similur problems — grouping
for mutual.gssistance (with anonymity if required) - sensitivity tapes. ’

E EQUAL TIME FOR THE CONSUMER - |
LLgltlmdtC gripe board cxposmg “less thun buttcr business practices.,

RELIGION .
~  Contributing to and sharmg lxturglcal expcrlences

THEATRE GAMES o ' T :
—— Role playing - simulation of results from altemdt\ COUrses. ot action (domestic and/
or community).

MUSIC AND DRAMA . o
Computer organ in your home — smgs along - play.rcadings - poctry workshops.

" -

g
£,

WORD GAMES -
Scrabble - anagrams - pdSSWOI‘d tru ~ word construction. i
GAMING ~ o
- Poker - BlacksJack - new games unique to TV - playing versus the machine or
other people. . . _ ' ’"

(continued)
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TABLE VI (continued) . '

o COLLECTORS NETWORK
Sharing the enthusiasm of possession. - .

PHYSICAL FITNESS/DIETING , .
Specmc exermses/menus for subscnbers problems

AUDIENCE PROFILING |, : ,
Mechanism for responsc to services - who’s new in town, their skills and hobbics -
-- community resource data bank.

ACCOMMODATION
To rent or sell house sxttmga—» exchanges

SWAP/THR[FT SHOP
‘ Staffed by volunteers for dmnty hOSpltdl funds, etc.

RAINY DAY ACTIVITIES - ' - e
Plans and dir¢ctions for games and projects to fill chlldren s shut-in hours with fun
learning actwmes

.




the question of access to such caﬁéht]itie§‘has heretofore not been
successfully addressed. Now, computer—contrOIIedrinteractive televi-
sion provides many poihts of.access, making them.avaiiable to. a wide
range ot people and'instit§¢ions. The system“we ere demonstrating
in Reston (and wili better,demonétraté in Phase II)'providES these
essent1a] 1ngred1ents for the "ideal" commun1cat1ons system, whether
or not a truIy succeSSfuI set of services can be 1mmed1ate1y 1dent1(1ed
The second panel, which met in Augu§t, was askedvto generate 1deag :
for the foIIbwfhg: . | |
® Computer Content° Entertaihment'and informal instructton.pro~
grams unique to ‘the interactive deI1very mode. | |
9 “The Commun1cat1ons Funct1on The computer -mediated format in
which new communtcat1on I1nks between peopIe may be deveIopeq
in community- 1ife, companionship, and'persenalﬂhroblems.
The paneIistsi'euggestions and phiorities areidiscussed in Volume
IIIf” Tables III and TV in this report summarize the app11cat1ons de-

veIoped by the pane]s In add1t1on, the August paneI stroneg recom-

) mended that

) Representattves from the f1e1ds of educat1on, pr1nt media,. and
the tabIe/and TV 1ndustr1es should be seIected‘and organ1zed
‘1nt0§a uohking team'to:phhvide a sounding boardcfor a continuous
progranm. - o c . '

e MITRE should start negotiating now wi th pilot- c1ty candwdates,.

and-a'site shou]d be_seIected;as soon as possible. Existing

«
—
T
i e S

52



RN

instituttonshin the candidate pi1ot4city communities shoUid
be used esﬂa'major’source of ideas on applications.
In summary, a considerab1e body of material has been documented
concerning potentia1'services. It is time to’move the progrém on

from-genera]itiesvto specifics, to proceed to an empirical program in

an operational environment, starting with services subjectively chosen.

Services for families in Reston dur%ng the next seven months have al-
ready been chosen Table VII gives an attractiveness‘rating to

an 1mportant subset of the panelists' suggestions for services in
Phase 11 and 111. o

4.3 Selection of Candidate Sites for an Eventual Urban Center Trial

of Interactive TV Services

In.the selection of candidate Phase III implementation sttes, the
requirements of a successfu] demonstrat1on and eva]uat1on must be ba-
lanced against the re1evance of these requ1rements to the needs of other

U. S. cities. Accord1ng1y, summary 1nformat1on has been comp11ed to:
° Ident1fy all cab]e systems in the Un1ted States that have the
techn1ca1 capability to acccmmodate interactive te1ev1s1on
demonstrations, or tﬁat Wi11 have such a capability by tne
summer of 1974, when Phasz I11 of our study will begin.'®
] Prov1de certain additional 1nformat1on about the system, its

operation, "and the city in which it’ has been or w111 be built

that can'serve as a basis for pre11m1nary narrowing down of

]6P11ot Projects for the Broadband Commun1cat1ons Distribution Systems,
Malarkey, Taylor, and Associates, November, 1971.

-

[y
R
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candidate sites to those that should receive further study
S . before final choice of a site for the Phase III demonstrattons.
-~ The Federal Communications Commission's new cable rules, promul-

gated on MarEh\3T;\ngZ, require that new cable systems'in the nation's
. . } \\\ —
top 100 market areas have two-way.capability. The relevant section”

. \
of ruTes reads: - . T

On review of the comments receivad and our OWn\eng1neer1ng
estimates, we have decided to require that there be built_into
cable systems the capacity for return communication on at Teast.
a non-voice basis. Such construction:-is now demonstrably feasi~
ble. Two-way communication, even rudimentary in nature, can ‘ T
be useful in a number of ways -~ for surveys, marketing Service '
burglar alarm devices, and educational feedback to name a few.

We are not now requiring cable systems to install necessary
return’ communication devices at each subscriber terminai. Such
a requirement js premature in this early. stage of cable's evolu-
tion.. It will be sufficient for now that each cable system be
constructed with the potential of eventua]]y providing return
communication, without having to engage “in time-consuming and
costly system rebuilding. This requirement will be met.if a
new system is constructed, e1ther wf\ﬁ the necessary aux111ary
N equipment (amplifiers and passivé devlces) or with equ1pment

that could easily be altered to prov1de return service. When

g offered, activation of the return service must a]ways be at the

K ' ~subscr1ber s option. .

