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APPENDICES
 



INTRODUCTION
 

There follow five appendices, each of which is an analysis comparing
 

alternative national information processing and communications systems
 

that can be used for education and other forms of social development in
 

less developed and/or established countries. They overlap in r-ny ways,
 

but each has its own unique characteristics and each makes its own unique
 

contribution. They are presented chronologically to illustrate two points:
 

(a)From the earliest (the 1968 paper of Rao, Vepa, Negarajan, Sitaram,
 

and Nerurker) the basic issues were understood and alternative approaches
 

were evaluated comparatively; and (b)the later papers evidence greater
 

objectivity, sophistication of method, and precision of quantification than
 

the earlier ones. This is the general trend of the best articles in this
 

area of work. We still do not understand all the principles of cost

effectiveness evaluation of systems of instructional technology, but the
 

field is advancing rapidly in understanding and rigor.
 

i
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Satellite Television: A System Proposal for India
 

By: B.S. Rao, P.L. Vepa, N.S. Nagarajan
 
H. Sitaram and B.Y. Nerurker
 

(From Transactions of the U.N. Conference on the
 
Exploration and Peaceful Uses of Outer Space.
 
Thematic Session I, A/CONF. 34/1.1, 24 June 1968.)
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Introduction
 

1. This paper* examines, in the context of the Indian situation,
 

four possible alternative systems of providing nationwide television
 

coverage. At the outset it must be mentioned that what is meant here by
 

nationwide coverage is the provision of a TV receiver in each of the
 

560,000 villages in the country. Though many villages would be large
 

enough to justify more than one set for community viewing, as a first step
 

it is considered adequate to make the facility of TV available by putting
 

a set in each village. It would not be appropriate to go into a detailed
 

discussion on why rural coverage is emphasized. Suffice it to say, that
 

mosturban and semi-urban areas, where the rate of literacy is higher,
 

have access to a host of mass media of communication, while rural areas
 

are relatively isolated. Provision of television is not an end itself
 

but a means--a very powerful one at that--to help solve the urgent problems
 

facing the country: controlling population growth, improving agricultural
 

productivity and eradication of illiteracy. These three problems appear
 

to be, in order of priority, the more important ones for which TV can be
 

used effectively for dissemination of information and bringing about a
 

behavioral change in the rural masses. Needless to say that once installed,
 

TV would be used for other purposes as well: social education, vocational
 

* 	 The valuable contributions made by Mr. Leonard Jaffe, Mr. Arnold W. 

Frutkin and Mr. A.H. Greg Andros, members of the Joint Study Group 
from the U.S. National Aeronautics and Space Administration, are
 
gratefully acknowledged.
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training, promoting national integration and for cultural programmes and
 

newscasts. In a country like India where 82 per cent of the population
 

-is rural, 76 per cent is illiterate and 70 per cent is involved in agricul

ture, contributing half of the 32 billion-dollar gross national income,
 

both in terms of potential use of the medium as well as need for it, there
 

is a strong case for providing initially, nationwide rural coverage on an
 

urgent basis. This paper considers only the government-owned community
 

receivers to be installed in the villages and not privately-owned receivers.
 

It is obvious that once the service is established, many people, particularly
 

in urban areas, would want to have their oun TV sets. Since currently only
 

58,000 villages in the country are electrified, it is expected that cheap
 

means of power like wind and bicycle generators with accummulators and
 

thermoelectric sources would be developed and used extensively.
 

Description of the Alternative Systems
 

2. The following four systems are considered in this paper:
 

(a) System A
 

Conventional rebroadcast stations with terrestrial microwave
 

interconnection: This is a purely terrestrial system and requires 150 VHF
 

TV transmitters, each of 50 KW ERP and antenna height of 500 feet. Each
 

such station can provide Class A coverage within a radius of 50 miles (80 km)
 

covering an area of 7,850 sq. miles (20,150 sq. kms). These transmitting
 

stations will have to be interconnected by good quality microwave links with
 

an estimated total route distance of 15,000 miles (24,000 kms.). About
 

560,000 government-owned community TV receivers, in as many villages, can
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be served by these stations. Because of uucovired pockets between adjacent
 

areas, only 91 per cent of the area and 95 per cent of the population of
 

the country would get Class A coverage. Most of these pockets would also
 

be covered, though the signal received there would be of a lower grade.
 

(b) System B
 

Satellite broadcasting exclusively: This is a purely spatial system.
 

Programs originating from any one of two earth stations would be transmitted
 

to the satellite for direct reception by the 560,000 community receivers in
 

the villages. Though technically a single programme originating centre with
 

facility to transmit to the satellite would do, for programmatic and reli

ability reasons, two satellite earth stations are proposed having transmit/
 

receive capability. To receive programme transmissions directly from the
 

satellite, the conventional TV receivers would have an added front-end,
 

namely, a small parabolic dish of 1 to 3 meters in diameter and a preampli

fier-converter.
 

(c) System C
 

Conventional rebroadcast stations with satellite interconnections:
 

This system would involve 150 VHF transmitters with a distribution satellite
 

providing interconnection between the stations. All the 150 VHF transmitting
 

stations will require an additional receive-only facility involving a 30
 

foot dish antenna to enable reception from the satellite, which would be
 

rebroadcast by the VHF transmitting stations to the local area.
 

(d) System D 

A hybrid system with five rebroadcast stations: This is a combination
 

of direct broadcast and rebroadcast systems. The choice between direct and
 

rebroadcast systems would depend upon the cost of a receive-only and
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rebroadcast facility, the cost of an cdded front-end and the receiver
 

population density. When the cost of a receive-only and rebroadcast
 

facility is 1.1 million dollars (vide appendices 2 and 3 for details)
 

and the cost of a front-end is 105 dollars, the cross-over point works
 

out to 10,450 receivers per service area of each rebroadcast station.
 

This means that if the number of receivers to be served by a rebroadcast
 

station is less Lhan 10,450, direct broadcast from the satellite is to
 

be preferred, and when the number is grater than 10,450, rebroadcast from
 

a conventional VHF transmitter is to be preferred. The rather high figure
 

for the cross-over point is due to the relatively expensive rebroadcast
 

station. While the cost of a rebroadcast station may be exhorbitant by
 

Western experience, it remains quite realistic under Indian conditions.
 

Though the figure of $105 for the front-end is essentially an U.S estimate,
 

it is considered realistic for India too, when made in sufficiently large
 

lot sizes. As a result of this high cross-over point, it turns out that
 

less than five locations in India have a village density high enough to
 

justify the rebroadcast system. It is for this reason that for the hybrid
 

system examined here, only five rebroadcast stations are considered.
 

Economic Comparison of Alternative Systems
 

3. Annex 1 suzmmarizes the cost estimates for these four systems while Annex
 

2 shows a comparison of capital costs for the four systems with the common
 

TV receiver cost excluded. For purposes of comparison between alternatives,
 

all common costs should be excluded, and Annex 2 gives just this comparison
 

which is of relevance for a decision on what is the optimal system for the
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country. Annex 3 contains a.detailed estimate of the capital as well as
 

the annual maintenance costs for this system. From Annex 1 it is evident
 

that System D, namely, a hybrid system with five rebroadcast stations is
 

the optimal one for India giving the least cost solution at a total cost
 

of $224.04 million, including the cost of the satellite in orbit. It is
 

interesting to note however, that System B, namely, exclusive broadcast
 

from the satellite comes a close second, at a total cost of $225.05
 

million. It is also seen from Annex 2 that a purely terrestrial system
 

(a) costs 3.24 times more than a hybrid system (d)using a synchronous 

satellite. Annex 4 gives the basic estimates used for the calculations 

and Appendices 1 to 4 give the cost break-up for various items. 

Need for a Pilot Projeat
 

4. From the foregoing, it is clear that establishing a countrywide TV
 

system for purposes of national development is a stuptendous task. The
 

problems involved are many-fold: financial resources, man-power, problems
 

of technology, physical resources (industrial base required) and lastly
 

organizational and social problems in making the system viable. What is
 

really being attempted here is to deploy sophisticated technology to bring
 

about a basic change in the individual's behaviour through the use of a
 

medium of proven potential. The successful persuasion of a peasant to
 

try a new farming technique or of a village girl to practice family
 

planning is not an easy job in a tradition-oriented rural society. It
 

is widely recognized that in this whole process, the pace of progress in
 

technology has far outstripped that in the field of social sciences and
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in our understanding of human behaviour and motivation necessary for
 

effective programming. The problems of programming are compounded by
 

the diversity in the country: there are more than 80 distinct agricultural
 

regions categorized on the basis of cropping pattern, soil and climatic
 

conditions etc, 14 major languages and great cultural and socioeconomic
 

variations in the country. Added to these are the organizational and
 

managerial problems in a country like India where much of the initiative
 

for an effort like this is from the State.
 

5. To test the effectiveness of television as a medium of mass communica

tion as well as to gain insights into the social and organizational problems
 

using television, a pilot project was started in Delhi in January 1967.1
 

While the results of this project have on the whole been encouraging, it
 

is also evident that much caution needs to be exercised before the Delhi
 

project proliferates on a national scale. In the past, encouraged by the
 

success of a project of limited size like the Radio Rural Forums initiated
 

in Poons, the effort was duplicated in many parts of the country but with
 

rather disappointing results.2 To avoid recurrence of such happenings,
 

it is proposed that the satellite television system should be undertaken
 

on a limited scale as a pilot project, to begin with.
 

