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PREFACH

In Mareh 1968, the U.S. Agency Tor International pPevelopment, in sup-

port of the President's Task Yorce on Commmnications Policy, contracted

with Stanford Rescarch Institute to study edicational applications ol con-
munication satellites for developing counbries, The study was designed lo
dvtofmjnc the potential of satellite-delivercd cducational broadcastis
{through analyscs of two developing regions, A single lurge nation, India,
and a multinational region, Taotin Anerica, were choscn as casc studies 1o
jillustrate the scope of possible applications. The cmphasis of the casc
sludies was to he on the cducational, economic, cultural, orgnniz;lionp],
and political factlors affecting the Tnuﬁihiljtytand utility of satellite

communication,

This report contains working papers relevant to the study. Volunes

in the project series include:

Voiumv 1: Satellite-Distributed Educational Television for

Developing Counlries--Summary

Volume 11: Communication Satellites for Education and Development--

The Case ol India

Volume I11: Satellite-Distributed Educational Television for

Developing Countrics-- The Case of Latin America

1100 ! , sflt




Volume 1V: Satellite-Distributed kducational Television for
Doveloping Countlries--=Working Papcrs : ! v |
1. Ronhmrdware Components of an Instructional Tele:- |
) . 2 |
Cvision Systen fov.a Daveloping Country |
2, Conguderations in Deciding Whether and How to
Introduce an Educatlional Satellite
3. 1Film Versus Television dn Education
4. Technieal Considerations of Satcellite Communication
|
Systems Tor Education
5. DYolitical Obstanceles Lo Adoplion of Nduchtionul
Television
6. FKcononic Analysis of the Alternative Dislribution
Systems for Educational Television
7. The Role of Radio in Supporting Educational
Television
. [
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INTRODUCTT ON

by Williom J, Platt

This volume contains a collection of working papers desipgned (o
accompany (he case studies of Indin and Latin America in providing a

{ramework for the planning of cducational broadeasting systoms. |

In the first two papers, Professor Schramm offers useful oricentation
]

"{0 policy-makers who arc congidering ETV (educational television)., lHis

. . ; ‘ |

discussion of nonhardware components stiresses the importance of allocat- |
. |

ing major planning and organizationzl offort to cducational and program |
|

production matters. They, more than thoe physical technology, delermine !
the ultimate feagibility of c¢ducational applications of broadcasl ncdia. |
|

|

Instructional films clearly have some relationship to instructionnl :

i [

[

television, 1In Working Paper No, 3, IMrofessor Schenkkan compares the |

two nedia with respect to cdveationnl ceffectivenecss and with respect Lo

ihe ccononics of production and distribution,

B. R. Stack, in Working Papcr No, 4, reminds us thal communication
’ o )

depends on limited internaticonal resources, that is, there arc a finite

amount of fregueney spectrun available and a limited number of "parking

slots' forsatellites in synchronous orbit, Interference considerations

limit the power that can be radiated to and from a satellite. Thercfore,
- i

what are properly world resources, Mr. Stack also calls atlention to the

Vol 1V ‘Intro 1 platt pch




amount of lead time that would be reguired to restore service in the

cvent of failure of some aspect of a sptellite communications system,

-

Orgunizationnl and politicel adjustments of.snms magnitude are
associated with 1he adoption of a large sciale innovation like ETV,
Prnroﬁﬁur penveniste, in Workinpg Paper No. &, digcusscs chartacteristics
of orpuanizational sctlings typically Jfound in developing countries.
Drawving on these characteristics, he anulyzes obstacles likely to have
{o be overcome il BV is to becceme an integral part of the instructional

systen,

In Working Paper I}'.'tl. G, Andrew J. l_.jp.i.nr;_lci describes and docunents
the cconomic analysis 1:qb;i in estimating cost elaments of cducational
television systoens, Cumpurcfubnscd cosl models werce-developed to provide
the flexibilily for exploring a wide range of demand levels, geographical
coverages, netlwork configurations, pruﬁuremvht pu]iciés, launch szralwgics,

and other options.

The project team interpreted the scope of the study to place major
emphasis on the Lelevision medium rather than radio education, lurgely
on the basis that the medium offering both visunal and audio signals has
the greater learning impact and ig of more interest for satellite dis-
tribution. Since radio has an intercsting cnpab;lity to support or
anticipale ETV, Andrew D, Cohen was invited to prepare vorking Paper No.

7, which deals with the joint use of the two media and with radio as a

backstop for ETV,
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Working Paper No. 1

NON-HARDWARYE COMPONENTS OF AN INSTRUCTIONAL i
PELEVISION SYSTEM FOR A DEVEIOPING COUNTRY '

by Wilbux Schramm




NON=JIARDWARY, COMPONENTS O AN INSTRUCIIONAT,
TELEVISTON SYSTEM FOR A DIVELORING COUNTRY

by Wilbux Schyamn

When most of us think of instructional television, we tgink
fivst of the hnrduarc.ﬁnd electronics of the system ~- the dancing
iights on the picture tube, the transmitter toewer, the studio buillding,
the cameras, and so forth. When such technology is introduced into a
developing country, wheére even a chalkboard may be a luxury, the harxd-
wara is doubly impressive. Yet those of us who have worked with ‘this
teaching-learning system kﬁow that television's only really significant
contxribution to the system is a method of delivery, and its effective-
ness depends 1cr3&1y on the nou=harduware componcnts built around the
delivery chaln. We have also seen attention and concexn typically
focus on the havdyare, to the ncg}cct of the rest of thec system. In
the following pages, the;cforc, let us turn our attention to the non-
hardware elements of an ITV system.*.

The essential purpose of such a system, when 1t is used for
education, is to share teaching and demonstrations very widely.

Functionally the system can be visualized thus:

* Throughout this report ITV refers to ETV in whicli reception is
organized, as in a classroom or telecenter,




Undzr policy control and
diyection of managencnt
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teaching and demonstrations > shaved widely (-2 users in many places,
are produced at a central with__“u.__l who build nxound the
place. These are picked up broadcasts a contoxt
and i) ' of learning activity

from which__.

-> reports on the effectivencss
of the prograns go back to
those respousible for producing
and diatributing then.

By naming thesc functions we can deseribe a structure for

the system:

e
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It is obvious that there is a great deal of hardware in this
system -~ the studio equipaent, the transniéter and the tower, the
receiving sets, and so forth -- ané that it represents a large capital
1nveskment. Wwhat may not be so readily under stood is that the greater
share of the operating costs do not go for hardwere, and only a small

share of the people working in the system are concerned directly with

hardware, To illustrate this, let us describa scme of the components

of an ITV system as it actually exists in a developing country.




The Human Componernts

Five hundred forty-six individuals vere engaged in operating
the justructional television system in American Samoa, when 1 studied
it. |

The systemn in Amnerican Samoa is not'cnmplcﬁely typical of most
other ITV systewms. It is bettey financed, for onc thing. It has more
hardvare -~ six open-circuit VIF channels, four studios, 10 large
videotapce recorders. It has less audicnce than m&st systems, nLthough
it serves all the 8,000 clementary and secondaiy school pupils on the
islands of Amcrican Somoa. Many. systems reach vastly larper audiences
-~ for instance, Colonbia now delivers ILV to nearly 500,000 students
-~ but few ITV systems, either in developing or economically advanced
countrics, have six opcn;circuit channels that cover the entire educa-
tional systecm. Furthermore, Samoa is unlike many systems in that it
has choscn to carry the core of the entire curriculum, rather than a
{ew'courses, on television, and because the televisicn is so completely
built into the school organization and the school activities that it is
truly a part of ongoing education, not something brought in from the
outside to supplenment what would go on anyway. Because of this, and
because the population served is relatively small, Samoa is a good
example for our purposes, inastuch as it permits us to examine closely
all parts of a fully developed system.

Of the 546 employees, only about 130 were persons whose jobs
would not exjst 1f theve were no televislion on the islands.' The

remainder were school employees -~ teachers, teacher trainees, school

\




officials, service cmployces, and so forth. 7This is an jmportant
figure, because the pexsons vho arc in charge of the pupils in the.
classcoom, aund responsible for the context of learning activitics
built around th picture tube, are an cssential part of an 1TV system,
jusf as surely as the people who broadcast in the studios, or those
who turn the switchecs on the transmitter. If they do not do their
job well, the systewm docs pot work well, In Samoa, four pcople work
on rcécptlpn and use, for every oue that ﬁorkn on production., In a
widespread system like that of Goiomhia, the proportion weuld be over
30 in reception to every one vho workes in production., Here are the
approximate distributions of pergsonnel in thie Sumoa system:

po ittt
/ Management )
) 18 (3%)

T e Hip

——— —— . i .
e et s ot L —

Production \) (ﬁ)istrihutiou\)- “Rnception and Use‘D
106 (19%)’; \\hhzﬁ (5%4) .. '»hu 395 (?22?_.,“

P T

\ Feedback ™
1% {
\Jihinil,/

Heve are the human components in greater detail:
gl v




Manapcment:

|

]

i L}
Directoxr, .assistants, financial i
!

{

|

officers, veeretarices,
, Production Digtribution . Reception and Use
21 studio teachers - 20 engincers 283 tcachers
‘echnicd ans : ’
9 teachers to prepare gndRtechiiciens 58 teacher trainces i
materials to go with 5 drivers and ' {
1 ; 8 curriculum 1
the broadcasts other supporting d
: supecrvisors ! i
personnel .
44 producer-directors : 4 i
S 30 principals and
and members of studio ;
' R : assistant
ks principals
15 supporting production :
Ppe £ 1 ; - 7 engineers and

personnel =-- writers,
photographers, artists,
librarians, publication
manager, typlsts

technicians to
repair receivers
and antennas

7 maintenance

17 engineers and teclinicians
t personnel

Feedback

Research officer
andd assistant

About 98 per cent of all these persons require special train-
ing; €65 per cent of them are truly professionals Qho need many years
of training. Only 45 of them (9 pef cent) would be classified as
technical personnel. |

Reflect for a moment upon the human cemponents of the system
we are desbribing. They are numerous. Most of them require special
skills which come only from systematic training. Most of them are
not technical per-onnel: Fﬁrthe1more, the larger part of them are

not under direct control of television management at all. At most,

only a few hundred of the pcople who work in any idstructional




1
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television system are likely to woxk fox television. A far larger
group will be enployed by thé schocls. 'Through this latter group,
and with then, the people concerned with PQlQ;iHiOn production and
distrlhution are trying to serve a still lavger group -~ the 30 to 50

pupils of ecach teachcr, who are the reason for the system's existence,

Thus, in broad terxms, the humen shape of an ITV system looks

like tﬁis:

{(Samoq) about 140 ==~==>  about 400 —-~--=--> about 8,000
(Colowbia) 200 = 12,000 s—e=—> 500,000
(estimated) fiieets :

(A direct-

broadcasting

satallite 400 == mm=—=> 250,000 =-———> 10,000,000
ITV system, 2

as it might

be)

Even a cursory look at thegse figures tells us much about the
human requirements of this kind of system. By the nature of the
system, a few people in a central producing position must strike up
a cooperative arrangement with a much lavger nuwber of persons at
some distance apay, in order that they together can serve a vastly
larger number of persons who are the ultimate users of the system.
The people who are at the secoud step in this arrangement are not
only somz distance removed, but algo likely to be working for an
entirely diffccent ¢aployer and to feel some resentment at having
their routine interrupted by "outsiders'. 1In a developing country,
the people in telavision production ‘and the people in the classicooms

10
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are likely to be working foir differecnt -- and sometimes uncooperative

or even antagonistic -~ ministwies. Thevefore, omong the things one
looks for in such a system is the kind of cooperative activities and
the amount of communication majntained between the producers and the

school personnel, and whether the system is organized to make under-

standing and coopcration as casy as poesible, _

Let ug turn for a moment to the matter of organization.

Orpanization of the System

The organizational chart for an IIV sygtem will not look
exactly like the structural chart we prescnted a few pages back.l By
long trnditinu,‘noncommerujul television operations have been organ-
ized, under management, in two maln units, headed respectively by a
progran director (or some equivalent title) and a chief engineer.
The engincers and technjeians report to the chief engineer, whether
they are assigned to the studios, the master control, the transmitter,
or maintenance of* the receiving equipment. The production pcr50nn91 ; t

"talent',

will report to the chief progfem officer, whether they are
writers, producers, or specialists in some kind of materials.

This aspect of organization, however, need concern us less
than the.place likely to be given the ITV system, in a developing
country, among other agencies and activities of government. In the
following pages we aré going to illustrace several patterns for doing

.

this,

11
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In Samoa it was decided that teleﬁ%sicn was to be part of
education. It was to be completely integrated into the curriculum
and into classroom teaching. Therefore, the chicf officer in charge
of televigion had to be the Director of Education. The assistant
_director in charge of television sexvices is a part of a cabinet con-
cerned with all aspects of education on the islands.' The directors
of elemeniary and secondary.educntion are as concerned with the tele-
vision teaching as with the classroom teaching. This same patitern
is scen in other countries where the Ministry of Education has its
own broadcasting facilities, and in the large ITV installations owned

by school systems within the United States -~ for example, lagerstown

(sce New Educational iedia in Action, vol., I, p. £63).

The more typical pattern, however, is Fhat Educational tele-
vision rents or is assigned a certain amount of time on television
facilities which are under cuntrel of ;omc Ministry or agcncy other
than Education. For example, La Telescuela Popular Americana, of
Peru, rents time on a commercial outlet. In Nigeria, in the Ivory
Coast, in Colombia, to take a few examples, instructional television

b

is assigned time on the national stations, some of which are supported
)y S PP

-k
by commercial advertising. These facilities are typically under the

1R'l‘hi:: is the typical pattern of open-circuit I1V in the United
States, in the numerous cascs where stations ave not owned by school
systems. These stations typically broadcast for the general audience
in late afternoon and evening hours, and to classrooms’'during the
school day. The schools are asked to dotermine the curriculum and
the content of these broadcasts, and to contribute their cost'tob the
station. :

(
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Ministry of Information. but the Minlstyy of Rducation is understand-
ably sensitive to the control of taachers and teaching matenials.
_Therefurb, a variety of patterns lhas been developed to share the con-
trol over the instructin?al television.

One of these patterns is that of Colombia. A National Insti-
tute of Radio and Television has been forxwed to xepresent both the
Ministry of Communication and Lﬁn Ministry of Infoymation. This
organization produces the programs, Its pedagogical commititee deters

‘mines the curriculun and the content, and together with the Ninist;y
itself chooses and superviscs the teachers who appear on television.
?hcrc is one uncommon featura in the Coanhiau organizational chart:.
The.U.S. Peace Coxps contributics & number of utilization volunteers
to the system. These are individuals who work with classroom teachers
in helping them to make effective use of the Lroadcasts, Thé volun-
teers are under the Peace Corvs divectov ;nd therefoxe not directly
responsiglu'to any of the Governent ministries.

A still mor=2 coaial: patteyn is illustrated by Italy, which
is, to be sure, not classified &s a developing country, but which has
had a long erpecience wlith dnszvucticaal television that is now being

mirrored in some developing counteies, Tpa Centro di Telescuola cane

into existence simply as the televiszion school for secondary educatioa,
a unit for secondary vocational inscruction within the Italian broad-

casting network. Trying to help solve the country's educational
problews, the director of the broadcasting system made plans to bring

educalion to teen-agers who lived bevond the reach of existing schoels,
» -

[




A lyceunm professor who had been active in radio courscs for a number
of years was hired to develop such a program, a staff was asscmbled,
and the Telescuola went on the air in the late 1950's. With ghe
formalization of this progrnm; however, the Miniﬂtry of Public

Instruction became increasingly concerned with and involved in it,

and the Cenlro di Telescuola was sot up as an independent unit in

the network., The technical personnel are provided by RAIL, but all
the pedagogical activities and policies are controlled by the Ministry

of Public Instruction. This Ministry furnishaes the teachers for the

broadcast programs, and deals directly with local school systems in
2 .

providing wonitors and organizing the study groups to whom the broad-

casts are dirccted.

. i .

* These are patterns which have demonstrated their ability to
work successfully, It should not be assumed, however, that the basic

problem of shared control is an easy onc to solve. One example I

have rccently scen is in a country where the Minjistry of Education
y

is allowed to use certain daytime hours on the natlonal station which
is supported by commercial ente;tainment in the evening. The time is
given rather grudgingly, and accepted not entirely gratefully. The
governnent originelly argued'that educational services would justify
the expen;e of bringing in television. But the educational authorities
have little money to put behind the programs, and the television sta-
tion feels that it should spend as little as possible on this "unpro-
ductive' daytime broadcasting. Scheduling has often grcved difficult;

and technical support has often been unaveilable. Until recently,




theove has been uo maintenance service for nchool receivers, and almost

no contact between the producers of the programs and the teachers
expected to ﬁse them. Some high officials, at tﬁ? beginning, fel(
that educational television would be important to the country. Cuce
the station was established, and the operational. control delegated,
then the responsibility fell between agencies, and neither one felt
able or willing to put the nccesgary resources behind it.

Every obscrver who has studied the use of the mass media for
educational and developmental purposes has been impressed by this
problem of shared-control and responsibility. It is one of the lead-
ing causes of inefficiency in the use of the ﬁedin, and of suspicion
and resistance toward the entire system. In general, nothing makes
so much difference in working out this problem as the attitude of
the responsible official who stands over both the teaching and the
broadcasting services. ILf the chief og government backs instruc-
tional television with sufficicht energy, or if there is sufficient
belief in it at high political levels, or if it falls within a single
.ministry -- then cooperation coumes.very pnuch easier. For example, in
Samoa, the Governor of the islands comnitted himself to introducing
1TV, put the EEUESSary funds behind it, and gagc the director of
. education fﬁll respousibility for it. Aftér a first bit of resist-
ance from a few traditionally oriented educational advisers, theve
has been no real problem in Samoa of conflict between television
people and school pgop]e. Similarly, in Thailand where the schools

"

hava' their broadcasting station, the service has developed smoothly.

18




In Colombia, therclﬁore-qqtually two false starts on LTV, one of which
failed because of a financial crisis, the oyhcr because a change of
govermnent swept out the chief supporter of televisjon for teaching.
On the thivd try, both top support and finances were strong, and the

_system grey and prospexaed,

ﬂp!&vﬂﬂaﬁnmmyLimingﬁgm

If control and orgnni#ation ore favorable, then, the entire
outlook for system fﬁnctioning is more favorable. But the key rela-
tionship still remains a problem =-- the fact that a small number of
central producfiun personnel mus& wnrﬁ with a.lﬂrgé number of distant
teachers and schéol officials, and if this relationship is not coop-
crative then the whole system will be ineffective. How does an ITV
system go about solving this problem? : «

This responsibility, too, rests basically on management.
Almost the first requirement is the establishment of needs and goals
for the system. I am not talking about thc general function of such
a system. This, as we have saéﬁ, is to share teaching and demonstra-
tions which will becomz a part of the learning aetivities within
classrooms or other study groups. Rather, I am talking about tha
establishment of felt noeds for instructional televisimn.- If no
such urgent needs are felt, then the prognosis is very poor indeed.
The country we me..tioned, where ITV was in trouble, was one where
there was a gencralized feeling at thn'beginning that instructionai

television would be useful. However, when the responsibility for
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the_;ystcm was delegated to lower cchelons, this gencral fcéling was

never made epecific, What high priority cducntional problems axc, . 1
there which can be solved with the aid of televisivn better than by

'ogher means ? Are these the problems to work on fivst? Are they

sgfficiently urgent to justify the use of scarce resources on &

television system? If questlons like these can be fully considercd,

and convincingly ansvered, then it will become much easier to estab-

lish fhc necessary cooperative rclationships wlthin the system. This

rcquitcs'a veview of the epecial needs of cducation against both the

‘national goals and the special needs of other parts of the develop-

ment piogram. That should be the fivst order of business.

A sccond péoblem on the desk of top management is only a
little 1&%5 important. It is to establish the part television is to
plhy within education. How is the responsibility for teaching to be
divided betwecen the studio teacher and the classroom teacher? Is ITV
to be supplementary to classryoom teaching, to be used wlien the class-
room teacher wishes to use itj or is it to be a basic part of the
course, to be scheduled and madé use of regularly? In Semoa, in
Colombia, inLHagerstown, in many of the staéea within Africa and
Latin America where it has been used for §pec££ic and felt needs, it
is a basic part of the course. The studio teacher and the classroom
tezcher work together almost like a teaching team. In the typical
U.S. suburban schéol system, in much of Western nurope, and in gcmc “

former colonial states which have picked up this pattern;, it tends

to be supplementary. Obviously, it is nuch more difficult to wdrk

(1
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out a team-teaching rclationship of this kind than merely to provide
a supplementavy sexvice to be uscd when desired. On the ctﬁor pand,
when hipghly qualifﬂed.teachcrs o1 good demonstmations are in short
supply, thcp it scems a waste of television to use it daily for
supplementary servidES.' In the Republic of the Niger, for example,
where three years ago there were only 66 fully qualified teachers in
the entire country and little chance of getting more, it would have
made little sense to opt for supplemeﬁtary television. It made more
sense to share the bcst.qualified tcacherQ by television in as many
classrooms as possible. This meant that_television had to be a basic
part of the courges, and the expert teacher in the studio and the less

experienced teacher in the classroom had to learn to work together.

How is this accomplished? Experience with these systems has

been that in most of them it is neglected, but that where it is done |

well it has been by means of involving the classroom teachers in the |

~ planning and preparation, and by providing them guidance and in-

service training.

In a relatively small system, like that of Samoa, it was

possible to bring a high proportion of the classroom teachers into
LN :

planning workshops, the summer bcfore.ITvlstarted, to work with
curriculum consultants, stud£0 teachers, producer-directors, super-
visors, and school officials on what should be taught on television
and what kinds of activities should be plann:d around the télevisiou

in the classroom.) Perhaps thesc native classroom teachers were not

the world's greatest curriculum consultants, but they provided a

(1
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context of practicality and a knowledge of the students that was

essential, and furthermore they learned by dolng: Dy working on the

problem of what should be taught, and how it should be taught, they
came to understand a great deal more about television teaching, and

their relationship to it. Needless to say, they also got rid of most

of the suspicion with which they first approached the new-fangled

method.

In Colombia, where the number of teachers was so much greatexr,

it was impossible to have all classroom teachcrs in planning work-

shops, and so the Peace Corps utilization volunteers, and some
counterparts provided from the Coiombian'govcrnment, became kecy : ;
paxts of in-service trainiﬁg.. They answered questions, and even

showed the classroom teachers how to conduct a good classroom drill

or discussion based on a tglevised lesson. Most of the toncﬂcrs in

Colombia as in many other developing countries have been accushomed

to teaching by rote mémorf, or at least to sticking ve;y close to a

syllabus and in effecﬁ requiring students to learn the syllabus.

Being exposed to a different kinq of teaching in their classrooms by

television is therefore a powerful learuning experience, as well as a

traumatic chqllenge to their own céaching methods. inr this reason,

a maximun of guidunce, espcciallybe:rly in the use of ITV, is helpful.
Most such ITV systéﬁs furnish detailed teacher guides, and most of
them use the television, akter school hours, for diréct in-service

ainine, pointed toward utilizing the televised teaching to
) F -

teacher tr

come. 1In Samoa, the principal at each school, freecd of some of his



curriculun ard scheduling problems, became a Eind of teachcr super-
vigsor, meeting with hig classroum teachers and helping them to adjust |
to the new ways of doing thiu;u.

Finally, it is essential in en ITV system to have feedback
from the classvoons 0 the studios. If for no other reason, it would I
be justificd in that it pevmits classyoom teachers to conkinue to feel
involved in the progrem. But it is of much greater practical impor-
tance.  Except in cases when the studio teacher can pre-record his
progriom and visit a school during the broadcast, he veally has very

little idea how his teaching is being received. Television teaching

is blind teaching. Bven if students are brought into the studio as |
surrogates for the classroom audience, they are unlikely to be fully |

representative.  Therefore, the reports from the classroow, visits
by the tcacher, visits by mewbexs of the field staff, workshops and

summer courses == all nust be used to maintain contact and cooperation,

W ' : Qutputs and Inwuts ! g

The ITV cystem is a productive one, and the multiplicative
power of its distribution system is truly remarkable. The approxi-
mately 100 people working on.production in Samoa turn out an average
of 61.25 hours of class time per weck, Of these, 33.5 hours are pro-
duced locally during the y=ar; the remainder (7.75 hours) are from
the previous year's rccﬁrdings. These 53 hours of local progranming
require about 180 hours of studio tiwme, counting set-up and ruhqarﬂaiu.

In addition to school classes, the Samoa station broadcasts also an

.




averyage of four hours each cvening fox adQlts, go that it turns out
about 85 houre a waek,

Through the power of televigion to multiply central produc-
tion, the students of Samoa recclve about 70,000 student-hours of
tclgviscd teaching a week, This is a multiplicative factor of over
1000. In a country like Colombia, the raultiplicrn for'cvcrylhuur of
broadcast instruction may casily be 50,000. In other words, 10 hours
of ITV per weck would be turned into half a million student hours.

It is fascinating to think that satellite Y1V might have a
multiplicative power of a million o more, but cqually sobering to
think of the diffi&ulties of tyying Lo ectablish the étudio—clnﬂsrnnn

relationchips in that kind of situation.

Of‘coursc, broadeasts are not the only outpat of the productian
unit in aa YLV system, In Samoa, an average of ten sheeots of mimco-
graphed or printed paper per student per day go to the classrocms ==
more than 12 million a year. These are guidance to the teacher,
reading and study moteriasls for the pupils, practice oxercisgs and
tests. The flow of materials back frcm the classroom is considerably
less, but, even so, there is suppossd to be one report cu each cours?
from each classroom teacher, in addition to oral reports from school
ﬁfficials and visitors from the central dffice.

Unit costs of an instructionel television system chiefly
reflect economies of scale, For cxample, the cost per student hour
(including operation and amortized capiuallinvontnrnt) AF the Samox

system 1is a little over 50 cents. As we have said, however, the
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Samoa syctew is a very large production and distribution plant, serving

a fclntivcly small number of students. Hagerstowa, which serves two
and ene half times as many students as Samoa, can deliver tel?vision
for about 20 cents per studené hour. Colowbia, which is an ondex of
magnitude lacger thn& Hagerstown. can deliver televised class lessons
for less than 5 cents per student houn,

If an )LV system builds dts own facilities, 1t can count on
an investment of anyvhere from a quarter of a million to two million
dollara (which is what it cost Sawoa for six open-cireuil chnm;c:]::)‘
A rule of thumb in this country is that capital coste will he some-
where dn the neigliborhood of two or three times the annual opevating
costl., :

How arc costs distributed among parts of the system? Harc

are capital and operating allocation for three developing states:

Capital Investmeuts
Production Distri decention

v

Colombia .52% 25% 177%

American Samca 52 43 5
Arequipa, Peru SIS 66 0 34

Current Costs
Colombia 32% 429 | 25%
Anerican Samoa’ 64 31 5

Arequipa, Peru 56 20 - 24
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The figures just given do not include the salavies of class- :

room teachers, ox other school officials. Conscquently, reception
costs arc largely costs of recelvers and antennas, and kecping them
working, and of field staff., They do not seporate oulr managemeont ov

feedback costs. Therefore, they represent the allocations to the

three main units of the television part of the system only. Avequipa,

- obviously, has no capital investment in distribution, because it rents

time on a commencial station. Both Arcquipa and Samoa serve small

audiences, and therefore their production costs tend to be relatively

cgreater than the cost of distribution.