As can be seen, these ru1es require no more than harrowbahd,‘non-
voice return>capacity. As a practica1 matter? howerer, they are'1ike1y’
to be surpassed in most or all new cable systems in the top 100‘markets i
by the 1nsta1]at1on of equ1pment from one or. more of the major manufac~
turers that prov1de some 20MHz of return capac1ty

FCC's rules will produce a new generat1on of cable systems in major
market areas, a]] hav1ng two-way eapab111ty In fact a number of-c1t1es

¢ - that -had started franch1s1ng pr0(eed1ngs before the ru]es were
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promu]gated were already planning on two-way capac1ty, and have so
spec1f1ed in the1r hearings, or had recently granted franch1ses, or-
dfnances, etc.lAIn addition to-1nsta11ed two-way systems,. therefore;
we can give considerationbto a certain number of sites where frahchisea:
”have been granted;-or soon will be granted, franchiées'that ere jike]y
to have suffiedent installed technical capabiiity two years.from now
“to make them e1fgﬁb1e.-rThe total number of systems discussed in Volume
- IIT ds twenty—ﬁine. of these, eleven are prime candidates: |
o If asite with installed capacity is preferredi

Akron, Ohio | |
~_ o Orland, Florida , S

T .8 Ifa 1erge city is preferred:

Houston, Texas
San Anton1o \Texas

\

e If a medium-sized C1E§?\WTth "b1g city" urban character1st1cs
is preferred _ e

Gary,'Indiana
Dayton, 0Ohio

r{_

¢ If a medium-sized city with "suburban“ character1st1cs is gre--
ferred -

_ Ar|1ngtonl_erginia
Sunnyvale, California

o If a "new community" is preferred:

Reston, Virginia
Jonathan Minnesota

] If a c1ty with contiguous suburbs or more affluent ne1ghbor1ng
communities, all franchised, to the same operator and 1ntercon-
nected, is preferred

"Lynn, Massachusetts
Orlando, Florida

56




o If black ownership is regarded:as impor}ant:
Dayton, Ohie |
These sites have been ranked by applying comparative scores, basedh
on a subjettive analysis of their standing in various categories. This -’
is a supp]emgntary technique which provides an additiona]’guide,to the site
-—Selection process, but which shou]d‘not be thé on]y basis.%or a‘site’recom—
‘mendation. One important factor concerns the adaptability of existing and
desjgned syéfem cohfiguratjons tolthe hub ééncept. A.conventidhéT one-way

service hub would serve from two to five times the number of subscribers on

AL, s

an interactive service hub as is described in Section 2.1,  If distribution
systems do not develop along the “mini—hub“$1ines, we will still be able
to offer TICCIT on operational systems when frame-grabber prices drop.
For example,.some have more extensive medical facilities; some have more

o extensze edﬁEationa] facilities; some have better developed cultural |
faci]itieéﬁ‘some have better~deve1bped~community group and.civic actioh
groups; some have better facilities for commUn{catjhg municipal and

B socﬁal'informatioﬁ and services to their résidents; s;me have demogra-
phic;charécteristics that might be conducive to better testing of cer-

tain types of demonstrations.
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5.0 DEMONSTRATIONS OF INTERACTIVE TELEVISION

Show;ase demonstrations of interactive service concepts have stim-
ulated feedback’from communicatprs and the communications industry
and have been a catalyst for continuing developments in the tecHno]Bgy
and!app]ications of interactive television.. Demonstrétions have been
the primary vehicle for déve1op1ng_both the hardware and the progfam
content from concepts into practice. Future demonstrations will
carry interactive te]eyiéion from the 1aboratory 1ntg_the home, from

an experiment into a utility.

MiTRE is soliciting.industry to join in the technological

‘developments and is welcoming social science centers to join in the

evaluation of the social impact of interactive services. Interactive
television is a system of concepts (see Table VIII), not a'particu1ar
collection of hardware and software. At different periods, each

concept must be tested individually. A goal for this study is to

| develop a plan (a defacto statement of feasibility) that, when put

into pracfice, will demonstrate that the combined concepts delivered
to schools and homes simultaneously are both easy to utilize and
valuable to the subscribér.

- This section reports on the history of these demonstrations,

" their impact, and the new Reston demonstration content that has been

developed under the NSF grant.

S
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5.1 1971-1972 Demonstratioﬁsrat Reston

1=

From Ju?y 1971 to June 1972, demonstrations of conceptua]ized'
services delivered via TICCIT ovef the Reston Transmission Combany's
cablesystem were attended by over 1;800 people - from North and -South
America, Ehfope, and Asia. A\

The demonstration was held 1h a home setting in order to simulate
' the'environment'of a typita1 user Eutuit Was-thé 1ecturer who held
center stqgé.b The MITRE demonstkétor‘handled the'interactibn Whi}e_
“the audience viewed paséivé]y.“ The v1sitors.(in the majority) ma]é,
45, white, and professional) were not in their typical home-user role
during‘fhe demonstration and therefore cou]d not pFoVTde a source of
data on fhe home use of the system. . ' n

The confent Qf the data display, although necessarily Timited,

was designed to reflect future potentia]lfor the system. C]aséf?%ed
ads, television, and phone directories were used to demonstrate in-
_expensiyg’mass storage cgbabifities;v The\desk ca]cﬁ]ator and
_community‘ihformation méteria] 111ustrated‘prahtiéa1 hom; services,
and -the Timited computer-assisted indtruction and medical information
gaVe a sense of personalized seryicgsﬁwﬁthihigh §9;1é] uti]ify.
| Meanfngfu] levels of 1ﬁtera¢tion between use% and system were
deve]oped.oy schob] children. fhese studénfs ranged from grade one
to grade.eight (a few high school ahd college g}oups also attended),