1 	 "Opportunities available to developing nations through the use of
 
communication satellites: the Delhi Project," a paper submitted by
 
India for Thematic Session VII.
 

2 	 Vide "Ten years of the Radio Rural Forum in India" by Wilbur Schramm
 
in New educational media in action: case studies for planners-I,
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6. Para 9 contains a definition of the proposed pilot project, planning
 

for which is being done with the kind and active cooperation of the U.S.
 

National Aeronautics and Space Administration. As is well known, the
 

Unesco Expert Mission which visited India in November/December 1967 sub

mitted a report on a preparatory study of a pilot project in the use of
 

satellite communication for national development purposes in India. As
 

this has been widely circulated no effort is made here to describe it.
 

7. Objectives of the Proposed Pilot Project
 

(a)Management Objectives
 

The most crucial aspect of the project would be to work out a viable
 

social and organizational structure with a proper feedback system for
 

effective communication and control. This assumes added significance since
 

this project is unique in the sense that it calls for cooperation between
 

more than six government organizations.
 

(b)Technical objectives
 

The basic technical objective of the proposed pilot project is to
 

demonstrate and to conduct a systems test of the hybrid mode of satellite
 

television for national development. An attempt would be made to assess
 

the impact of the programmes under different conditions defined by para

meters such as population density, birth rate, socio-economic strata, rate
 

of literacy, availability of mass media, cropping pattern etc. Technical
 

objectives may be grouped under three broad categories:
 

(i) development (design and fabrication of the ground segment)
 
(ii) operation
 

(iii) maintenance
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i) Development objectives: Here the objective would be to design and
 

fabricate the following:
 

a. 	Earth stations (transmit and receive capability)
 
b. 	30 foot dish antennas
 
c. 	Ruggdeized community TV receivers
 
d. 	Front-ends for direct TV receivers
 
e. 	Ten-foot roof-top antennas
 

(ii) Operational objectives: This would relate to an assessment of
 

the following:
 

a. 	Performance data (mean time before failure, optimal duty
 
cycle etc.) of various equipments.
 

b. 	Grade of service (picture quality) vs. learning.
 
c. 	Picture quality of direct vs. rebroadcast transmissions
 

under varying conditions and locations of receivers.
 
d. 	Accommodation of more than one audio channel; problems


'of lip synchronisation, frequency separation between
 
video and audio etc.
 

(III) Maintenance objectives: Here the objectives would be to assess and
 

meet the maintenance requirements with regard to the following:
 

a. 	Earth stations
 
b. 	VHF Television transmitting stations
 
c. 	Community receivers (direct as well as conventional)
 

8. The design, development and manufacture of TV receivers has been
 

initiated in India and it is expected that annual production would reach
 

30,000 in 1969 and about 50,000 in 1970. Community TV sets have to be
 

necessarily rugged in design for easy operation and minimal maintenance
 

in the field. Receiver maintenance being the most crucial factor, it is
 

proposed that well equipped maintenance centres be established at the same
 

site as the VHF station to service the conventional receivers and at
 

suitable and central locations to service clusters of direct receivers.
 



A-I-9
 

Description of the Proposed Pilot Project
 

9. It is felt that the pilot project should involve a minimum of 5,000
 

community receivers, taking into account the number of experiments and
 

the various conditions under which they would be conducted. An additional
 

10 per cent would be retained as standbys for quick replacement. Of
 

these, 3,000 receivers would be conventional community sets to be served
 

by 3 VHF rebroadcast stations and the remaining 2,000 would be for direct
 

reception. One of these VHF stations is already in operation in New Delhi;
 

the second would be located in a rural area within easy linking distance
 

of the Experimental Satellite Communications Earth Station at Abmedabad.
 

The location of the third rebroadcast station as well as of the 2,000
 

direct receivers, scattered in about four areas, would be decided depending
 

upon the precise requirements of the various studies to be made. The
 

set-up for the pilot project will consist of one earth station transmitting
 

programmes to the satellite and three receiver-only earth stations for
 

receiving programmes for rebroadcast to the local areas. For the pilot
 

project it appears that one video channel with two audio channels would
 

be adequate. The language problem would be tackled essentially by different
 

regions using the satellite on a time-shared basis. Annex 5 gives on
 

estimate of the ground-segment costs for the pilot project, which total to
 

6.64 million dollars. It is envisaged that most of the items for the ground
 

segment would be produced in India.
 

10. Details of the satellite required are not being spelled out here since
 

this paper essentially deals with the nature of the ground segment. While
 

for the pilot project, the possibility of utilizing the ATS F/G satellite
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for a limited period is being explored with the U.S. National Aeronautics
 

and Space Administration, it is evident that for a country like India a
 

national or regional satellite will soon become a necessity. Though the
 

fabrication of a satellite can be contemplated by India, being a developing
 

country with no capability to launch a satellite in the near future, she
 

will have to rely on an advanced nation for this. An invaluable contribu

tion the advanced nations can make is assuring the launch of TV satellites
 

for the developing countries without predicating it to the state of the
 

political equation between the countries involved. As suggested by India
 
3
 

in the paper submitted at the fifth session of the Scientific and Technical
 

Subcommittee of the Committee on the Peaceful Uses of Outer Space, held in
 

New York in August/September 1967, a synchronous satellite located over
 

the Indian Ocean could be used by the developing Afro-Asian countries for
 

relaying television on a time-shared basis. No single development can
 

perhaps alter the face of the developing countries as television via
 

satellites can. The social, political and legal implications arising out
 

of the dependent roles caused by this development are matters for the
 

serious and urgent consideration of the international community.
 

Evaluation
 

11. The effectiveness of the programmes would be evaluated in tangible
 

terms in a systematic manner on a before-and-after basis. The precise
 

criteria for the evaluation are not being spelled out here; suffice it to
 

say that many institutions and universities have the professional expertise
 

.to undertake this kind of work. The design of the evaluation scheme would
 

"Satellite Communications: An Indian Study" (U.N. Document No. A/AC.
 
105/36).
 

3 
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be such as to measure the influence of various environmental parameters
 

on the effectiveness of the programmes. The overall validity of the
 

experiment as well as the lessons learned from it would be studied by
 

analysis of the results and continual review of its progress so as to
 

serve as guidelines for planning an expanded system.
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ANNEX 2
 

CAPITAL COST COMPARISON OF THE DIFFERENT SYSTEMS WITH COMION TV
 
RECEIVER COST EXCLUDED
 

Systems In millions 
Rupees U.S. $ 

A. Conventional rebroadcast stations 
with terrestrial microwave inter
connection 1,851.00 245.60 

B. Satellite broadcasting exclusively 577.75 77.05 

C. Conventional rebroadcast stations 
with satellite interconnection 1,328.65 177.15 

D. Hybrid System with 5 rebroadcast 
stations 571.40 76.04 
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ANNEX 3
 

COST ESTIMATE FOR SYSTEM D
 
D. Hybrid System with 5 rebroadcast stations
 

(All figures in millions)
 

Description U.S. $ Indian Rs. 
Initial Annual Initial Annual 
Cost Maintenance Cost Maintenance 

1. 	Earth Stations (2)
 
(Transmit & receive
 
capacility)
 

a) Land (50 acres @ 
Rs.60,000 each) 0.40 .. 3.00 

b) Buildings @ Rs.500,O00 
each 0.13 0.01 1.00 0.02 

c) Equipment @ Rs.5.7 
each 1.52 0.15 11.40 1.14 

2. 	Satellite in orbit 
(Hughes estimate) 10.30 .. 77.25 

3. 	VHF Transmitters (5)
 

a) 	Land @ Rs.600,000
 
per station 0.40 .. 3.00 

b) Building @ Rs.800,000 
per station 0.53 0.01 4.00 0.08
 

c) Equipment including
 
airconditioning 4.06 0.45 30.50 3.40
 

4. 	*Earth Stations Receive
 
capability (3)@
 
Rs.750,000 each 0.30 0.01 2.25 0.05
 

5. TV receivers (616,000)
 
@ Rs.l,800 each 148.00 7.40 1,109.00 55.45
 

6. +Receive front-ends
 
@ Rs.787.50 each
 
559,625 (508,750 + 10%) 58.40 1.75 439.00 13.17
 

224.04 9.78 1,680.40 73.31
 

* 	 Two more receive stations would be located along with the two transmit 
stations. As the receive-only stations would be located at the rebroad
cast stations, no separate amount is shown for land and buildings for these. 

+ 	 When the cost of a receive-only and rebroadcast station is $1.1 million
 
and the cost of a front-end is $105, the cross-over point works out to
 
10,450 receivers per service area. The five rebroadcast stations would
 
cover 57,475 conventional receivers and the remaining 508,750 villages
 
would have direct receivers.
 

http:1,680.40
http:Rs.787.50
http:1,109.00
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ANNEX 4
 

BASIC ESTIMATES
 
(All figures in millions)
 

*1. 	Cost of Satellite Earth Station
 
(Transmit and Receive capability) 


*2. 	Cost of conventional VHF Transmitter
 
(installed) 


*3. 	Cost of Satellite-Ground Receive-only
 
facility 


*4. 	Cost of conventional TV receiver 


5. 	Cost of front-end for TV receiver
 
(average of GE and Jansky & Bailey
 
estimates) 


6. 	Cost of satellite in orbit (Hughes)
 
estimate for HS-309) 


7. Transport vehicle for maintenance
 
(Jeep) 


Maintenance costs:
 

.a) 	Receiver maintenance (staff and spares) 

0) Electrical and Electronic spares 

c) Earth Station (Receive capability) 

d) Earth Station (Transmit capability) 

e) Microwave links 

f) Jeeps (maintenance and running costs) 

g) Buildings 

h) Land 


Rate 	of Depreciation:
 

a) 	TV transmitters and Earth Station equipment 

b) TV receivers and front-ends 

c) Satellite (Hughes estimate) 

d) Microwave links (Indian estimate) 

e) Jeeps 

f) Buildings 

g) Land 


*Break-up in appendices attached.
 