What mightbthc allocation cf costs be for an iTU satellite?
There are-ﬁo many dgffoxcnt configurations possible for satellite
television that any estimate at this point will be fantasy. For
example, &irect broadcasting ox rebroadcast thiough ground stations,
onc channel or several, very large audicences for each program or a
fragmented schedule of coverage e all these will affect the distri-
buticn of costs. FRut we can get some idea of the way satellite costs
migh£ look from the experience of Midwest Airborne Televisicn, which

ha¢ been covc:ing about 250,000 square miles of the American middle

west with ITV broadcasts from an airplanc. A very large part ol

those costs have gone into procuring, fitting, and operating the

airplanes, as these figures show:

Production Distribution Recaption
MPAT1, Capitzl 8% 637% 297
MPATI, Current 6 ) 68 3 26
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We can guess -- and it is only a guess =-- that both the pro-
duction and distribution percentages for a satellite system would be
‘lower than for MPATT, that the chief capital cost might very well be
for receiving sets, and that the capital allocations might reéd some-
thing like 3% -~ ZSi -~ 72%. 7The current operating cost has been
guessed at something like 207 -- 40% -~ 40%, but this is sheer science
fiction until we get the more specific figures that should be avail-
able to us in a few months. Even from these very rough figuives, how-
ever, we can sce that a very large share of both the investment and
the non-hardware problems with a satellite system are going to lie
in the arca of reception and use,

We have ‘said nothing as yct about the chief output of the
system -- the amount learned by those who use it. Do students learn
from inétructiouﬁl television? : ‘

Students lcnrn.a great deal from instructional television.
Hundreds of studies now attest to this fact. Some of the results
are quite spectacular., They learn in elementary, socondary school,
and college. They learn in the preschool years and the years of
adult education. They learn in developing countries as well as
advanced countries. They learn so many different kinds of subject
matter that it is difficult to, identify any kind of course to which
television, well used, cannot make some contribution.

If we ask whether they learn as w.ll from television as from
face-to-lace teaching, tha ;uﬁults are muddier because it is so diff;—

cult to design a meaningful scientific experiment tround that questica.
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Every:one of the e#potiﬁﬁuts that have been designad carefully enough
to conyrol all the variables except the method QE delivering the same
teéching (Ly television cr face-to-face) have concluded that there is
no significant differencc related Lo the use or non-ugse of television.
Most of the @ediaucnmparison experiments designed less scieqtificnlly
(but sometimes more rcalistically) have also shown no éignifjcant
differences between ITV and face-to~face teaching, and when there hat
been a Hiffcrvnce it has more often b;en in favor of television.
There can hardly be a lingering veasonable doubt, after the

number of studies that have been madg, that televisien can be an

I said, can be. Not necessarily,

ot

efficient instrument of teaching

will be. . That depends on how it is used -- what kind of teaching

put througﬂ it, how much motivation the students have, how the tele-
vision is worked into the full learaiug experience; But the basic
question cen now'le considered to bé auswgred: ‘Televisiun can handle
effectively any part of the teaching-learning process it can carry.

It cannot conﬁuct a discussion efficiently, nor can it provide nucl
individual counseling. But what it can do, it can do well. We can
confidently expecf it to carry its weight in a well-designed teachiug-

learning systzm,

Preparing and Introducing the Non-lardware Cemponents

The critical year of an ITV system is generally the first on-.
The modal judgmenc of the system during that year is likely to Le tiot

the hardware, after some pre-testing, works beautifuliy, and the

|
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instruct:lonal services are "disappointing". This ie becauvse a great
deal of time and effort are expended in selecting proved hardware
components, installing them, and testing them, whereas if the prepa-
ration of programg begins in the summer gefore the system goes on
_the air, that s aboul: as much time as the non-hardware componcnts
are felt to deszrve,

It may le instructive, therefore, to go ovexr some of the
preparaltions thﬂt.nead to be made before the non-hardware components
of an ITV system are ready to operate with the same cfficlency as
the hardwnre. Needless to saf, it would be very difficult to find
a system that ﬂas'been brought into existence with this much fore-
thought; but if we think of getting ready for,gatellite ITV, with
its cnﬁrmous costs, large human requirements, and wide publicity,

"

then we can haydly avoid behaving respensibly about preparations

for it.
We can divide these preparatory activities:in such a way as

to illustrate the functions of different parts of the system.

-- The needs for differeant kincds of televised content must
be reviewed zgainst national goals, special needs of
school and adult education, and special needs of other
parts of the development prcogrem. This review shuuld
be made with the aid and councurrence of high level
policy makers from relevant agencles of goverament.

-- Rasic deocisions must then be made as to how broadcast
time and chaunels ara to be allocated to different
uses, taking into account other commitments on broad-
cast time. '
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Decisions must be made on a time schedule by which tic
sexvices of the system are to be developed over gacgrapny,
educationzl levels, and a spectrum of needs. What axe

‘the priorities? Mousuned agains’ practical considarations,
when can they be met? o ;

Funds must be obtained, budgets tentatively allocated,
persoirel hired and procedures cstablished to control
cxpenditures.

Sceond cchielon supervisors must be selected, and with
theiy advice tables of orpanization must be sel up, and
plaus wmade for hirving and training.

Basic dccisions must be made on the part television is to
play within education. low is the responsibility for
instruction to be divided between the studio and the
classcoom tcacher? Is )TV to be supplementary or basic?
This kind of decision will require the advice of educators
and cxpecls on instruction by television,

Tn consultation with preduction persounsl and prospective
users, a schedule for the television weck must be made.

At the outset, it is pecessary to decide, within policy
determined by top managemeat and in consultacion wich
representatives of the users, what services and courses
are to be offered. ;

Azainst a revicw of availeble resources, decisions st
be male as to what couvs and materials are to be
produzed locally, and which ones can and should be
obtaium! elsewhere. i

The forw of teasching must be decided in detail, and also
whac4la cl d

a S
‘tion wich it. Obvicusly, this will takz the advice of

TV experts and classroom expeuts,

Studio teachers nust he selected. If some of them necd
training, that aust be provided. Also, the rest of the
must be hired and/or trained.

production stall

The content, cutline, and timing of each course musce bo
determined din detail. 7This will probably renuive for
each cours= a planniug and working comailtec incioding
studio teachers, claggsroom teachera, producers, onad .
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content spacialists. This committee must try to make
sure thal the Jatest and best in content and method are
rveprescnted, (Uhere will never be a better time for a
currxiculum reviey!) '

m

-~ Studie teachevs, with the assistance of producers, writ

" artists, and so forth, must adapt and £ill in these out-

lines to fit their own styles. Scripts must he preparcd,
and art vwork, props, and studio sets specified.

== Pilot programs should be prepared, critically viewed,

and, if possible, tested on the kind of audience they arc

supposcd to Lteacl,

== Prograns may be recorded and stoclpiled in advance of
) J
geing on the air.

== Supplementayy materials -- texts, suggested readings and
activity lists, tests, practice materials, teachers
guldes -~ will have to he prepared, reviewed, and
duplicated.

== Programs from other sources must be ordered, reviewed,
and* scheduled,

Distribution

== The technical management of the station must sce that the
facilitics are being constructed according to plan and
schedule.

== Technical cmployeecs must be hired and/or trained.

-~ The technical staff must have sufficient practice with
the equipment to be able to operate it smooth
Reception and Use

Wi

== As many classroom teachers as possible must ba involved

- in planning and preparation. Many of them can probebl.
kelp In planning courses. Others can work on classroor
activities to fit the courses,

-- They must be consulted and given as nuch responsibilicy

as they can take for deciding upon tne part of the
teaching that is to be done by the classroom teacher.

31

re,




-« It will peobably be. necoggar

staff of vtilizsavion adviscers o work with classroom
[

g to select and train a field

teachers wvhen the broadcasts starvt. 5

-~ One or move workehops mey profitalbly ba scheduled fov
these classroom teachans,

‘=~ Plans musi be made fov piompl mainkenancs of roceiving
scts. This way inclode bravaling wmaintenance technicians,
with replocement sets for use when the classyoom set has
to be taken to the shop for repaivs

=~ TFormg must be przpared four comments from the classvoom
teachors.

- If research is to be a part of the feedback plan, then

one or moye raescavel men must be hived, and given a chaacua
to gt acquainted with the system and make plans for some
bascline mcasuienents,

Obviously, thls jmplies a greal d=al of hard work on the part
of a great meay peopla, 4 considccable amount of twaining will. prob-
ably be necessary: Thevcfore, we are talking about a peviod of
several yeays. Without soue such poviod of planniag and preparaticn,
however, the non-havdwais compenzuts of the system will not be sandy

to function well at the outsel, if ever,

These are scae of cne non-havdvare copponants of an fnstiuc-
tional television esystem: people, wost of whow mnst have special
training and ability; cufticieat rinencjial input to operate the whale

system, not merely tne hesdwore; o series of special relationships

aniong the people in different palts of ‘the system, particularly thuos:

W
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in the studios and those in the schools; a workable pattern of organi-
zation; programs, supplementary materials, L&ilizution assistance, ir-
scrvice training, feedback information; and a period of enlightenecd
planning and preparation.

1£ there vere no hardware, of course, theﬁ the great multi- '
plicative power of the slystc'm would be lost. But without these non-

hardware comuponents, even the best hardware would be dead metal and

plastic. And to the extent that the non-hardware clements are inade-

quate, the system will fall shoxt of its bright potential.
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CONSIDERATIONS IN DECIDING WHETHER AND HOYW TO 1NTRODUCE
AN EDUCATIONAT, SATELLITE

by Wilbur Schramm

Lel us' suppose, on our paft, thay we have the kind of basic
information descvibed in Paper 25 or, if we take thé viewpoint of the
leaders of & dc#cloPiug country, let us assume thal they have reviewed
their poals, nceds, and resgources. Then what questions must be con-
sidered in deciding whether, under given conditions, it is feasible

and desirable to introduce a communication satellite into the system

of education and development?

1. How useful will television be?

We can assume that the chief p%oduct to be delivered by such
a communjcation satellite will be television. The kind of satellites
we arce talking about can, of course, deliver radio, telephone, tele-
graph, teletype, and any other kind ﬁf clectronic signal. But Iif the
use of television cannoi be jugtified, then it is 3ﬁtremely doubtiul
that the cost of a satellite in a developing country can be justified.
for these other services alone.

i

The essential contribution of television to education and
development is to deliver excellent teaching and damonstratious
simultaneously over a broad area. Therefore, the top priority nceds
of the country for education and information‘musr be viewed a
the possibility of being able to share widély the besé in teaching

and demonstrations. Would this ability make a really substantial
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.contribution to mecting the needs? These arc some of the indicators

-

to look foir:

Is thexe a serious shortage of teachers?

Is there o shortage of adequately cducated ov traincd teachers?

Is there a shovtage of teachers or makerials for specialized
courses?

IIs there a shortage of teacher aids in the classroom?

Is there a nced ﬁo expand the school. system more swiftly than
i:cachers can be fully trained for the job?

Is there a'nccﬂ to furnish a model for present classroom
teachers?

Is phére an ufgcncy ﬁo_upgrade the qualf;y of education wicie
out waitinhg the length of time it will take to train new teachers anld
bring, thew into the schoonls in sufficient rumber?

Is there a need of batter demonstrations, ‘betler audio-visual
sgPPOrt, for the adult Lrogrnns?.

Is there a need to share the truly expert comnunicy é:vclop—
ment advisers more widely?

Is theve a neecd to eupand ho:izons,_and plant the sceds of
"aspiration and change?

To dny of these, and similer needs, television, used wisely,
could contribura significantly, as it has already proved its ability
to do in Colombia, Samwoa, Niger, the Ivory Coast, and many economi-
cally $dvanced countries.

But it is uecessary to'ask caertain doubting questions. For

1
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example, could the nced be met more ecasily or effectively by the use

of films? Film is cheaper than television when used for a relatively
small number of schools, and can be delivered reasonably well over
short distances if rToads and transportation are good. It has certain
advautages over televlision in that a fiim can be stopped for discus-
sion, or vepeated for emphasis. But large arecas and difficult travel
call for tclevision. And film, because of its.relntivc inflexibility
to changes and the need to serve one school at a time with one copy,
prelty well limits the use of audio-visual materials tc supplementary
experiences rather than direct teaching.

| Could the job be done adequately by radio? Radio is cheaﬁer ==
perhaps one fourth to one fifth the cost of television -- but it lack.
the ability to bring visual experiences along with sound.l Schools
prefer television if possible.

Is therc time to train a new generation of teachers? It will
be cheaper to improve teacher training than to introduce televigion,
but televislon wili have an impact at once, whereas the impact of
improved teacher training will be delayed and gradual.

It is well to be aware of hidden traps and hidden bonuses if
television is introduced. For exsmple, how much would the vivid
coumon experience with television contribute to unif&ing a country?
Would it possibly contgibute to solving the national lanéuage problaem,
1f there is one? Would it not provide in-service training; by example,
for classroom teachers? Would not the large and dramatic technology‘

of television have a considevable impact ¢n breathing the spirit of




change and modernizetion into the whole schiool system and the devel- ; |

opment field program? On the othex hand, would it tend to undernine

!

- |

|

efforts to raise the quality of the classvoon teacher? WYould 3t ba <l
unduly resisted? Would it pevhaps cncourage digantisfaction by shou- ‘

ing disadvantaged people how othew people live? What other possiblc

effeets might lurk bencath the surface?

2. Row uscful would a satellite be?
1f it is determined that television could contribute more
satisfactorily than othew means to solving sume of the most urgent

and irksome problems of a country, thaon it is nccessary to consider

whether a ﬁnﬁellite }ﬁ the most desivable way to deliwer television.

| Essentially a conaunication éaLc]liLc is a transmitter that
receives signals fram the ground and relays then to on arca ldO tines
or more as larye . as can be served by a grOHnd-baaed television statioun.
Its characteristics, therefore, are a very large area of covevage and
a central polat of transmission == yhich inplies a certain centralit:
of programming., 1t i possible, of course, to receive signals from
more than ons ground station, to share tha tima_oi transmission, or
“to have sevural chunnels in the satellite and share those., But the
more the service of a satellite is f1ozmentead and dividad over its
coverage area, the less advantage. a satellice rataing over ground-
based statione, Whatever configuration is finﬁl]y decided upon,

therefore, there is likely to be morc shaving of common progirams thaoa

would be the case if the same avea wore served by 100 local statlons.
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1t is conscquently neccssary to consider questions like thcﬁci

Can the satellite and its programs be desipned to serve
adequately the different language groups in the country?

Can the satellite and its programs be degigned so as to scrve
adequately tﬁo different cultural groups in the country?

Can it be so designed and managed as to serve adequately the
needs of the dififerent school systems, the different curricula,
scheduics, ability levels, ctc,? The essence of education is local-
ncss; the essence of a satellite is very wide coverage -- can these
two characteristics work together?

Can it be so designed and managed as to serve adequately the
different agricultural areas of thc.country? I{ India, for example,
there ave usually sazid to be 86 of these. The dry farmer neceds
differcent advice from that nceded by .the wet farmer; the rice farmer
has diffaerent needs from th; wheat farmer; the fisherman needs
different help from that neceded by the stockman; and so forth. Off-
hand, it would seem that a diverse agriculture would need many locél
stations vather than one satellite. Therefore, the information needs

i
of agriculture neced to e matched up against the capabilities of
space communication,

Ideally, a satellite seems to call for a large, densely popu-
lated country., Supposc that the country 1s not large enough'to use
all of the cignal, and it spills over the borders -- as it will in

the case of most countries. Are the political realities such that

insuperable difficulties would lie in the way .of sharing the satellise

4]




with neighboring countries, or that jnsuffcueble objections would

ardse fron neighbore?

On the othew haud, what might ba soae of the hidden bonuses

n

from sharing so much informational expeyicoce nationswide? Would it

contribute to integratiug the countwy, helping U

<

problems, bringing lagging school systews vp to

Could not the extra time and capacity of the sal

o solve the language
the level of others?

¢l lite be used Lo

speed the growth of telecowmnications -+ telephone, telegraph, tele-

type, ete. =~ with Immense effcet on business and otlier aspects of

society? But once again, might it be dangerous
(=] 3 [+

to trust mosl tele-

conmunication services to a single satellite? If it went suddenly

out of service, not only national television but

communication might be duark for wechs ox mouths.

also long-linecs

what arve the altsinatives? 1f intelconncation is desivable

at all, then it cau be maneged by the exchange of videotapes, or by

installing microvave ox long lincs batween staticas, The first of

these is perfactly feasiblej "indeed, until recently, the noncommerci..l

stations in the Unfted States "bicycled! their progrens avound the

circuit by mailing tapes. It was slow, It lost all the edvantage.

6f timeliness, and che iapect of & .nitwork egpeaking togethier. And

the efficient postal scevice aud aix transportet

States might be move veliable than the internal

o

developiug countrics. In the United States the

and the last station usiug a videotaped prog:

six woels., Evan this would be diffiecult far an
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was of“the order of
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where all the schools begin at about the same time, and want the first
television program vhen they begin -- not six weeks later,

Microwave and long-lines connectlons would eliminate the delay,
but they ap}ear to be considerably more expensive than satellite tele-
comnunications. This raises the questions of costs and resources,

vhich we must take up next,

3. Are the resources adequate?

~

If it is decided that tclevision could contribute in an impos-
tant way to neeting one of the top national nceds, and if it can be
de&nnstrntod that satellites per se appear to be the best way to
deliver that.television, then we must consider the demands and
reguirenents of satellitce Lelevision, and the resources available

to meet then. ‘

The needs are for money, fbr personnel, and for a technical
base. 1lhis is not the place to discuss the costs of a satellite
system, but we must do so, in our reports, somewhat more sharply
than anyonc has so far done -- particularly the cost of the system
apart frcw the space linkx. The space link -- the satellite itself,
and possibly some of the ground station hardware that goes with it --
is the part of the system most likely to be contributed from outside.
It is, however, likely to be Dply one fifth to onc tenth the.cost of
providing television receivers. With these latter costs, there is
some hope of getting pavtial aid from outside the cou&try, bilateraiiy

or from an international agency. Essentially, however, there will Lo
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an overpowering necd to manufacture receivers.within the country, or

to find an unusually favorable arrvangement fox iﬁpnrting them. 1t

18 entixeiy possible, howewver, that the fiunneial feasibility of the
system may turﬁ on the ahility of the countyy to.mact the annual
operating cost: of maintaining, progremming, and utilizing the system.

This is what killed Aixboene Lelevision in the United States.
That organization received a grant that bought its airplancs and thelr
transmitters, and for a while helped to finance its annual operations.
Phen the grant ran but, and times got haxder, however, the program
budget was cul to about cne tcnéh what was thought to be neceded - -
quality of programs was_sacrificed to keep the system working at all.
The result was that the airborne system in its entirety will go out
of existence this May.

It Qill be quite impoitent, therefoie, for us to have ;omc~
thing-to say about the puobable annual costs of waintaining a satellite
television system at a level of quality that permits it to do what i*
was intended to do.

The second requircment is for personnel. There fs no doubt
that,élmost any devaloping country aEla to consider satellice tele-
vision.at all w411 be alilz to pioduce the trained persénnel necessary
to run it. But not instantly. Thé need and time for training ave
coustantly uuderestimétej by most new entrants into this field. Here
again,‘therefora, we muse be guite specific, What are the numbers

"and kinds of trained people that will be veduiraed? Giveun the local

conditions, which ones can be trajned in the country, and which ones
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must go abroad? What experts must be imported to participate in the

training? My obscevation has been that the ncecssary time for col-
lecting a trained staff has usually been underestimated by about one
half. Anytﬁing we can do to ﬁnkv clear the personnel needs will
thercefore be useful,

Finally, there must be a technical base. Most countries have
some basc in clectronics. They have some technical schools, turn out
some radios, hiave some repalr technicians. And if they put in a
satellite system, they ave likely to find themselves moving toward
an electronics industry that would greatly increasc their industrial
potential. The obvious place for such an industry to start is with
the madufnctufn of receiving sets -- transistorized if posscible --
and with the training of maintenance and operating personnel. The
extension of power lines woqld inmensely help television, and would
be stimulated by the introduction of television._ Once a system like
satellite television picks up momentum, the technical baseo will grow
with it. But in the beginning the puinp must be primed.

The nceds of the country must therefore be weighed against

e

the resources of the country. Inasmuch as Ehc resources will never
be adequate for all the needs,lit is necessary to weigh the cost and
benefit of meeting other nceds and those of meeting the needs which
satellite television is designed to serve. . Foi example, how does one
compare the desirability of investing in satellite Eelévisioh with
that of investing in steel mills, or roads, or rajlroads? These are

not easy decisions, and will depend to some extent on the image of

S
o




economic and social development held by the leaders and on their

?icturn of political rveality.

If it 1s judged thalb tha regouvces are not presently adoquate
to make satellitc'rclevisfdn possible, along with other high priority
investments, then it docs not necessarily mean Cthat the answer must
be negative. Rather, if the idea is a good onc at all, the decision
is rather ta postpone than to decline =~ to slow the timing, and
perhaps not to juamp into the satellilic age at once, but rather to
move in slowly through extending ground television. But we should
do all we can . to be sure that a developing country dees not commit
itselfl to an entewrpilise like the onc we ave talling eboul without
realizing clearly what'rcsources'will Le requiraed. 'There has been
some tendency on the part of deéoloping countries to think of satel-
lite television as a possziblé gift. This is far frow the truth.
However the space link is provided, a large national commitment will
be required.

4. How should the svsteq be designed?

(2]

By this time, it will be apporent that there is a certain
3 [
advantaze in beginning with the problem rather than with che nardware.
- (= = &

If a developing ccuntry is presented a satcllite, ready-made,
the design of that instrument will, to a considerabla extent, deter-
mine the use to be made of it. For exounple, does it provide fou

ple, f .
dircct broadcasting to relatively small and incxpensive receiving

units in schools and villages, or only for rebroadcasting through
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ground stations? This should be mainly a policy and program decision:
It ia necessary to weigh fhc advantage of a.cextain amount of local
programming for local needs against the ability to rea;h all the
remote areas in one long jump.

Does it provide one channel ox more? DNoecs it pyovide for
extrnvﬁoicc channels to handle language services? Doecs it have suf-
ficient capacity to make pogsible telecommunications service apart
from television? These, too, are program and policy decisions.

The mere appearance of the satellite represents a policy
decision of great impoxtance -- a decision to jump ‘into the space
age rather than moving at a measured pace into it by extending
grnundltelovision First, building up a solid base of experience and
a corps of trained people -- and, ncedless to say, a communication
system that would continue to function even if something h;ppcnod to
the satcllite. There is no answer to a problem lihe this that applies
to all countries. Rather it depends on the local gonditioné and on
the national .image of its futur?. There may well be good: reason to
vault over the intervening stages and put the whole country into the
space age at once: Otherwise, it ndght be years before television
reaches the remote villages. On the other hand, it might be prudent
- financially, educationally, politically -- to mave more slowly.
The most practical policy might be a compromise, involving a pericd
of preparation and then a combination of direct broagcasting and
rcbroadcanting thiough ground stations.

‘The point I am making is that satellite technology is more
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flexible than the nceds and conditions under which a developing counivy
must operate.  The design of the space link can woxe easily fit the’
needs aud conditions than vice versa. But if the needs and conditions

are not controlling, then the uses of the system are to some extent

frozen by the technology. © This is manifestly unsound and undesivable.

5. How should the system be orpanized and managed?

Thexe are only incampleta precedents for organizing and man-
aging such a large .and couiplex communication system as we arc talking
about. Because of the size and complexity of. the operation, it is

important to consider the requirements of orpganization and managemen®

. early in the plnnning.
| Fuﬁm the precedents of national television systems in devel-

oping countries, we can'derive at least the lesson that every effout
. should be made to avoid crippling conflict between the agencics
responsible for different parts of it. The history of instructional
television is all too full of conflict between ministries of educaticn
éwhich control the Qchools} and ministriné of information (which con-
trol the facilé}ies). In our own country thare is often incomplete
cooperation betwesn conntuity-ouued_educatioudl stations and the
school systems which make some use of the daytime broadcast hours.

It sometimes works better when the school systeun (as in Hagerstown

or Denver) or the ministry of educaéinn (as in Thai radio) has its

own fhcilitics. .Eut'we are tualkiong about a nationel fdcilfty, which

will serve many ministries. dgricultuse eclearly awst have a parc iu
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it, along uithlcducatiouiffor the schools), inf?rmation (for the
general audience programs), health (for the comaunity health pro-
grams), and so forth. Rach of these nust be responsible for what
kind of service goes to ite own constitucncios. Therefore, within
the framowork and tradition of the government conccrucd, some pattern,
some organization, nust be evolved to insure that the needs of all
these constituencies and the responsibilities of all the agencies
involved are gerved. Whether the pattern will be that of the Insti-
tute of Television in Colowbia, the BRC in Britain, Radiodiffusion
Télevision Frangaise, or something else, is dmmwaterial: The point
is, it nceds to be the subject of careful cousideration in the country
where it is going to work. |

There is even 1esslprccedcnt for an organization to control
and manage an international satellite, such as we might expect to sec
serving Latin Amorica. There are a few international organizations
that exchange television programs, like Eurovision, but they mostly
share sports events and cultural progreéms which are a greét deal les:
sensitive than school programs and a great deal less locai in their

application than scrvices to agriculture and cocmwunity development.,

An iInternationzl sat ite would probably require a certain zmount

of sharing of time between countries and a certain number of shared
programs. The provisions for sharing and the nature of the controlling
organization would have to be determined by rather delicate negotia;
tions which would not succeed unless there were a gcnqral wiéh to

share. Yet iff this awount of sharing could be satisfactorily brought

[
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about it would be a good omen for future relations among the countrics

concexrned.

One other international aspect of such a satellite deserves

attention early in the process. This is the problem of signals that
spill over natijonal borders into countuies that ave not invelved in ;
control of the satellite. This would not be much of a problem if it

weee not possible to pick up signals on howe:ox village rcceivers

divectly from the satellite. It may not be so much of a prenlem any-
way: A great deal of ground=based television today can bz xcceived
across national borders, avd iu some cascs (for cxample, Isracl and

her Arab neighbors) under conditions of considerable intcernational

tension. cherthgless, this problem is something that must be con-
sidered, %nd it might have an implication both for design of the
system and for preliminary negotiations. For cxemple, all of "East
Pakistan would obviously come within the éoverage area of an Indian
sateilite, unless the beam werxe so restricted as to eliminate all of
northeastern Tadia. The beam would doubtless cover Nepal, and fall
on part of the territory of China. If theve w;re severe objection

\
to this, most particulavly if theve were vetaliation by jamming o
attempting to affect the positioning or functioning of the satellite,
would the matter be adjudicable under international or space law, or
would it be treated as an act of war? No implicétiOn is intended

that such problems are insoluble: perely that it would be well to

cousﬁder then before, rather than after, the fact. ' : : . A




If we can assume that the basic questions have been decided,

and that there is need for a satellite to advance education and devel-
. opment, that adcquate resources can be provided, that the technical

shape of the system will reflect the national needs for the system

and the conditions under which it will be uscd, and that problems of

management: and shared control can be solved, then comes a time when |

the countfy must plan in great detail how to move into the satellite

age.

The 1essph we have learned from observing the introduction
of television into developing countries is that the hardware is
planned, specified, and tested most carefully, but that the planning

: ‘ .
of the softwarc is mostly neglected. This is partly because the
towers and transmittcfs and studios are so dramatic, and because the
financing of them rcﬁresents_such an-effort on the part of the coun-

try. It is partly because thz task of hiring, training

o)

programming,
preparing the schools and the field staff, is invariably underesti-
mated. If previous experience with television meens anything, a
country that wants to preparebadequately to use an educational and
development satellite must allot two to three years to the task.
That length of time is a minimum estimate.

Moving into the educational satellite age 1s a major national
activity for any developing country. It will require a national plan,

expressed in terms of goals, timing, activitics, and cowaltment of
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resources. A considerable number of people will have to sit down at
least three years before the anticipated S-Day, and plan, as cavefully
as they would make a battle plau, for such considerations as these:

Uses and priorities -- Vieved against national necds and goals,

what educational levnis'nnd what educational sugjects deserve [irst
éftention? What adult skills, undcrstnndinps, oy attitudes get firs®
’priofity?. If the secrvice s not to be introduced cverywhere at once,
vhat schools, what parts of the country should get it before others?
On what schedule should the serxvice be broadened ge&grnphically, end
extended over additional prograns and school subjects? What propor-
tion of the time should be deveted to general audience programming?