“and the results were very positive. Several important aspects o

our system became apparent from these demonstrations. Children,
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even at the beyinning, are not afraid or shy about using the equip-

ment. Once éiven simple 1nstructions (or a simp1e demonstréfipno,
they work quickly and easi]} ahd have a high rate of fetention. One -
group uséd_the syStem in early Jduly; when théy used it again 1in
September, the cHiJéréh needed no refresh 1nstfuctions on how to
pperatelthe terminal. This experience was in 1ﬁne with 6theriéx¥
periments with CAI at the e1ementaryléchoo1 Tevel. ”

5.2 The Impact of TICCIT-Demonstrations - . *

‘The visitors to the Reston demonstrations have represented every” .
major government department, a spéctrum of educationa1-in$titut10ns
from research Taboratories t67e1eméntéry and préschdo1‘6pé¥ations,
municipal, fiﬁant1a1, and citizen s groups; foundations; the media;
and domestic and ﬁnternétional orpor;zﬁonSQ Amdng those attending
weée the Président of COMSAT, z;g\ghairmén of ‘the Canadian FCC

equivalent (CTRC), the Director of Cable Television Bureau of the

.FCC, the President of Go]dmark(Cohmunications, and the President of

TVC.” (Appendix A Tists the drganizations and institutions represented
at demonstrations.) ‘ . | | e

The reaction of visifﬁfs has been generally enthusiastic and

,{dbnstructive. Visitors hot only have assessed the potential TICCIT

"Cthribution to their fié]d, but most have also shown excitement over

the persona] involvement that the program offers. v“When will I be
éb]e to hav%‘this_in my home?," is probably the M6ét frequently

5sked question.

&
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The demonstrat1ons have 1nf1uenced the communications 1ndustry
1nternat1ona’1y This is c]ear from d1scuss1ons w1th Canad1an,‘.
. ‘French, and Japanese manufacturers and w1th government off1c1a]s
after they have v1s1ted the demonstrat1on Here in the U.S., for
example, one of the largest e]ectron1cs‘manufacturers in the:country

has ﬁndicated that the Reston demohitratfgn“had a major impact on

its board of directors': decision to enter the communications field.

We haveﬂreason to be]ieve that.the demonstratfon also 1nfjuence the

’ Office of.Telecommunications Po]icféandfthe FCC toward adapting a-

policy encouraging two-way Cable development. The. evolution of the:

'M{]BE two-way demonstration is Timited prototype experience and

“stimulus to industry that encourages the provision of those products

thatVsupport-masé~diééemination. Japanese manufacturers. express

the most immediate 1nterest. Shortly after a high level deTegation

of the1r industry and govarnment 1eaders visited, Japan ‘announced
$]0 m1]11on deve]opment program in this field. a

Demonstrat1ons are influencing future'soC1a1 science exberi-

- ments. 4Dialogues are turning into plans to "pﬁggybackt on the Reston

testbed. Universitiee‘are funding;programs to develop ideas in

participatory denfocracy, continuing education, clinical telecommuni- .

cations, programs for the aged, and services for the disabled.

5.3 A New Reston Demonstration“Deve]opeg"Under fhiS'brogram

- A second-generation program, covering the-origina], plus some’

- major new content and technological and economic improvements, was
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developed under this grant. This program_was“assenb1ed becaUse the
demand for demonstrations contjnues and the technology has pnogressed
n dramatica11y since the original denonstration was started. The
resolution of the alphanumeric display has improved, and a graphic’

@

capability and variable fonts are now available in seven colors over
. standard_TV channel bandwidths. Both'sti11 and moving éray—sca]e
vigeo segnents can beiinterspersed betweentthe compgter—generated;’”,M
alphanumeric trames;~ . “ S |
The new program content has added the following mater1a1s

..o Data retrieval screening to su1t a subscriber's unique needs.

" Interaction between subscriber and computer memory bank
" during an auction.

o Educational games.
e The concept of a Televisit by .a-physician.
o Retrieval ofbgray—scaIe photographic data.
0 Surrogate gamb11ng

:j' »Each of the above represents an embryonic. program that could be

- /

deve]oped to prov1de an 1nteract1ve service simiiar to those in the

or1g1na1 demonstrat1on program listed in Figure 2. -

Selective data retrieval is 111ustrated in the new Reston demon-

" stration by an 1nd1v1dua11zed emp]oyment search program " The sub-,
chaber answers as many as he chooses from a list of quest1ons about
his educat1on prev1ous experience, sex, salary or wage requ1rements,

and preferred work hours and ]ocat1on. H1s answers determ1ne wh1ch
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jobé in ;he data-bank meet his broad requirements, these are}then_dis-
played for the subscriber to browse through. .Adequate space is-avail-
ab1e‘to describe the job envirohn@nt, show pictures of the products or
the bf%ice,'tﬁe'best’eommuter[rbﬂteé. A distinction is made between
this full description, étoreddonce and selected to suit the subscriber's
particuTar needs, and the space-constricted newebaper“classified aﬁver—
tisements that are stored thousahds of times, in the hopé‘a match with

a chance reader will be productive B ' : -
/'“" /

e

real- t1me 1nteract1on with the computer memory bank. Having establishea /
one's 1dent1ty “and cred1t rat1ng, an automatic credit 11m1t if'desireq_ /‘
on bidding, each subscriber can view the,objec;‘to be auctioned. »The'
current high bid and the time of the auction closing are diSp]ayed on |
the"séreeﬁaf“éadg“a?e'entered via the keyEOard " The exercise. exposes
the prob]ems of subscriber identity and management from the headend
. of several s1mu1taneous remote terminals and their 1nteract1on
Educat1ona1 games (any past time in which sk1115 of observat1on,
comparison, memory, etc. are requ1red) prov1de a compet1t1ve framewofk;
for 1earn1ng experiences, e1ther among subscr1bers, or between subscmI
ber and computer. An example is a word game where a series of three~

letter words must be unscrambled W1th points awarded for speed and ac-

curacy. , : e

The physician's Te]ev1s1t 1s an examp]e of cémmun1catvon rep]ac1ng
| ,

}trangpgrtat1on, an 1mportant concept in its 0wn r1ght. The social b

!