Rs. U.S. $ 

11.25 1.5 

7.50 1.0 

0.75 0.1 

0.0018 0.00024 

0.0007875 0.000105 

76.00 10.10 

0.02 0.0027 

5% 
3% 
2% 

10% 
5% 
20% 
2% 

Nil 

6.66% 
20% 
20% 

6.66% 
10% 
2% 

Nil 
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ANNEX 5
 

DETAILS OF GROUND SEGMENT COST FOR THE PROPOSED PILOT PROJECT
 

In millions
 

Indian Rs. U.S. $
 

1. 	One Earth Station (Transmit and
 
Haceive capability) @ $ 1.5 million 11.25 1.50
 

2. 	Two Earth Stations (Receive-only
 
capability @ $ 0.1 million each 1.50 0.20
 

3. 	Three VHF Transmitting stationE
 
@ $ 1.0 million each 22.50 3.00
 

4. 	3,300 (3,000 + 10% as standbys) con
ventional TV receivers @ $ 240 each 5.94 0.792
 

5. 	2,200 (2,000 + 10% as standbys) TV
 
receivers for direct reception
 
@ $ 345 each 5.72 0.764
 

6. 	30 Jeeps for receiver maintenance
 

@ Rs.20,000 each 	 0.60 0.080
 

7. 	Five receiver maintenance centers
 

a) Land @ Rs.60,000/ - per center 0.30 0.040
 
b) Buildings @ Rs.200,000 per center 1.00 0.133
 
c) Test equipment @ Rs.200,000 per
 

center 	 1.00 0.133
 

Total 	 49.81 6.642
 

Since an Earth Station (with Transmit/Receive capability) at Ahmedabad and
 
a VHF station at New Delhi are already functioning Government of India would
 

have to spend only about Rs.32 millions ($ 4.2 millions).
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APPENDIX-1
 

Cost of a Satellite Earth Station: (Transmit/Receive capability)
 

In millions
 

Indian Rs. U.S. $ 

Antenna (30' dish) 1.500 0.20 

Transmitter 1.050 0.14 

Power amplifier and accessories 0.375 0.05 

Test equipment 1.500 0.20 

Receive chain and monitoring facilities 0.750 0.10 

Miscellaneous 0.525 0.07 

5.700 0.76 

APPENDIX-2
 

Cost of a Conventional VHF Transmitter
 

In millions 

Indian Rs. U.S. $ 

Land 0.600 0.08 

Buildings 0.800 0.11 

Transmitter and monitoring'equipment 1.600 0.21
 

Antenna 3.000 0.40
 

Test instruments and tools 0.210 0.03
 

Power supply 0.200 0.03
 

Airconditioning 0.150 0.02
 

Capital spares 0.600 
 0.08
 

Miscellaneous 0.340 
 0.04
 

7.500 1.00
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APPENDIX-3
 

Cost of Satellite-Ground Receive-only facility
 

In millions
 
Indian Rs. U.S. $ 

Antemna (30') 0.500 0.0067 

Receive chain 0.250 0.033 

0.750 0.100
 

APPENDIX-4
 

Cost of a conventional TV Receiver
 

Indian Rs. U.S.
 

Cost of TV receiver 
 1,500 200.00
 

Antenna 
 140 18.67
 

Tax 
 160 21.33
 

1,800 240.00
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Satellite-Distributed Educational Television for
 

Developing Countries--Summary Report (Vol. I)
 

By: Wilbur Schramm & William J. Pratt
 

(From Stanford Research Institute Project 7150.
 
Prepared for the Agency for International Develop
ment under Contract AID/csd-1901, August, 1968.)
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INTRODUCTION
 

Satellite communication would appear to offer potential for acceler

ating the modernization process in developing countries. Distant cities
 

and villages in a single country or a multinational region can be linked
 

by satellite as easily as adjacent cities. The source of programming can
 

be any properly equipped transmitting ground station. The same message
 

or lesson can be received simultaneously by all stations that are equipped
 

to receive the satellite signal. A satellite communication network need
 

not wait for the construction of expensive terrestrial microwave links.
 

The satellite technology used to distribute ETV (educational tele

vision) may therefore provide the key for solving several stubborn problems
 

of human resources development. Not only can it overcome terrain and
 

distance, it may also be able to reform and modernize educational systems
 

more rapidly than would otherwise be possible, give more people access to
 

education and training, place the best teachers within reach of large
 

audiences, help to integrate large sectors of the population into the
 

social, economic and cultural life of the nation or region, and contribute
 

to international understanding. Skillfully programmed, satellite-distribu

ted ETV may be able to overleap the literacy barrier by bringing illiter

ates into some participation in the modern sector. If the technology
 

realizes only some of these promises, it can help to accelerate economic
 

and social development.
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To explore some of the potentials of satellite communication, the
 

U.S. Agency for International Development and the President's Task Force
 

on Communications Policy commissioned SRI to make case studies of two
 

developing regions. The regions India and Latin America were selected to
 

reflect a variety of conditions, with the hope that some generalizations
 

for other developing areas could be based on findings of the research.
 

India represents the case of a single nation with a population of
 

500 million, but sufficiently compact that it has only one time zone,
 

while Latin America represents a multinational region in both northern
 

and southern hemispheres and has six time zones. 
India is a nation of
 

villages: 80 percent of its population reside in 568,000 villages. A
 

larger fraction of Latin America's population is concentrated in large
 

urban areas separated by sparsely populated rural, mountain, desert,
 

and jungle areas.
 

Several types of diversity affecting the design of communication
 

systems are present in the two case regions. In India, 15 official
 

languages are spoken--13 of them by more than 10 million people each.
 

These languages are built deeply into the local cultures; people in 
a
 

linguistic group have been known to burn trains that come into their
 

areas with words in another linguistic alphabet painted on the coaches.
 

Latin America, on the other hand, has but two main languages, although
 

many Indian languages are 
spoken in the interior and in the mountains.
 

Latin America's political diversity offers a complex challenge to 
a
 

communications system that can span part or all of its 23 independent
 

nations. In both regions there is considerable agricultural diversity.
 



A-II-3
 

There is also a range within each region and between the two regions
 

with respect to the generally accepted indicators of modernization-

industrialization, urbanization, literacy, per capita income, fractions
 

of age cohorts enrolled in each level of schooling, and use of mass
 

communication media. With respect to the last indicator, only 6,000
 

television receivers are in use in all of India, whereas over six million
 

receivers were in use in Latin America in 1964.
 

In view of the characteristics of the two case settings and the
 

respective interests of leaders to whom the study team members spoke,
 

potentials for satellite communications technology in the two regions
 

were examined from slighly different viewpoints. In India, an attempt
 

was made to answer the following question: how might satellite communi

cation technology be used to help India achieve overall development
 

objectives, a central one of which is national integration for the many
 

language and cultural groups? This problem was the preoccupation of the
 

Indian leaders and planners interviewed during the field work. In "Latin
 

America, the question examined was of somewhat narrower scope, reflecting
 

the more advanced state of broadcasting there and the concerns of Latin
 

American officials: what'can satellite communication technology contribute
 

to the human resources development (education and training) objectives of
 

individual countries and of the emerging Latin American community? In
 

Latin America, there already exists for most urban areas a commercial
 

television system and some applications of ETV.
 

Thus, the question examined in India was the fundamental one of
 

proposing an entirely new national television system in the light of the
 

availability of satellite technology. In Latin America, the question was
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more sharply focused on the prospects for ETV relevant to the capabilities
 

of satellite technology.
 

Satellite communication technology must be studied in context.
 

Successively wider angles of vision would show that satellite communication
 

technology is imbedded in educational broadcasting; educational broad

casting in the overall education and training system; and the education
 

and training system in a country or region's economic and social develop

ment program. This context dictated the designs for the case studies. The
 

logic of this design for the Latin American study is presented in Figure
 

1. Human resources development objectives were considered in the light of
 

national and regional development objectives. Opportunities for broad

cast redia to help in achieving these human resources objectives were
 

identified, and estimates were made of the present and projected demand
 

for such applications of media. Preliminary system designs appropriate
 

to the demand estimates were prepared, using alternatives of satellite
 

and terrestrial delivery links. Cost, feasibility, and organizational
 

implications of the alternatives thus generated were examined. The Indian
 

study, designed for a country with very little television, had to begin
 

at an earlier stage of mass communication development, as Figure 2
 

illustrates.
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APPLICATIONS OF ETV
 

In several Latin American countries, ETV is already contributing
 

to the achievement of certain priority objectives for human resources
 

development; for example, improvement of primary education in Colombia
 

and Venezuela, accelerated secondary education in Brazil, and the provision
 

of secondary education to students in Mexico who would otherwise lack
 

access to such schooling. These applications appear to be most effective
 

when ETV has been planned and managed as a system for pacing students
 

and teachers as well and when special attention has been given to reception,
 

thereby bringing the classroom teacher into full partnership with the
 

studio teacher and program producer. This observation is supported by the
 

growing body of research findings on the effectiveness of ETV.
 