What preportion to telecomaunication services?

Content of che services -- If there is to be general audier:z

v
e

programming, what'kinds and levels of entertainment or information
programming does the country want? Against the national goals, how
can the content of the school programs be made to serve those goals
and mesh with the rest of the develoﬁment programs? For exauple, il
the priority needs are for technical or vocational understanding, are
the school programs dlvected to t%osc objectives? There wil! never
be a better time to review curriculum and method! Does the content
of thc'educgtion to ba broadcast truly iepresent the lLatest énd best
in knowledse? Does it represent the latest and best in method and
apﬁroach? For example, this is an opportunity to decide whether the

"new math' or necw approaches to sciance or language teaching should

be introduced. It is a time to review what is happening in the




classroom and what should be happening there -- in other words, an
opportunity such as may never recur, to re-examine national education

in its most basic aspects,

jygﬁggggl_uéggﬁ_—- How many skilled pcople of what kinds --
engincers and techinicians, studlio teachers, producers, field staff
personnel, and others -- will be needed? How many of these are
available? Con the others be trained or must they be impoxted?
Where can training best be done? Will it be ncceésary to bring in
some experl advisers or trainers to speed the process of training
and smooth the introduction of the new system? How much time will
be requived -- when should the vevious types of training begin in

order to have qualified people when they ave needed?

Preparation of clagsroom teachoxs and ficld workers -- How

- !

can classroom teachers, supervjsuhs,’principals, field advisers,

village-level workers, and others who uill be at the recceiving end

of thie television,. bast be involved in the planaing and preparaticn, ' J
so that they can contribute their experience, understand what is
required of them, and develop cooperative attitudes towsrd the system
What in-service training will classrvoom teachers or field workers
require iﬁ order to make efficiecnt use of television? What time re-
quirements are involvaed -- when must the workshops or scminars or

training sassions begin? And who will be needed to conduct them?

Preparation of programs -- What programs, satisfactory to the
country's needs, can be obtained ready for use, and what programs w...:

.
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have to be made? What progroms will have to be made locally to [it
local needs? What people (studio teacliers, produters, classvoon

teachers, supervisors, subject watter cxpoerts, television experts,

and othewrs) must be brought together to plan the programs? How can

this activity be organized so that the labor is divided and time is

used efficiently, and at the sane time the maximum number of class-
room and ficld personnel are made to fecl involved? When will this
process have to gstart? How can a few pilot programs, at least, be
tested before an entive serics is made? low many programs should be
stockpiled in advance? How much progran ma{eriﬂl -~ for example,

film clips of local development activitics or regional cultural

activitiecs -- should be stockpiled for later use? What visual aids
should be provided in advance foxr studio teachers? !

"

Supplementary materials -- What matevials nugt be provided
to classiooms or study groups, to accompany the television teachinz?
There will probably be noed of teacher guides; there may also be neod
of text materials, ﬁryccice and test materlals, cxpofiuental props,
instructional brochurea. How mady of these will be needed at the
beginning of a year or a tarm, and how nany must be provided at inte:-
vals throughout the term? The magnitude of this nced can be illus-
trated by the czse of American ;nuua, which furnishes about 12 million
sheets of mimeographed supplementary materials per year, for only

8,000 students.

and the field prozram -=- What delive

service will be reqi.ired to get these supplementary materials to th:




clasgroem or the village when they arve necded? VWhat kind end amount

of continuing advice and direction will classroon teachers and field
workers nced in ovder to utilize the televicion broadcasts efficiently?
How many and vhat kind of field supcrvisors will be needed for this
purposc? How many and what lkind of malntenance men will be required

in order te keep receiving sets in repair? What kind of transporta-
tion will these maintenance men and other field staff require? How

can feedback == suggestions, cemments, critiques -~ best be obtained
from the cl@srronmq and the field for the guiaunec of studio teachcri?
What evaluation forms and what rescarch pcfsonne] and arrangements

will be needed?

A

Timing _and scheduling -- from the kinds of planning activitisa:
we ha;c been suggesting, a rough time schedule will begin to emexge.
At certain lengths of time before the system Is to go on the air, cou-
tain training must begin, certain trained pcréonnul must be available,
certain activities must start and certain work mu§L be completed.
Consequently, at each of Lhese.times, certain resources must be coni-
mitted, At a given tima before S-Day, certain mznagement persoancl
must be functioning, certain hiring must have been completed, certai.
training muet be under way, certain activities in révicwlof curricul i
and preparation of programs must be al a specified stage, certain
materials must have been acquired, there must be housing for persens,
activitiles, and equipmcnt, and the np;rating budget.must be at a cer::

tain level.. Gradually, from all of this, the operating organizatica,

(4
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the television schedule, and the matexials that constitute the real

contribution of the system, will cwerge.

Such planning end preparation iteclf is a complex activity.
We have not meant to suggest that Qll the planuing must be done by
the same people. Obviously, it camnot and should not. It should be
coordinated by the same persgon or persons, but the people who decide
on the uses and priorities will; for the nost part; not be those who

review the curriculum and decide on the content of the services; and

there probably will be minimum overlaps between this latter group and

those who actually plan and prepare the progroms, A groeat many dif-
ferent pexsons and groups will be involved. But it will be a loung,
a complex -~ and a highly cssential -- activity. Most developing
countriecs ﬁave bzaen content to muddle into television, and to fiud
their way to effective oducgtiunal programming and use aftex the
system has begun to function for general entertainment. Sometines
they have succeeded, sometimes not. Given a satellite éysrcm,
devoted mainly to education and development, my guess is that they
can hefdly afford the risk and the iuxury of trying to 'muddlie into

it.
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FILM VERSUS TELEVISION 1IN EDUCATION

by Robert 1. Schenkkan

The usc of‘film ipﬁtoud of Eclcvjﬂjrw for cducational purposcs is
attractive for a number of reasons. The ﬁchcdn}jhg Tlexibility of film
appears to make it more responsive, if not to individual learning rates,
at least to local learning levels, The ability to stop the film in the
classroom, coumcit on a portion of il, and then proceed is not possible
with television* and is clearly a greal advantage to the competent, proe-
paved teacher. Both £ilm and television are visual media, but rillﬂ[:an'ifhns:t
higher degrece of picture clarity and definition. It is not difficult to

substitule color Tilm for black and white, where appropriate; to do so in
television requires a huge increasc in receiver investment. Color is
credited with a grecat deal of power to increase interest and, by inference,

{o advance learning. Certainly for subjects such as art, color appears Lo

be extrencly important.

A country's national identification easily can be placed on each reel
of film, thus obviating some of the difficultics that are bound to arisc
in using educational progrums of an international nature. A national lan-
guage or 10qu1 dialect can even be dubbed on the sound track, althoush this
requires specialized facilities, These possibilities would help to give

programming more of a national character, Thus, by setting up mujor film

.

% It is not possible unless a video taope recorder is being used in the
classroon. :
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Yibraries, it might be possible to obviate many of the very real complex-
itics that would #rise fraw the international nature of a satellife-

delivered television program in Latin America.

why not then, use film instead of television? A response to this

question might begin with the observation that f£ilm has been used in

]

education for 40 ycars or so. Hawover, there is no public school system
anywhere in the world that foiiea on £ilm for a major portion of itls
insL.l'n(:ti...mmI. offerings, whereas television is (::\:Li(:néi\'uly camploﬁ'mi by
several systems.  Although educational £i1lm is used in many organizations,
such as the military, nowhere is it the core of the ceducational process,
as tclevision is, for example, in Samoa.' Morcover, nowhere is film cred-
ited with the kind of reshaping and reform of education‘thﬂt should be

the major -purposc of any large scale technological innovation.

It is not neccessary to delve into complex theorics to find rcasons
for this startling differcnce in the ceffect of the two visual media, nor

ig il nccessary to resort Lo elaborate cconomic analyses to find the dif-

ferences between the two, but som¢ examination ol cconcmics is in order.

The significanl ccononmic differences botween the two media do not
occur at the production level, surprising as this may sccm, It is, true
that documentary film cests average $1,000 per minute, as comparcd with
toelevision costs of less then $100 per minute. But these differences are
not rgally very great when onc spreads the per-minute cost over audiences
ol millions.b If, for example, a potential educational audicﬁce of 10 mil-
lion is assumed (n. very modest number for a satellite-distributed educa-

tional program covering all of Latin America), film production costs could

60
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be estimated at

0004 conts per viewer per 30-minute £,

vision production costs would be only 00003 cents.,

The
I it is

audicence

possible

period that the subject topic fits the curriculum, then 2,500 prints

o
5

assumaecl
ig divided into classrooms ol 40 students cachi; and (3) 1t

to usc cach £ilm print 100 timest within the two- or throe-wccek

dvantage

that:

(1) the audicence numbers 10 million; (‘2)

vhriiloe

tele-

of television over film lies in distvibution ccononices.

this

s

ol

canch film would be reaguired, at & cost of $20 cach for a 20 -minute £l

(This is

numbers.,

the lowest possible estimate and is based on the cconony of greal

)

The cost per subject topic would then be §50,000,

if a 30-weck course with threc lessons a wecek is assumed, the coslt

prints alomnc

12 grades in

Furthermore,

would be

S5 million,

An attempt to multiply this by

Foir example,

of

six subjects produces a staggering total of 53210 million,

with reasonable handling,

mately 200 shtowings,

Ba

i

the enti

and shipping

level (u

one man-hour per 70 minutes of film, or a full-tine staffl of 200,

(s}
o

ne

F‘l. :

20N

stock would need to be replaced every other year,

"o
t- ]

Indiana University Audio Visusl Center figures) would require

ini

the above-described film stock at the most efficient

* This film utilization would be especially difficult in urban

American areas and would obviously be impossible in rural areas,
where schools often consist of ounly two rooms and rarely of more than

five

or

SEENT

b
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ach print is only good [or approxi=
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A Turther disadvantage of Lilmg in education is that no cconomics !

could bhe realized L[rem an increase in the size of the audience. 1Instewd,
an cxpansion from 10 million student viewers to 20 million student viewers E
|

would result in a doubling of the entirce film-print cost every two years, !

: t

Economies, howevevr, is not the only reason for rejecting film as a :

)

substitute for EIV., When educatienal practices at the classroom and the !
administrative levels in underdeveloped countries are examined, one cannot

help but be struck by the potential offered by a large scale ETV systom.

In developing countrics, classrooms are commonly badly managed.
1 [} et 3 o [}

The Leacher of 30 to 40 children,although usually provided with a stind-

ard curriculum, has neither the knowledge nor the managcement skill nec-
essarvy Lo progress at the rate that the curriculum demands and at the
same time motivate the students to scck solutions for themselves,

L]

question, and develop creatively.,

Ministrics ¢f cducation in developing countries tend to be over-

whelmed by the sheer magnitude of their problems in housckeeping, pay-

roll, budgets, peisoancl, and teachers!'

working conditions (nd benefits,
Thercefore, while curriculum revision and technological innovation may be il

deeply desired, there is usually no time ov cnergy left to introducce

Lthem,

Finally, as weak as these system_s appear in the classroom amtl at the
ministry center, they are usually weakest al the point '-'-"hi.?l.‘c‘ administra-
tion and classroom are presuned to meet, that is, at the levél of super-
vision, Communication between }ho administrative center and the schools
is minimal and Trequently nonexistent,
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Television can make a sjgnifjhant differcnce in helping to overcone
_weaknegsos found in developing countries. In the classroom, obviously,
it can assist 1ﬁc {eacher in pacing his class, a basic inadequacy of
elassroom-managed instructional films, Téluvision, in itsell, is an
jnnovation in the classroom. Well-programmed, it is capable of guiding
teachers and motivating sfudcuis to genuine Jearning expericnces.  As one
experienced observer said of his Colombian school visits, "1t became casy
to tell that a school had television before one ever saw the scl, becauso

onc could tell that cducation was taking place."

At the administrative level, large scale introduction of FKEIV rc-
quires study and revision of curriculum by an established deadline. Thesc
revisions are nccessary before ETV can be instituted. At the supcrvisory

level, the nature of the television system requires that a system of two-

way communication to the field be developed, if only. to provide the teacher

with the teachers' guides and the administration with an evaluation of the’

utility and pacing of the programs being broadcast.

It 1s the distribution system in ETV that inspires thesce changes.
The teacher nceds only to turn a knob to get the material desired. Com-
pared with handling a projecctor, sovting through innpmurnhlu cans ol film
to find the right onc, darkening the room, and so fortﬁ, television is

simple indced, While television may at first appenar to be a threat to

the teacher and his status, he soon comes to rely on its service,

I1f an ETV system is to operate at all, the educational administration
nust provide set maintenance, teachers' guides, and feedback to all parts

of the television coverage area for which it is responsible., Again, this
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responsibility is imposcd by the mode of distribution in ETV. The locul
option to usc or not usc jnstructional filme in cach classroom provides

no corresponding munagement imperative.

-

Broadeast television programs requive the strengthening of ceducational
supcrvision and administration at a singic central péint but grecatly sim-
plify the job of quulity tenching in thousands of classrooms where faculty
preparation s minimal, Instructional films, on the other hand, require
a high degrece of teacher compcetence in cach classroom. Therefore, Iilms,
oven when available, tend to be little wscd, while television lightens the

burden of the classroon teacher and dmproves the qualitly of teaching.
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TECUNICAL CORNSIDERATIONS OF SATELLITE
CONITUNTCATION SYSTEMS FOR EDUCATION

by Bogdan R. Stack

Introduction

The rapid development of satellite technology during the past decade
offers new and oxciting posgsibilities in the area of communications and
information transfer. The application of this new technology to LTV is
of particular interest, especially in geopraphieal areas where terrestriel

communication facilities are cither nonexistent or poorly developed.

There exists, however, a tendency to emphasize the advantages of such
applications «:d Lo de-cmphasize the many problems that are inherently as-
socialed with the introduction of any new satellite service, Although
these problems may nol always be of immediate concern, their implications
must be understood and taken into account by all who plan to utjlize sat-
cllitle systonms,

The feur calegories of factors associated with ETV by satellite that
are discusscd in this paper are:

1. Interaationel coordination

2. Operational considerations

3. Distribution system requirencnts

4, Technical feasibiility considerations
It is assumed that the value of television as an cducational tool has al-

ready been demonsirated and thet this working paper is concerned only with
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the problems associaled withh the estoblislment of o gystem that will
Jdeliver televigion signals from the originating stations Lo the students'

placce of instruclion,

International Coordination Requircacnts

The Treaty on Peaceful Uses of Outer Space, which was ratificd by a

majority of countrics, statez thal ouber space "is not subject (o national

appropriation.”

Thus, a synchronous satellite in geostationary orlit occu-
pies a permancnt position in an internationsl domain and thereforc roquires
closc coordiration umong those who ulso have aﬁ interest in using the same
sepgment of outcer space, In addition, becouse all satellites radiate elees

tromagnetic encrgy, internationally reguloted radio frequency assipgnments

must be utilized to prevent potential interfercence.

Both of these items, that is, "pzrking slots" in stationary orbits
and the available frequeney spectrum, constitute limited internntional re-
sources and must therefore be used rationally and efficiently throughout

the world,

To preveat interforencé belweon various systoems, 11U (International
4Tclecommunicatious Union) has for many years been engoged in developing
and recommending technical standards and gujdelinps that ave, in general,
obsc;ved by all nations. Co&rdination procedures in such matters as the
allocation of frequency spectrum, limitﬁtions on puwer radiated by teor-
restrial troansmitiers, aad so forth, hove boon estoblished and have been

oy

successful in preventing interference,

The advent of satellitez hor created a serjous possibility of inter-

ference between terrestrial systems and satellite systems that operate at
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the same fooguoneics, To combot this difficulty, there was developed,
under the auspices of CCIH,* g regulation limiting the maximun allovablce
powver flux density (v/alt.; per square meter) that can be radiated .Irom
satellitos, At the same time, to accommodate wide baud systems, another
repgulation vas adopted that limi@cd thc maximﬁm allowable power {flux den-
sity that cun'bu radiated in any 4~kllz baqdwidth(watts/squarc meter/4 ke),

These regulations ave shown in Table 1, below,

‘able 1

POWER 1LUX DENSITY IJMITS 1OR /‘.I)L ANGLES OF ARRIVAL
. AT THE FEARTH'S SURFACE
(EARC Regulations 470 O AND 470 P)

Maximum Maximum
Allowablce Allowable
* Power Flux - Spectral
) Density Flux Density
Systcnm (dABW/m?) (ABY /m=/dkHy./8)
Systenm using wide-deviation Fil -130 ~149
Other systen ' Not -152

specified

Note that thesc limits represent ‘total power flux densities from all

satellites iTluminating the same area.
[}

Becausc these requirencnts are not fully satisfactory from the tech-
nical vicwpoint, CCil has recently recoumended that these three nunbers

be replaced by a single requiremcnt thal would limit the periiissible power

* CCIR (The International Radio Consultative Committee) is part of TTU.
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density in any 4. ki Fandwidih, toking ineo acecovnt e awgle of arrival

of Tiux (Q). The following Limit was proposcd:

.

' ' . . 0 L)
Maximum power flux spectral density = -152 4 15 anW/m* /91 ki

. o]

However, since rugﬂlations deriving Tirom internationol convention can he
changed only by suhs::c;quc:n't cm‘n:untion.‘s, this 1‘00').111111011(1:1l'ion currcntly has
no Iégai standing, Ti is nevertheless accepted egcnerally as being more
realistic than previous oncs, It reprecents o constrainl on satellite

ERP (Fffective Radiated Power) and IV bandwidlh, as shown in Figure 1.

Thosc.rcgu]ntjons have been developed to proevent iﬁtorforcnno wjlh~
terrestrial micréyavc systcms and arve applicable to thoge Svequency bands
that are shared belween terresirial and space scrvices., At this time,
only the 4--6 Gilz band is allocated to both space and terrestrial comnuni-
cations, but as.the services arc expunded, liwitntions‘on salellite power

flux dengity wili hnvé to be extended to covc; any new frequency bhands
that may be shared by tervesirial and space systens,  No allocation has
been made as yet to allew the transmission of television signals from
space at UHF, If standurd procedurcs ave fo]lgwcd, a lengthy investiga-
tion of poteutin} interfercnce prohloms.would rrecede the granting of any
such allocation, In the process of such an investigation, new linmitations
on satellite power may woll be estab]fshcd. Thus, although transmission
at UﬁE is discussed in conncction with sctellite television, it is not
known what, if any, the ultimale restrictions on such operations will have
to be, It is quite possibue Lhnl, becausce of potcatial interference prob-

lems with existing terrcestrial systoews, space broadceasting at UHEY will

never be authorized.
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The sccond it cenational resource that may hove to be regulated ol

some future date is the ﬁnmbuv of parking slotls in stationary orbits,
Since interference between systoms can result from the proxinity of one
satellite to anothicer, it ig neccesgsary to separatce the salcllites in orbit
sufficiently, so that only one satellite is in the antenna beam of the
ground s}:uﬁou at one time, With existing systoms cequipped with larpoe
antemnas, a scparation of 4 to G degrees appeavs practical. As o result,
only a limited number of "parking slots" exists., As satellite systoms
incrcease in number, some form of international coordination will become
nccusﬁury to prevent possible inturforuﬁCv. This problem is discussced

in moi » detail in Appendix A, where it is shown that the spacing of satel-
lites varies inversely with the size of ground antennas and the frequency
ol operation., Thus, ]arg; ground auLfnnns and high frequencics result in

more pavking slots in any onc scction of an cqualorial orbit,

The combination of available frequency spcerrums and the total numboer
of sutellites in orbit (that can operate without interfercnce) establishes
a linit on the total number of television channels that can be made avail-

able in any given avea,

It appears that, at least for the next dccade, the problem of inter-
fercnce will not be‘excessive because of the restricted nuber of systems
that are nnticipat;eri. As a result, political raihm' then technicul con-
siderations c‘onstiLuLe a pf'imel.ry limitation on the iIIL.;'(')LIIICLit'.}il of such
systems. Accordingly, should the United States eatablish a satellite sys-
tem, the operating characteristics of which are not Iprem.n'll'iy cove l'L!,l.l))l'

international regulations, it should probably commit itself to changing

the system to conform to any future international regulations that.nay be




apreed upc, o depree of such conmitment

particulariy in cases ol

systemsg established for underdeveloped nations, repregsents a policy de-
cision thail must be takszn Lbefore the deeision Lo proceed, since it may

require additional investment in the system ol some latev datce,

The following conclusions can be drawn regarding international rogu-

of satellite systems for LIV

o At Lhis {jmv, international regulations cxiﬁt concerning the |
maximn allowablc pover that can be radiated from setellites Lo
provent interference with terrestrial systems operating in the
sune Lrequency bond,  These regulaetions are congidered too re-
strictive, aud o new limitation on total power por unil band-
width has been proposed; however it has, as yet, no formal regu-

lataory stalus,

These regulations apply only to the shared frequency bands that

have been authorized for space use (4-6 Gliz),

Transmission from space at UHE is not presently authorized.
Lengthy proceedings would be required tc obtain such authoriza-
tion, and it is possible-that such authorization would not be

forthcecoming,

It is not known what limitaticons on salellite power would be
necessary to prevent interfercnce between space and terrestrial
sysloms that would share common frequency bands other than those

presciatly cuthorized, Extensive studies of interference problems

will be required before such limitations are established,
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o No regulalioon now exis! conecerining the problem of the in-orbit

parking slot, However, it is rccognized by all dintercsted par-
ties thet new international regulations are required to prevent
ultimate chaos and interference between systoms,« There has been
some conccern that precmption of pnrkiyu slots by nations capuble
of launchiug satellites will not conform to a spirit of inter-
;1ati(n1a1_ cooperation unlesgs such nations arce prepared to modily
their systems to conform to any new rcgu)utj6n9 that may be de-

veloped in the future,

¢ New regulations are expected to be developed in the arcas ol
(1) procoduves establishing right-ol--first-.occupancy of o placo
“in orbit, and (2) constraints on authorizations for space broad-

casting in frequency bands other than those currently authorized.

Opcrational Consideorations

System Availability

.

It is rccognized that the complexity of the technology required to
establish and operate satellite systems in synchronous orbit is such that
only two countries possess this capability todey. Any nation establisl-

ing a satellite systen must depend on the United States or the USSR Lo
; D |

launch its satellites into orbit ard to replace them when they fuil,

Thus, until and unless sotie internationpl ageney is created thot will

guarantec launching capability when reguired, dopeondence on the muajor

powers will continue to exist, Becauge of this, there may exist a cor-

tain degree of reluctance to usc the satellite for vital national con-

munication functionsg without the availability of allernantive meuns of
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communic:  iong,  The possibility of unavailability of sofiedlites in orbit

. . . . e X 1" T i) o
must be always kept in mind, and the relative importance of such “down-time

must be realized,  In Appendix B, the basic problem of time delays in-
volved in replacement of satellites in orbit is briclly considered. 1t is
shown that such delays way voery from six weeks to 24 months, depending on

circumsltances.

System Maintenance Reguivements

It must also be J't‘.'i‘.lL:IrﬂJf.‘l?‘(;(l that operatiosn and maintenance of a satcel-
Tite system requires o certain degree of technical sophistication lh:.u may
not be available in cenerging nations, The receiving installations that,
for this study, include television sels, anteunas, and possibly conversion
cquipment, must be properly installed and maintained, With the tendency
toward ]"f,'(illt:jl'l't',‘ the cost of the havdware, the probability of failurc or
malfunction of cquipment is increascd. In tropical areas, cxperience

shows that maintenhance of clcelronic gear presents a scerious problen,

In addition, Lv].m-'jsio_n receivers and other receiving equipment re-
quire a stuble source of power to operate properly, Although voltage and
frequency stebility of power sources ave taken for granted in advanced
countries, they may be difficult to schicve in Iroruote arcas, As a result,
the quality of the television picture may suifer., 7The storege of space
parts (particularly the ino.‘:guf.-llsi\:q onces) represents another problem be-

cause of their sensitivity Lo humidity and temperature.

Keeping a recciving installation in proper working condition requires

the services of trained repairmen, When' such repairmen are nol available

when needed, and when onc cannot eysily obtlain replacement parts, the
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usefuiness of televivion as an educationsl 100) will bepin to sullor,
Even installations that operate continuously but arve oul of adjustment

‘may be too bothersome to the student and the teacher to be cffective,

Accordingly, to make EIV fully effcctive, it is necossary that re-
quired spare parts and a sufficient nmumber of appropriately trained tech-

nicians be available locally,

Satellite Control

A satellite in stationmy orbit will not remain "parked,’ but will
drift under the influence of the gravitational forces of the sun and the
moon and the irregulerities of carth's shape., 1t is necegsary, therce-
fore, to monitor and occasionally adjust its position in orbit and its
performance. A satellite-control carth station is thercfore roeguired,
Whoover operates such a station is thercfore in complcle control of the
system and is c;pnb]o of disabling the systoem at will, When one satel-
lite scerves scveral countrics, this consideration may require spvc;u]
agrcements between purticipating nations., The satellite-control facility
may be colocated with the transmitting station, In this case, the opor-
ator of this station has full control, nol only over the satellite, but
also over the content of the material br::ing, transmitted, The potential

for misuse of this capability for propoganda purposes is apparent,

Jamming aud IHEEnLiQEEl_}EEEIQEQr_Q{MSQ}Qlljixghln Orbit

Unless very sophisticated (and costly) transmission tcchniques are
used (which arc not considered fensible for ETV application), therc is

nothing thal could prevent a deternined jommer from disabling the syston,

Simiiarly, it is quite possible to Lake over the satellite by superimposing
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an unwanted transmission of sulficient power, These possibilitics om—
phasize the general vulnerability of satellite systoms to determined
interfercence and the nccessity for internationnl cooperation in these

areas,

Digtribution Systom Considerations

Methods of Distribution of __'J‘olt-vi.(ii_t'.:_;_ﬁj_;r;_n_;-__h; to the Uscr

Diveet Nroadeast. Dircet broadcast is a technique by which the
televigion signal reaches the recciving antenna of the user di rect 1y,
Since conventional television systems operate at frequencices in the VIR
and UNK bandg and utilize VSB=AM (Vestigial Side land-Anplitude Modula-
tion), convertors may be required if broadensting is acconplished at
another frequency or utilizes FM.  Dircet broadeasting can be accon-

plished in the following woys:

¢ Compatible frequency amnd modulation techniques (VilF-VSE/AM)

since the transmitted television signal motches the parameters

of the television receiver, no conversion equipictit is necessary

o
at Lhe receivoer,
¢ Compatible frequency-inconpatible modulation (UHF-FM): convoer-

sion from FM to AM is required at the receiver,

0 Incompatible frequency and modulation (nicrowave=ru) frequency

conversion from microwave to ULF is required in addition to BN

to AM conversion,

Rebroadeast., Rebroadeast is a technique that utilizes an intosrmc-

diate facility that receives the original signals from the transmittor




and retransmitls or redistributes them to the users,  Rebroadeast can boe
accomplished at any frequency utilizing any modulation technique, Necos: i

sary signal conversion is performed at the intermediale stotion,

General njscusxion

Dircct Broadeost, This service consists of delivering television

signals direclly to the uger's receiving installation,which will normally

g consist of a rooftop antenna and a minimald amount of additional cquipment,
Such scervice provides a dircct link between the satellite transmittor and
the user's rcceiver, Local terrestirial television trensmitters and dis-
tribution networks are not‘roquircd. Because of the lack of lociil tele-

vision broadcasting stationg, it would be difficult to include progran-

ming of local interest, low cost local advertising, and so forth, and it
would be difficultl to cncourage the development of local indusiry associ-
ated with broadcasting operations, The lack of local coverage aund auton-
omy in broadcasting has been stressced by many pcople as being polentially

undesirable because of centralization of information dissemination in the

hands of a national broadeasting entity. Even with the best of intentions,

the geographical distance to the transuitler may preclude inclusion of {

local material at reasonable cost.