- : - g
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imp]%é;fions of the hodgg;fo—c1iﬁic'Viééa:]ink obviods]y extend beyond
ﬁedicine-to community cdmmunicat#ohs fn,ggnera]. |

" The fu]T;*albhahumeric keyboard?g§ nebessary (and available) for
secyjtesAfﬂgiﬂfequire subscriber-typed message‘ihputs. THe program 1is
de§igned, however, fo‘a11ow the’hqﬁprity of thevcgncepts to be controlied
by a standard, 12-button touchtone te1éphone pad. This is in line with
 the general phi]osbghxﬁﬁehind=thg'demonstratf0n design, simplication

“

of the terminal equipment in the subscriber's Hofe.
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"~ 6.0 PLANS FOR THE IMMEDIATE FUTURE

,The'preparation for extended Phase I is oUtlined in this section.

These are the short-term plans that will provide theitechﬁical and

~ \icciological experience that must be gained before'a desigh for a major

\\

urban env1ronment can be realistically attempted

\

~——

6.1 Servlces P]anned\for Multiple Home De11very in the Next Seven Months

—

—
It is MITRE's recommendation that\pre11m1nary tr1a15 of interactive
\\_.t

te]ev1s1on should concentrate on: o | T
@ Instruction delivered 1nto schools and homes;
‘o Community communications and social services delivered into homes.

In broad terms, these twovrecommendations represent services di-

. rected at capt1ve and’ non capt1ve audiences, respect1ve1y The empha-.

. sis for our immediate p1ans will be on 1nstruct1on t0~aud1ences_that

hare'a motivation to view and learn, or at lTeast who have‘hadntheir
time appOrtaoned so that they wi]] attend to the prodram In contrast )
serv1ces for a non capt1ve audience must be des1gned to attract and ho]d
ap audience in order to serve it. The techn1ques for des1gn of social
services, compared with those fdr instructional §ervices, require a
much different qiscipline and apprQach to the material. |

| Discretionary time of individuals, after all the "necessary" aspects
(including ch11d ra1s1ng, ‘religion, etc. ) of Tife are accounted for, is
most]y\spent in compan1onsh1p, entertainment, prob]em so]v1ng and se]f—
1mprovement, shopp1ng, and (usua]]y to a muchVJesser extent, community
1nvgtvement1 Because of the.necessarily'limitea audience size, it'is ./

\
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our intention to overlap some of these existing;numan desiresaand_be-
havior patterns with our first selection of services. In other words,
improving the qua]ity'of life (not just tne:conVenience of 1ife) through
, these potentia1‘services means serving indifidfa].desfres, even though
they are unfu1f111ed and evén unrecogn1zed 4} |
As detailed elsewhere in this report, the initial set of services
'_“can offer_no more. Feedback from the commun1ty is vital to adapt the

initial service offering to thetneeds of the; community. This, however,

o

does not decrease our responsibility to create services with great-senf
sitivity and ingenuitv Format, as well as 1ntent, in our op1n1on will

g great]y affect’ usage and acceptance In the past year, a very-m1nor

effort has gone into creat1ng thewcontent of our demonstrat1on programs
in social service. -.To our program, we haVe now added a. number of crea-

t1ve 1nd1V1dua1s sK111ed in var1ous spec1a11t1es, who are ded1cated to

creating programs in a wide range of 'service categor1es (Note that

(

te]eshopp1ng, te]ebank1ng, and telereservations are not included.
MITRE recogn1zes that, 1n a fu]]y operat1ona1 system, tnese commerc1a1
services potent1a11y add significantly. to the econom1c v1ab111ty of
an interactive te1eV1s1on operation. However, MITRE be];eves it is
administratively premature to mount sucn services at'this time;)

6.1.1 Instruct1on o

The 1n1t1a1 serv1ces menu-will include -a major data base of in-

struct10nal‘mater1a1. In part]cu1ar5 we.p]an,to_prov1de services to

J

i Stanford‘University's (Professor Suppes) Computer-Assisted Instruction

program of elementary schools of drill and practice in ar1tnmet1c,
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~eading, and grammar. Based'on'ta1ks with officials of the Fairfax

County Public School System, the three elementary schools in Reston will,

in all probability, make major useiof this material. The major innova-

tion of the Reston school program is that not on1y will approximately

- 15 terminals be ut111zed in each of the three e1ementary schools, but

that the same mater1a1 will be ava1|ab1e to the children in their homes.
The computer w111 keep track of students- progress in both the: schoo1
and heme env1ronment. |

HThe second major instructional service wi]]xbe providing teachere

a special, extremely simple programming lTanguage.that will'ailow them to

~ generate special instructional rout1nes on the TICCIT computer d1rect]y

from.the remote term1na15 This interactive programm1ng languaged,

called "Mr. Computer," has been used in New York State w1th great suc-

. cess by s1xteen schoo]s for the mentally retarded. The 1anguage was

deve]oped by Genera1 E]ectr1c Company and is so simple an average
teacher 1earns to program it in approx1mate1y two hours. |