ETV holds a significant, and sometimes a unique, potential for
 

accelerating the achievement of the following development objectives
 

stated by many Indian and Latin American leaders:
 

* 	Upgrade primary and secondary education by sharing the best
 

teaching and the best demonstrations, thus more nearly equaliz

ing the learning opportunities for all students.
 

* 	Modernize curriculum content throughout an entire educational
 

system without having to wait for the training and retraining
 

of the teaching staff.
 

" Reform teaching processes to encourage inquiry-oriented, problem

solving learning instead of tradional rote-memory instruction.
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" 	Offer educational opportunities for the many who were unable to
 

complete primary, secondary, or higher education cycles, but who
 

now want to participate more fully in the labor force and in
 

society.
 

* 	Strengthen the vocational and technical components of education
 

to increase the relevance of training to employment opportunities.
 

" 	Offer new mathematics and new science instruction in secondary
 

schools and in the basic cycles of higher education.
 

Indian officials added the following objectives that television
 

could help to attain:
 

" 	Provide a common element in experience to further the goal of
 

national integration.
 

* 	Bring.about awareness of and interest in the family planning
 

problem more swiftly and widely than otherwise possible.
 

* 	Assist in modernizing agriculture, and in general help to make
 

rural life pleasant and rewarding enough to keep more of the
 

ambitious and better-educated young people in the villages, where
 

they are so badly needed.
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DEMAND ESTIMATES
 

For both regions, the study teams interviewed local planners and
 

media experts to estimate the amount and types of ETV programming that
 

would be responsive to the 	foregoing objectives. These estimates were
 

to 1980 in Latin America and to 1988 in India.
projected from the present 


In the Indian case, special attention was given to preparing an illustra

tive program schedule that would go as far as possible in serving the
 

needs of each of the major language and cultural groups found in India.
 

This schedule shows that it would be possible, using a satellite with one
 

video and two audio channels, to furnish weekly, for each of four languages:
 

ten hours of school programs; nine hours of teacher training, vocational
 

and public
training, and literacy classes; nearly four hours of news 


events; three hours of agriculture, health, and family planning programs;
 

two hours of children's programs; and nearly six hours of general cultural
 

and entertainment programs. Using a satellite with three video channels
 

and receivers equipped with two audio channels for each video channel,
 

the foregoing amount of programming could be available for each of the
 

12 largest language groups 	in India.
 

In Latin America, ETV programming Rust also be localized, but for
 

First, there are the differences
different reasons from those in India. 


in school calendars, with nations in the south using the southern hemi

sphere schedule of February to November and those to the north using the
 

school year of September to June. Next, there is the problem of six time
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zones. And finally, there are the political considerations implicit
 

among 17 sovereign Spanish-speaking nations, where one nation's course
 

in history or geography may be heard in a neighboring country as
 

propaganda.
 

Throughout the field work in Latin America, key personnel in
 

education and training in each country were asked to assess the prospects
 

for exchanging or sharing instructional programs among several countries.
 

Most of the responses were pessimistic. Several obstacles were cited:
 

variation in stages of economic development within Latin America;
 

differences in political ideology and stability; differences in regional
 

dialects and word meanings; differing interpretations of history; and
 

the absence or weakness of educational, cultural, and economic ties
 

between countries. (Many Latin American countries have more fully
 

developed relationships with countries outside the continent than with
 

their neighbors.)
 

A precondition for accepting common instructional programs would be
 

efforts to harmonize curriculum content. Although committees of the
 

Organization of American States have been formed to 
examine common
 

curricular problems, only some cooperative efforts among Central American
 

countries and beginning discussions of primary textbook cooperation among
 

Venezuela, Colombia, and Ecuador have produced results so far. The most
 

optimistic estimate of this study is 
that 25 percent of school broadcast
 

time on Latin American satellites might be shared by 1980, given present
 

educational diversity and political barriers.
 

The hours of programming per week required for the various appli

cations of ETV can be summed to determine the number of ETV channels
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required. In the Indian case, three ETV channels were projected as a
 

realistic estimate of what India can afford and use fully in the near
 

future. These three channels can easily be accommodated on a single
 

satellite. In the Latin American countries where ETV is expected to grow
 

most rapidly--Colombia and Brazil--four ETV channels each were projected
 

for 1980. Either three or two channels were projected for each of the
 

other countries studied. For the combined needs of 15* Latin American
 

countries, a total of 14 ETV channels are likely to be needed by 1972,
 

and 30 ETV channels by 1980. The larger number of channels for Latin
 

America reflects the many national requirements, the assumption that
 

about one-quarter of programmed hours will be shared internationally,
 

and the advanced state of television development there. Three satellites
 

could handle the 30 channels projected for 1980: one serving Mexico,
 

Central America, Colombia and Venezuela; one serving Brazil; and a third
 

serving Argentina, Bolivia, Chile, Peru and Uruguay.
 

.The other dimension of ETV demand (in addition to hours per week
 

of programming) is number of viewers or students served. For the Latin
 

American case, this was estimated for participants in instructional
 

programming, that is, for situations in which reception is organized
 

and a classroom teacher or monitor is present. Estimates were prepared
 

for 1968, 1972, and 1980 for each of 12 educational applications.
 

The product of the number of viewers multiplied by the hours per
 

week that those viewers are engaged in watching instructional programs
 

* 	 The time available for the project permitted including only 15 of
 

the 23 Latin American countries.
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is a useful measure of demand. It is a better measure than the number
 

of viewers unweighted by programming frequency and intensity, because
 

some educational programs may appear only one-half hour per week, while
 

other applications may be shown daily in both the morning and afternoon.
 

Table 1 has been prepared from the Latin American demand estimates for
 

1968, 1972, and 1980 to reflect this measure of viewer hours per week.
 

If the number of viewer hours per week is expressed as an index of 100
 

for 1968, the index for 1972 would be 212, and for 1980, 1,410. In other
 

words, in 12 years a 14-fold increase could be expected. The number of
 

students reached by organized reception would increase from the present
 

figure of 630,000 to over 10 million in 1980.
 

In the Indian case study, the planning for an entire television
 

communication system put emphasis on estimating overall demand of viewers
 

reached by public information programming and other applications support

ing the objective of national integration. Therefore, estimates of viewer
 

hours in organized reception were felt to be too speculative and were not
 

prepared. A phased development program was prepared, however, with the
 

goal of making television available to 80 to 85 percent of the Indian
 

people within 20 years.
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Table 1 

LATIN AMERICAN DEMAND FOR ETV APPLICATIONS IN VIEWER HOURS PER WEEK:
 

1968, 1972, 1980
 

(Viewer Hours per Week in Thousands)
 

Central America 
 Mexico 	 Colombia
 
1980 1972 1980
1968 1972 1968
ETV Application 1968 1972 1980 


-- -- 100.0 375.0 750.0 750.0 -- 70.0 300
Adult education 


-- 50.0 -- 50.0 176
Teacher training, preservice -- 6.0 152.0 --

Teacher training, inservice -- 20.0 4.4 0.8 6.6 3.0 3.6 10.0 23 

- -- 175
Primary education, kindergarten 	 .-- 165.0 -- -- 600.0 

585.0 6,750.0 57,200
Primary education 	 -- 9.1 10,395.0 30.0 150.0 --

-- 2,000.0 6,000.0 130.0 2,500.0 7,300.0 -- 300.0 5,400
Secondary edu'.cion 


Ter'Lnical training 
 - -- 20.0 -- -- 60.0 -- -- 50 

Higher education, science & math .... 60.0 90.0 180.0 600.0 0.5 60.0 150
 

-- --.-- 70.0 -- -- 17Higher education, lecture series 


Higher education, TV college ...... .... 45.0 ....
 

Higher education, continuing professional .... 4.0 -.. 35.0 .... 18
 

Total 	 2,035.1 16,900.4 625.8 3,586.6 9,713.0 5,854.1 7,240.0 63,706
 

Argentina
Venezuela 	 Brazil 


rrV Application 1968 1972 1980 1968 1972 1980 1968 1972 1980 

--.-- 200.0 480.0 1,500.0 -- --

Teacher training, preservice -- -- 92.0 -- 208.0 -- - 44.0 

Adult education 


-

Teacher training, inservice 0.2 0.5 11.0 -- - 34.2 .. .. 2.2 

Primary education, kindergarten 27.0 120.0 175.0 .. .. 385.0 .. .. 125.0 

Primary education 225.0 1,125.0 15,625.0 60.0 180.0 30,000.0 .. .. 4,625.0 

Secondary education 	 30.0 30.0 2,250.0 22.5 60.0 3,510.0 .. .. 1,200.0
 

-- 39.0 110.0 216.0 -- 7.5 60.0Technical training 	 -- 40.0 

150.0 -- -- 120.0 -- 2.0 300.0Higher education, science & math -- 90.0 

Higher education, lecture series .-- 17.5 .. ...- -- 35.0 

Higher education, TV college - -- 30.0 .. .. 120.0 .. .. 60.0 

Higher education, continuing professional .. .. 10.6 ..-... .. . 58.0 

Total 	 282.2 1,365.5 18,401.1 321.5 830.0 36,093.2 9.5 6,509.2
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Table 1 (concluded)
 

Bolivia Chile Peru
 
LTV Application 1968 1972 1980 1968 1972 1980 1968 1972 1980
 

Adult education -- 4.0 75.0 -- -- -- - 28.0 125.0 

Teacher training, preservice - -- 12.0 . -- 40.0 .. .. 16.0 

Teacher training, inservice .. .. 1.4 -- 6.0 4.5 .. .. 4.4 

Primary education, kindergarten .. .. 35.0 . -- 45.0 .. .. 60.0 

Primary education .. .. 1,412.5 .. .. 6,250.0 9.1 22.5 12,500.0 

Secondary education .. .. 120.0 - -- 1,500.0 -- -- 1,500.0 

Technical training .. ...--.. 50.0 - -- 30.0 

Higher education, science & math .. .... .. . 150.0 .. .. 37.5
 

Higher education, lecture series .. .. .. .. .. 17.5 .-


Higher education, TV college .. ...--.... .. ...
 