Thus, the firsl major objection to dircet broadecasting thut has boen
voiced is the fact that, beecuuse of the nature of the direct brogdeast
scrvice by satellite, the entity.that controls the satellite in orbit and

the transmitting and station=keeping carth terminals will have a virtual

! nonopoly over the control of broadeasled material, "
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The second najor objection to direct broadeasting by satellite is
the problen of system reliability, which is discusged in some detail in
Appendix B, In csscnce, it is fcarced that dircet broadeast ‘5:(-1‘\*icc will
prevent development of terrestrial comaunication 1links (primarily because
1110‘_ cost of sutellite systoms would preempt all availeble funds). The
{endency will be, therefore, to use the satellite for as many other scrv-
jcos ag possible (including telephony),  Should satellites fail and for
any reason be difficult to replace, the overall communi cation capability
over long distances would be !-G\I}_}F.'-tillllli:l].'].}' impairved beeause of the Jack
of a properly developed terrestrial network, The problem associated with

galellite failures is discussced in Appendix B, The reader can draw his

own conelusions regarding tlie gravity of this problen,

A consideration in favor ol dircet broadeasting is the fact that it
represents the nost economicnl means of reaching a large I‘Hi]llllt;l‘ of uscrs
and could be accomplished at a relatively low cosl to the uscr, This is
of particular interest in countries where dispersal of the population and
difficult tereain make terrestrial networks difficult to implenent., The

teeliniecal factors associanted with the feasibility of such service are dis-
]

cussed later ip, this paper,

Tochnical Feazibility Congiderations

Appendix C includes a summary of television picturc quality require-
ments and operating frequency allocations applicable to 'terrestrial tele-
vision sovvice, 1t is normally assumed that an SSQ (signal-noiscratio)

of approximately 10 db should be used as o design ebjeclive,




Data supplied by Comsat Corporation was used to detcrmine the ERP

that may be available Trom stationevy satellites in the near future,

Tablé 2, below, shows the ERP that may be obtainable with solar cell
technology by the midmlﬂ?Us.. Satellites of dilferent weighls arc con-
sidered, and the type of booster required to 1ift L]Ii.‘w‘l\\'(!i[;]lt into sto-
tiogary orbit is shown., The applicable cost 51oms eatimated by Comsal

Corporation are also shown for comparative purposcs,

Table 2

ERP FROM SATELLITE (4% BEAMWIDTH) THAT MAY BE EXPLECTED
W11, SOLAR CELL TECHNOLOGY BY 1972
(Dollavs in Millions)

Uscful KRR (4° Bean)
Orbital At UHF At SHIF Cost « Cosl
Tine Weipht 80C Mz . 4 Gllz of Satellite’  Launch per

Frame ﬁPouuds) (aBw) . _(apnw)  _R&D Unit Cost Cosl Launch

1969-1972 1,000 62 61 S27.4 $ 5,

] SETND S13.0

2,000 67 64 35.0 9.0 15,0 24,0

4,090 69 67 50,0 14,2 15.0 29,2

1972-1975 1,000 62 AL P ek | ] 9.5
2,000 67 64 38.5 9.1 15,0 24,1

4,000 69 67 45,0 14.0 15.0 29,0

8,000 72 70 62.6 18. 3 25501343

20,000 76 7AREER7 770 27.4 60,0  87.4

* Includes apogee motor costl, where applicable,

Source: Bascd on data develeped by Coisat Corporation.
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‘Comparing these estimales of ERP'at 4 Gz with CCIR limitations
shown in lMigure 1, it becomes apparent that the power capability of salel-
lites will soon be substantially higher than the limits imposed by con-
sidoratinn ol inturrcfencu with terrestrial systems., A similar situation
will probably exist in‘any other shared frequency band. Accordingly, a
decision to proceed with the required rescﬁrch and development must take
into account the possibility that such satellites could be used only when

no terrestrial systems operating on the same frequency bands cxist,

The realization of the ERDP shown in Table 2 is deponﬂvnl on satis-
facltory progress in developing space-qualified designs for power ampli- .
ficrs and lurge size space crectable antennas and on solving all problems
related to high power operation in space, Although no now Lcchnica]l
breakthroughs are required, the degree of effort presently being expended
on developing such space-qualified designs may not be sufficjent to nicet

the dates indicated,

Manufacturers contacted on this subject have indicated that little
incentive exists for industry to expend their own rescarch and develop-
meat funds. NASA appears to be the only agency continuing research in the
arcas mentioncd above at a level of effort sufficient to develop flight-
qualified designs by 1972, Opinions as to the adequacy of existing NASA
programs var§ quite widely. Thus, availability of the ERP shown above
depends on scveral years of sustained rescarch and development effort,
Accordingly, in spiie of the dptimistic prog.ostic itions rcf]outod in the
ERP figures shown in Table 2, caution is recommended in ayguming Lhag they
will be available as antieipated, Although the researvch and development

conducted by NASA will undoubtedly solve the basic technical problems, a

.
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large amount of cengineering will be required to produce fiight-qualificd

satellites and the boosters required to launch them,

1t appears that this effort can be accomplished only if sponsorcd
* by the U.S. government, since demand for such satellites would not justifly

in-house research and development by acrospace firms,

If it dis desired to operate at frequencics above 8 Gllz, additional
research and developuent and engincering effort would be needed, since no

flight-qualified satellites operating at these frequencies have been built,

The conclusion to be rcached from thesc comments is that although
technically feasible, satellites permitting divect broadcast to users will
not be available until several yecars after a rescarch and development con-

tract for developing these satellites is placed with an acrospace company,

Satellite systems operating ét Trequencies other than prosenl}y
authorized (4-6 Gliz), and especially those qpornting at frcquencies above
10 Cﬂz, would require an cven largor.poriod of rescarch and developniont
and flight qualification. Becausec of this, it is the belief of the writer
that any countries outside of the United States and USSR that desire to
establish their own domestic television satellite systeoms in the early
1970s will stay within the existing state of the art, that is, a fre-
quency modulaLjoﬁ in the -6 Gllz range and EHPH.in the range of 45 diW
(4° beamwidth at 4 Gﬁz). Because such a system requires recceiver anlcnﬁu
sizes on the order of 15-20 ft, it is more oricnted towards rebrouadeast
rather than direct broadeast, Any other choice rcqﬁirus addit{onu] res
scarch and development that might delay the implenentation of Lho svrvigo'

and would neccessitate operation in frequency bands that, are not presuut]y'

authorized for space useo,
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Technical Feasibility of Variousg Distribution Techniques
The various techniques of distributing television signals that were

defined carlicr arce discussced in more detail belows

Dircct Cumbqliblu Broadeast ‘to the Usecr (UNV-VSB)

User Installation Consisting of a Conventional Television

This method reguires the transmission of amplitude-modulated
VS (vestigial side band) signals at the VIF or UNF frequencies directly

to the uscr's television receiver, which is equipped with an indoor

antenna,  No modifications are requirced to the user's installation, and

conscqgiiently this technique would yield the lowest receiver cost. How-

; |
cver, to meel television quality requirements (listed in Appendix C) the
ERP radiated Tfrom the satellite would have to exceed the present and for-
sceable stale of the art, and the cost of the satellite and the required

booster would be prohibitive,

11 existing and proposcd regulations concerning prevention of
co-channcl interlerence in shared frequency bands were applicable to the 2
Ulllr band, all would be violated by this system. In addition, severe re-
1

slriction o[\ghu total number of orbital space positions would be a conse-

quence of tho sensitivity of this system to interference (sce Appendix A),

It can be concluded that this system should not be considered

for ETV because il is not fcasible either from the technical or sperational

'

standpoint in the forsecable future,




User Installution Equipped With an Outdoor Antenna and Low i
Noi'saliaaniy Lo 1Al RO T |

Ground Sepgment Considerations, A substantial reduction in the i

: |

ERP required from the satellite con be achicved if a high goin antennn I I
; I

and &an ant enna-mounted preamplifier are utilized, The gain of the un- E
tenna (G) and the noise temperature of the system (1) determine the son- i
|

sitivity (G/I') ol the receiving installation, The G/I' can then be traded :
3 of{ against the requircd ERP from the satellite. 7This trade-off is shown i
]

in Figurce 2, Maximum limits on ERP imposcd by existing CCIR regulation |
]

(which are not currently applicable to the UIIF band) arc also shown, as |
|

are the ERD that is expected to be available by 1972 (assuming 49 beans

width and a 4,000-1b satellitce),

It can be scen from Figure 2 that with satellite ERPs of 45 dB, .
a high sensitivity receiving installation (G/I approximately 15 did) would
be required, with attendant high cost and lavge antenna size, It appears,
therefore, thut to achieve a reasonable cosl for the ground receivers,
high ERPs from satellites are needed, Because of possible interference

problens with terrestrial television broadecasting on the same frequencics,

the usc of this technique may encounter serious opposition,

Space_Scgment Considerations. To provide a covevage of approsi-

.

mately Lwo million square miles, the beamwidih of the parabolic antenna
on the satellite would have to be approximately 4%, At upper UHE, this
requires an antenna of approximutely 20 ft in diotieter with p gain of ¢

‘approximately 32 dB,

If a more restricted area of earth coveroge is desiroed, the an=-.

tenna diameter will increasge progressively (coverage of 500,000 squaie
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miles requires an antonna approximaicely 40 £1 in dinmeter),  NASA is

currcntly developing a 80-ft antenna that can be unfurled in spoee,  This

-

effort constitutes the najor ongoing progran, and future possibilitics
will depend on how well it will suecced,  Thus, although not presently
available, such siatellites may be developed, if sufficiently agpressive

resecarch and dovelopument programns arce pursucd,

‘cenienls, The use of UM for dircet broadeast

would necessitate new international agreements in scveral dmportant arenc,

3
Some of these may be listed as follows:
o Allocation of UNK hand to broadeasting froem space.

e Amcendment of exisling reogulalions to permit radiation of

].zir'y,(,-l‘ power flux from satellites in Lhe UHP band,

T .
(4 lesolution of probloms that may avisce because of Ltechnical
Y

impossibility, at the pregsent time, of limiting the coverag

of a DBS to the fronticr of onc country.

¢ Resolution of potential co-channcl interlfercence problons
that could resultl from Lwo similar syslteuns operating in

adjacent areas,

¢ Need for some degree of international coopeoration, in vicw

L &5

of the pogsibility of intentional interferencoe,

¥ Bascd on items discussed during the meeting of represcenlaotives of
regional broadcusting unions in Paris, ‘Janvary 1968,  (Reported in
Telecomuunicgtions Journal, March 15, 19€8.)
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Tromevonrs
lHowever,
pj'()]ﬂ i,

nalional

The Jengih of tine reguired to negoliote a proper dnteinalional

in which spoeo broadessting could be coffective is vupradictable,
Judging by the nany factors concereed and the complexitics off Lhe
it could Lo substautial, Yet, in the writer's opinion, such intcor-

acreoonients are necogsary i ultinade choos ds Lo be preventod,
IL ecan he conceludetd that:

o Divecl compalible broodeast al URK to o user's receiver
cquipped with an outdoor antenna and proeamplificr is curs
rently outside the state of the art. It could become feasi-
blc in thie nid-19705, provided vigorous rescorch and develop-

moent prograag are continved and sucecssfully completed,

o To male such systons ccoanmienlly attractive,large anoiils
of power would have to be radiated from the satellite,  7This
vould crcate & possibilily of unaceoploble interfcerence with

Herrestrial systoms and would require establishuent of inters”
national rogulations and standords,

¢ Total number of orbitnl space positions for satellites would
be scevercly restricted becgause of interfercence considerations,

¢ Ul spectrum would have to be allocated for spoce sorvices.

o lengthy procecdings would be necded to arrive at interantional
agrceencnts concerning all these problems,and it is quite proba-
ble thot authorization for Ul broadeasting frem satellitos

would never be gravtod,




Eroguetcy-Modula

fed Broadenst ol Conpad ible Mrequencios CE=15)

Ground Sconent Consideral ions, This method utilizes Froguonay

modulation operating al compatible Ui froguencics,  As oa resultowidoer

bardwidth ig requiced (by a factor of up 10 5:1) over the amplitude modin-

lated casc (ANM/ZVEN).

The recciver installation requires an addition to IPA=AM converler

and now consists of the onlbdoor anlboenna, preauplilicr, and converter (@AY
demodulator),  The benefits derived from Che use of P, however,  CORpEi-

guto Jor additionnl components roquired at the peceiver,  Becausie of Che

Jjower sonsilivity to noise, substontial reduction in received signal power

is posuible, The trade-oll belveon {the GAT of the ground recciver and the

ERD from the satellite is shown i Figurd 3. Comparison with the amplis=
tude modulated cose in Figure 2 shows that o reduction of approximutely

P

16 dB in required kiR can be geconplished for similar G/, Accordingly,

it appears thil

satisfactory operation could be oblained wit h moduerate

‘amounts of ERY Trom salelliles. This is acconplished, however, at the

cost of the subs
clcar al this ti

inmposed by the o

is also applicah

ceived from tho

broadcast i stal

determined by t

ous scolion (AN

ho desired apreps coverage

toentially wider KRE bandwidths required by Fil, Tt is not
o whot restrictions on this method of operation would be
tudy of potentiul intcrfercnce problems,  This technigue

14 to local rebroadessting of the Lelovision slenils ree

(] s

catellite to home receivers by a stondard television

HELRLFS B

Seoment Considerations, Since the size of Lhe antennn is
, all comuents made in tho previs
cass) rogarding the satellite are also applicable hérve,

i
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cin be moede oporeabionzl, 1L guch an investment ig nede Dwaedintely, tho

consensus seens Lo be that o dircet broadeast system can be made available
in 1975, 11 is doubilful, howcver, whcotlier new internuntional agreencents
and standards thet vould be required for such scervices could be negotiated

within o copparable tine period,

Frooueaey
(; Leronive

atod Droadeost ot Microvove Fregueneies

Greund Seamont Copsiderations, Thig teclmigue ig now unjversally
used for sotellite cownmications, For television broadeast, the groond
installation wvonld reguire an antceuna, preanplificr, frequency converbonr,

I denodulator and a telovisgion set,

Speee Hopnent Considerctions,  Since the space segmont Tfrequency
and method of nodulation are co:::}l.'til)]t-l\.'jth -.-::i.:’“.i.inﬂ'-tvt:lmiqur_':-: uscd by
].N'l'l'.']..‘;;".'l', corbined communication and television service could be providod
through indepoendent transponders in the sotellite.  Heivever, boeausce the
operalting Tvequency bands may lu.-- sharved with terrestrial communication
systems, CCIR regulations on spectra) flux densities must be ohscrved.
Figure 4 showa the trade-offs between G/1 and saolellite ERP at o Miz.

All technicol roguirements are considerced to be within the stute of tho

art, Since th@? existling cornunlcotions satellite experience is al this

{requency, developmeat costs would be lower than for techniques previously
. 1 v ! l i l o

discusscil,
Becovew of the necessitly of mecting the CCIR requirements, the
maximum ERP from satellites would be restricted to approximately 50-55 diyy,

with a corvesponding requircnient for G/I' of approximately 10 dB. To kecep




cosls reasonnble, pround anlennns of apj

00 mindm may he

vequirad,  Thus, this method g particularly suitced to reloay broadeast i

wherehy television signals ape received by o centrally locatod sround 1

ceiver cquipped with an anlonna of peasonnble size (20 FU) and then e

layed to rebrosdeasting stetions by torresirial microwiave,

International Anraoments, 1T operated wi thin the INTELSAT Syslo

no new agroeciicat s would be necespary, 1€ opevated outaide INTELSAT, some
j coardination and cooperation would be necded to provent mutuind interlorcinee,
| hebre i
As proviously digeunsed, vrobroadeast dmplics a vetransuission of
sipnuals by an dntermediate broadeast, Accordingly, any onc of the toch-
niqies (l.".'f.'l"“u'l|‘ abovoe Jor tho triasnission of signels botween the gatels
lite and the recoiviug antenna could be usoed, Howevie, bocause of techng-
cal and operational advanto es, thoe froguency modulation ot mi'v:‘n. ave
frequencies Goderowave-1) is universally used for rehrosdeasting,  This
technique wos desceribed above,
ODaRALOINE IR
St ral propo 18 have rocy 1y pDeci madd toiprovide televi Ol Sopy-
ice from satellites atl frequoncios between 10 and 40 GHiz.  Opueration at
‘theso f'l't-‘;.:_'.'.:"ii:.‘i is choraatorizod by the dncrensce in T Ivoer and oxtop-
nal noise, increascs in losscs cavsed by adverse weathey, and higher atnos-
pheric losses,  In addition, ;:‘_x'.il vation of hipgh [F [ ower ol theoe (roguioss
cies still presents problems, Theso diswdventages, however, are pantindly
' offsct by larger antonna guins and espeeially by the fact that new opors
, ating frequency allocobjons are bndly needed, ‘

} : ; oy :

T Tl T e L e T T ) Ty e T o o, 1 e T T e i e T P e
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Gonceralion of sulfjeicot LRE to enture solistactory direcet hroadesist

operalion at these frequencices nay be difficull wul contly in terms of

today's state of the avl, bhut Lhe rapid progress of technology in this
arca mighl ronder guch service cconomically feasible in the near future,
A susntained and .':_ni‘:.i.'-nt;i;ﬂ research and developnent progrom thot is
oricnted towards doeveloprient of space-qualificed hardvore vioulcd be neces-

sary; hovevoer, such o program has as yebnol been instituled,

On (he bapls of the tecehnicenl and operational arpunents discusscod
above and in Lthe appendixes, it appeavs that rebroadeasting at 4 Gllz by
satellile vould repreasent a more adventapeous solution than dirvecet brooad-

cnating, for the Tollowing roeagsons:

Techmicully, (Athe systen is Teagible today and could be inplc
mentod vithout substantial delay or rescarch and development
exponses,

It would proevent the "all eggs in one basket" situation by

peraitting the developnient of local terrestrinl facilities,
IL would create Jesg confusion in case of satellite failure
(beecause of the availabilitly of local communication facilit
It would provent couplete nonopoly on the dissenination of

gran - malorial,

It would permit sufficient flexibility for futurc systcm changes,

It docs not require any new regulations or standards.
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Goneral Conclusions

Table 3 sumiipeizes some ‘pertinent considevations associalod with |
various methods ol tcelevision signal disteibuticdn, 10 shows that only !
rebroadeanslt or o d-GHe freguencices utilizing MM is foosible al Lhe proesom i |

]

time from the teehnical and regulatory standpoint,

, Satellite cnpebiltity required for cconomicul direel brogdeast may b

cone avaclabloe vithin four Lo seven yeurs, pmrovided rescavceh and develop:

i ment effort specifically opicnted towards that end ig naintained and sue- l
|
cessfully conploted, "
|
!
' . i I ] . . . 1
Now dnternationnd siondords and regulalions may bo reguired with oy |
) |
new technigque of space beopdeasting that is not pregently anthorvizod,  Ace |
|
cordingly, catoblishment of now systoms hefore such agreoments ape nepoli- |
. ]

ated should be on a gtreiclly interin badis, permitting future modilications

if such ove reguired to conforit to the noew stoandavds,
'

The primery technienl probleps associatoed with the deployment and
operation of a satellite hroadoast systoen in developing naticons are in the |

areas of providivng sulfficivally tralned manpower on a2 local basis, mains

taining and operating the reccivers, and the availability of sparc parts
and thelpr'storage in tropieal clipatles,

It is= aleo essentis to evaluate ll‘l.' .\'\"]“l' I'Jf O f':!ll.']l:tl.‘ !'-:..-'-l'l_:!I for
a developing no lon az conpuared to its other roquirements, in vicw of thoe
fact thal any couiatry using such a syston will depend on the Unitoed States

or USShH for nrovision of launch vehicles,

The advantipes and tite polential of broudcust satellites nay bo tro- !
mondous, bul bezauso o satelldfe operates in the international donnin of

94
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outer space and its coyverpge cannot be limited to the boundarics ol o
countbry, nony problems of internationnl concern will arise, All of fhose
problems must be fully evaluated and theiv potential future imp ot as-

csessed before the Uniled States undertalies to egstablish such o systom [op

any developing nation,

L%
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INTERPERENCE CONSIDERATIONS

Limitations on the Total Number of Television Channels Avound

the Globe

Since cach television channel occupies a predetermined |

bhondwidth,

depending on tho nethod of medulation used, the Lfirst conslraint on the

total number of television channels dis imposcd by the availability ol the,

speclrum,

AM=VSH (Amplitude-modulation vestigial sidebound) transmission, which

ig stundavd for tervestrial television distribution, requires 6 A

i

television, channel,  FM requires approxinately 25 Mix off RI' spectruwn for

Ltransmission of one channel.,

Thus, assuming that a total of 100 Miz is allocaled to

a particular

systom, approximately 16 AM-VSD channels could be provided, while only

4 would be available with FM, The choice between FM oand AM

"by interference considerations,

is dictated

The sane frequency band can be reuscd to transnit another channel if

Ls

no interference existg betwecen the two systems operating on the

quency. Assunme thet several satellites are available in stationary orbit

and it is desired to transeit from all these satellites on the sane fre-

quency.  Since frequency discerimination is not pussible we must rely on

the directivily of the ground antennas Lo pick up the transmissions fron

the wanted satellite and rejeet those ‘from the other satellites, It

obvious that Lhis establishes o relationship bobweon the spacing ol

a7
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satellites in orbit and the type of ground reocciving antennns that oare

ul'ilim?(l._

This ru]uLju:u;hi]unt':".)]i.--Hn.:'. i:]lt' second constraint on the total -
ber of television chamiels that can I.'-v.)u'u\-'j(!c(l by dmposing a minimum ro-
quivrcmnent on the spacing of soatellitos in astutionnry orbil as o funclion
ol the dircetivity of the pground antenuas,  The directbivity of the antenna
ig o function of ils bomwidth which, in turn, is joverscly proportionad
to the diamoter and (he operating frequency,  Thus, the maximum permissib)e

number ol satellites in orbit decrcases as the dianctor of the ground un:

tenna is reduced or the freqguoncy lowerad,

.

Since the preiuary cvonsideracson is the interfeorence between the wanted
)
and unwanled sigpals, only those modulation techniques that enhance the
discerimination capability should bo usced, 1In this regard, it is obsacrvid

that wideband modulation techniques, such as Fi, are substanticlly superior

L

-

to narrow band techniques, such as In the resulting situation, EM will
permit closer satollite spacing but will utilize more bundwidth per channel
while AM-VSDE will requirve very lorpe satellite spacing while utilizing rel-
atively little bandwidtih, Since the total number of television channels is

the product of the number of satellites and the bandwidth available, the

two requirements are incompatible and a comprouise must He sought,

The dmplication is that the well-cstablishcod concepts of froquency
spectrum allocation must be supplemented by spocilications on receiving an-
1

tona dirvectivity., Since the dirvectivity is inverzoly propontional to antenna

diameter (D) and to the opovating froquency (1), the minimum spacing of

)

satellites in orbil A9 vavicad inversoly with DE (A : i

)



The lendeney Lo conserve fruguency speetrin by uilizing narrowband

modulation technigues has e cifecl of reducing dimmunity to interfoerencao,

The dircetivity of antennas may becone insuflficient to permil closcr aiv-

pulay spacing of Gelellitos in ovhit.,  Thus, by redueing the requived
bandwidth, the nunber of solellites thal can be placed dn any given soo-

tion of stabionaey orbit is decreansed. 1. Rosen ol lughes Corporalion

gives the folloving exauple.?t

For opcralion of UNK (800 Nilz) with ground antennas of 1011 Fi.i;t:;l:\in]*_,
the :;:ll.L-ﬁilv orbit spuacing lo prevent havnful IL'l'.'!--CIIi!]llI{"] interlercnce is
45° , assuming froquency modulation. Thus, only four satellite locations
can scerve ine sone rogion of carth without interference. 1 100 Mz of
Ul spectrawm is allocated, only :\111.11‘0.\:ii.uxtu-ly Tour Fil chuannels por sat-
ellite could hoe ccconmodated, and, since four satellites could be uscd,

a tolal of 16 television channels can ba .Obli-'liﬂl,‘ﬂ. 11 ;'-.mplit.uri*;- -modulation
is used instead of Trequency modulation, only 6 NH. of Re speetrum is re-
quired per charnel permitting up to 16 television chennels in a 100 =itz
band. However, because of increased susceptibility to interfercnce anc
.cm'roszpot‘,clin r inereasce in oaibi al spacing of -3::1.‘(-]11'1.0.:: required, only once
1

orbit locatimy could be usad, Thus, we would have 2 capacity of 16/ chan-

nels per satellite but only onc satellite ‘in orbit.

The implications of this situation are clear. Eithor all those de-
siving television chanuncls in one geographical recion utilize the samc

satellite, thercby obtaining a clcar channel, on some foru of coordination

A TAACTVOLN R CIENO A April 1968.




botween compelbing systoms will be necessaty to ovoid interference.  For "

example, a UNIEF grntellite systom for India that is designed to serve the {
' i

users dircctly and caploying cnnll enrth station antennas could become

subjeet to sorious interlfercnce if anothcr country would place ils own i

salellitc,also operating at uliE, toor close to the Indizm onc., The sccond !

country could achicve proper Opc vation of its systom by using lavger size

ground antennas, but the Indion system would be interferred with, Should |

{he sceond counlyy be wnwilling to intoericerd with the Indian system, it

would have to placc its catellite in orbital positions which would not

interfere with the Indion: system and accept possible restrictions on the
capacity of its own systen. \
|
Although Lhe requirement for television channels which will occur in
the inmediate fuiure is probably smull enough to be gatisficd without
creating any interfercnice problems,it is apparcal thal soma sort of intur-’
notional standuards will ultimately be required to prevent futuyre dilffi- {

L'

cultiecs. Thus, any systons estoblished within the next few yuars must be

capable of modification when and if appropriate international standavds

avre developed.,

The above discuss {on assumes thal all satellites pradiate the sand

amount of RE powor. If this is nol the case, additional. interfercence will
bo created with stations designud to rcceive lower power transmissions.
Thus, ERP coordination botween the two systcus is also necussary.
From tho preceding discussion we can draw the following conclusions:
o 7The selcetion of oporatling frequency, the size of ground recciving

antennas, oand the modulation technique detormine the minimun

100
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[q]

perni ssible spacing in.orbit of satellites operating in the sume
frequency band and radiating tha some oyt of power. This fact,
together with the Limitation on avuiluble freguency spectirum, ime-
poscs a limitl on the total mmber of television channels that can
bo provided for eny given region with acceptable interleoerence.

When planning such systoms,the long tern requiraments of adjacenl
countricas for similar services mist be considercd and agreements

on the system parameters must be obtwined shead of time. Introduc-

tion of some intcrnational stondavds is clearly necessavy Lo pre-
venl future chaos from developiny.

Operalion of television hroadeast systeoms at highor frequencices,
using frequency modulation and utilizing larger size ground an-
tennag, will provide more global {clevision cepacily in any given
frequency range than would be possible with AM/UII opc ration and
small stations.

Thus,direct broadeast to users at UHE utilizing AM-VSED tends to
reduce the total television capability that can be providad by

salellite systoms,

101




Appendix b .

SATELLILYE SYSTET RELIABTLETY CONS TDERATIONS

System Down ‘Tine
Individual components ol any gyaten will fail cventually, thus tolally
or partially disabling {he system. In case of @ gotellite in orbit, its

failuve will put the systen oui of action until a roplaconent salellite

can bhe orbited,

To reslore thn sevvice, the following must be available

1. Replacement satellite

2. hooster

3. Launching pad

Time delays pasociated wilh the availability of these itoms hove
been estimated as follows:
1. Heplacement Satellite

o manufacture a satellite - 12 to 18 months

.