6 1.2 Compan1onsh1p

For‘the.house—bound, the very.o1d, the infirm, mothers with small

children, and the "urban isolated," companionship services:may prove to

"be the most important of all. Cenerations no longer Tive together in

the same household, and the ne1ghbors in an apartment building do not
know each other. The computer can provide @ variety o|'serv1ces, some ’
of which emulate the kind of social intormation available in a small

community:
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o A dynamié bulletin board of who wishes to do what. For example,
| who wants to play pinochle at 8:00 tonight.; Skills, hobbies,
sports interests, reading to preschool children -- each is an
example of possible mutual interest tha%imight stimulate com- -
munity members to be more aware of each other, and could lead
tb person—to—person con%actl

o Communication via keyboarqithat allows anonymous person—to—per—-
son communication. This might be important for discussions of
personal problems, and possibly, a format for the equi;a1ent of
encounter therapy.

o Games that can be played on a person-to-person basis via the
interactive television communications facilities. Checkers,
bridge, and many other games could be played by people who are
either unable to leave their hbuseho]ds, or find if inconvenient
to meet in persor.

6.1.3 Community Ombudsman

In the past, both precincts‘of a large town and small towns usually
had some individual to whom one could go for help in confronting the
confusing bureaucracy of federal, state, and local government. Many
"services" now provided by the government Qere provided by individuals.
Today, the Tocal alderman, "boss”, or fixer, is unknown to the urban
mobile population. Wworse yet, finding out the service, nature, avail-
abiiity, and government organization to contact when one has problems

is information which, in our society, has been taboo to advertise. For




example, one does not see any advertisement, either on television or
1n the newspapers, or in the display ads of the. c1 ssified ye]]ow pages,

for the servtces of the small claims court. ‘One can speculate, in this

~ -

" particular example, that this is one reason why the small claims court

is now used primarily for merchants to seek redress against a client,

1nstead of, perhaps, the vice;versa. There are almost endlesS;other
exdmp]es‘of community services that are difficult for the averaoe citi-.
zen to interface with. We think this is especially true for the poorly
educated and sem1-111erate The computer, in these cases, can be pro—
grammed to ask the user what his proh1em 1s, or perhaps present h1m with

r

a series ‘of 1ndexes After narrowing down to aﬁspec1f1c agency, the

computer presents information on detailed procedures for obtaining assis-

tance, and the details of what services can be’prov1ded. We think the

difference.between this approach andvsearching and calling  through the

government: bureaucracy is strikings

6.1.4 Community Soapbox

The*]imitedgspace in "letters to the editor" in local newspapers,

and the even more‘limited space on television editorials in today‘s

media provides no rea] subst1tute for the 1nf1uence an 1nd1v1dua1

in a small community can br1ng to bear. Here is a medium for everybody -

poets, artists, ph{1osophers Creat1ve ideas ava11ab1e to the COmputer '
data base can be perused, on demand by those who are 1nterested in

hearing them. The low expense of a s1ng1e-t1me storage ina computer ‘

‘v_data base enables the establishment of a commun1cat|ons med1a for which

there is no subst1tute in today s society.
_ 1
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6.1.6 Community Coherence

People do not participate enough in community affairs. Often it

is inconvenient, even embarrassing, for a citizen to express his views,

'say in a hearﬁng discussiné the widening .of a public rcad. when a much -

broader cross-sebtion of community opinion feels otherwise. 'We think

it is at least worth exploring whether it is practical to expose differing

opiniopjin real-time community méetings, An alternative is non-real

tiﬁe/heans to achieve simi]arlends. Experiments in "participatory

q;ﬁbcracy” could be mounted on a test-bed, interactive system, such as
//%he bne planned for Reston. A member of the TICCIT staff, a lawyer, is

expected to seek practical formats for such an éxperiment.

6.1.7 Subscriber Design of the Medium

-There is no reason tb believe that we in the "ivory towér“ will
come up with the most relevant programs for bhe computer. For examp1e,
the teebage hot]ing br suicide hotline, or tbe call-in rabio talk ;how?
were not 1nvenbedfby the telephone company}ﬁ‘Neither was &he BéétTé
culture invented by the inrbntor of the 1on§—p1aying record.yﬂFor this
reason, we plan to a]}ow;sUbscribgrs in thgir homes tbvprogram'the
computer to .generate new services bf their own design. The means. to

do this will be a possibly expanded version of "Mr. Computer," a very

« simple language to allow the ordibary person to program the computer.
Not only might members of the commbnjty}prograh their own little CAI
prograhs, but an endless Tist of possibj]ities is opened up.. For

* example, individuals might put “how-to" information on retibes, bird

identification, or other material, into'the‘computer.
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6.1.8 Health Care

A new category of health institutions, called a "health mainten-
ance organization," has recently been opened in Reston. It is sponsored
jointly by Geqqgetown'University Hospital and various federal grants.
Its charter”1§ to proVide not only primary, largely prepaid health care
seryices for the resfdents of Reéton, but to seek new ways to maximize
the efficiency of health-care workers, using such approaches as para-
medfcs ahd sophisticated computer and communications technologies. The
director of this organization, Dr.:Sehnert,land HEW's Health Service and
Mental Health Agency QVe both interested in exp]oiting_intepactivé tele-
vision to tese the system's efficiency in maximizing health-care déffvéfy
efficiency. In particular, service; such as doctor-in-the-office to
patient-in-the-home two-way televisits, hea]th-pfob]em écreening,
and "triage" with the interactive computégﬂfn‘the home, and problem
oriented medical record data bases are being seriously explored for
use on the Reston TICCIT system.

In the deveippment program for generating the above services, it
s expegted~there will be a wide range of needs to meet, and courses
with a Variety of funding agencies.