Higher education, continuing professional . -- 2.0 . -- 8.4 .. .. 10.0
 

Total 4.0 1,657.9 6.0 8,065.4 9.1 50.5 14,282.9
 

Uruguay Total
 
ETV Application 1968 1972 1980 1968 1972 1980
 

Adult education -- -- -- 575.0 1,332.0 3,050.0 

Teacher training, preservice .. .. 16.0 -- 56.0 822.0
 

Teacher training, inservice .. .. 0.7 4.6 43.1 89.0
 

Primary education, kindergarten .. .. 25.0 27.0 120.0 1,790.0
 

Primary education 4.0 4.0 1,500.0 6,178.1 8,240.6 139,507.5
 

Secondary education -- -- 450.0 182.5 4,890.0 29,430.0 

Technical training .. .-- 39.0 117.5 526.0
 

Higher education, science & math .. .. 7.5 90.5 332.0 1,575.0
 

Higher education, lecture series ..-- -- -- 157.5 

Higher education, TV college .. .. ...... 255.0
 

Higher education, continuing professional -- "- ...... 143.0 

Total 4.0 4.0 1,999.2 7,096.7 15,131.2 177,329.0
 

Index 100.0 212.0 1,410.0
 



A-IX-15 

SYSTEMS COMPARISONS
 

Very preliminary designs of systems were prepared to provide the
 

amounts of service responsive to the demand for ETV estimated for the
 

next 12 to 20 years. For both India and Latin America, the following
 

three distribution systems were designed:
 

" Microwave network linking ground-based stations
 

" Rebroadcast satellite linking ground-based transmitters
 

* 	Direct broadcast satellite linking ground transmitters with
 

augmented television receiving sets
 

For 	Latin America, a fourth system was also designed:
 

o 	Truck or air shipment of video tapes linking groung-based stations.
 

The four distribution systems are illustrated in Figure 3. The alter

native of video tape distribution was not considered for India, because it
 

does not permit simultaneous national reception. Timeliness is not essen

tial in school broadcasts, but news, public events, and other elements of
 

a general communication service often must be timely to be effective. For
 

India, another distribution system was examined:
 

o 	A combination of ground stations and direct broadcast from a
 

satellite.
 

Table 2 is intended to summarize the performance of the four ETV dis

tribution systems according to qualitative and quantitative criteria. A
 

relative rating of excellent, good, fair, or poor has been assigned to
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Table 2 

RELATIVE PERFORMANCE OF ALTERNATIVE DISTRIBUTION SYSTEMS
 

ETV Distribution System
 

Criterion 


Educational
 

Ability to pace and control modernization 


Ability to reflect local programming needs 


Psychological impetus for modernization 


Encouragement for multinational integration 


Potential for growth in geographical coverage 


Simultaneous reception of important events 


Management
 

Simplicity of local management 


Simplicity of central management 


Adaptability to pilot tests of software 


Indirect Effects
 

Spillover benefits for local communications 


Opportunity to develop local Industries 


Reliability
 

Freedom from overall system interruption 


Freedom from local failures 


Fiscal
 

Cost of covering major urban centers 


Cost of covering entire country 


Potential for major foreign assistance 


Video Tape 


Poor 


Excellent 


Fair 


Poor 


Fair 


None 


Poor 


Good 


Excellent 


Good 


Excellent 


Excellent 


Poor 


Excellent 


Fair 


Poor 


Microwave 


Good 


Fair 


Fair 


Fair 


Poor 


Good 


Fair 


Excellent 


Fair 


Excellent 


Good 


Good 


Fair 


Good 


Poor 


Fair 


Direct 
Rebroadcast Broadcast 
Satellite Satellite 

Good Excellent 

Poor Poor 

Good Excellent 

Good Excellent 

Fair Excellent 

Good Excellent 

Fair Good 

Fair Fair 

Poor Poor 

Good Poor 

Fair Fair 

Fair Poor 

Fair Good 

Fair Poor 

Poor Good 

Good Good 
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signify the degree to which each systr~n achieves the criterion noted.
 

In the following paragraphs, the bases for the comparative ratings are
 

discussed.
 

Ability to Pace and Control Modernization
 

ETV, however distributed, can be used as an instrument for reforming
 

educational content and practices. Of the four alternative methods of
 

distribution, those that are scheduled from the program source (for
 

example, the nation's capital) provide more positive pacing and control
 

than does the video tape distribution system, where the local television
 

transmitting station broadcasts the program. 
Delays may occur in receiving
 

tape from the program source. Some units of instruction may be omitted
 

because local supervisors or teachers may be unfamiliar or insecure with
 

the content. Thus, the video tape system does not offer pacing and con

trol advantages inherent to the other distribution methods.
 

Of the centralized systems, the direct broadcast satellite was rated
 

the highest on this criterion, because no administrative levels need in

tervene between program source and classroom.
 

Ability to Reflect Local Programming Needs
 

If local teachers are adequately prepared, a case can be made for
 

allowing them flexibility in the pacing of instructional content. Here,
 

the centralized distribution systems are at a disadvantage in relation to
 

the video tape distribution made. The tape can be played at times most
 

convenient to the majority of local teachers, and it can be replayed lo

cally two or three times for remedial work or for students who missed the
 

first showing. Of course, replay schedules are entirely possible with
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the centralized systems too, but not with as great flexibility as for a
 

locally scheduled station.
 

The microwave system has been given a slightly higher rating tha,
 

the rebroadcast satellite, because the former has the potential to lead
 

to the development of a more decentralized communications network and more
 

nearly self-sufficient local television programming capability than the
 

satellite-based systew would. Television programming of local news or
 

entertainment could be of assistance to local educational broadcasting.
 

Psychological Impetus for Modernization
 

The dramatic technology of satellite communication is more likely to
 

capture the imagination of the people in a developing country and to im

plant the seeds of change than would the use of conventional technology.
 

It can be speculated that the use of satellite technology could inspire
 

teachers and students to make the needed break with traditional patterns.
 

The direct broadcast satellite system was rated highest on this criterion,
 

because the school's antennas would receive eignals directly from the
 

satellite instead of from an intermediary conventional television trans

mitter, thus heightening the sense of participating firsthand in advanced
 

technology.
 

Encouragement for Multinational and Multicultural Integration
 

This criterion is related to the preceding one, in that the more
 

localized systems of video tape or microwave distribution offer no tech

nical imperatives for multinational or multicultural cooperation, whereas
 

the wide coverage of satellite distribution systems requires at least
 

technical and financial planning across national or cultural boundaries.
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And technical and financial pooling may facilitate some sharing of educa

tional content.
 

Th9 four distribution systems can be rated on this criterion accord

ing to the degree to which each requires central pool4ng of programming
 

efforts for economical and effective operations.
 

Potential for Growth in Geographical Coverage
 

On this criterion, the least satisfactory system is the microwave
 

network, which requires the construction of expensive links whenever it
 

is decided to extend the coverage. The video tape and rebroadcast systems
 

are about equal on this count, requiring only that a new local television
 

transmitter (or, for fringe areas, a signal booster) be established. The
 

most flexible system, of course, is the direct broadcast satellite, where
 

the signal can be brought into a school or a village located anywhere
 

within the thousands-of-miles diameter coverage of the satellite, without
 

waiting for the construction of intermediate transmitters. This capability
 

alone has the potential to bring national coverage to rural and village
 

populations years, perhaps decades, earlier than would be possible with
 

alternative systems.
 

Simultaneous Reception of Live Events
 

The timeliness of live programs received simultaneously throughout
 

a developing region is occasionally of importance in educational broad

casting and of great importance for news and political events in a general
 

communication network. The video tape distribution system cannot offer
 

any capability of this count, whereas the centralized systems can. The
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direct broadcast satellite system was rated highest here, because simul

taneous reception can be wherever receivers exist, whether or not a local 

television transmitter serves the area. 

Simplicity of Local Management
 

Extensive video tape exchange represents a considerable local admin

istrative burden. It is difficult to assure delivery of a large number
 

of video tapes to subsidiary transmitting stations on time for use; yet
 

if the time of delivery is set well in advance of use, the problems of
 

storage and inventory are cumbersome. The local station must employ
 

personnel who are skilled not only in inventory management and scheduling
 

of these valuable tapes, but also in the operation and maintenance of a
 

video tape recorder--valuable and sensitive equipment that must be care

fully handled if it is to remain dependable and offer acceptable reception
 

fidelity. Accordingly,the video tape system is rated the lowest on this
 

criterion.
 

The centralized systems, where all scheduling is done at the source
 

of programming, avoid the local administrative and logistical burden. On

the other hand, both microwave and rebroadcast satellite systems require
 

the management of local television broadcasting stations. Some specialized
 

managerial and technical competence would be required.
 