To asscuble and flight-qualify a satellite from available
pavrts - threc to nine months

To prepaxre available satellite for Jaunching - one to three
months :

These time deloys inclucde the time necossary for final checkout, shipmont,

and mounting of the entecllite on the booster.

105



GaliRlioon el
The availability of the IsL::-:jL:_-r- depends on whore it is procurcd,
In the United States the procuxing agency would }n'ulpﬂJ]}' be NASA, and the
fol ]n'»'.'_in;-;. doloys could ba expoeclod;
No hooster available at time of request - 12 to 24 manths
Spare booster available - one to three meaths (this includes

{ime nceessavy Lfor shipnent to launching site) .

3. Lawndliing Rud Availabidity
This item depends on the munber of available Jaunching pads
the froquency of their use. 16 i noraally asswued that a Lturn-around
interval between Jaunches is frow Sour to six weehks, Thus, to replace a
solellite which has failed in orbit, a minimun period of approximateldy

siy weeks is requirved, cven when the space satellite, Jaunching pad, ancl

booster arc available immediately.
Diobabind tysolgsU e A TUIRLIENN Gl

Due to pessibilitics of malfunclion, onec must consider the possibility
that a launch may fail 'duc to:

Booster failure to attain orhil

Failure Lo successfully deploy the satellite after attaining orbit
As an example, with launch succcess probability of 80 percent and deploy-
ment success probability of 95 percent, the statistical numbcr of launch
attempts required to attain 90 percent confidence limit of successfully
orbiting a satellite is 1.7, 1his suggests Lhat cue should be prepared

for the possibility that two launcihces may be recded to successfully orbit

the satellile,
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In such a case, if two salellites and boostevs arc ordginnlly avail.
able, a tine deloy of approsinately 12 weels may be expacted, 10 they
are nol availuble, o cousiderable delay in restoring syaton operation can
occur.,
Maioneeas L aligis a2
As can he scen from the shove discussion, means Lo prevenld sy tion
dowit Lime must be developoed, 52::'-..4: possible stvadegpics mre:
Rodundant (standby) sotellites in orhit
Backup terrvestrial ned ."m'i:‘
Use of several smaller capacily satellites to reduce areas of oulage
othenfitosaihlaECay o Ion: 5y s tenINONI LS :
In addition to failures, the systei can b :-L-n*l-,'-rmi inoperalive b
other means: 1
)

Predictoble oulpges (celipscs, sun tran sit, and so forth) , which
normully short term

Interference frou other systens .

Intentional januing

Consideration :31‘ these itoms is outside the scope of this roport. 1t

should be remesbhered, howover, that satellite systems ave totally Vi -
able to intentional jaumiug and can b m_m:-.;‘-la:b.-l;,' disabled by a doterpined
jammer . It may not, therefore, be advispble Lo usc @ salellite to handle

[t

any communication or cducal fonal functions that may be considercd to b

of vital importance to the country.
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Appendiz C

PRELEVISTON STANRARLS AND PLOCTURE QUAYTTY “REQUL BIEENTS

This appendix includes a bhydel sunaary ol the opcevaling reguircients

{
of televigion systoms {hal are povtinent to conparative systons studics., '
|
rrequoncy Allocalion for Wele viagtion Suervice
Pelovision operations throushout the world are contained mainly in
{the Tollowing Treguency boncdas:
4168 Nl
174-2106 Nz
470550 Klila
In ithe Unitcd Stutes, the frequencics aauigined by 1CC (Fodoral Comtuni-
cations Commission) to compercial television broodeasting arc: :
|
Froquenay Channel Identificution
548

-6 Lower VHE
14 Upper  VHE
- 83 Uil

Frequency bands allocuted for trensmission between compunicetion satel- i

lites and eargh stations arve di: tributied throughout the frequency ran

Gilz. 1n the United States, the 4-6 GHz bands are shared

e

from 3.4 to &.
boetweon the copmon cavrier sutellite and terre strial services, whilc

7-8 Glz bands are used by government comiunication satellites, Table C-1
summarizes the broadeast frequency allceatiens in the threo geograpt ic
regions defined by CCIR and within the United Sta. s, Table C-2 stina-

rizes common carrier allocations for toerrestrial and space sorvicws,

(]
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SIS RO 17 ONT L SIS

11-G8
Broadensting

87,6100
Broadens Ling

174216
Broadensting

216-204
Acropautical
radionavigation,
broadeasting

470-052
Broadeas ting

582-G0n%
Broadeu=ting,
radicnavi gitt jon

60L=790
Broadeasting

790-890
Fixed
broadecusting

890-912
Fixed
broadcasting

942 -960
Fixed
broadcesting

Table C-1

TELUVIS 100 BROADCAST FRUQUENCY ALLOCATIORS

Repgion 2

5973
Pixed, mobile
broadeas ting

74.4 -8
Fixod, mobile
Broadeas ting

88-100
Broadensting

1712106
Fixed, mobile
brondeasting

470-800
Broadeasting

41-50
Fixcd, mobile
broadensting

54 -G8
Fixed, nobile
broateas ting

B7-100
Iixed, mobile
broadeasting

170-174
Fixad, mobile
broadeasting

174-216
Fixed, moblle
broadeast ing

470585
Broadeas ting

610-290
Fixcd, mobile
broadcas ting

890-012
Fixed, mohilc
broadeasting

942-0C0
Fixed, mobile
broadcasting

Regdon 3

Unitud Stales

54-12
Nongovernnent

76-58
Nongovernment

8H-108
Nongovernment

174-2106
hongovernment

470--690
Nongovernment

541 -2
Broadeosting
vV

76-88
Nroadensting
v

§8~1048
Droadeasting
FM

174-216
DBrondeasting

v

470-890
Broadcastling
TV
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Table Chf

ALLOCAITONS 1O CONMUNTOATTONS SEENVICER

(1~12 Giln/e)

Freoguency Lff”lfﬁ_ SN TR :
Jh““L(Eﬂﬁlfl. o dﬂljnpuru:ip :

1710-1850 Fixed, mobile Unspeeificd povernmacenl

.3500~-3700 Fixed, nobile Unspecilicd government
Radio location; Comsol

3700-4200 Suue as abeve Common carricr, fixcd spaec
4400--4700 . Sqae ns ahove Government unspeciliod
5025-6420 Sume as obove Coinmon carricr fixed
7250--7300 Comsil § Consat (npncv)

7300-775Q Fixed, mobilce Comsal Comsat, Metsal (space)
7900-7975 Smie as whove "Comsat (curth)

7975—Sﬂﬁ5 Consat Comsat (eavth)

8025-8400 Fi)uﬁ!, mohile, Comsat Fixed, mobile, Comsal (carth)

11,%00-12,700 Mxed, mobile, broadeasting Common carrict, TVSTV, and
pick-up

Television Standards :

The digcussion in this report is based on television standoards appli-
i i
cable to the U.S. industry (525 lines, channel width of 6 Milz, videa buand-
width of 4 Miz. ‘threc other syslems are uzed throughout the world, and
1
their charactevistics ave sunmarizcd in Table C-3, HBecause of technical
‘\.\
diflercnces, the mininin reguirenents for SNIU (s:znal-to-noisc ratio) will
1 . " o
vary. Because of the subjective nature of quality determination, however,
it is believed that data developed for U.,S, aystems will be representis
4

tive of all systems, provided propor adjustnent for differing bandwidlhs

arc made,

. 109




Tabhle C-3

WORLD TELEVIS)ION STARNDARDS

('h;tI‘:t-_:_l_i_ui'_EQ'l._jf'_ S _____{\_ ) = Il : (o D
Numbery lines per picture 406 525 325 819
Video bandwidth (Mllz/s) 3 q 5 10.4

Channel width GNz/s) 5 G 7 14
Interlace 2/) 9/1 92/1 2/1
Line frequency (1z/8) 20,1250 11576008 11556250 520,475

ield frequency (1ha/s) 50 GO 50 50

Picture frequency 25 30 25 25
Sound modulation AN FM M AM

Picture Qualily Requircnents

For conventional television broadeasting at UHI' in the United Statces,
the IPCC has specificd several grades of service and corresponding signal

strength requirvcnents,  Table G4 shows these requircnents and the satel-

lite ERIP thal must be produced to meel these requircnents,

The required signal strengths shown in Table C-4 are thosc speciliced
by the FCC to be used for calculating the different grades of scrvice for
convenlional teleovision using ground-based transmitters, A closc corre-
lation botween these values and SNR has been established from detuailed

studies of empirical dati conducted by TASO and collectecd in the New York

UHE=TV project. The pertinent results of these studies arve tabulated in

Table C-35,
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FCC REQUIREMENTS FCR TELEYISION GRADES OF SER

Table C-4

Eainy B

VICE

rengon
thln.-ik_lue of Towey
Gracde of (Chs 14-383 TyHF] 3031'3:';12'
Scrvice Quality Description i volts/meter) (xatis/nm3)

accentable to o

median ohserver that is

T iy
rece iver
1

the ouie

service

on% of the

y» limits of the

locations at

serviecoe area.

501C G.
158C G.6Lx10"
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Table C=H i
L}
PICTURE QUALTNY MBASURILIENTS
. ]
Median Observen
Sipnal Grado Deseripiion = SNRt in db i
1, Ixcellent Piclture is of extremely high 42
quality,
2., IMine Picture ig of high quality, 33
Interference is perceptible.
3., DPassablo Picture ig of acceptable 2
quality. Interference is
noi. objectaonable,
R 4, Marpinal Picture s poor in quality, 2300
v Interference is somewhat
objectionahle,
6. Inflerior Picturce is very poor. 19 {
Interfereice is definitely !
objccelionable, 2 i
6. Unusuble Picture is so poor that it 10 }
could not be watched. / {
The above dala has been developed for ground-based televisiion broadceast-
ing and is not entirely realistic for space transmission, A better ap-
proach is to relote the output SNR to the SNR at the input to the receiver,
taking into aceount' tle antenuo gain, rceeiver noise figure, modulation !
LI
improvements, froguency of operation, and so forth.
It is normally acceptod for purposies of compuacvative analysis that
an SN of 40 dB at the input to the recciver will produce a high quality
picture (assuming U.8. television standards). Using a figurce of approxi- ' .
mately 14 dB for the combined cffect of nojsc weighling Lhe precmphasis
_ characteristice, this resuils in a Eiil.'wt (signul to weighted noise ratio) i
.
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of approximately 54 dib, which i applicable 1o 130 transmissions,  When

: the signals arc relayed from the satellite recciving station to the usoer, {
the SNR, . at tlic output of the satellite carth station is normally taken .
|
' as 56 db, ] {
;‘
|

|

Ll

1,
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POLITICAL OBSTACLYES TO ADOMIION OF EDUCATIONAL THLEVIS LN

by Guy Benvenistoe

|

A Conceptual Framework for the Analysis
L b L) S| i Shenadel Vol [
There oxists in all developing countrics a public administration,

@ political machinery, a burcaucracy, and on cducational systom, with it

status ladder, its incentives for atlracting teachers, and ils conbrols
.tc’ regulate performance of cducators and students, There also exisl other
organizations that will have a stoke in LTV broadeastcrs, manulacturer:
of equipment, parcnt and student organizations, political partics, and

SO on.

The introduction of KTV, whether f'.:lt_c»]]il.o---m't-.-l'm-:'-tr'l ally--basoed,
can be rogarded as a significant altceration of the cnvirvonment in which
the Tm'i-ﬁoin;: organizations operate, and this alleration affcects Lthe ways
individuals within thesce organizations pursuc their dndividual (I.I|i| colloc-
tive objectives and the \-:Iays organizations as a whole survive and prosper,

Three types of organizations can be distinguished:

1. Existing il:;])]c:n-":'n‘...ing orgunizaetions: for exanple, the ministries
of education that will i!!i])l(":llt.‘:lt the utilization of ecducational
television programs in classrooms; the ministry of finance and
the planning ageneics t,imt‘ will have to approve rccurrvent and
capital expenditures; and the broadeasting ovgunizalions thal may

elaborate prograns,
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2, Nonoxistivo dundenenting organdwations:  new opmanizit ionns: thul

nay have to bhe ercated,

4. Controlling organizoations: nonimplemenling organizalions that
L

in one way or another can conlbrol the performence of the impleo-

menting orpmtizations; for example, politicalpartics in devel-

oping countrica would not implement BTV but could, in certain

situntions, opposc its ulilization,

With the purposce of clarilying ;i:i:-lt('.‘i, the following analysis huas
been prepared without any ;11.'Le_ mpt to inltroduce first-hand ficeld data,
The purpose of this analysis is to suggest penoralizations of situations
that may be found in mest developing countrics.  This analysis must remain
very preliminarvy and doces not provide any definitive answer as to whal
might be the political feasibility ol LTV in once or more countries, How-
cver, it may provide sonme indication of the type of dssucs, conflicts, or
problems thal might be encountercd, should a ;-:u\-,-rlm;-:-nL docide Lo ;::;lh---

menl an KUV o syston,

The Ministrics of Education
In most developing countries, the administration of education is far
more cendenliscd than in the United Stetes,  Usually there exisis a na-

tionul ministry of education that has extensive respousibilitios fou prim

or sccondary education and sometimes for higher education.
In certain fedoral countrics, in Iundia, for example, the statc wmin-

istriced of cducaticn scem Lo be more influential than the federul govern-

ment in the making of many educalional decisions affceting the states,
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In other fedi o1 counlrivs, suech as dexico, the federa® ministry of

cducation is by fur the most powerful institntion conlrolling cducation,

Those ministrics of educalion usually have similar churacteristios,
First, they cond to be less innovative than other ministrics, This may
be because of 'l]‘F:'jJ' low prestige in the affairs of state or simply o
l‘ci'.lt.‘(:linn of their lavpe numbers of voeal cuployeces who resist changoe.
But in many countrics where adwinistrative pr;w*l.:iv-.-r:‘ have beon modernizoed
_in, say, finance, publice health; and agriculture, the windstey ol cduca-

tion is often operating as it did 20 or 30 ycars ago,

This indicples thet in most developing countrics a signilicant por-
tion of educationnl decision-muking is in the hands of a larpce burca.
cratic system thot has been able, over time, to consolidate and routinize

its practices to minimize tension and friction among Ahe various conpo-

nents of the cducational administration.

Therefore, ministrics of cducation are often composiod of relatively
au tonomnous depurtnents-—-Tor <.->-.:.»!;-1..», primary, sccondary, technical, voca-
tional, adult, out-of-school, and visu 11 aids deparinents, These departpents
tend to maintain a ficrce sutonouy, thus providing a modicun of sceurity
to their staff., They tend to busy themselves with thedr own concerns and
limit contactswith other departments to a strict minimuni, Caprcors am
~usually startcd and terminated within :'l-,;n'.'::t:.:-.-:llr:. To avoid the necd fov

{

coordination, every offort is made to routinize pract ices amnd provide

rigid rules thul 2llow for limiled interpretation ov innovation.

The ministers of cducation are usually political appointecs.  DBut o

now minister of cducution usunlly inherils a burcancracy that hedenes ol
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completely control. PFor cxample, the lach of dnformation aned the lack of
slabistics ensurc ! fndepencenea and autonomy of depaiticnts in their
vesialanee to succecding pencrations of ministers (and: their immediate

stafl) who come and go according to the vicissdtudes of the political

process of the nation, .

It might, thercfore, be an oversinplilication to assume that the
v.\‘.i.t:lc-m-(-l of centralized ministvics of cducation ensurcs ow Tacililates
the introducetion of national innovations in cducation. A well-disciplined
sel of quusi-independent cupires can, coach in dts own way, resist any
change that might threaten the ostablished roubtines thal provide sceurity

and continuity to cach department.

The Corps of Inspeclors

In most ministrics of education therce will be one, and usually more

.

than once, corps of inspeclors. 1T the departments have achiceved considoer-

able automony, they usually will inspecet their own stalf. 7The inspectorale

in cducation provides avenues for corecr developaent,  Teachers can aspire
some day to become inspectors,  Once they reach that position, they are
influential in controlling the s-ul:u‘__v advances and the .‘jub localion of
their colleagues,  Thus, the 5:15'.1;1-2{.:.::-:\1:_- may bo an inf‘lucn.'..ir:] voice in
a ministry of cducation, But where th»;'.in.cp-:u:tr_n'uf_u is controlled by the
departments, it tewds to reinforce Lthedir autonomy and ensure compliancc

of the staff of cach department to its leadership. Thus, the system of
evaluation and prouolion that exists ‘in these large burcaucrccics is not
usually controlled by the ministcr of education, but by the heads of de-
parvtments--members of the permancnt civil service--who have nuade their

carcor within the ministries,
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Theyefor «, the vardous doepartments i the mdnis tey hove anamho

voice in policy-meling, @nd {ho permanent civil goprvice is ol ton pore

influentiad ihan the minister, This, of coursc, is particulaely relaviml !
to the introduction of a now cduentionnl inpoyation that may affect many
; o |
departuents, |
Inmovations Within Deparinents
11 would bLe crroncous to assume that these routinized burcaucral ic ;
|

organizations fuail to innevate.  Paced with a changing external cnviron:
ment I\\'hr‘,-l-c.l, as a resull of cconomic, sociad, and political changes talking
place in the world, now prossures ‘:I.“l.' brrought to bear on old strue bures,
the various aunlopomous departnents of ministrics of cducntion do innovate:
but innovations oro usually limi {od in scope and rarely go boyond the cone-

. : fines of any onc deparirent,

Ministors who ave appointed for a linited period of tine, or whio know

L
Trom expericnce that thedr appointment cannot last for too long, usually
scck to achicve some chuange during their bricef tenure, They will of ten

ally themseclves with some innovators who are gecking changes, 7They may I
able to ovganizo coalitions of innovalors acroas departnents, but aor

gencrally thesc innovations will sceh Lo reinforee and consolidate th
1

position and gafely of the existing departmentol structlures.

~
At times, of course, ministers may atbenpt to break Che rigidity and

structural comparticntaliza Cion by creuting new organizations to bypuss

existing oncs. And new orvanizobtions may comcLimes Tlourish and cots 1] -

ijdate their hold within « ministry. However, if the pow organization

seriously throdatens the security of the existing deportments, it is

.

usually eliminated.
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11 s nlwuys o Pt Lo note the velative Lack of dmportanca ol

(ll'}l.‘u Lt of Vit RIS n;n_:, [I192 B PR N bl :‘r_‘, of UV A amun =

jstrics of cducatvion, When ETV exists, it will usually have a very .
Limited program,  Budects must be applicd {to activitics that do not disi-
(& t L
place or threaten any significant numbers of the stall of other doeparl- Zsudi
|
- |
menls.  The objeot ig to provide {caching aids without veplacing teachors, |
t
i
|
' - » 1 {3
Pilol Projects ]
Ap ol By e stth b !
Attempts Lo cxperinent with BV are often alloved at the pilot proj- |
'
!
cet Jovel., Pilot projects, of course, provide a palliative to many con- |
1.
Tlicling proessurc:s, Innovators arce given a chanes to demonsiraie what l
.'
. . . . . . H
. they can do, but the effecls on existing aduinisbrative stroctiros are |
: |
controlled. “Thus, most atlbempts to use NIV in centrnlizod cducational .
1
bureaucracics (with some cexceplions, such as in Japan) are actually very '.
- Y - [
Timited in scopoe.
[ . . i
Nonthreatening ITnnovatlions I
: i
Where dumportant programs have been dnitiated, for oexunple, Telescuol |
L 1
in ltaly, the innovators have consciously attempted not to thresten the l
1
L existing structures. Telescuola was specifically organized to provide |
programns for rural arcaes where secondary education could not as yet Lic I
provided, 1t did hot threaten the expansion of the conventional socondary
schools., It was always understood that Telescuola was a tonporery solu-
tion that was to give wuy Lo conventional sccondavy education when hunan
and Financial resources become l.ii:-'-!n‘r:-%ih](‘.
, Similarly, the French ETV programs were originally condeivad as o

temporary substitute for a shortage of trained sccondarvy teachers an Hhye
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scicences, part foulardy dnonethopatics.  In Gine, of course, tho K
- : } !
the French National lnstitute of Pedagogy was able to aequire Jocnl sup-

port among ccrtain administrative strucetures and hos resistoed being abol-

ished., But its impact on Froneh oducation has been effeetively constrained
by the fact that Leachers can always turn the sel of ', While no precise
e o resisbance, some

measurement has been made of the extent of this Lyj

obscrvers belicve (hal it muay be widespread.

. The Teachers' Unions

In many countries, teachers' unions have heen organized to defend the
interests of their membership, The government hos tended to Yimit their
power, particularvly vhen a larvpe percentage of their mombership are govern-
ment enployees. For example, the teachers! union in Mexico, like most of
the other unions of Mexican governmenl cmployecs, has beoen kepl under stricl
controd by the Mexican government. From time 1o {ime, it has not boen un-
common for governmonts to pse military force to bring a ‘,’,'t"\'t'!"i!!".t nt union
leadership back into the ranks when this leadership has appeared to bypass

the limits of its own authority.

But while constrained, teachors! unions nevertheless can have a powar.
ful voice in the political life of the nation whon the issucs they raise
reach national signilicunce. Thal jg, when teachers can articulate issues
that concernsnot only themselves, but other seclors c-II' the political lite
of the counlry as well, When this happens, teachers can be o voery impon-
tant political force, '.-:i'...;!]_\- because they can organize a large and very

vocal pressurc group.
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The most dmporteat tasaes for teacher a! unions are those rclated Lo
salary ines cvises, il any bu cal Lu & posnidiv suiary increase will gone
crally be fought, It is thaefore yeasonable to expect that teachers'

-
unions would stronply oppose any government policy that might allocate
more funds {o education without o corresponding incrcasce in salavies.
In short, it should be assumed that any governient anpouncing an intent
to adopl BV, and to devalc considerable fundsg 1o this purposc, would

face congiderable oppositieon o tho tenchers! ution.  The union Jcader-

ship would insist that teacher salavy demands be met,

As long as the teachers! union is opposcd to BTV on the grounds thad
it affcets the nonctary vell=being of its membership, such a projeet may
receive only tokon :"-n}lpm"l from other political organizations, although
it would bo reasonuble that other unions--cither government or nongoverne:
ment--might provide considerable support. However, it can be assumed that
governments that have been able to ef fectively control past 5-.!1:11';.'- claims
of the union leadershiip would be able to do so again, Teachers' unions
e usually Ted by politically gsophisticated leaders who would be aware of
this problem. 1t i4 therclfore logical to expect that the uaions would
attompt to present the igsue in such a way that it would recach the concerns
of a large percentuge of the pol itically aciive population, For example,
it would not be vnreascnable to assume that if an ETV system can, in any
way, bo perccived v be a foreign cneroachiient on national soveoreipnty

over oducalion, this could provide w main theme for a teachers' union for-

mulation of Lhe issuo,
In most, if not all, developing countries, formal cducalion has he-

come o responsibility of the state, —In many countrics, this roesponsibility
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can be delepatud to private (ineluding Soreden) ovpandsnlbion

delegation is usunlly subject to considorable contrel fron the state. |
1T an ETV system con, in oy oWy, ho perceeived Lo he sone ki of delega- ;
tion of aulhority on cducation to another Jorcign power, this delegation

of authorily could becomne a hichly chayped nationol politicul dssuc, unless

suitable controls remained in the hands of the national government,

This wonid supgesl thal any ETV sysicil needs Lo be conceived in such
a way that it cannot be viewad a6 delepution of the authority that
state has on its own cducation, This would imply that control of the con
tent of the messapge boing tranemitted, and conlrol of the 1'\';1i|;1|li1.'||_\ 0l
the transmitting hardwarce, canol be reasonably expectoed to prenain caceln

sively in the hands of dny gingloe Torcign powver,

The teachers' uniong, for various roasons, can b expeeled Lo opposo
any large scale wttempt to use WIV, Rirst, it mpy scem toLhd uniims to
be a deliberate effort of thae government to divert resouvcees from o puose
gible salary increiase, Second, in the long run, ETV iplics less re-
liance on manpower in cducation, threatencd or real reductions in the
total futurce numbcrs c:..r teachoers i,‘j not going Lo please a union Teudersiap
that still rolies on the sheer weight of numbors in cxor ing political

pressurce on the governnent,

4

However, while the unions cun be l;:-:lp_z cted to take o negat ive stlance,
i1 may be that they would not be able to stop such a developuent unlos
the leadership of the unions l"-!.ﬂ(T formulate Lhe tesue in such a way that
it ereates nationside concern wolng far beyond the imnedionto j'““ eI

of the ncabership or leadership of (e undon, Therefore, iU is necessar

: 1248
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to conceive of a0 BV syai that dows nol Jond itseldl Lo sucly a formal s |
i
tion of the igsuc i ,
!

GOELIONNAO dbiehlsx\ alTe ‘ |
Until ne i, the discussion hes centered on some of the problems that .

may be encountered within the mindgtrics ol cducation, The relationships

amony, 1he mwinislyy of cducition and other ministrics, particularly with

the Ministey of Telccommuinication, should also be considercd. !
In many counlbrices scveral ministries ]:n\'g been able to acquirce and

madintain cortnin cducationsl progriens that they consider cssentinl Lo thoedr

aown activitice, “Thus, it is quite common Lo find 1.]1:11..1!111_*’1;11'}' :w'r.'hlnn]:t

are administored divectly by the wministry ol defense; agricultural schools

and cexlension servicosn ave of ten under the mj|1.‘i_s:t.rj-_-:: ol :i-l'_rin_'u.'l{nn.-; and

special training schemes arce provided by most In'i]li!:t.l"f'(‘:‘- for their staffl,
This divigion af labor usunlly means a porlial encroachment on the

ministey of cducation, and it is not too uncommon to find that the rcla.

t.i“”‘..' between the winistry of cducation and the ministrics of agriculture,

comnunity development , ond others are tense, and have been for muny veuors, !
The exporicnce with BTV has not always been ¢ pood one since, as a

rule, EIV has receivoed far more sunport from ministrics ol Lelecormund-

calion than from ministrics of cducation, Very often, it is the ministry

of telecommumication that has been pushing the idea of television in goen- |

oral ancd of ETV in porticular, For the ministrics of telocuonmmumication,

slate intervention in television is made noxe 1:1‘.-:‘:':0:1::}1'“- bocause of its i

possible cducavional application, kxternal suppurt foir pilol KIV scheomes
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has often ¢ e Lo e ommuidan o oy bR S T ather copisie
and the nobtion of WIV has often been used Lo dvgie for stale versus prt
vale developnent of television.

-

Ministrics of cducation hayve often boeen yoluctant to embark on pilol
EIV schemes, but they have often done so ta meat the desand o governments
that are anxious 1o cnsuce that television yomuin more in public than dn

private control.

While pilot projects may have been weceptable, the dmplications of

a salcllite-based BV syston for the shaving of educational resp mEihi Ly
between ministeics of cducation and ninisteies nf {elecommunication is @
problem that will usually concorn hoth Lypes of ministrics,  Tor the win
jsiries of cducntion, thoe problen is to ensuve that the pavticipation ol
the minis l‘.:'ic‘.‘; ol 1.\.‘]l."('i.'l'..i:.ll']l'.iL"Ell'.i:l}l jg slrdctldy limited to technical

(-.nn.'a'j.dm‘:nl1jr::-x.»'. ("lu-rdv.'-.-.n-”). The yesponsibility Tor {the seleclion, clab-
oration, and scheduling of prograis oo tware') ds oan cducationnl active

ity that should be in the hands of the cducator,

However, it is nol always casy Lo make such a stradghtforwad separas
tion between havdware and software, Quite often, the only groups with
opcralting (':-;[)L‘I]';i(:n:_'i' in tolevision are in telecommunication and not in
education. Even if television {eachers are to come from education, pra-
duction of programs roequires nany diversificd twlents, vanging from pro-
duction dirvcetors, camerawcn, and geript wridters to recording technicians,
These types of talent are usuanlly alyeady operating in teleconmunicielions,
and making arrangumonts for a clear-cub division of lu}n'n' botween minis-

tries will never be casy.