6.2 :Mdnageheht and Service Production Delivery

. The tasks supporting the delivery of services into subscribers'
_homes .in the firsf'tést—béd trial of interactive television had been
~originally planned for Phase II. Now they have been advanced. The

simplification ééhieved in the home terminal equiﬁhént during this
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study period haa greatly increased the potential number of subscribers
that interactive te1evision may reach from the start. Qur decision,
during the immediate future in Reston, is that we shouldicapitalize on
this larger data hase for~sociqihimpact.measurement. / |

The management of the servite production and delivery system starts
with the question: What should Qe the source of the services: The
June -panel emphasized that services should be chosen as much as oossib1e
from existing datavbases, rather than spending time and money in genera?
tino original programs. New programming should be ]imiteo to community-
centered activities, such as weather reports, bus schedules, local
entertainment, garage sales, or aucttons.

When the content is ready -- that is, a .weather report has been
‘ wr1t cen -- the management software must be generated before thesservices
become ava11ab1e. CAI that has run successfu]]y elsewhere must be
converted for,oelivery by another system. As local CATV origination
programmersshave discoveredgtthe service source is most often the
community 3&se1f . The necessary additional software tasks are those -
that prov*de the. de11very function. ;

The next. question is: How W111 subscr1ber and exper1ment 1nterface7
It is v1ta11y 1mportant that commun1cat1on channe]s between the users '
and the suppliers be v1s1b1e, f]ex1b1e, and above all, easy to use. \

Tine not dependent on the system. Such a heur1st1c and responsive pro-

gram will also require professional interviewing and social surveys..
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We plan to utitize the system itself to monttoh usage, and to
collect general statistics and opinions through mu]tip]e—ouestion answer
formats. These broad base inputs will be complemented by in-depth
evaluations. of random subschiber responses.

It is estimated that at least 1-1/2 hours per household pf
interviewing time will be required over the course of the development
phase;.one-ha1f hour when the keyboard is insta11ed;”to}get background
date and to give instructions; a second, in m1d4§theam to get general
usage infonnetion; and a final ihtehview to cohp]ege the usage infor-
mation and co11ect summary contents when the keyboard is removed. If
1, OOO homes are 1nvo1ved some 200 man- days of 1nterv1ew1ng time will

be neededt ;;L
1 Pt
~ The large-scale home trial will last for a minimum of two to

. ‘three weehs. Butyé"few‘hdhdhed homes will be allowed uSage for months ,

and it is expected'that they will pay fees for‘theiservice In a
short per1od the resu]ts may on]y ref]ect the nove]ty, a longer
interval shou]d give a better est1mate of how pEOple would regu]ar]y
use this medium. |

For the early 1mp]ementat1on of interactive services, the home ‘

telephone w111 be the 1nput keyboard. Twenty simultaneous lines on

the computer could allow approximate]y'four hundred subscribers to use

- interactive services each day for half an hour (assum1ng a ten hour day)

\»The actual demand prof11e w1]1 be evaluated cont1nuous]y as a function

of the services offered Such characterigtics of the system are

fundamental to the preparation for the Phase II market test.
© 75 o
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The size of the effort and the varying work schedules for the
survey 1ndicate that a small field office should be established for
dmtnistrattue purposes. Such a’FTe]d site would support ma1ntenance
in additipn. to providing the demonstrat1on with a closer tie to the ‘ /
community. . - o K
6.3 An Evolutionary Computer System Design

S . '
The present TICCIT demonstration must be reconfigured and expanded

tolprovide a-variety of interactive services to many Simultaneous users.
The. presentat1on is now designed for br1ef1ng demonstrat1on$ with on]y
one user on- -line at any t1me, ahd a sma11 data base (32, 000 word
core--no ability to access d1sk storage) There'are a-number of ways
in which the present system can be expanded to satisfy the extended

! Phase I requirements (20 simultaneous users and five to ten milllon

| - characters of storage). Our design approach is guided by two addi-
tional goals; first, the system must be expandable to 100+ simu1taneous
users, without reconfiguration, so that there will be no need, -during

Phase II, to start all over with the hardware and software‘design.

Our seccnd goal is to.make maximum use of the investment made by NSF

in our community co]]ege‘TICCIT operating system softwdre. Thus, we.

? . selected a hardware configuration that is well-suited to the. demands

of 1nteract1ve*te1ev1s1on while also being compat1b1e W1th the opera-
tional features of the un1que operat1ng system we are deve10p1ng (i.e.,

L /" the on]y operat1ng system for a m1n1computer that can support over

| : | ,
I one hundred s1mu1taneous users). : : ¢

1 N ' 8

i ! . . .
| ! - : o
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Figure'3 shows the new design for the Phase I operationai System;

The computer load is split between two processors: . one'at MITRE's
McLean, -Virginia offices; the other“at the Reston Transmission Company's
headend in Reston, Virg%nia. The two processors are connected with a
_full duplex, 4800 band, te1ephone data line." The communication
processor in Reston accepts keyboard 1nputs from users, performS'simpJe
ed1t1ng on the 1nput packs the 1nput into messages, and sends the
messages to the data base processor Vi the,te]ephone data 11ne In- -

add1t1on, the commun1cat1on processor accepts messages from the dataf'/

I

base processor, and, under its command, causes the char/cter generator ’

/

to output specified TV screen displays to specified users. Ina 1]ke o
manner, the communication processor causes the random-access picture
file to retrieve pictures and send them'to'appropriate users. The

magiictic tape unit, console CRT, and fixed disk are 1nc]uded to allow

kid

a djrect approach to-software updating and correcting. The communica-

tion processor CPU is a Nova 800 minicom'uter, as is the-data rocessor's
p

CPU. . ) ) ' N C'_\~ '

The data processor accepts messages from the communication
: o . . . . .
processor, retzﬁeves user datq and programs from its moving head disk
S