The direct broadcast satellite system is rated highest of the four
 

on this criterion, but even it requires operation and maintenance of a
 

television receiver that has augmentation equipment necessary to receive
 

and convert the signal,directly from the satellite. Hence, it is given
 

only a "good" rating.
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aimpaix y ox uentrai management 

By this criterion, the satellite distribution systems, with their
 

requirements for operating and maintaining complex earth stations and
 

for keeping the satellite on station, rate lower than the terrestrial
 

systems. Of the latter, the microwave network, once established, should
 

be a good deal simpler to administer than the video tape exchange, which
 

will require complex central and local management procedures for dispatch

ing, receipt, storage, playing, replaying, and accounting for valuable
 

video tape.
 

Adaptability to Pilot Tests of Software
 

Of the four systems, only that of video tape distribution lends itself
 

easily to experimenting with educational braodcasting on a small scale at
 

low cost to determine whether the technique offers important utility in
 

comparisons with conventional instructional systems. The use of only one
 

or two links in a microwave network could be considered a relatively modest
 

pilot application, hence this system rates better than either of the sat

ellite distribution methods. The satellite systems, with their enormous
 

geographical coverage, tend to encourage all-or-none adoption, not pilot
 

tests.
 

The above comments apply to situations in which the system is a
 

single-purpose educational broadcasting system. If a telecommunications
 

system, satellite or terrestrial, is available or is to be made available
 

for other purposes, such as telephony or entertainment and news, it would
 

be possible to conduct pilot tests of educational broadcasts on any of
 

the four alternative distribution systems being compared. The organizers
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of such pilot tests would not have to be concerned about the large unused
 

geographical capacity of the satellite systems. They would, however, have
 

to deal with a number of technical complexities associated with satellite
 

communication that would not have to be faced in using more conventional
 

terrestrial systems.
 

Spillover Benefits for Local Communications
 

In considering indirect effects, the ground-based systems offer
 

greater spillover benefits in contributing to the growth of a communica

tions infrastructure. The direct broadcast satellite is rated poor,
 

because only the large and expensive transmitting ground station could
 

be a source of broadcasting. In the other systems, local transmitters
 

that would have alternative uses for local as well as central program

ming would be established.
 

Opportunity to Develop Local Industries
 

The satellite distribution systems include equipment of high tech

nology that will probably continue to require foreign procurement. The
 

terrestrially based systems, on the other hand, employ more nearly con

ventional technology. It can be expected that the electronics and con

struction industries of at least the larger developing countries like
 

India, Brazil, and Mexico will continue to grow and will be able to
 

account for an increasing share of initial and maintenance procurement
 

of conventional telecommunications systems.
 

The video tape distribution system was rated the highest by this
 

criterion, because it requires the most decentralized management. The
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capability for managing this logistical system should have useful transfer
 

to other local industrial management needs.
 

Any of the systems should encourage the building of a local or re

gional capability to manufacture receivers and service and maintain such
 

equipment.
 

Freedom from Overall System Interruption
 

Satellite distribution systems are vulnerable to various kinds of
 

interruption such as equipment faults at earth stations, drifting of the
 

satellite off station, and satellite power failures. A satellite
 

failure can result in the entire system being inoperable, which might
 

pose severe readjustment strains on an educational system in which
 

ETV had been integrated into curriculum. The direct broadcast satellite
 

would be the most vulnerable to system failure, because no local
 

television transmitters would be available for emergency programming
 

of live or taped lessons.
 

Freedom from Local Failures
 

For the video tape system, wh.ich has the lowest rating on this
 

criterion, the largest potential source of unreliability is the nonreceipt
 

a key time in the
 or misplacement of the particular video tape needed at 


instructional sequence. 
The microwave and satellite distribution systems,
 

where only one expert central crew controls the program scheduling, are
 

less subject to local interruption than the video tape system, where less
 

well-trained crews at each transmittrg point increase the possibility of
 

These systems are also subject to interruptions caused by failures
error. 


of the local broadcasting station.
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None of the television systems is rated higher than "good" on this
 

criterion, because all are vulnerable to local power interruptions or
 

voltage fluctuations--fairly common occurrences in developing countries.
 

Cost Comparisons
 

In Table 3, five alternative distribution systems for India are com

pared in terms of capital and operating costs. The system called "limited
 

TV and local radio" was designed to cover 40 to 45 percent of India's
 

population; the other four systems were designed to cover the 80 to 85
 

percent of population stated as a high priority objective by Indian leaders
 

interviewed by the study team. Because Indian requirements call for a
 

national television communication system with simultaneous reception, the
 

alternative of video tape distribution is not included in the systems
 

being compared. Of the systems studied, the direct broadcast satellite
 

proved to be the least costly, followed by the combination of ground

based stations in the cities and direct satellite broadcasts to the vil

lages.
 

The combined system seems particularly appropriate for helping to
 

meet India's need for heterogeneity of language and cultural programming.
 

The more local stations there are,the easier it will be to produce pro

grams for specialized local needs. At the same time, the direct broadcast
 

satellite can be a means of bringing television to the large number of
 

remote villages decades sooner than would be possible with only a ground

based system.
 

It is not easy for anyone except the purchaser to say when a cost is
 

too great, but costs of the combination system for India were compared
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Table 3
 

FIVE TV DISTRIBUTION SYSTEMS FOR INDIA:
 
TOTAL CAPITAL AND OPERATING COSTS OVER 20 YEARS
 

AND AVERAGE COST PER YEAR
 
(Millions of Dollars)
 

Capital and 
Capital Costs Operating Costs Operating Costs 

Annual Annual Annual 

System Total Average Total Average Total Average 

Limited TV and 

local radio $169.3 $ 8.5 $155.2 $ 7.5 $324.5 $16.0 

Ground-based TV 442.4 22.1 313.4 15.7 755.8 37.8 

Direct broadcast 
satellite 433.4 21.7 202.7 10.1 636.1 31.8 

Rebroadcast 
satellite 456.5 22.8 266.3 13.3 722.8 36.1 

Ground-based and
 
direct broadcast
 
satellite 436.5 21.8 240.9 12.9 677.4 33.8
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with certain economic indicators. As Table 4 demonstrates, the annual
 

cost, capital plus operating, is never likely to be much greater than
 

1 percent of the annual expenditure on education, or .07 of I percent of
 

the national income.
 

With respect to the composition of expenditures on any of the proposed
 

systems for India,analysis shows that the largest portion is spent on
 

receivers--purchase, maintenance, and replacement. In the direct broad

cast satellite system, for example, receivers represent about 75 percent
 

of capital cost, satellites themselves only about 11 percent. Even in
 

ground-based television, receivers represent about 50 percent of capital
 

investment.
 

Table 5 presents the initial and operating costs of four alternative
 

distribution systems designed to meet an estimate of Latin America's
 

1980 demand for ETV. As shown by the total costs for each of the three
 

regions making up Latin America, the video tape system shows the lowest
 

initial and operating costs, and the direct broadcast satellite system
 

shows the highest costs. Microwave transmission and the rebroadcast
 

satellite systems provide fairly interchangeable service. Where micro

wave networks are expected to be available, this system shows the lower
 

cost of the two; where terrain and jungle are expected to delay the con

struction of microwave links, as in Peru, Bolivia, and Brazil, the re

broadcast satellite system shows lower costs.
 

The demand estimate on which Table 5 was based was primarily an
 

urban demand, in which television service was extended in descending order
 

of student concentrations. To test the effect of providing more nearly
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Table 4 

COMPARISONS OF ANNUAL COSTS OF A COMBINATION SATELLITE 
AND GROUND-BASED SYSTEM WITH ECONOMIC INDICATORS 

FOR INDIA, AT FIVE-YEAR INTERVALS 

1970-71 1975-76 1980-81 1985-86 

National income (billions of 
dollars) $37.5 $50.1 $67.1 $89.7 

National expenditure on educa
tion (billions of dollars) $1.3 $2.1 $3.3 $5.3 

Annual cost of establishing and 
operating national television 
(billions of dollars) $.0046 $.0193 $.046 $.0656 

Education expenditure + 
national income (percent) 3.4% 4.1% 5.0% 6.0% 

Cost of national television 
national income (percent) .012% .039% .069% .073% 

Cost of national television + 
education expenditure (percent) .35% .91% 1.4% 1.2% 
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Table S 

LATIN AMERICAN ETV DISTRIBUTION SYSTEIS COSTS. 1980 
(Thousands of Dollars) 

Served by One Satellite of 12 Video f'r..eola 

t.ntral AIcrl. MOO ColorhlhIvo 
A 0 V 1) A ,, C [" A B C 

Vid1o Mcr.- "ehr,.a,1- Direct Vw" . Micr..- Rebf'o..d- Direct Video Mlcro- Rubroad- ii.,, 

Li. Cost I:le.vnl .ws 7 cattlpe %a%& Broa.ast e ve i" BrGadcast Tape %a,* Ca2t BrodLOat 

inittal(rft:
 

$ $ 9,273 A.a. 

n0. A.m. .a. n.. 2.68 n.s. n.1. 1,.,2
sr, 	 5 $,2,I6 $ 8,616 o~a, 9,273 1 9,213 nt. oh10talian. total...... .............. It".031 S 14.1f1 S ,11 o. 11.616 


.	 ......... . 0. A.m. 21,1131 n.. ,1 .a.
2. Brcadcil itftlons, iia. 
A.a. n.a. n.a. .. 0.9.a..3. Mlro.. ......................... n.a. 2.669 A.A. na. r.. 3.119 


4. 	 t,2232 . .f..• ... Oht. 7.952 0.. 0.8. 3,ufio 7,970 n.A. n.a. 3,480 9,.AO 
launch . . . . .n... nh.A n.A. 6.150 a.m. ".a. it.a. 6,130 na.. n.a. n.4. 7.'o3 

A.m. n.3. 1,20 1.280 n.4. It.A. 640 406. t;,Uond *tot ao.n transltf lng . . . . ... . . . . n.a. 0.m. 3,10 3.11 
n.s. 2.600 n.m. 

at. tIpr. IIbvarI- totall ........ .... . . . 173 .. n.a. n.i. 110 o.. n.m. n.. 324 2.5. 0.9. 0.1. 
7. t. nd otita.-s. *ceving ...... ......... . . . .1. A.m. U n.e. 1'.. n.a. 3,.2 n.e. n.e. 