13]
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1M Loo mucl Shugie de eiven touliing production @ yespons i Ll
of cducalion, it is probuble hal telecommunications will see w threal

to jts own dinltercsts, In the long run, the ministry of cducation could
{hereby take on somc of the funcltions of telccommmications, On the other
hand, il too much cmphisis is given fo making production a responsibilily
ol telecommunications, L-rltltt::t.i on will perceive a direct threal to 3ts own
interests, It may well be that the solution to this problen 3% the in-
vention of a speciol dmplemenlting organization, jointly contrelled by bolh
ministrics.  Bul cven so, probloms may arisc w ith the existing depivlments
wilhin (he ministry of cducation, As nentioned carlicr, the depariments
within the ministry are jealous of {heir autonomy. They have been able to
soltle problems of overlap within the ministry by the play of pol ilical
forces, and over time lhzy'rnuy have accomodated to a wodus vivendi.

An oxtornil agency controllod by two pindistrics romoves the avenw of
conflicl from wilhin the HliﬁiEQEF}' of cducation., This, dn facl, means that
problems between the departments of the ministry of cducat ion and tho new
agreney must be arbitrated by the minister of cducation who, togetheyr with
the winister of telecommunications, would administer the new agencey.  This
would tend Lo remove social power f]'UI':.Ull‘ hands of the long torn girecy
civil service personuel who run the departnents and place it in the hands
of shorter term politicians who arue ﬁppmjnlod to hewad the mindstrey. It
can therefore be expected that such a coursc of action would. be fought

by departments within {the ministry of cducation,
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The State Uiy coaiti

In most countrics, the crovernpent Liponeed univeraitics are adi i
tratively independent from {he ministry of cducalion, evon P they receiv

financial support from the ministry's budget, i

More importantly, the cirocn 5 rvice in education is usuially shavply
divided between primary school teachers Lradncd in nomal schools,sec-
ondary school {echors having a subjecl matier apeedal ty aud somewhat o Rnore
preparation, Ceachers in primy and sccondary cducation, and professonrs
Jin highea cducation, so that transfer from one Jovel to anothor ds vmely
possible, (Therce arce somc exceplions, ol coursc, Foy coxample, in eance,
{the carcer scrvice distingaishes hoetween privary, on one hand, and sec-

ondary and highcr on the other. 11 is therefore relatively cosy to staeld

(]

as a sccondary schoel teacher and become o univeorsity professor).,

However, the problon of carcer Timdtation doos not stop therd
Universitics and institutions of higher cducalion in developing countrics
tond to fit into some kind of highly siructured stratification syston.
1£ there arvce institutions in the capital, these will tend tosassuie o
predominant role. A few dnstitutions in the provinces may also becon
well known, Ip:n'tir-lﬂz;r']y il L'IIL'“}'.II'U;_",’*.."I']‘h_\' oxternul aid agencics.,  bolvind
the fow elite conters of excellinec, there are usually found ony other
institutions groping for a place in e social ledder of cducation. But
potween these different snstitutions there tends Lo be very little mo-
bilily of personncl.

Transfors from the provinces to the centey tond to be rare, Yithin

cireles of cqual prestige, e is o fendency Loomoyve and advinee ;. bt
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it is rare that |} LG5 S TITE abmt dn the provivnees find it casy U

pain scceess 10 (he centers of excellence, This fack of social mobility
within the teaching stulf of dnstitutions ol highea cducalion in many
developing countrics can have .Ik;m'i:ms: implications for a videsproead ETV
systen,

Gince (he best teachers can agpire to become television teachoers,

it would be normal to expect that EI'V would {ond to reinforce the slotus
of (he e¢lite schools, Thig, in dtsell, is nol nccessarily bad, but from
the point of view of teachers und professors initiating their cuarcver,
it tends to mean thet there is a further and shavper dilfTerentiation
between carccr opportuni tics in the center and the opportunitics in the

provinces,

The asdministration of the weaker schools would thercfore tend to
gece the in.t)'mlm'ljnn ofiva 11:.ljr=!‘;'~.'i(l{.- FIV systom ns a neeative influence.
To he sure, the argunent for EFV is fhat the best professors fron ll]n_-
best universitics cin influence cducation in the sccond- or third-rate
institutions. However, if this means that this will tend to further
differentiote the few good .'jn:;lillnlw’un:‘.':[‘r-;nn {hoge that are mediocrc
and the inferior, and that these find it :'un('l'l.-:l.tl‘.'in;‘-_'J_\‘ hard {o acquiro
goud teachers, then, of course, therc may be negative consoquences, It
is the fear of thesce negative consequences thal sy lead to the adminis(ya-
tion of 1he mediocre institutions of higher L-dm-;-.‘;ic-n to appose IV, and
it is the perceived further reduction of status of the facultics of these
instilutions, combincd with the absence of any hope of profit from the

changes and opportunitics thit television might offer for curccr advance:

‘ment, that would underline the oppogilion of these facultivs.,
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The Private ldhicanlbionnl SiGho)

The private cducational sector in developing counbries is rarely o
homogencous groun of jnetitutions, s dmportance alao varios [rom coui-
iry to country, depending on historical factors and the policics of povern-

-

ment,

The 1)1'1.\*.“;1.1.-' seclor includes the following 1ypes of institutions:
church=controllcd schools (including forcign missions) ; schools partially
supported by private scctor intorests Cindustry, banking) gchools pur-
{ially supperted by fecs from students (i.e., sceondary and tochnical

cducation); and schools partially supported by forcipgn aid.

In gencral, the private seclov ol cducation in developing countrivs
is poorly organized. Whoen the school s J'\-(--'-'i\'hv financial support from other
organizations (church, orders, missions, banks, industry, professional or
civie organizations, cte.), {he cducalional objectives of the sponsors

may diffcr and hamper possible cooperation. e relationshiip to povern-

ment is never completely compatible, and when aubsidics are concernod, the

government has usually tended to seek Qifforent arrangements with dil forent

groups Lo avoid any pozsible confrontation with o anificed private cducation

. scetor,
1+ is not vhusuel to find corsiderable intorest in MV withiin thaol
(¢
part of the private oditeational scctor that is concerned with cducation
for nonmonctary considervations. Groups that spongor sclicols For ideolar

jcal or religious roeisols tend Lo be open to new approaches that mey help

thoem carry theiy purpose forvurd. - For exanple, in covilain Latin dmerican

countrics, pilot ETV schomes have received considerable support from churveh,
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private dndustyy  anil hianbs, Dhoepuse these schomes are ol len pervecivod 8
0 menns of reducing the possible undesirable political influence ol cortain
ideologics within the teaching professions, Dl cooperalion ond conrdini-
{tion of private endeavors are not always casy 1o o, anizo, and the scope
of Lhe activitics asve linited when i hecomes too apparent that the private

geelor is attenpling to dnfluence what happens in governuent institutions,

On ihe other hand, the private scctor in cducation is usually very
suspicions of government uge and contiol of X1V, since this is usually
perceived as an ablenpt Lo further reduce the deprees of frecdon thal
privale groups nay have in puesuing ohjeetives thal diffcr Ssomeshat from

those ol povernment,

IL is not unusnal to Find that where {hey have been allowed (o operate,
the private television enlbreprencurs, who already have ccquired a cortain
production sophistication and who usually havae aceess to capdtal marhetls,
are intercated G expasimen bing with ROV for vardous reasons:  fivst,
because it may be a paying business proposition in its own richt; but more
importantly, becuuse 3t may provide a kind of civie legitimacy for comne-
cinl telovision. This latter faclor may help explain many private ander-
tulkings in Latin Amcerica,

To summiarize, as a rule, tho private cduculional scetor does not pro.-
vide a coberent ov inteprataed position regarding BV, Privote interesis
and objectives tend to be varied and fraguented, 12 private group is
intercstod in EIV, it tends to prefer scheues that it can dnfluence and

to be suspicious of schomes that dmply roverntenl intervention,
I 3
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1t can therefovre be oxpecled that in weny dnstapcos where the relation
ship between covernment and the private secotor in adu
Jutely harmonious Lo start with, (he introduction of ETV mighl not oo
- L t
Tavored by a private seelor, if the privite scelor toends to belicve that
- . " . L
such a large scale scheme will nceceassarily redivlorce the govornment s hand

in cducaltion.

But in those countrics wheso the privale sector hoas, din one way or
another, some controlling influcnec ‘:;}1 coveriientl t_wn_w:'l iun;'ﬂ. policy, 1710
can be scen as a means Lo excrl greater private soctor inlluence on govern
ment schools.  Yor ‘c)'.:m:l':](.-, it would be reasonable to expect that in thosoe
Latin American counlrics where the Catholic chueceh ¢till has considerablo
influence on government policics, there way be considerable inlerest and
support within the private scetov for a governnent scheme to use EIV,

But in those Latin Al;it‘l'jt.';:n countrics where 1-,(:'.-:-|‘s.'-:-:r_-n: cducution has man-
agced to liberate itself of the influence of the church, such o schoeno iy

Jikely to be apposed by thae private sccltor,

Student Organizations

Student orpan.zations have in recent yewrs acquired o worldwide pros
inence, In many countrics, particulardy in latin Amcrica, university
students have been politically aclive Tor many yoears and can boe very clfec-
tive in dealing with cerlain issucs.  They have wcequived constiderable power
and, in fact, have a voicce in university administration in quite a oy Lalin
Amervican universitics. 1here should be little doubt that as cnvollments
in highor educatlion expand, wilh all the jmplications thal high raves of

growth imply for any organization (such asg dislocation in administral v
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procedures and, more generalliy, simple crrors ol plaming and dnplunics-
talion) , thero wi | (R Lo in Curecs ol Mrdetion bhebween sadonis,

facul Cics, and ichadnisbration,

A moro fundimental ceusc of the problem Jics in the Tacl thol, as
higher cducotion is mode morc domocratic and o8 o largess pereentapge of

the school aon ponsglalion graduate from collepes and universitios, the

privileges once astociabed with higher cducation tend Lo be downgraded,
Wherens in the past the divestuomit of scveral ycears in higher cducation

wis porceived to he o gumantes that would load lo o disltinguished coveor,

it now appears thot in mimy developing countries the ceonomy cannot ab-

sorh, al least nol dunmediatedy, the oulpul of many institutions.  This is

pavlicularly truc in ceriain social scicnce disciplines such as suciolopy,

political science, or oven cconomics, but s soncbines also trne of dis-

ciplines in the hmad scicnees,  Thus, the sbudent faces an uncortain
1 )

future, and this upcertainty s often central to his poarticipation in

sludent movemeints, .

onc churacleristic of todoy's student movemenls is that they Scon to
tend to lack Tocus and be ulopian in charvacter,  The usual pattern is one

of muany difforont crgindzations, cuch ddenbificd with a different ideology,

going frowm the extrome left to the extreme right.,  This pultitude of inde-

pendent student l"l'\':'.]i.il’,:'.lil_'l'." often disagreee on muny dssues but conbine to

3

acl on those probl

they con be very of lective, as illuslrealed by the facl that many a rector
A R, ] - .

in Loatin Amcrica rorely expects to romein in of fice more than a [ow yvears,

One natural objeetive of student orpganizations is to acquire o grenter

voice for students in educationnd decision-making, and thus 1o reduce
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student dependoney on teechers and othor ovaluatiors, Mo he sure, in
many countric students alycwdy have o Liniled voice i aduan iyl
policy-malking. lFulb there ig cvory rcason Lo belicve that as tine b

enrolling in institutions of higher cducalion gol Jargor and G wmanys olde

profcssionnls increasingly return to universitios far study, student organ-

izations will tend Lo be a for more depanding and of fective power in o=

versity lifce,

It can b as

wned that DRV mipght be scen as o threat by the student
political leadorship, 1t can be argued that removal of duy-to-diy con-
frontations with faculty might actually reduce the political ceffcctivencss
of the student leadership. In facl, it can bo avgucd thal an dnprovencnt
and upgrading ol the qunlily of oducation, while desirable lfor students,
might be less than desdirablo for 1he student political loenders, who ol ten

basce their growing source of power on the Tact the cducalion is dinlearior

and that students have legitimate complaints to mabioe,

Therefore, caultion is sugpgested in introducing the iden of LIV Lo
the leadership of student organizations, 1t may be thal some students,
as contrasted to student leaders, may support an approsch thol offors

expeclations of educational improvements, But it is probuable thiat wany

student organixzations will attempt to make certain the scheme fails,
LI
concluding Remarks

This briof and illustrative discussion sierves to point out that the
introduction of EIV is bound to producce a najor c'h:m;,u- in the environment
of a large number of jmportant and Ip-.'_\u'm'.l'ul organizations that arc already
actltive in cducation in any deviloping countyy.,
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This discussion has epgeanlated about the possible reuet ions ol sane
ol tho more dmporsant and sell-cvident groups, llovevenr, the list ol pos.

sible interested porbics has not been exhausted,  In sone countrien, pirs-

siguificant, Ju others,

v

oent orpganizations or alumni oxrpganizptions may he
cducational planners nay be dnfluential an decigion-making, ond thoiv own '

political bias wight wmake {hew o possible opponent of a schome that may

appear to heir cautious cyes to he 100 risky. Ahis may sech odd at first,
since it might be cxpected Pl cducationnd planners would favor an inno-

valion thal scems, on rational grounds, to be logmivally necessary.

However, it can be shown that cducationnd planners tend to be cautious
and 1o avold political rislks beceusce of the precarious -position they occupy
in ministrics of cducation and the relative invovation thal Lhicir own posi-

tion dmplics in the administrative structure of ministrics of cducation,

dionnl experts who

Other relevant groups moy include forcipn profoe:
are advising the ministry of education, some of whicl, for professional
or other political reasons, niy be opposcd to WV, In soue countrivs, thore
may be various pedapogicul rescarch institutes and normal schools where po-
Slj Lions on KV have been taken, or might be taken, and whose influcence necds
Lo be considerad, ;llial.' possible interests of various school supplivrs who
might beecome obsolescent, should television be introduced, should also be
considered,

This discussion has stressed the characteristics of the possible
opposition to IV that would make 3t inprobable that such a systom wight
be dmploenented, notwithsteanding the fact that such an approach might be

feasible from other poinls ol wvicow,
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The charaeteristics of the possible opposition that has beon desaiibod

leads to the foldeowing conclusionis:

o

An ETV systom wmight have to be establisted in a scvics al sequential
steps, so thal cach £ime the scope of IRV sepvice ds enlariad, U
number of cducational m-;;‘nni:r’:ll.',i ong (e are affectod s Yimitaod,
Thus, coalilions between opponents wight be avoided, and adijust-
nents to the (_:h;m;-;(-.f-: brought about by Lhe introduction of BTV mipht

take place over long periods of time,

The initial foeus of NIV should be programs thal avoid thrcals

to existing organizatl ir.' 16, This, of course, may be a limiting
constraint for a time, butl it doos nol scem reasionable (o ospeel
existing cducational organizations to accopt passively a roduclion

in their influcnee,
.

11 s highly improbable that any EIV syslen could be catablishod
if il appears that in so doing a nation is reducing ils nolional

sovercipgnty over ils own cducation,

Any plan for the introduction of FIV in o doveloping country should
take into account the nature of the opposition thal P g enfren:
dor. 1t should also consider whal syston configuration might 2o-
ceive offective support, al leasl in sone quartors, It is desirable
that this type of rescarch be undertablion by well-qualilicd sceinl

sceientists in the countries considering cstablishment of such an

innovation,

This brief discussion may have highlighted more problom:s thun it
has provided solutions. Bul it would not be regsonable to cspoel
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{hal o major cdueelional dnmovation could be dntroduced inoany
soverden coustvy without taking inte ccocunt Lho type ol pal itical
ccongiderations mentioned herce, Theso political considorations

creale Turther constrpints on the waye in which ETV might bo ini-

-

tinted. bBut these constrainls, even 1L they h-;:\*(.- A cost, are nol
necessarily Mpiting, Whot de Limiting is to disycgord political
reality and assuwae that once technical or econovnic feasibility
has been demongtrated, any government will simply adopt this

inmovalion.
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ECONOMIC ANALYSG1S 0 THE ALUERNATIVE DISTRIBUTION

|
SY SIS FOI EDUCAY LONAT, TELEN TS TON : {
)

C
' ALy ; “ |
by Andicw J. Tdpinski -
Introduction |
Sl Sl .
The objective of hig cconomic analysis is Lo proy ide o bagsis oy i
. g ‘

comparing the vindous systons Tor distributing LTV,

Phe primary input to the analysis is the "domand' for BV expressoed
it leris of wookly Lours of new prograw material, numbor of reception
points, and nunber of production conters, '}‘]1;'-_ outputs are the initinl
cosls, the annual operating costs, and the year in whicl {hese costs avae
incurred.  The ('lI::I:'.. wre gubdivided into four colegorics:  external aud

internal waterial costs, and external and interial manpower costs,

Cost Floemoents
The time period used in coistructing the modeds was 100 yeirs-.-1870
through 1979. Some of the elenents considerced in the cstablishment and

operation of uny insbructional systeom muy be written off fully within a

soicllitols uselful

10-year or even a shorter period, For example, a

in-orbit lilcanay be five ycears, aud bocausce of the Jess—than-purfoot

11

Jaunch relichility, its expected life may be threco years o ather than five,
Thus, onc-to-tlncee satellites (and boosters) will be fully depreciated

within the 10-ycar period, depending on the storting date,

In contraal to satellite costs, certain othor costs dncurred within

e epan’

the 10-veor porviod arce anortized over o much longor

el
—
-
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Buildings, for inglauce, may Lo dopreociated over 80 vemss Cind may aetual by

Jast much lonpanr) ., il s e ama N O R A B e tie microwanve CLinlis ove

a 16-ycar perviod, oven though their actual service Jife (depending on thye

replacenent policy ail The felecopnunications adwinisteation) may be twice

as long. Satellite corth stationg wee, at proesent, assuned Lo have G s

ful 1ife of 10 years; thoy may serve considerably longe,

Because of these and other considderations, deprociation and amorti.

zation costs were excluded from the annlysis,

The cost of cepital, that ds, intevest charges, proscehis o simi
problem. Few of the country administrations operating in tho arceas cove
ered by this study have sufficient internal capitol rosources; most wounld

have to rapisce funds Jor cducetional technology by borrowing abroad,  Thi
[ - LS

interest rates and the terms of the doan will vary depending on the lender,

the cconomic situation of (he horyowing countyy, and the polil ical cone-

ditions at the time of borrowing. Toke, as in exoupLe, a case in which

a long period of grace g offcred by the Jender and neither capital nor

interest would need to be paid for the fivst 10 ycars, The capital costs

falling within the analysis period would hoe zovo, and as @ result, o the
comparison of costs would be distorted in favor of projects financod in

this way.

Even though tha actund choice anong allernalive instructionnl syvstons

might, in fact, b¢ dependont on which system could be offervd on Lhe most

attractive terms, the comparisons of loan conditions would cntail
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forceasting the policics of major lenders, which is congidered to be

outside the scope of Thig study.,

For thesc reasons, the colculations presented here do not show de-

preciation conts and interests costs but, inslead, show only the initial

cosls,  Since iniuvial costs are ¢learly ddentificd, it is not difficuld

Lo distribute dopreciabion over any desired peviod, or to, add interest

at whotever Dingneial terms aic deemed appropeiate.

ROeveies

Some: of the components ol an inslhruetiona) systcen nay be usced to

gencrite rovenies thil would help to defray a pard of the cexponscs,

Govorid) possibilitices sugpesd thenselves:
ayslom could earry

]

o The micrasiave links and/or tho telovision

noninstrue tional products,
o ruchks carreying video tupe could carry other products,

o Stwlios producing inatractional mpierisl could cqually well

supply enter baineent :u.:.ln:l’i:.'l, and the television sets could e
uscid Lo veeeive b,

11 ds likely that sowme instunees ;\! a shared use of foacilitics will’
oceur.  However, Lo include in the ("u;z-]-.:!-ism.\.h prescnted here the reveni
thus pencrded would entail o host of additional, very tenlative assusp=
tions reparding rabes, aciminis trations and INTELSAT policy, avitilability

of Facilitics, and interaational apred pents,  For these reasons, the

analysis doos nol consider the revenucs or joint costing for noneduen-

tionitl uses.

] "} 'I; )

{
]
|
|
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rollowing the current practice, the instvuctional systom has heen

divided into threce clements: production, distiribud

jon, and recoplion,

The main purpose of the production clement is {o propave the propran

material and the supporting literature and manage {he enlive programming

system. Thig elcment includes the main and the sodl

centers.,

the purpose of the distribution clement is Lo

ellite production

convey the instrue-

tional material to the receplion sites. 71 includes the transmission

systcen (terrestrial transporlalion, microwave, o1 S

casl stations; and, il ncccssury, any internediate

atellite); the broad

.‘Gll!t'.l;_‘.l |1-ri|‘1:'- of

instruetional material,  The distribution cloment also includes Lhe colnt-

ponenls of cducational Teodback: ficld rescarch Lo

and olher cosls associaled with prograu cviduantion,

The recepltion eloment compriges the elonents 1

students: television scls and other cducationnl ad

ams, lheirv conveyanceos

hat dircetly scrve

ds, such as video

recorders. 11 the method of transmission is dircet broadeast to u school

or a school sct, then the necessary hardwere (antenana, prevwplificr, and

so Torth) arve ineluded, Teachor training is also cansiderced as

to rcception,

The Evolution of the Insiructiontl] Systcn

In the past, two approaches have boeon used in

cacy of alternative instructional systems. 1In the

contirve syslem is establisbhed in what mipght bhe terno

" . : :
was teland. Fither satellites, microwave network,

roelated

cvaluating the offy-
firat approach, the
d the "cducational

o1 airplanes convey
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(heina teve tional motenial to the end uscr. NMoreover, an cntire syston
olten §8 assuned to be estublished at one point Jn e, Costs ofiidil=
fepent systous are then conpioed, fho artificiality of this method is
met with an adimission that in actunlity @mix of systens would offcy

come advantoges,  This approach has the merit ol ,"-'jl‘:.l[ﬂi('i‘l_\' ancd, for some

poorly developed. countrics, may cven be reasonably realistic, except in

Lterms of the important consideration of Tunding.

The second approach is nore realistic, bul also more complicatoed,
The instructiona) system is buill, step by step, siavling with what
exists, procooding with whol has already been planned, adding new cle-

wents, and ffinally achicving & poal of o certain desirable coverage of

the Levritory or peveentage of the populiation by a cerfain date, This

is the approach usced in this study.

This appresch does not lend jtself Lo gimple comparisons; contine

gencics abound, and compin isanyg are valid only in the narrawer range of
f
Cime and circumstances .  Nevertholess, this approach is considered to be

more valuable: Gt dis more realistic, and its very complexity illuminites

the interface problems that are omnitted in the simpliflicd aporoach,

‘Means by Which Prog

e Moatorial Cen Be Distribubod

Video Tape by Trueks

il of
i.l

If there ave no requirements for a real-time distribution of instruc-

tional progremn, (he mester progran can be reproduced on as many Lupes as

desiived, and the copies can be distributed to the broadeast stations

149
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Thepdiisadyaniipe ol videos tiape st ant instive i ona s tondiis i it
is dmpractical w WSS S h aeia o TR e oL R AR
Opinions difficr regaprding the amount (o bhe stoved,  The veguived siae ol

the dnventory is sonewhal velated to the weans by swhiel prosean material

is transmitted, since allowonces must be ade for o fpdesed shipment. 110,

for dnstance, a batceh of tape i shipped by voad overy two weclks, thon
itds reasenable Lo stovdé at dcast o bwvo weelst rescreve of g n Lo !
terial, © If three-months slorage is requived for other reasons, “then the

shorteyr delay doos not malter,  To sulely cover all contingeneics

Tour-month supply has been #llowed in the analysis,

Transpigsion of Video Natleriaol by Microwove Jiinhks

Broadeast stations are, in wosl casces, placed ncar miajoer popalation
centers that eventually are connceted by nultichannel telephone tean:
mission systens, In principle, both cables ond microwive links con b

uscd for transmission of video, but microwinve links ave

aore suilod for
it., A heavy (l;_-lls'-ii_\' (600 telephons channels or more) micrasave 1ink thal
has been built to conncel mnjor cilics will have a capability of caprrying
Trom one to 10 two-way video cliannels,  When the i1:::l:-1‘l-' d television
capacily is inadequate, additionul cquipment necded to oextend it 18 anly

a small fraction of the originagl cost of the link.

But il there is no microvave conncetion, new heavy=donsity cquipmont

is quite expensives-roughly S250,000 por "hu,\” of 125 mides.s LU

* An appropriale cost of a wo-way televigion Xink in a "1 4 1" (one
standby Tor one ovceratbing channel) configurvation, including site prepe

araltion, access road, power supplics, and so forth,
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venry unla kel it ne imislan Wi be bhuidt solely Forr DTV, Rnpies
will be built hy the telephone odministralion as & p 1 i of the ovaor.dal

telocommunications developeent plan,  Unfortunately; There are no e
] ] A

of predicting the chavges, i€ any, made ror the services of the telephone

adminis teation.,  Neithorw, as willlba explained later, s 3t ciasy toop
dicl the arvangenents that might be nnde by the nnt fonnl administeats

with  INTLLSAT for the lransmission of television programs Lo schools

using the INTELSAN silellite,  To avaoid these difficultics, an independent

satellite systen for instreuctional purposcs dg assumcd leve.,  And Lo
faiv in the comparison of satellite versus microwave transiission, th
ingtructionnl gystem also s assuped to beir the entirve cost of a new
microwave Facility or of an addition (o the existing facilily,

Transmicasion of Yolevision by Sulellites

_'J__l?_t_'__'I;_(_-ll__)_r'_:_.:u_r_I_f_-_:_:‘:_'._I‘___{;;_Fvl'-ﬁ-'_l_‘i‘i_‘tﬂ. Thus far in the discussion of altern
Cive transmission media, saledlites are poscd as an alternative to ot
bulk or "trunk' transmission syslems in which the traffic is collecte
al the production cenler and shipnod to broadeast ‘.t:l:=f.jv1|.~'. In thoe i
tial developuent of the instructional system, satellites arc culled
nerely to provide an alternative l«-a tronsmission by micrownve. One o
more of the eorth stotions will bean video prograns through a satell)

to other carth stations that will hand it over to broadeuast stations

local hvea transmission,

Direct Droadens To inercasce the arca of coverage, t

antenna of the broadeast sowree must boe clovated, cither by transmittiy

from a planc or from o salellite,  Hovever, accumulated exporienee

C 161
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strongly suggests thal the fransmission of video paterinl fromn o plane
is many Limes mo Cuiens ive i Gramsmiissi o e o i sulel it =sa much

so Lhat this alternnd

1 fvom the analysdis,

The direcl broadepst satellite may be ane of two varict fea, depend--

-

ing on whether or not the television receiver s to bo wodiCicd, he

least expensive vaviantion (From Lhe aspoet ol reception costs) uses the 1

convenlional receiver and antennn,  To reduce overall syallcm cositi, A ‘
» |

more scngitive rocodiver and o opore expensive antenni Hay Le prelerable, ‘

!

but fundamentaldly tho (elevigion get ds unchaiged, llowever, usc of the '

conventional sct requires a davpe and costly catellile, becousce (1) the

method of modulation must remsin AM (nuplitudon wulation) 1o confori to

the current set dosipgn, and  (2) the Jow pain of the conyent iaf i) (e

vision rcceiver antenns must Lo compengaled for at the satellite end of

ithe tax nsmission link 1l.n'rm; h dnereased padinted pawelt, In Working

Paper No. 4 din Voluwe 1V ol this yoeport, B, ol Stack discussos the tech-

nological I'c:m'ihjlil‘\' of dircet brosdeast ol UHE dn the Gime e of tho

study. The conclusion is thal {his option is not fepsible. In the sece-

gml option of dircet broadeinsuing, the transmission tokes place at SHF

(a microwave frequency), and the mothod of modulotion is M (froeguency J

modulation). At SHIY, antennis hove o higher gain, and freguency niocu Li-

tion resulis in higher perforaonec for the sl radiated povear,  Tha

receiver must be adupted to reccive at SHE, and a special antenna, pres

amplificr, and fced must be provided, ‘lho sutellit noecd not be as

powerful as that of the diveetl broadeasting opt ion describoed above and

thus is feasible in the 39753979 tine frauc, .
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Mo hvod of r‘\}i; ronah .
Previous stdiies at the Institite e Pacl U0 R d e eio e s i
]
various compulor models ol gt 1lite aysitens,  Some it ilels wore of the ; |
i 1
’ pencralized types that ds, they woie capuble of nandpulating & lavge ne |

-

bher of dnputs and producing desdgns for andn) different Linda of satellites,
Some were scervice-oriented and werce bused on @ definition of the sorvice

that a sotellite wis to provide.