(

data base and lser file, and éhen generates.a response message that '
/ . ,,,.,
' extends to the commun1cat1on processor The Tine: prlnter console CRJ

‘and magnet1d/tape unit fac111tate the generat1on of new app]wcat1on

¥ ' . : _
- programs on the syétem when it is off Tine. , £l

ey e

F1gure 4 shows the 1nterconnect1on of refresh mémories to the

, cable, the character generator, the refresh contro1 e1ectron1cs, and-
ERIC B v )
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the picture file.\;The refresh memory can capture and hold a picture

outhiit by the character generator in one-sixtieth of a second. There

oL b . S . : '
,15 one refresh memory associated with each active user in the system

(in Phase I, there are twenty refresh memor1es) The output of each
refresh (a compos1te video s1gna]) is modu]a od and placed on a channe1

oggthe cab}e. In,Phase I, the modulated output ‘of ten refresh devices

will go on ReSton' cable ”A?, and ten on cable ug on VHF channe1s

not now used, and on mid-band and super-band channe]s that are .not used
I
A user w1ﬂ] be d1rected when he 10 ;s on the system, to tune his/ TV Set

“(or-a set top converter, in the case of m1d band-and super-band’

channels) . to the channe] of an ava1|ab1e refresh memory. The’p1cture§
file in Phase I will be-time- shared over-all users. : g Ny
The refresh memory is a soﬂ1d state d1g1ta1 MOS shift reg1ster,j7

cons1st1ng of approx1mate1y‘\1nety thousand b1ts Th1s device has

excellent reso]ut1on and ret1ab111ty
The character generator has “a programmable character set and can
equa]]y we]] generate graph1cs and. a]ﬁhanumer1c d1sp1ays Ident1ca1,
un1ts have been\fabr1cated in the commun1ty co11ege program and are j
' |

operat1ng successfu]]y

- The réfresh contro]“e]ectronics select the refresh to capture”the"—-~ﬂx;~

\\.

output of the character generator, as well as contro] ¢he sw1tch1ng f

p1cture f11e data to the modu]ators / : \\

R \
- The modu]ators convert base- band, comDos1te v1deo to standard \

N\ \

-~ radio frequencymtelev1slon signals. The outputs of the modulators are\

. \ . | o
N . .
‘ ’ h ) o . \
<. pe X
,,,,, e N . g - B H
. ~ . ¢ )
N
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J

_summed and placed on twenty channels of the tuo cables in the Reston
system, along with standard over-the-air broadcast television signals.
The picture f11e allowing random accessing of gray sca1e d1sp1ays,
a mov1ng ~head, ana]og d1sk memory , with an access t1me of approx1mate1y
one-tenth of a second w111 be used mo perform this funct1on, .N W
p1ctures may be 1nserted s1mp1y by/plac1ng them in front of a TV
camera and pressing a button W1th th1s simple process, they are .
automatically recorded on the d1sk and may then be retr1eved on the
computer control. _ |
The Phase I system is intended to ‘deliver 1ntenact1ve te]ev1s1on
'serv1ces to any home w1th Reston Transm1ss1on Company s” cab]e system.
At any t1me, up to twenty homes‘may:be s1mu1taneous1y using the’ system.
‘"Aé the system grows in Phase‘II, it will support 100 simu]taneous”
uséts;ﬁ Only sma]]‘changest11T be necessar'-—primariiy, the addition - s
i | of another moving-head disk drive anfthe addition of eighty.refresh
vmemories .and modu1ators ‘With the advent of more persona11;ed serv1ces,
i pr1vacy w1l] be requ1red A subscriber must be/conf1dent that the
1nformat1on he stores w111 not 1nadver+ent1y or' purpose]y be d1sp1ayed
" on another s‘screen. Scramb]er techn1ques’1n conJunct.on w1th pay TV

are be1ng developed that offer protect1on by a magnet1c card that

serves as a means.of identity. Such dev1ces wou]d be incorporated for -

! -

‘trials and evaluation.
As configured;lthe Phase ‘I and Fhase II systems will ‘be so-similar

that application software‘generatedfduring Phase I will ‘rin without




modification 1in Phase_IIi In/addition, the Interactive Te1ey1sion
operating system will needﬂoniy insignificant modifications of the
Phase-I and Phase II configurationfto deliver the comnunity college
CAI into any cabled Re:ton home. The Phase I design, therefore, meets.
all of our goals. | |
6.4 Software
QUst as the computer hardwarehoesign is premised on future expan-
sion, so is the software design. ‘Most software‘products developed for
the Reston Phase”i.prOgram Will be useo in subsegquent phases.” :
The software required for an 1nteract1ve te1ev1sion system falls
into three-categories--the operating systemw;authoring software, and -

application program. The app11cat1on programs represent ‘the content

‘and 1og1c of the interactive te]eV1s10n program The author1ng

software provides the means for enter1ng these programs wh11e the
operat1ng system prOV1des the mechan1sm for the de11very of the ;
1nteract1ve te]evns1on programs to the system s users | -
The obJect1ve of Phase I 1s to enhance the ex1st1ng operat1ng .
sys tem deveToped in MITRE's dAI .program. ' The author1ng software will
also use programs. deve1oped in this proJect 'In addition 'a trans]ator
program w1]] be used to convert the se]ected e]ementary schoo] ]eve]
CAI programs into the form accepted by the ex1st1ng authoring software

The need ‘for new application programs will be mimimized by the use of

available CAI programs.
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APPENDIX

B ORGANIZATIONS AND lNSTlTiJTiONS REPRESENTED BY VISITORS
& TO THE MITRE CORPORATION’S TICCIT DEMONSTRATIONS
s ) \ /( }
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FEDERAL GOVERNMENT

Central Intelligence Agency
Corporation for Public Broadcasting i
Department of Commerce X
~ Department of Defense