ZI 248 48 1.n. . ina 412 10 n.a 36 426 436to. TAp*wlibrae) - main . . ... . . . . . . . .	 tl n 

IU. a.2 q.Ipm 40M 100 m0 1,117 1.067 1.0wl 

I1. Itcel. ,A ......... .................. ...... 1.890 2.090 I.990 1.90 1,:150 2,:130 1,350 1,350 3.340 3,340 3.340 3.340 

12 A, n2. rene:ere . n~. :.,: 22.690 

*quipcent ....... ................. 	 ROO 1.067 1,331 1,334 1.334 1.331
 

. .............. O. 0.a, 0.9, 20t,690 r.. n.:. n.e. 7,620 n.. n, nA*. m,-w0)

I. I ............. ~.......,ne 	 2,G00 r'. ne. 4.708 AT*. It.:. 


12. T?.tatl ........................ $.1,199 $13.1003'$17.971 $:3.514 $11.523S.1It111 $19.031 533.403 $14.331 917.284 $20.973 $33.L,1
 
.l. 	 n.a. S S A.m. $17,651 n.m. I n.i. S n.a. $26,014.	 . $.................... n.a. S a. $20,811 r-.. S o.a. $ $ 


vterat220 . t,20 

16. aruomina .1. 1tlon ..... . . . . . .. 1,200 1,200 1,200 1,21 0 .610 2,600 1,600 400 1,200 11,200 1,200 2"0 
27. lald . .,........ . . .. . ... n.. l20 n.a. n.s. n.a. 117 n.. n.. n.1. 431 n.e. n.a. 

It "A.tl1221 .mI leunch-l[ ......... ...... . n.a 623 1,370 nA. A a. 650 1,410 n.. , A.. 725 1,3M2 

19. ,in.e .. .otn.......... .. . . . . A.e. 336 210 n.m. A.A. 471 o0 na. n.. 336 40
 

3,2. tapetliotfor.. ... . . .... . . .. n.a. n.s. 8 n.a. n.1. n.t. 4 n.e. n.. "..
............... n.a. 

2 1Zpe rar. ....................... 33 - 6 6 6 6 a2 32 6 6 5
 
42. Prorn p.loAbton,Ir"nIni' setealj ftnse Aeer. 1,450 1,40 1,430 1,450 1,510 2,390 1,.580 1,380 2,236 2,236 2,236 2,70 

336 n.n. 	 n.86 13.4. '930M0.1 additlcns .... .n.a. n.m. n.e. n.a.23. lainteinn- retetiar . ....... n.1. 468 n.1. 


24. ,.. ....................... 	 $ 3,637 $ 4,310 S 3,478 S 4,523 $ 4,$2em
Total .......... 	 S 2692 6 3,056 9 4,734 S 3,227 S 3,603 S 3,812 $ 3,813 


110iii A.m. - notappllcable.
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1,91o 1,910 1,919 1,910 0,190 5,tPO 8,490 
 4,190 3,150 3,150 3,220 3,1.iO
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Table 5 (concluded)
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total national coverage, a special study was made of one country, Colombia,
 

using a higher demand estimate for 1980, in which all Colombian cities and
 

towns of over 10,000 population would be reached. Costs were recalculated
 

for the video tape and the direct broadcast satellite distribution systems.
 

Total initial costs for Colombia became $30 million for the video tape sys

tem, versus $28 million for the direct broadcast satellite system. The
 

direct broadcast satellite thus replaces the video tape system as the least
 

expensive system, largely because the cost of procuring television sets
 

augmented to receive the satellite signal becomes less than the cost of
 

constructing local television transmitters that reach relatively few stu

dents. The direct broadcast satellite system also showed lowest operating
 

costs for the assumption of full national coverage of Colombia.
 

Table 6 presents the initial and operating 'costs of two methods of
 

meeting the projected 1980 ETV demand for the countries studied in Latin
 

America. To simplify the table, only the direct broadcast satellite and
 

video tape systems were compared. Examination of the dollar cost columns
 

shows that the satellite system makes initial and operating cost savings
 

in broadcast stations, but that these are more than offset by costs of
 

satellite and launch and of the television set augmentations required to
 

receive the signal directly from the satellite. The cost of set augmenta

tions is highly sensitive to quantity procured. If substantially more
 

than the 75,000 sets on which this calculation was based were to be pro

cured, this initial cost element would be considerably reduced.
 

The percentage distribution column in Table 6 is informative on how
 

funds would have to be spent for either distribution system. In the video
 

tape system, the bulk of initial expenditures is on broadcast stations
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Table 6 

COSTS Or TWO ETV
 
DISTRIBUTION SYSTEMS TO MEET 1980 DEMAND:
 

LATIN AMERICAN TOTALS AND PERCENT DISTRIBUTION BY COST ELEMENT
 

Video Tape System 


Initial Costs
 

Broadcast stations 

Satellite and launch 

Ground stations 

Tape library 

Studios and equipment 

Receivers 

Additions to receivers 


Total 


Operating Costs (Annual)
 

Broadcast stations 

Satellite and launch 

Ground stations 

Tape transport 

Tape library 

Program production, teacher
 

training, and set maintenance 


Maintenance of receiver additions 


Total 


Note: n.a. = not applicable.
 

Direct Broadcast
 

Satellite System
 

$000 %
 

$ 24,104 14.1%
 
58,600 33.9
 
11,420 6.6
 
2,383 1.4
 
8,004 4.7
 
15,124 8.8
 
52,833 30.5
 

$172,468 100.0%
 

$ 3,600 9.8%
 
14,230 38.7
 

900 2.4
 
n.a. n.a.
 

54 0.1
 

14,394 39.2
 
3,600 9.8
 

$ 36,778 100.0%
 

$000 

$ 74,185 

n.a. 

n.a. 


3,989 

8,004 

15,124 

n.a. 


$101,302 


$ 14,200 

n.a. 

n.a. 


65 

398 


14,394 

n.a. 


$ 29,057 


% 


73.2% 

n.a. 

n.a. 

3.9 

7.9 

15.0 

n.a. 


100.0% 


48.9% 

n.a. 

n.a. 

0.2 

1.4 


49.5 

n.a. 


100.0% 
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and studios and their equipment, whereas in the direct broadcast satellite
 

system, the largest items are for the satellite and launch and for pro

curing set augmentations. With respect to operating costs, the items of
 

program production, teacher training, and set maintenance are important
 

for both distribution systems, but in the satellite system operating funds
 

must be set aside for successive launches every three to five years to
 

maintain the communications capability.
 

The quantity of sets to be procured was almost a million in India
 

and less than 100,000 in Latin America. Aside from the differences in the
 

size of populations to be served, this is because only 6,000 sets are in
 

use in India, while six million are already in use in Latin America. The
 

difference in procurements explains much of the variation in percentage
 

distributions of costs for the two case regions.
 

The following conclusions can be drawn from the several analyses
 

made for India and Latin America:
 

" 	Video tape distribution is the least-cost system up to a high
 

degree of saturation of urban schools.
 

* 	The direct broadcast satellite system becomes the least-cost
 

system for population residing beyond the range of transmitters
 

located in principal cities.
 

" 	If ETV is extended to student populations in ascending order
 

of cost per student served, the breakeven point at which the
 

direct broadcast satellite begins to be more cost-effective
 

than video tape distribution lies between 35 and 60 percent
 

of total country population, the particular point being
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dependent on population distribution and the presence or absence
 

of 	television transmitters in outlying areas.
 

0 	Of the four distribution systems, only the direct broadcast
 

satellite system exhibits declining unit cost per student
 

served with increasing coverage. The other systems exhibit
 

rising unit costs after the population residing in large and
 

medium-sized cities and other densely populated areas has 

been served.
 

Potential for Major Foreign Assistance
 

With the predisposition of multilateral and bilateral donors to
 

favor large scale technologically based assistance programs, it would
 

appear that the satellite distribution systems might have somewhat better
 

prospects of attracting assistance grants or loans than would the more
 

conventional distribution systems. 
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A NOTE TO PROSPECTIVE USER COUNTRIES
 

On the basis of these studies, the research team prepared suggestions
 

for officials of countries or regions who are considering a major expansion
 

of television, with or without satellites, for education and development.
 

Briefly, the following procedure would seem advisable:
 

0 	Begin with needs, rather than with technology. The important
 

question is whether the need to expand or upgrade instruction
 

and information is sufficient to justify a major system develop

ment. The system should grow out of the priority needs and be
 

tailored to meet them.
 

* 	Begin with television, rather than with satellites. The question
 

is, can television make a significant contribution to the country's
 

educational and development needs?
 

• 	 If so, compare different systems for delivering television.
 