The curvent sludy Brought topethoer cconomists, cducators, and ongi- i
noers.  The unanimous adaption of the service-oriented rather than the
tonl=oricnted approaeh by the entive slbwdy tean cncowraged the enginecrs
to develop special technocconopic conpuler o 18 of an dnstructionnl
system thal cin "eonverse'! witl the {--i.'--;nls's' and dAnforn hin about Uhe
financial conscquences of his deopmands for guantity and divorsity in Cltie
calionnl scervico, 106 the cducator docs not like the conscguonces ol U
initinl request, he can yevise his gpeci fications and, minutos Tty will
recoive new sufornation ineorpoerating his changes,  The intonded result
) of such nan-wachine digcussions is the optimization of the instructional G
gystom (at least in its guontifiable s clg), rathor than oplimization

of hardware, An additional advantoese of the servicesoricentod approach

in this study wuas the capability it provided Lo oplimiza sceparataoly thi
specific civeuwnstances of the inslructionnl systews of the tho s

sludics.

The complesity of the probicn and the shorvtoepge of Ltine provented tho
consgtruction of o single conpator program thal wvould develop the instrue-

tional systen through oll ol dts stagcs, Instend, the cconomice model

H3




consisted of four A e IOV PRARRE Whe fHaest mafor pro
gram calculated the cost of the micvovave o the conts of transport Lo i
1
I
conmcet the major centers, the cosi of tape librvmrdics, and the cost ol |
|
e |
broadcast stations. The gecond progran interconnec ted the smame conters Il
_ i '.
by means of the rebroadeast satellite.  Togdthex, thesc Lwo progeams cil.
culated the costs ol the likely fipst phase in dovelopment of the instruc-
tional systom.
1o stimulate tho second stoge of likely developnent, a thivd computer
program cxtended the availalide coverage by adding a dircet broadeast sat-
ellite systen, The cdueational costy of produclion, distribution, and
reception for both atoces were caleulanted by the Sowrth g er program.
This ceducalional support progran wis cross-conniected with the olhor three
and, at cvery sicb, coalenlated the cost of the cducational component cor-
responding to {he havdware component,  Figurc 1 shows the interrclation-
ship of these prograus. )
G
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, FIGURE 1
SEQUERMTIAL RELATIONSHIP OF COMPUTER PROGRAMS
- |
:
1970 - 1975 1975 - 1979 |
TERPESTRIAL
TRANSIAISSION
SYSTEM Ve R, i (N
DIRECT A
Op | DROADCAS st o !
& Ve SATELLITE * bJ
; SYSTEM ;
REBROADCAST st rer L
SATELLITE S
SYSTEM U
[ - ensmsne PR - e i G PR ———— S S - ——— & - - rll\
P
; Y
EDUCATIONAL SUPPORT SYSTEM _—
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Line Numbec»

10.15

10,2

11.8 -
11.84

12.8

13.3

13.35

13.6

DESCRUMEION O THE REBROADCAST SANTELLTE PROGIRAM

Desceriplion -
Setd up the matrices to b used in annuad cost,

Oprnﬁ a Tilc in which the nwies of dndividual cosl
cloments are stored,

Reacds from the file,

Progran starts,

Establishes the initial year of the program run,

Uscr types in the year (RY) .

Cosl elements for scven cualegovies and 10 yoavs are scl

'
f

{o zero; program skips to line 57,2

Asks for {he peali-to-peal/RNS noisc ratio and the number

of video chunuels; these ave given nanes Roand VL

I the number of video channels is 0, then the video
bandwidth is sct at O,

R1 cquals 0 and, corrcspondingly the video carricr powoer

in di's js scot Lo a very smoell value (=200 dbvw) .  ‘The

nupber of program channels acconpunying thoe video (PRY) dis

szt Lo 0, The progremn skips the video calculations.,

Description of the video channed starls; bascbhand is scot

al 5 Mz (516); total bandwidth of video is the baschund

r

times the number of video chantels,

7100 Wi-G-1 mv




14,

100

14.86

16.6G

16 .

1G .4

14,4 statoment

slorts a loop in which the poak deviation will

Progranm

be gradually set to higher and highex value, until the

pealk Lo peak/RMS ratio yequirenents arc noet; sloayting

peak deviation is 1Nz .

Peals deviation is raised by 1 dB (by multiplying 3t

by 1.1).

Carsons' rule, bandwidth, is twice {the sum of bhagsobund
plus peak deviation.

Froeguency modulation improvement, the improvement for

a narrow channcl in the baseband, ig griven,

this is Tollowed by the addil jonal factor of 3 (Hdb) duu

to the trimgular distvibution of noisc acrass the base-

.

Dy clr e

Establishes the mininum required carrier to noisc as
vser requirement less 16,8 and frequency modulation
ill]]);‘C)\‘L'il:CrIJl. (18:8 js the sum of pre-cmphasis and weight-
ing allowance--2.5 + 16.3--Tox 625-13nc picture in a

5 MHz bandwidth).

Establishes minimum carricr to 11(111.“'--.‘ as 15 dly;
carricr to :n’sjri.a- required is largor than 1H dby, then

the program is divectod to statement 100 and the peai

deviation is raisecd again, The first time it is 10 di
or less, the progra continués to the next line (linc
110) . Al l-lll:lt'. point, the radio bandwidth is convertoed
to megaheriz; the video handwidth ig 1‘(-1131!‘::;1! R1; the

thermal noisc. in the bandwidth EB is caleulated: and

167
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the video eiider pove dg get 19 A hiehew than o thagngd

noige,

18.8 User is asked how many PR (progran chanels per video eliome ) l
are ncedod, |
: |
19,6 Uscr hae thae eption of asking [fov Ve (voice channels) for ol !
|
phony . ' }
20.8 Specifics that the qualitly in the telephony channel i Ao dib et '*
; |
tonc to neise retio, i
!
! : [
o 21.2 wotal bascbind is 4 Kz per telephony chaimel times the pupber |
{
of telephony chiannels, plus 15 kHe per channel tines the mibic i
: |
ol progyam channcls, plus 12 kliz at the bottom of the baseband,
21.6 Sets up a quantily U nunbome of cguivalenlvoice channels by
dividing tie baschanl (above the 120 kilz) by S KkHZ: G0 Uit e
ber is less than 240 channels, progri goes {to statlement 180
which scts the €CITT loading formla - 1 4 4 times Tog Cnosber
5 of channels)y; if the number is 240 or abovie, Lhoe prograt ocs to
statement 190, which gives the - 14 4 10 loo formula,
23.6 Peak Tactor is estublished ag 13 db plus an allowance for tin
small nusber of channels,  For large number of channels U S
g approximately 13 db, and for onc channel it is 19 dbi this appt
1
jmation is,considered good cnough,
) 24, Sels up the peak pover as {the RM3 (derdved from the loading
formula) plus peak factor,
24 .4 Program prepaves for © loop that will incrcasc tho Lest iy bt i
until the uscer roguivements are mel,
o 168 {
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Progran beginsg wilh a Lest devigtion of 10 ki and yadses AR

Jine 24.8 by 1 dB al a tine.
Penk deviation is sct up tto be the auplituwde ol sine wave, the

penk power of which is cqual {o the peak poser of 011 tolephone

channels.,

26 .1

4

Uses Carsons' rule to culceulate the tolad bundwidt
Rotublishes the modulation index squored by toking the ratio of
the tesl devialtion over bagcband squaved,

Caleulates bandwidth dwprovewent, the radio bondyeidth over twice
the bandwidth of the voice channel.,

Caleulatos ‘Lhe product of the two dnprovencnts,

Calceulates the thermal noisc,

Caleulates the threshold improvement according to Enloe's papor,”
which (in effcet) 'F-il)'fi that the radio bandwidth nust be latser
than cither (1) twice the buschund or (2) twice the poak deviation
(whichever is the larger) {thevefore, line 27.6 asks the question:
is the pealk deviation larger than the bascband? 11 it is, oo ‘tn
stalemont 20, which setls the quantity ¥ (Filter) bandeidth as
equal to the peak deviation; and if it s l;l.rl lavgs 1+ than the base-
band, progran goes to 5=l'.1_1r_lr.1.o:1l. 27, whiel scts the filtor bowd F
as crual to the basebuand.,

Throeshold is 10 dB minus the thresheld damcovement, which is the

n
](‘J['.' of the ratio of radio bandwidth over twice the filter band-
width: the requived carrvicr powver is thermal noise plue threshold;

Enl Qe

Prococ

(] . e (] ] TE) . )
L, ML, "Decrveasing the Throeshold dn Filoby Frogquengs Pocabuaen, !

dings of the JRE, 50 January 1962,
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30.8

31.2

LS
U

)

32 .4

32.8

Qo0
(e e B

34,

37 .6

35,8

40.8

H (1

signal Lo nodae vutio d: throshold o pins Aghonaiinlation
ment, plus 2.6 db (wodphting factor) ., 15 {he signad to noise
J'nlil('- ja Jorger than the reguiroment (SN), propgris drops oul
from the Joop; if it is not, it goes to statement 11, winich i

creases the test deviabion apnin,

Convorts the test deviation to kilz.

“converts the radio bandwidth to Miz and renomes it B2,

Video power is convertod to wnlils,

Voice power d8 converted to watts or a quonlbity proport ianal

1o watts,

Adds the two povers topgothonr,

Converts the quantity bicl to db.

Boginning of a progran, statement 66, Useyr mithes the chioice ol

gyston noige temperabare; systen noisce temperature is wiven th

nape TEMP (3t is algo given &naie of TEAMPO, since in the Dircodot
Broadeast version of the program othicr nofse contributions cau
be added to it),

Divects the control program to statement 14, which s the busin-

ning of the video bundwidth caleulation,

Hich both wvideo bundaidih and

o |

Marks the point in the progran
telophony bandwidth ave caletlated, and the progras cont inges
tadio band i.—:l telephony Landwidth plus the nwuber of vidaon chal-
nels times tae video baudsidih,

1

Uscrr is asked about the antenna dizmcter (D1A) and downlink

frequency (DIR) .
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Calculates the gain ol the receiving ontenni,

(if a synchvonous orbit, H s oquitl

VAR User makes a choice of orbit

to 1, and the program gooes to statement 2, which sots (he heipht

in stontute miles; otherwise Il ds as miven by the usenr) .

a1, Caleulates the path doss in lwo gections as a funetion ol the

1
]

down freguency and the orhbital hedght,

45 .2 User decides on the size of coverage and gives the two sides of

a yoctangle X and Y, {he diggonal is caleulated in line b, then

follows the caleulation of the antenut beomwidth required of @

salellite antonnn,
50.8 converts the boamwidih of the satellite antenna into the satellite
anlenna gain,

i) ot Coleulates the path loss as the isotropic path Joss, plus 8 13

allowance for antonna efficicney and minus the sum of the two

antenna gains.
51.6 Uscr chooses the number of stations requiring telaphony (lator

these staliong arc called transmifi-receive slations, and the

numher is given a name 81) . Usor also chooscs the nunber of

reccived-only stations (RST) .

52.5 The power required by a satellite to converse with onc station

is miven the nome ONEPVIL however, this applics only to tele-

phony, so the voice power is the number of stotions tines ONEFWH

(the miltiple access configuration, where cach Lransmit ting earth
station uses a 'pm"t of the total gotellite power).,

the video power, which is rcecived by all the u

53.06 Distinguishes SUls
(1 'y -
and Lransmitted: by one uscr, from the voice power (H2.8, above)
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54 .4 Fsiabliches

(voic

powers, plus PLOSH, plus @ dli traveling wave tub

is the Yimiter back-oflil) .,
foavalits

Digplays salellite outpul power convertod

56.01

satcllite power, satellite antenna gain, and the numbey ol

transponders,

5G.01 Establishes a virics with

correction factor that

desceribs the efficiency of solar cell gencralion,

56,02 Establishes o correclion factor for tube

oot
nvavices with freguaency .,

5G.035 Calculates the numerical value of satollbite antenn:

56.06
and Table 2) .

5G6.07 Calculates the weight of the power supply @5 @

radio froqueney pover reguired and the

PSE (sce Figure 3) and nito,?

56.075 If the wedight of the power supply is less than H0

the corrcetion facltor 360 is omittod.

5G6.077 cBatablishes the weight of a salellite in orbit as the

L

two corpreelions

1bs,

Stants calceuloations thal debcrmine sateldite weipht ) piven

Caleulates the weight of the antenna (sco Table 1, Figure 2

of the power supply, plus the weight of the antenna contribu

tion, plus 50 1bs of the hasic structure weight, plu:

allowancce of 5 1bs per video. trauspondoer .,

¥ RHO = DECRE conversion cfficiency of
= .4 for UNF (5H00-900 uilz)

and .20 at 4 Gl up,

power tubes

:1['.:

Wit-(O-7  mv

.
[}
i
el Hicienes that
i,
funcltion ol the
J'.;H':\'l':-‘
then
S i;;!!\
the



Table 1

SATELLITE ANTERNA WEIGHT AS A
FUNCTION OF ARTENNA DTAMET LR

Weight Diamcter
(1hs) 1 Gliz “(fyl““

100 20

&00 lil«

* 100 g : 20
280 ' ,I 40
700 GO

1082 0 ()l 80

2,100 100

Source: Basced on dirtla developed by NASA,

.
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Figure 2

SATELLITE ANTENNA WEIGHT VERSUS ANTERNINA DIAMETER

-

200 | e e | T / ) DT (DI A 60 St Eo e
(Computer=derived; see

Teble 2 for details,)

ANTENNA WEIGHT - pounds
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Table 2
SATELLITE ANTESNA WREIGHT VIRSUS ANTEANA DIAMETER
LEAST SQUARES CURVIS 117
Gl TYPE INDEX ARD A H
DETERMIMATLION
e YoOA+DHYX) BORYACY S - Hldle 2.
e YRARLANMLHEXNY Q77334 $0e Q1302 Yo T et
‘3. YuAn{avhd c9CH5YS c 318214644 1 e P59 (9
e Y=NA+I /A « DO ALTE 1751.45 345341, )
"lu 'f'—' ]/[!l‘l—:;'l'-.': 1 . T '_191"_; | 9- .":-'?n(::f — ]o l’:?{f:‘l ";..'J-
Hio YEXZLDNAEEER] « 9952776 2431714 =2 2N -
NETATLS FOir? 3
3o YENELATRTT 1S A EOWER FUNMCTIONM. RESULT S
NeE N LENAST=-SULIiRES N LTS LINEAK TrANGENNed
CSAnL=0 TN ORDEK OF ASCEMDING VALUES 98 A1
AR s B AN
A=-NCTHAL Y=-NC I UAL Y-Cn1.C 4 O30 O T e
b i I('IU] F‘:gc-.l'?"'ﬁ? 1]-":
H1) @94 332 493 -l 5.7
F\i’ . 'f“” ?!r)l 3‘-/- -{ “'"r'o l
A l?t?i.‘ 1232 07 -
1144 2100 197%. 31 ' 11.%
o
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Figure 3

EXPECTED IMPROVEMENT N THF SPECIFIC POWER
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H06.08

\
5
56.06
50 .8
08.1
¢
65.2

Ealablishes the launch weight of the satellite as 2,20 Limes
the weight in orbit; lauwmch weighl i thew displayved (sce

Tabhle 3) .

The cosl of the satellite as a funclion of satellite weipght is
L".L1.r,'l1|::i.l'1= and displayed.,

A qumtity called ].'l-.i-"!l' is established (sco Table 1), This s
the weipht of the satellite times the orbital heipht  (in

thousunds of miles); a scvies of stotements numbered by state-

ments in the 900s follows; a booster is chosen, depending on HEFT.

For ‘J'Ilf-if:'.]'lt‘.'(‘, line 58.8 (statement 901) savs:  if NN is 1less
t!\:{n :).f-.'u_(l,‘(I:i.-'.pln'\- Booster T.AC.DELTA (Thruat Augmented Delta)
the cost of the hr_:lu:a'tc-r', called BOOSDO is sel ot 3.5 million
dollars: one satellite can be lifted; the number of .Jumu-lu-.-.
required is 1, 1 HEFL is ]C.;'»Fi than 2200, the control passces to
the collecting point (statement 888) . Other boosters arc
sclecled in the same way.

If "3irt" is less than or equal to zero, no availuble booster
can Jift the satellite and the progrem is terminaled,  This cuan
only happen if, in spite ol succetsive upprading of tho power
of the booster, the program arrives at the Saturn Voand it still
cannot 1ift the srntl;-.]]jtu:-. In stalement 906 (SNIURN V. boostor)
the quantity "]1:fL" is calculated by dividing the :'.ul\|:'.l'(-;'1;:;;--
bilily of Saturn V into HENY, The (~1:1r1.!‘.| point is 1'-.-.".;’!:f.-:| vhan

the Jift capability of Saturn V is oxcecded by o faclor rvanging

from-1 to 2, thus allowing for advances in solellite technolosy

and possible future modifications to the Saturn Vo boostor,

1G7




Tablce O

LAUNCI WEIGHT VERSUS WHIGHT 1IN ORLYT

Usaful i
Spacecralt
Payload Weipht
Booster (1.1‘:m:-;;i1.__5_;_1_-_h:it) (111{:_)_ Ital io

Long lelta

DSV-21,~1-3G1-3 695 1hs 304 2.28

SI,\’-.»3."\-'/;\;;(:11:1 2,260 I 1,020 2.23

Allas Centaur 4,100 1,810 Phies

Saturn 11 5,000 2,250 9.2

Titan 111 C 9,000 1,050 2.2

Saturn V 110,000 47,000 .  2.22
: (60, 000)

e+ e e | B i e . S

Source: Hughes Adrceraft data publishad in Rubin, P,A.,
"V Satellites for Developing Nations, "
Papar G8-121, presceoled at AIAA Znd Communicia-
tions Satellite Systems Confercnce, April §-10,
San Francisco, California, Using data provided
in this paper, a separated weight of 700 1bs
and a final orbit weight of 300 1bs yiclds a
ratio of 2.32, '
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Tahle
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6G.8

67 .2

67.6

70.6

71.2

72.8

706.2

Lt e diisplayed
Starls calewlations that determine the reguived number of sal-
ellites fo be lounched, "3 the orbil is nof synchronous (0w

Figurce 4) ., 5

A c;uamt'i_'tg.* callod SATS 36 caleulated (hy converting to the nest
higher integer) .

The number of luunches is caleulated and displ :1;.'n:«i'. hovever, il
the orbit is synchronous, progaam resumes ol statement 24, line

69.6

Boosgter cost is displayed.

The required satellite bandwidth ds calculatod and displaved

(the "voice" bandwidth of onc uscr times the nuher of stations,
plus the video bandwidth of one channel and a guard spoce of

S5z Limm: the number of vidceo chinuels) . The satellile band-

‘width is then displayed,

Uscr chooscs up-Trequency (UFR) . Satellile noise figure is
assuncd to be 6 dB (line 73).

Satellite receiving antenna gein is agsumed to be 17 .5 dby,
Calculates the tﬂun:ml noise at the salellite dnput.

The received carricer power J'uquli:'c‘d at the f.-‘-:_tlt.-]]iu- input is

12 dB higher than noisc, to exceed the FM threshold.

Calculates the gain of the gatollite receive antenna and the
up--link loss,
The 5 dB adlowance is Lo compensate for rain and to proside i

margin for power control.
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Figure 4

NUNMBER OF SATELLITES REQUIRED VERSUS ORBITAL HEIGHT
(NOl\lSYI\ICI'H"\OI\!OUS SATELLITES ONLY)
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5.6

78.5

78.8

79.1

=1
o]
o

79 .4

80.4

The requived tvangmibler powvexr for one chamiel ds coaleulatbed ool
displayed.,

User is given a choice of. . 1iCting only one satellite, cven il

the booster could Lift moll'-;-  Lhan one, . :
Calculates the launch expense in'millions of dolluars (the nun:
L)
ber of satellitoes 1‘.:illm':s: gatellite cost) . ‘
[
Uscr decides how many channels ave used, on the average, in ciach |
station. There may be many morce video channels in o satellite
than arc nceded by the average station, This quantity is named
VA,
Staris calculaling the cnsla of the carth station cquipment ; the
cost of the baschand equipnent i;; caleulated as  number of video
channels plug onc times 25 ,UU{II dollars per video channcel,
The voice recciving cquipnent is costed at :?I'\,ﬂiif_‘i plus $1,000
per Miz bandwidth and the video receiving cquipment at s24,000
Tor cach vidco receiver,
The cost of the voice bundwidth part oil"ilw receivers is sope-
araiocl qut..
A distinction is made between the cost of the front-oud at dif-
forent Trequencies by directing the program to Iine 206 10 i
frequency is less thun 1000 Mz (sce Figure 5) and to line 207
if it is wmore (.‘SIL'.'D Table 5).
Calculatcs .U“:' cquip:nm{l cost ﬁs; 8 suu of the costls of baschund
component, *‘he 11 component, and the front-cnd (in thousunds of L

dollars) .
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Figure 5
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Table O

COS'' OF RECLIIIVEIR PRONT-END,  ERCLUDIRG
COST OF LOZAL 050 1LIATOR
(DR = 1,000 itila)

Noisoe
Noisc Figurc Terperatnre Cosdt
(dep k) (dollnvs)

9 2,000 200 -

626G : 500

91

100 125,000

70 250,000

Sourccs:  lenhurt BEleciric and Puje

Communications Engincoers, Inc,

174
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0

80

80,81
80,98

850,44

81.

84.:

. C

Cquantity purchased at any once tiwe.

1 antenna dirneter is less than 20 feet, go to statoment

A5 if 3t is more, go to statoement 452,

-

Calcenlates all antenna costs by cuive Titting (sce Figurces G
and 7, Tables G and 7, .:mri Pigure 8) .,

J'or the purposce of calceulaling procurcnent costs, a distine-
tion i‘:e made between ontennas of less than 20 and more than
20 feot din diaweter, bul this distinclion only ig used in the
Direet Broodeast Satellite progran, In the Rebroadoast Sat.
cllite progrim, the quantily nawed RUN, at which the antennas
ore assumed lo be purchased, is sel to 13 in the Direet Broud-
casl Program the u.«;.(,-r can decide the number of scots and thoe
Caleulatos the cost of tronsmitting cquipment at a basic cost
of $H00 plus §$15,000 tines lhl"_ If‘:(],ll:".'k root of the transmitter
power required (per channel) , times the number of video chun-
nels, tiwes 3, The factor of 3 is for the & db propuagation
ane signul power cuntrol] maryin ollowance discussed above
(Jlim- (At ¢ &:.Lulinm dollars (8TADO) consisls of cquipnent
coml times 1.2 (Lo allow for installation costs), plus an
additionsl amount (antenna dismeter over 100, tines 1,000)
whicl ropresents the installation custs of the antenna.  The
coal is in thousnnds of dollars,

Setg up u quenlbity called ONE, which 18 a cost ol one :;'-1:11.1'[_111

in millione of dollars,




ANTENNA COST - thousends of dollers

Figure 6

SATELLITE ANTEINNA COST VERSUS ANIL ININA L DIAMETER
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Figuie 7

COMPARISON OF ANTENNA COST MODELS

10,000,000 - e e el 2 e L e i o ____ _ o

B,Gi’i‘,("'i'i P e | famawatantrtt | e ey | e e | e = | B

L L O B e e e et [t It Bl iy

4'00:}'(,_": B [ e | i | Sy R reetil | Pt e ieer __ e syac] bor— e
REVIOUS Sl MODEL
e COST = 3% (DIA) 42 41000 5o e

o

-~

Mo
}
Y

- coi

2,000, (U0 | == mmrf o | oo = | e e

SIGN COST
N
o S o}

EESED!
i
|
|

893,0"-" | S _ % _ _-_j'" /- : v . L ,..__.“_

a4 | 1 | 7

40D, 000] ==~ e = MO L /f. Al e PREES e

are
1=
]
i
'
"
[
-

4 | A L. | i

f /

el .: A = s 5 / - - s Friii=is e
1 / 4 MICEOWAVE JCURNAL
& /| oct. 1964

200,000 |=——=t=fi1 [==== // e i ek COST # 53¢ (DIA) 42,7 f ===

/
80, 000 +wsemm} == / ndl =1 R | e ; : . -. *‘_
60,001 -f[",-' e bl sl s At ol

40‘{.?0 ..... I_...-.-. A ---.—‘_ . I - | i | - —. ARG P
j-’ SOLID LINE AS GIVEN BY LIMES €0,01 - £0.93

b ——e et |

(A TOF E COMTUTER PROGRAM

ANTENNA COST, INCLUDING INSTALLATION AND PR
—
NS

NOjE:
fully tracking entennia cost = £ (DIA) (mull orders enly)

000 )
ets 0 020 a0 400 500 60 70 O 90 100 110 120

ANTEININA DIAMETLR = feet

17

il




Antenna diameter (circled)

Tuble G
ASSUMED ANTENNA CO5T AS A FUNCTION OFF ANTENNA
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83.20
83 .30

84,17

81,14

84,4

81.41

r
=

Bd.681

&1.64

CRIEY is the costs of station mainvenuncee. It is sceporated
into (he costs of foveign personnel (called expatriates)

and locol personncl (eutoclitons) in the ratio of

1 ta 9.

]15::1.-‘.':\.\‘5 the cost of one station, its cquipment, and its
transmitter part, 211 dn millions of dollavs,

The cost of the receiving station consists of equipnent cost
plus antenna cost and less the cost ol the teiophony part of
the recciving equipment (kVe1) . ldentical allocation, s in
line 81.G6, above, is made for antenna installation,

The cosl of the receive-only station is displayed,

Scts up’ the quantity ALL, which is number of transmi t-receive

,;t:l:{;,.11:.: {dnes ONID and numbor of recciving stations (RST)
times the cost of one receiving stotion (RETALQ) .

The cost of all stations dis displayed,

Sets up o DO loop j.u which the costs ol'l additional launches
arc incurred every three ycars, The fivst year of the progran
is named 10 (line 11.72) .

Hatablishos the cost of the fivst yeoar of the pregran as Lthe
UQA: of a launch, plus a cost of the additional hLoostud held
in reserve, plus the costl of 80 porcent of all stations, The
second DO loop sbarting in §4.,59,

Sots costs in catogory 2 (loecal country conts) as the remain.

ing 20 percent of all stations, Cotegory 3 and 1 costs arc

cousls of nunpower,

wnnna mae




§6.1

The totir b dnicinl svaton cobt (hess ihe nok

cost of the satellite plug cost of launch plus cosld

tions, “his ds digplayoed as totul syston co.

dollars).

Divectls the conlrol to segmoent RESULES in wl

are swumpcd up and diapliayed,

tis

1ich

the

| o 1 |
oJinulal sy -

C(mdllions of

calejorics



STATEMENTS TN THE DIRECT BROADCAST PROGRANM THAT DUFEER

Lince Numboer

12,006

12,19

70,9

71.48

9.,

e |

79..2

‘ 80,3060

FRCM THOSE IN il REBROADC AST PROGIAM

Deseripiion

Aslks the user to spoeify the receiver noise figure in db
and at .'in(.-. 12,11 converts the noise Figure to the re-
ceiver tomperature,

Uscer is asked io specify the reeeiver cnvivonment; the
intention is to allow for morc than o normal amocunt of

noise for receivers operating at a Trequency of less than

|
!
I
I
l
|
|
|
|
|
|
|
i
|
g
[
!