. Department of Health, Education and Welfare
DPepartment of Housmg and Urban Devdoment . e g.
Department of the Interior L e ‘,,
Department of Justice S '

Department of State/Agency for lnt(.rnatxonal Development

House Commerce (ommlttcc/SubLommlttc.c on Commumcanons and Power
Internal Revenue Service
National Academy of Engineering , .
National Aeronautics and Space Administration .
- National Bureau of Standards '
National Science Foundation

National Security Agency. )

Office of Economic Opportunity
Office of Science and ch}{ﬁology

Office of Telecommunications Pohcy

Peace Corps
Smlthsonmn Institute _

U.S. Information. A;_,enLy/Vmce of America
U.S. Postal Service
Veterans Administration -

EDUCATIONAL INSTITUTIONS_

-

American Univeisicy R
Antioch College, Baltlmor(f“Maryland : ‘ -
Board of Regents — Atlc}n ta School System ’
© Brigham Young Universi“ty

CAI Laboratory, Umver31ty of Texas
Catholic University .

Columbia University |

Drexe! University ) "\‘ ' . ) ' ' e
Educational Satellite Center ) ‘ e

Einstein High' ‘School ’

~"Essex County College



" Honeywell

EDUCATIONAL INSTITUTIONS (&ominucm

Fairfux CountyPublic Schools

Federil City College ™

Howard University

Hunter College

Johns Hopkins University
» Mus,\‘uc‘llusctt;‘;‘ Institute of Technology

Montgomery College ’

New York University R
" Northern Hlinois University
- Northem Virginia Community College,

Penn State University™ R

Pine Ridge Elementary Schaol

State Department of Ed‘uc;lli_on Richmond
- University of Maryland

~ University of Virginia

. 'yl::gini‘ix'Qompulcr College

e ;
i

e COMMUNICATIONS INDUSTRY

AMP Tncorporated. Harrisburg, Pennsylvania
Bell-Eaboratory, '
‘Burroughs Corporation
CRS Laboratory
CBS-TV PR )
CCA Electronics ‘! - ‘
COMSAT = 1| -
Continental Telephone o
Cypress Communications
DATRAN
Electronic Communications. Incez
FEC Electronics o
General Electric Company .- .
GTE Laboratories, Waltham, Massachusetts
Hazeltine Research, Inc, ‘
Holmes Protection, [nc. = - R

et
(

[BM , o .
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,\' . COMMUNICATIONS INDUSTRY (continued)

L 4
Industrial Technological Interface, inc.
Informatics, Inc. '
Jerrold Electronics

Jersey Enterprises . . . N
Lockheed = o : v ‘

. Maryland Center for Public Broadcastmg ' ) I ] ' -
Metropolitan Mass Media - , o < ‘
National Association of Broadcasters
Natignal Audio Visual Corporation
National Cable Television AbSOLlaUO]l -

" Page Communications
Philco-Ford ‘
Raytheon
RCA, New York . ;
Sperry Rand COrpOI’dthI] New York S

. Sylvania GTE : y
*  TELCOM N o e d

Texas Instruments. : ' oo ”
Video Engineering B - o T ' b

. Westerri Union ’ -’ '
WGBH-TV - Boston
WNVT-TV - Arlington - _ .
XEROX Corporation ) e A, . '

"II\‘JTERNATIONAL
BELL Canada
Canadian ‘Radio and TV Commission
Gallo Fillio, Rio de Janeiro :
GFama Fillio University, Brazil @ g
ﬁ Government of Guatemala : o _
Hltd(..hl Ltd., J‘lpan R N : R . oy 7 B
ICS Consul, Paris ' o ' ' :
N ‘Millim Company, Sdo Paulo . ' %’

-~ ORT. Computer Center, Buenos Aires
Partaw Electronics, Teheran

< Teijin, Ltd., Japan !
Univ. Federal de Rio de Janeiro = .

Volvo, Sweden .




. MUNICIPAL, FINANCIAL AND CITIZENS GROUPS

American Banking Association :

~ Arlington CATV Association _ s

Citizens for Arlington TV~ e
Columbia Hospital System »~ ™,

D.C. Department of Human Rgsourccs . ‘

D.C. Library v o

International City Management Assoeiat‘ign )

; Management Advisory Council of Norther-h:‘__‘\/i}rginia ' |
’ Mayor’s Economic Development Committce”’fa;:D.CA .. ql

Mayor of Madison. Wisconsin > L
Metropolitan Regionat Council of Governments - D C metro drea

Opportunity Funding Lorporatlon IS \

. World Bdnk ‘ T |
N he . .\\ . . . e
. ™, . I
- MEDIA REPRESENTATIVES

Arlington County ferforning Arts . \ §
Children’s Television Workshop - ' ' - SN
DATAMATION Magazine ) N
Educational Information Services . \f\

Mc¢Graw-Hill - Contmumg Education Compdny -
National Gcogmphlc !
Popular Science Magazine
; Readers Digest ' -
Standard and”Poors lnvestment Capital, New York
' sthmgtqn Star

FOUNDATIONS AND RESEARCIH INSTITUTIONS -
Aerospace Corporation
American Library Association
~ Arthur D. Little Company .-
;. Cafritz Foundation
CATV Information Center
Ford Foundation,

Hudson Institute
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= FOUNDATIONS AND RESEARCH INSTITUTIONS (continucdy

Human Sciences Research

Imagination Foundation . ’ .

Iinternational Research and Technology . ‘ v R N

- Kettering Foundation-

Kiplinger Foundation

Lincoln Laboratories N
" MarKie Foundation - e \-‘
, .. Myer Foundation : o g
-7 RAND Corporation ~ o } -
Rescdrc‘lg Analysis Corporation
_ Sloan Commission -
- Urban Institute

- .
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