1,000 Milz. If the environment is countryside, then 50°

cln.f‘ indigenous noise is added to the cffective noisc

tL"l‘]lf.'l‘il‘t"LII't‘ of the roceiver, For suburbs the Ligure is |
200° , and for the citics it is 10007 (sece Figure 9 and

Table &), )

User is asked to detormine the pumber of receiver stations

to be reached at the stare (870). awd the end (S1) of the
poeyviod,

The rate of growth is cstablished, assuming an expoten-
Lial increasc,

Starts the calculations of equipment cosis,

Establishes a number, K, corresponding to the exponent
to the base 2 of the quantity procuved (that is, the
nunber of times the quantity is doubicd) .

1f the dosn-frequency is not between 1,000 and 6,000 Nz,
the cost of the local n-ﬂ;.c-i]];1tf.-1' is assuwmed to be zoro,
1f the down-frequency is botween 1,000 and G._.f'lt,ﬂ.‘ MHz ,

the cost of the locwl oscillator (procured in o guantity
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80 .40%

&0 .,4006

80 .91

80,942

of ¢} is nesumed to be $500 plas o consgtant that dey

on the ITrequency (sec MMigure 10)

The cost of other receiver cquipnent is assuvned (o hoe 8200
. o o [

plus the cost of locel ogedllator ($200 roprescents the cost

of 1ho winer boughit in o quantity of oncd,

If the nunber off progruwn chanmcls per video dd greater than

one, an additionud $100 is allowed for a sepavate sound ro.

ceiver that would offer an option of difleyvent sound clinn-

nels with a given video,

The equipient cost is nmultiplicd by .80 rodscd to the power

N, with N (estublished ot linc 792,22, above, os the nuhor

of times g enontity wes doubled) , Thus, the factor of

aclfines l}u.! "]1-:~_:-niny; curve of L85, The cost of the front.
cend of the recediver is sinmdlarly raoducad ’in cosl at line

80 .31,

A variable 11:1".'.t_'-'i BRUN 8 delfived as a squaore rool of the 1

coiving slations at the end of tha peviod,. The stalemenld

presupposcs that the entire procurchient of antennas would b

given to one supplier for the whole perlod,

llowevar, the user can override the above agsunption and
divide the procurepent among meny suppliers, Note that the

distribution of quantity smong move than one supphlior applic
only to anlennas, The costs of the fronteend Giixuer and local

osclllator) have alreedy buen reduced, dopending on the total

quantity purchascd (1ine 90,:1035),

I'so
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Figure 10

COST OF LOCAL OSCILLATOR = DIRECT BROADCAST SATELLITE
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80,965 -

80.9%0 The costs of Whe antenuna and the premplificr axodisplayod,
' 83.6 The cost of en entirve stulion is displayed,
. -~
84.6591 Accapis the aynual salayy SA) and the trangpovialion oxpeni
() of ihe nadntenince techuicion aicd, using the receiver

erowll ot detomuined proviously, detormines tho costbs over
» Lo |

1 J{‘-:;".:" De yod Loy L'.'E'.':',U_""Iu'.:' ::' 3, aned 4 ('lll(‘{.-' Nspclwins

1
forveion manpower, md Jocal mipowor) .,

B1.72 Catopory 2 costs ave sublracted from the costs of the pre.
vious yemr, 1o detemgine the costs attribulable 1o one

par ticudmsyeary,

L
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DESCRIPTION O EDUCATILONAY, SURPORY PROGRAM

Notc: In Uuls progeom muny categories of nanes grce read from the files;

]
1
{hese are cotopordes thot, Toter on, were found not applicable and werc |
replaced by others, A shortage of time did nob perindt the removal of
( |
dicscarded cnlegorios, |
Line Numboyr Doesceription |
11.71 The Lfirst yeur of the program is called NY, :
18,4 - i
18,49 Virious voaviobles arce set to 0, |
i 16,5 User names the yemy in which propram is Lo start, i
(N l
8,74 User tynes thie nuber of houys of program genceraled per
LS o L [3 (=

veclh at the beginning ond at the end of the progran,

these variable arve named HOURE of the appropriatce yeor,

. |
1,99 Uscr is asked 40 specify the dollar cost of onte hour o i
]
a New progiam. ; i
19.029 Sets SPAN as the number of years the program is going .lo !
run,
|}
19,03 w Eslablishes the rate al wiiich the nunber of program hours
: gencrated is dncreasing, bascd on the assumption of an
exponential growth,
19.1 Porsonnel costs are calculated from hourly costs, and on
3 i the assumplion that personncel will be cuployed for 52 wecks

a year, the Tactor 3 accounts for tho foct (hat only onc-

thivd of the hours broadeast arc genvratled @ach year.
t o )

189
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19,8 - :
19,46 . Calewlates, yvear by year; the nunber ol peaple cnployed dn pros

gran produetion, e variable callod FRESH ds the numboyr of :

now hours pencrated; 01D is e numbor of hours availoble from
lagst }.'\.tl".- produetion; L ds a convenient progean paclisge
congieling of 16 hours of proprau uat aial, and the nunbor ol

people in cich of the 22 catepgovies is calculalea as @ function
of ithis LUNIT,
19 .42 Sindlorly the nuwber of gtudios i85 coleulatod on Lhe assunphion

{hat cuch studio can gencrate one LURTT o week,

30, =
335 Sots tie annual conbs for 10 yeovs and 7 cutce
to processing.

(]

652.9 Digpleys the nunber of stutdios needed to supply the dnitial
number of progran material,

53.2 Coeleulates the eost of studics,

et
-y

Dann This calewlation is bused on the assunption U oequipment

costs 5191 850 par studio;® the information is displayod;
buildinz costs of the sftudio arc bascd on o cost of 55,00 per

cyuarce foonl and on 15,000 sguare fect per studio.

51,2 The result is disployed,

af the cost of equipnent  plus the

54, Total .-:t’udin (K

gion Dronsen, amd Williom Hessloer

Jlucational bevelopient in

* , Schenkkan; !

The Feasihilily

TR e R T Ui UL S TR LS GOvernisn L, TAECRCY. T
Inloenat tone! Nevoelopment ) Washingion, D.C.) Noetdonal Assoviation of
Folucod tonal Hroatic s iers, auly 1867 H
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Hoi s 10

Hio . H

H06,00

o8, -

G2.2

Colenlotes componenbs of studio ¢osts,

such as: cquipnmnd

conts, building costs, anoetization costs of cquipment (based

on five-yenr cquipnent Life), amortization costs of building

(bascd on 0-year building life) , naintenince costs of equip-~

ment (10 peccont of annuel cogts of cquipnent) , and maintens

ance of building (6 percent of the annual cost of building) ,

ALl of {these cosls arvae thoen added,

The total g displayoed,

Ugcer types in the nwaber of television
stert and at the end of the progiran,
The mumber of scls in coch year is cal
of exponential growth,

This munber ig slored in grray SEIN,

.

Ugier types the yeurly saliavy ol & 1
Usier types in dheo yearly salarices and

tenance technidceians, (variables name:d

Calculates the annual costs of product
(personnel coats are category 1).

Calculates the nuu

The number of tedchers

‘established az follows: the numhbor of

per solb, times edght weelks of dndoctri
entering the progrem for the firel tim
in the previous yoopr, times 1.8 teacho

ol refreshey course (for teachers olrg

J 191]
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sets expecled at the

culated on the assumption

' dnstructor.

cachors

{ravel costs of sot main-

SA, THEC, and TRA) .,

ion ond distribution

setls times 1.8 teachers
nation course (new teachers
©) plus the number of scls
i

poer set, times Lvo weelks

adyt in the progran) .




GO, 1

60.7

61.9

61.91

6G.7 -
G7.6

67.003

The m A=y i I instructors o eploeulntod on i

assunplion that one dnztrevctor will feach 40 tonchors A0 woeo

per year; as a vcesull, the variable WORKINSTIR gives (he nuitho
of instructor years, .
v
The cost category 4 tranalntes vhe pusbor of dnstructor S )
1
years into the gnual costs of dnstructors, by pultiplying G .
i
. ]
number of instructor ycars by the annunl salavy of o teachera!
instructor, :.
|
The annunl coils of Lield research workors wee calenlaied on |

the assunpltion thut one ficld rescavehey con visit 80 sols poer

year and that one-tenth of his salary dnd travel expense could

properly Lo allocalod to the cducational syston,
'

The firat part of e chove celeulation is uscd to find tho

number of ficld rescarch workers ncedoed,

Other categorics of cost arve calceunlntod,

r

The number of shoots of

paper necded is caleuloeted assuming:

three sheetls of paper per sceb pey hour of programaing, times

40 weoks per yeor, Limes three coples of tho instructional

material; the nunber of sheels is then reducod to 30 porcent

1
by assuming that only 30 porcent of tho classios would redquit
L

paper support,
printing ave caleulatod on the basdis of §17.00 of sot-up Uime

and $17.00 press printing tine per 100,000 shecls

1492
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G9 .41

GO

G two cobt conponeitts gro addod an calepory o, on e

assunpbion hat 100,000 shecets of paper cost S200,00 ‘X

The costs of 0ll catepgories ave odded ond displayed,

Tho mimboy of - sats i une ds dispinyoed; Sthe cogt=ol sctupkeep

ie caleulnted, with the aosunption that one technician can

{uke cia ol 400 gots,

The cost dg Ahen ealewlaled (for convenicnee, the array SETS
{

aveused twice, onee for coleulating the muber of sols and once

for culonlating tho salavy) .,

The sum ds updated,

The const of seus g displayed,

The Litles of vavious colegorics of people perticipating in the
Lducational Suppoxrt Program arce redd £rom file, The stalfing

requivenents ave digplaycd dn line 79,11, and dine 79,15, and

Jine 79.4, D

t Based on data supplicd by Lenkurt Hlectide Fublications Department,

193
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Line Number

10,66 =
10, G4

12, 06

12,22

12,220

12,24

135259

'he mrray containi
at 0,
Coovdineties o ol

India) ave voad 3%

Boseription

1 the

I the

nmte Lo

cin eoentors (Lowns originating prograd

Najcs of up to 60 tovns

nite, are recd fron

Coordinntes ol al)

fyom minutes to do

Nanes of all the towns dn the region o

s

User sclects Lhe ald

be linked,

Uscer types in the

Nanes and the coovdd

are put in a s¢

The choice of L

processing,

{hi¢

qen of 011 the towns i

]

comilinatas ol

{onrns dn hae ey

filao,

{the ilo,

Tl

{he

il.lt'l {:‘-.

thot wilil brosdeast, bul

fowng 18 &

A . 4 *
% 1T A A 84

noL o1

N the rogion ave roead froa the

arting peint and tho
1 o CmuieRtn )

iy
Lown
194
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134, 29 A weeni e ol GUANY) dsiaot Wiatt w1l dater $ndi

(he end ol networh is appeoaching.

14, 388 The rest of the areay, canbaining towns that are ot necded,

14,047 Vordous variables are either get to 0 or g high value before
further processing,
17,012 Subroultinge RESHULELE i85 culled up, To follow the logic ol
{he progein, at this point 4t nay be casicr for the reador
\
{o po dircetly to the vacdcus sulavoutines,  Lincs atl vwivich

these subroytines start ave indicnted by calerishs,

17,411

¢ 20, The shorlest distance betveen auy tvo towns in the scelecelod
sel is ealeuls tady Susidngd spheprical Urigononcily,
306, Subroutine BESTPATH d8 collad up,
37.4 Subroutine MICROVAVE i callcd up.
ab. Control ;r;-:::'f. s {o tha naarest or naxt-hoppost town,
40,1 The program yeturns o subroutine RESECEFLE,
5004 Subiroutine RESHUEFLE,
‘ 51,5 The name of cach town in the matrix i:-'_'-l examined to chedh if
{its name corrcsponts to the nofe gliven by the user as a
_ stavting poinl; whein the names coin do, bo the coo natc
and the nunies of all the gelcoctec tonng avce rearvanged, with
"_, the storting poainl being in the first pogition,
61, 1 Subroutine NVIDEOTAVE is8 called up,
'
61,65 Calculales the costs of teensport by truck,
195 )
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61,86 Chaalis - i phes COWEsi: t?l:!';."'\\]_\ uidar seruldny, TOWNT (O

vontors i du ds, progrum pissos Lol slabonant G,

(=0
2

62.) Cheelis 30 1he tovn curvontdy under secntbing is nob aoniin
contor (i gulicenter o' a town woercely roguiring s broadeast
grataon): 11 1t 3& sueh o tovwa, control passces Lo line G116,

62,5 Cheel:s 34 Lhe peavest or nesl nescest town TOWR (e s

not & mein cenber; 4f it ds a subecnter (calepory o town)

control paases Lo alntement G20,

G3.1 Cheelie 48 the TOWSE (WHIGH) da o main centor; 30 i1 38 oonain
centor, control passes to abalogent GR2,

G3,4 Ashs bow wany hours are generated ot Lhe Cown undor scerutiny

A { ALY

sels up o voriable, SPORL, ag 18 woeeks of storage of video

tape, costed il $49,00 por hour..
63.06 To Lhe cost of vidoeotape i added 52,000 forr Gir-conditioing
, I ) %

equipient (the cost of the building containing the libroavy is
not inclucdad), :

63.8 1T the number of connecliong el up is less than the numbor

sot by the user by mewits of the wurning boll, MAMS - catit rol

passon to stote ont oot but 40 the count roaches MANY, Ll
end of the run is appriaciing,
1
G-, User is opsbed Bow naie haursiof pragiam motordal poprd weel aro
g o - 5 ' 2

gencratod in the te Under sepriiliny,

* Data supplied by Aupoex Covporstion,
166 '

-
-

WG (lipia




G,

G1.3

G1.16

Gl.6

; 00 ds culonlntod an the ausheolr off hours per wooh gonesatod

at the subsicdiary center plus 33 hours (per week per channel)

{ines tne nunher o o channels transmittod

worth of tapo,

L4
hetveen the fwo towns,  The averiy » nupber of hours of pragran-

ming broandenst over ong video channel a week is consideradd o

oy

bho 34 hours,  he prount of tope gtored is cquivalenl to 13
weehs, times the nushor of progrom hourg per week, times the

nueber of video chanvels ot the cost of §49,00 per howr of

tape.

Calenldates the dibravy peneratod by the subeentor,

The count (that dig, the number of conmoctions catablished so

far) is updated,

1{ the count hasn't yel reochod the warning bell stage, Cols ;
trol puoscs to statement 609, but |I the end is al hand, the

uscr is warned that this way be the last station in the clinin

and is dnstructed peccordingly,

Cheeks the next towvn against the list of subsidiarvy contors
and, i the names coincide, control passecs to stateacnt 679.
Eslablishes a tape library at a coal ol §:A0,00 per hour of
programming, times 33 houra por woeoll poer ona video channel
conneoting
before, S2,0060 is added to tho cost of tape library for air-

conditioning
"

The cost of Lhe library is diaployed

Subroutinc
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72518 mloend il oe Al anpunl cost of mierovave as 196 pereast ot tl

&y A

j.‘j]'ft" cOsL,

72.4 Displays the Lowns bobweon vhich the ,l_int'.li:' being built, the ‘
cost of broadenat stutions, nunboer of video chiannecls broad
casilt,, wicryowave doaus, anmial cusl of l't]i'f'n_n'.:t-,»t', Wil oSt |
of tape transport, and annual cost of tapoe Jibrary, (I'he
above costs are ealealstod by the subroutine MICROWAVE, wlhich
sturts ot 'i.i:r- i, he roadoer sy pEofor to refor Lo Lhil
section of the progrean belove procoeding Turthor,)
720l User d6 piven the option of including thoesco numhers in the 1
72.97 cost sumnny,
73,41 Cosat (.'{t.-:;(:\J'i_r-: ave cuLnblishod,
. 73,65 ]-i' the tape Lil'il'.e\-.:'_\' containg topo, the amual cost of runbing
; ’ it is sceb ool 56,000, g '
73.6G9 Usor decides if the town under scrutiny is iwdeced the lasl
town in tho ehain and, i€ it is, only the braadeasl station
and the libraey coats ave included in the swmimg-up of costs, .
7357 ’
73.89 The six cost categoricsd arve upduted to provide ol Up-=to=cil
74,13 summary, whicl 18 displayed. 3
80, +# Subreutine DESTRATH,
L
83.4 Tho distonce between tho two towns is copporcl with tha nues
bers .iu arvay containing the preesphicd distances, to ek il
the sane path has becn traverscdd,
-
83.6 The paths not yol traversed ave thon organized jnto o arri |
callecd PATH,
: o
‘I-
198 \
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84,9

8478
84,43

Wi

39,

by =

"‘ HineLtit)

o
91,35
. 91,825

{o) the sccend Limne,

Sulocts e shortest path fron all of the paths available,

.

Yinda the distence corrosponding to {hoe shortent path
1 <

(BESTPATIY) ,
Disploys the two towng that are ¢ arest to ceach other, {

Phe petl that has been seleclod above is given o value of
25H,000 (piles) so as not 1o he sclected seein ag the shortost
81 is o ewiteh that teldls how many tiwes the BESTPATH route
was Lraversed.  DBESTPATIE could bo travorsed twlae; ohee Lo

select the shortest path and egiin 10 seleelt the next shortest,

1 the user opts 1o connect to the next-neprest town, control

is passed to statenent 82,

Subroutine MICROWAVE, '
Progran asks i thero i an EIV station in the town under

seruling; following lines ask how many video elignnels aso pos

ing to I'J'\,' broadeest and how pany video chonnels are neodad

beitween this town and the next town,
In town:s wihere theve alveady is an ETY station, tho cost 1s
S100,000 for strengthiening the mast of ?.T:L oxisling station
and for adding J::h-i.:‘..‘r‘. plus $113,000 for ' cach video channel.

[ there is no ETV station (in the town), the station costs

$545,000 plus $112,000 for each additional video chunnel,

199




91.4 Progroam ashe i thevo i TV=idoravave ink babwern thoe two
tovwn, .

91,9 Estublishos the nuabor of hops using a ratio of 20 niles poi
hop, Microwave cost is ussuucd to bo S250,000 per hop plis

.

§30,000 foir enchi video chiinnel 16 b 1.]';',1:'.-1‘.]1[[((1;-‘: 1EtEh o
mierovave 1ink is alirondy .i;::.I.."-.'l_tc‘..l, the cosl dg only S50 000
per video chanhel,

02,125 The distince botween the two towns 3g dpcluded dn tho array

of preompt distmices, g0 that Lhe progran dacs 1ol Truveiise

thal path fdgain,

+ Data suppliecd by Ienkurt Hlectyic

200




>1.15T

1(ha
1001
100 1%
108
1021
1(le 2F
1Pe 3
10, 31
1 (e 4
1683
112
11¢ 6
11e7

110705

1171
1172
11.%
1161
11.52
11.%3
ll'::;(‘l
1i2e
124
12.5

13

13.2
3.3
1335
136 4
13,42
13. 45
13.5
13. &
]:’l.g
l‘ﬁll

1 4. 4
148

]‘ﬁc?
15.2
15 6
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B4 61 DN flsJdst, i : "
%4611 ST= ST fRATE :
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B40711 TN B

B4.72 DO TELNNENL 10
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B5.8 906 FORMATCFG: 1an)

Bhel CALL, RESULTS

560 12 999 (CONTIANUE :

F6e 1D END
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N2 429) CCCA £(l\ Mlebhim e 801130
FORIATC I PR s 80621280
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CONTINUE
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CONTINIIE
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FPEOFLECS] ;)=
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STURIN S =STUDINSINYEAN-19£9)
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CONTINUR

X PERSONNEL COSTSCNYEAR-1949) /52
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CONTINUE

CONTINUE
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H O THOUSANDE)
LQUIPCSTSeNEEDEDSTUDIO S 19 15886
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CONTINUE
DISPLAY e
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DS RIEAYS '
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DISELAY *
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OMCSTSCTa) f',‘.“?llt'f‘._.c.‘{}'f AMCSTHC 7550

VTINUE
DO17S,L=1,7 ;
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ANCS TSR CL 1y, 14z, 1)
CONTINUE
FORMAT (3A6,%X5 1619
DISPLAY

DISPLAY'"TY SETS IN USY ARE: CTHOUSANDS)

WRITE Cla6677)CSETSK) M=, 10)
FORMATOISA X 10054 15,40

DO B35, =110 _
IFCSETSCYcENGO)EDTN 65

MEN=CSETSCI R 1 Buls/a88) =1

PEDPLECIY, ) =ikn

SALARY =MUuN=C THCHTRAY 21800,
SETSCJY=8A] ARY

CONTINUE ;
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1EDUC

WRTTECY 66T CSETSCR) s 10D

Cs ASSUHMES IMAN CARES FOR 460 SETS
DI SPLAYS '
DO S6sl=1s 110
MNCSTSZC T L) ANGSTSEC T L) +SETSCL)
SETCLY=SETCL) 200 :
CONTIMUIE
DISPLAYYMTHE O VERALL ANNUAL. COSTS ARE: "
WRITTECL, 669 CANGCSTS2C s d) s d=15 10)
FORMATCIBR X 10CT 40 ) )
LSRR Y

DISFLAY"THE COST 0FF SETS IS NS FOLLOWS

WRITECL GOIICSETCIMY o dli= 1 521 G

S

DO 389, I=(NYEAR~1969): 103

Su S ST

CONTINUE

D) SPLaY!" "

DISPLAYYTHE COS'T oF ALl SETS 1S8:Y
WRITECL.645)5

FORMATORS o 0, 1 1 THOLSAND S)
DEENLE: Z7DES/, INFUT, SYHEDLLICO

READC B I5)(DESOK) s K= 1, 28)
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THE ROLE OF RADIO TN SUPPORTING EDUCATIONATL TLTIVISION

B.\- Andrew D, Coliou,

Although Irm‘jnr; cuphusis has been given to television in the case
studics of India and Latin Amevica (Voluwes 171 and I11 of this repord

scrices), there has beon some mention ol ('1111(::11‘_".0111']-J'nr?;ir:u. The field
Lrip notes in Appendix I3 of the Latin America case study (especially
those for Colombia, ]-'(:»1'11,. aind Dolivia) and the first Appendix in the
Indian case study (pp. A=15H to A-19) comnent on ¢florts in cducationnl
radio, Jurthesr, the India case study calnparcs ;l'}'.(' ciffectiveness of radio
and television (pp. 23, 53-57) and suopestls that radio stalions could be
a source of |u'i|;f1-.{n<:.~.in;-; for rural villages until ‘l‘.lr:\-.:':s' and exporicnce

4

arce available for cxtending televigion into the rural zones (pp. $0-81),

'l‘hli}; pitper takes the use of radio a step furelher, Inslead eof copn-
sidering riadio cducuation only as a transitional step to be used until
Lelevision is available, it might be worihwhile .ft'.ni' cducntion officials
to consider conbining both radio and television in one systen, Radio: may
well be usaful as a stopgap I:!u(]il]l‘.l, but once television recaches radio

listencrs, the two media, togatlicr could be more cffcetive than cither oue

uscd singiy.

Radio correspondence courses have had sufficicent success (India caso
study, p. 30) to show that radic can be used for instructionnl purposces,
Deliciencies in radio instruction often lie with the quality of the pro-

pramning, ralther than with Lthe shorteomings ol redio as a medium ol
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instruction, ‘[huz, uged properdsy radio dngteuationmimiay boestiiassot i

an ETV program, In fact, Japan's broadeast-corraspondaetce high schoal

)
4
‘has proved that radio con boe used effcctively in combination with tolo-

vigion, Jupan has cenjoyed success with Chis type of systom since 1063, -

Courses are :»:r.'in.r!uh':l o hat (he same subjeet is not hroadeast simul- h
_1-:-munu.°.3.\‘ on radio and television, This onsures that ence tencher can |
teach the same subject live en botl: media, so s Lo bhring o siwmilar pros
; '.
gran to thode without nccess to television sceta, Also, o student who wishos
Lo gain extra help by heaving the subjecl discussed twice nay do so,
The coffeeliveness of cdueotionnl broadenstineg, whether radio or toles
vigion, depends on the qualicy of Lhe propramming,  Producers for both
media share conmon concornsg, such as that ol pacing the prosentation,
Programmers mus it ash thenselves:  Wiat pace de galislaetory to all st
dents”  And a rolated question: Can one mediwg alone mecet the diversoe
nceds of the student audicnce?
Jouint 1';-."|ir:-ilr-lu.-\-'i:;inn In’n.lj‘:: tion pay lighten the wourkload aof cich I
medium individually., Special courses could be developed for radio and
television in parallel, : Such combinad cffort could bemost sensitivee to j
the unique features of wcuach mediuwn., Television would conc ntrate on
developing audiarisual stechniques Lo stpongthen dts care ns tisiat o,
Radio would also provide corc instruclion and would further utiliss 1is
comparative advantage in providing low CO= L mniltiplerehannals o=t
mentary prograns.  For instunce, radio couwld offer roview progrins Lol
*  Wilbur Schramm, et al., Educational Modia in Action: for
Planners, UNESCO and Internutionnl Ingtituie for Hducatic Al
Parvis, EHrance, 1967. : ,
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slower s : efseeve et work fony Pasticrlstudeala, o (tha sana ine

struction in the local JTangusge. There could even be a more elaborato
ultiple-channel branching system for propragued teaching, so that a
student could move ahead all his own pace, while recoivine sone or oli of

the repular 1TV offerings as well,

The roaio programs would be trangwmiticd i'mi only to arcas within
lelevision tw-‘.'t-;":tj;(', but also to arcas withoul television, In 1his Wily,
arcas covercd only by radio would have the Lhenefldit of the same cwriculum
broadeast over television.,  Well-trained radio-utilization teachers would
be needed to supply the missing visund content, largely through bluacl:-

boarl drawvings copied out of the teachern guidcbooks,  Then, as televigion

is phased dnla the program, radio would assume a supporiive role, rivthey

than becoming obsolete, _

A combined radio-television ef fort presupposcs o compitnent to

integrating the broadeansl media into ll'n,-' core of the m:i'i-if,'n]u:;l, shethen
these media broadeasts are transmitted to formal school classroomns, to
telecenters, or to the home, Prograns of a purcly supplenentary nature
may not call for such an u-];nhm';tl,_-,- opcration.  Furthermore, supplemcniar

programs may lend themselves better Lo television, as in the case of
1

documentary Gilms, or to radio, az in the case of foll music

While supporting television, radio could also help to uporade the
parloiancee of the teaching stafl. Currently, inscrvice topcher training

for TV-vtilization teachors is limited Lo one Saturday morning toley igsion
1
I

program per wcek.  Since teachers musl go Lo schoel to vicey these programs

(or Cind another television selb), atlendance ¢

U Lhese sessions is poor,
Riadio could bring such programs to the hotie, perhaps on a more 1 wilan

-
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satellite must be replaced by another satellite in the middle of a school

torm, or ground station operators may have trouble with antennas.  If

radio propgramming is available to £3i11 in during the television bluckout,

the cducational process will not I;-c disrupted by techniend interruaptions,
In conclusion, developing countrics might well profit from maling
parallel usce ol radio :md. television in Lteaching core instroetion,  Modin
planncrs should think in Lterms .nI’ coordinating the programming ol both,
Sceveral developing counlrica are realizing this neced for coordinalion,
and, as o first step, have established o national planning group, such
as INTE in Poru.,  Colombis has sel up a National Institule for Radio and
Televigsion, i‘I‘i\':ilLl' ingtitutions, such as TelePuno, in Puno, Peru, have
also hepun coordinated efforts,  Given the needs for cducalion and the
limited resomcees ot their disposal Tor harnessing new technoloplos Lo
meet Lhese needs, cduenbionnl policy-makers in developling counlrics will
wanl Lo use thot combination of radlo and television media that offers

reliability and maximum effecetivencss,
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