Develop these systems in some detail, including some sample
 

programming, a phasing of expansion, and an inventory of the
 

economic, human, and technical resources that would be required.
 

In particular, do not forget to look at systems that combine
 

more than one method of delivery--especially the combination of
 

ground-based and satellite television.
 

* Study the heterogeneity problem carefully. How can the system
 

best be designed to meet both regional and local needs? Here,
 

combined systems may prove especially attractive.
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" 	Survey the resources. What will be required for development of
 

an electronics industry, engineering and technical personnel,
 

broadcasting personnel, extension of electric power, transporta

tion, and teacher training? If these are not available in suffi

cient quantities, how can they be provided?
 

* 	Try to solve, at the beginning,the problem of organization and
 

control. This is discussed at some length in the India case study,
 

and it has proved to be a serious problem in numerous countries.
 

Briefly, a major television system, with thousands of employees,
 

requires both freedom to be creative and close contact with the
 

substantive agencies that should participate. What is the best
 

assignment of organizational responsibilities for these two
 

purposes, and how should the assignment relate to the control
 

system of government?
 

" Plan, if possible, a gradual expansion of the system, one step at
 

a time. If the job is to be done thoroughly, a period of several
 

years will be needed for: detailed planning; hiring and training;
 

manufacture of receivers and other electronic gear; construction
 

of stations; work on content and curriculum, scheduling, making,
 

and testing of programs; and practice in using the new system.
 

If time is allowed for these tasks, there will be fewer problems,
 

fewer mistakes in the first years, and less chance for a failure.
 

If the development is gradual and measured, thecost can be spread
 

out more evenly, the experience and skills gained in early stages
 

can be utilized in later stages, mistakes can be corrected, and
 

formidable problems can be mastered before they affect an entire
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system. Ideally, the plan should be developed so that at any
 

given stage it is possible to take stock and decide on the next
 

step.
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POLICY IMPLICATIONS FOR THE UNITED STATES
 

No intimate knowledge was available to the study teams regarding
 

policy issues the United States government faces in satellite communi

cation and in development assistance for India and Latin America. 
Never

theless, on the basis of the case studies, the following suggestions are
 

offered:
 

0 Conserve resources vital to satellite communication systems. A
 

need for three satellites, each with 12 video channels, has been
 

projected to meet the 1980 educational requirements of Latin
 

American countries. These would be in addition to the INTELSAT
 

requirements for an Atlantic service, the domestic satellite
 

needs of the United States (perhaps four satellites), the domestic
 

satellite needs of Canada (now estimated at three satellites),
 

and military needs. The estimate of one satellite for India is
 

more modest and, indeed, may be too modest.
 

Planning for satellite communications calls attention to the
 

limited availabiltty of frequency spectrum and of 'parking slots"
 

in space for synchronous satellites. These are world resources,
 

and it is hoped that the policy of the United States government
 

will be to conserve the necessary part of such resources for
 

human resources development. International reallocation of
 

frequencies and a basic scheme for assigning satellite "parking
 

slots" may be required.
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Build competence in educational and developmental television.
 

Television for human resources development will be as effective
 

as the kind of resources--human, technical, and economic--that
 

are 	put into it. High priority should be given requests for
 

assistance in training and retraining of teachers, broadcasters,
 

planners, and development personnel to become familiar with and
 

skilled in the use of television for education and development.
 

Most of such training, of course, need not and should not be
 

given in the United States. It should be the policy of the
 

United States to support a limited number of excellent demonstra

tion projects in the use of television. A project such as the
 

program now being instituted by the government of El Salvador,
 

with U.S. assistance, can do more to advance the potential of
 

human resources television than a number of instances of small
 

support to less well-planned projects. Finally, existing U.S.
 

policy to support regional integration and cooperation in educa

tion is of great importance in making feasible the cooperative
 

use of human resources television, whether terrestrial or by
 

satellite. Examples of points of leverage for this purpose in
 

Latin America are programs for intercountry harmonizing of cur

riculum and textbooks, implementation of the planned OAS training
 

center in ETV, and exchange of educators and broadcasters.
 

* 	Give priority to requests from developing countries for assistance
 

in training and retraining teachers to become effective in an
 

instructional system of which ETV is an integral part. As an
 

example, the training technique of microteaching is useful in
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meeting the dual objectives of modernizing pedagogy and orienting
 

teachers to the power of the television medium.
 

e 	 Build from strength. The aid policy of the United States in the
 

area of developmental television and satellite educational sys

tems should make maximum use of the extraordinary experience and
 

resources of the United States in such areas as instructional
 

broadcasting, space science, development planning, and social
 

research. Much training might well be built around relatively
 

successful projects, such as that in Samoa, Colombia, and
 

El Salvador, all accomplished with U.S. assistance. The experi

ence of developing regions with these new technologies should be
 

studied carefully and reported widely, on film and on paper.
 

In the United States, there has been probably more experience
 

with video tape exchange (which is treated at length as an ele

ment of Latin American systems) than anywhere else in the world.
 

Microteaching, one of the most promising devices for training
 

teachers, has been developed here. And much of the work on
 

communications satellites has been done here. It is worth con

sidering what sorts of centers or other organizations in this
 

country or elsewhere might best make some of these resources
 

available where they can do the most good in human resources
 

development.
 

Plan software for ETV systems. One of the greatest bottlenecks in
 

developing satellite-based television systems is likely to be the
 

absence of planning for the software needs of these systems. In
 

Latin America, it was necessary for the project team to make the
 

9 
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demand estimates included in this report with entirely insufficient
 

information, because projections by Latin Americans had not been
 

made. Despite India's long tradition of planning, there was very
 

little in existence that could be put immediately to use if the
 

country were to decide to take up a satellite-distribution system.
 

The important step in planning at this moment is not to repeat
 

hardware-oriented planning studies that make gross and unwarranted 

assumptions about educational applications, but rather to look
 

critically and in detail at possible educational and developmental
 

applications of the broadcast media. Therefore, the policy of the
 

United States should be to look favorably on requests for assist

ance in planning and organizing the software aspects of satellite
 

.systems.
 

9 	Encourage pilot projects. The proposed cooperation between NASA 

and INCOSPAR in arranging for a satellite to be made available to 

India for a limited period of experimentation will be useful in 

working out some of the hardware, maintenance, programming, and 

administrative questions of satellite broadcasting. This cooper

ation will be generally stimulating to plans for satellite sys

tems. It seems that there is good reason for other pilot projects,
 

especially in regions where there is a good chance of developing
 

major satellite television systems for human resources development.
 

For example, if it were possible to obtain another satellite under
 

similar arrangements, particularly one having rudimentary direct
 

broadcast capability, it might be beneficial to offer Latin
 

Americans the chance to try it out for a time. The terms of the
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offer should include provision for multinational cooperation and 

for Latin American countries to plan and manage the program. 

Needless to say, assistance and advice should be made available 

to such projects so that as much as possible can be learned from
 

them and these lessons can be made widely known.
 

Support research on critical problems influencing effectiveness
 

and cost. Considering the probable usefulness of direct broad

cast satellites and their interesting growth potential for large
 

scale coverage, it would be useful to direct some research toward
 

minimizing the system cost represented by the necessary augmenta

tion of receivers for direct reception--that is, the antenna,
 

pre-amplifier, and feed--particularly for production in quantities
 

between 10,000 and 200,000. 
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INTRODUCTION
 

In view of the national goal to provide every citizen the opportunity
 

for quality education to the level of his desire and ability, the educator
 

is confronted with the task of providing each student with the best educa

tion possible within the bounds of available funds, personnel, and facili

ties. Educational media systems may be a valuable source of help in the
 

accomplishment of this task. Because of the lack of sufficient data, the
 

selection of the best medium for presentation of a particular instructional
 

unit usually is based on a subjective evaluation of effectiveness and a
 

superficial estimate of cost.
 

The purpose of this study was to investigate the cost of instructional
 

media systems. The first objective was to provide the educator with a set
 

of guidelines for realistically estimating the total cost of such systems.
 

To gain this objective it was necessary first to identify and investigate
 

a set of commonly used or proposed media systems and to develop a methodology
 

for determining total system costs.
 

The data collected and analyzed during the study achieved the second
 

objective of providing a data base for use by researchers in further studies
 

relating to the selection, implementation, and operation of instructional
 

media systems. A final objective of the study was to present recommendations
 

which can result in cost savings when media systems are used. The recom

mendations are in the areas of media utiliation, application of new
 

technology, and educational system organization....
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SELECTION OF A MEDIA SYSTEM--AN OVERVIEW 

Estimating the costs of purchasing, installing, implementing, and
 

operating a media system is not an isolated activity. Rather, it is part
 

of the broader overall process of media system selection.
 

Cost estimation, the subject of this study, must be preceded--and
 

followed--by certain other necessary activities to insure optimum results
 

from the use of a media system. These activities, while outside the scope
 

of this study, are examined briefly here to show their relation to cost
 

estimation.
 

The major steps in media system selection appear graphically in Fig. 1.
 

Although the component activities are presented and discussed sequentially,
 

it should be emphasized that the steps in media selection are interactive.
 

FAD MINISTRATIVE FACTORS 

Environment: 
number of students in total 

popula ion 1 

number .f schoolstype of school (grade level)tye fscoo 9-grdelve)DESIGN OF OSCS
|ESTIMATION OF SELECTION OF 

geographical location of schools ALTERNATIVE ALTER.\ATIVE APPROPRIATE 
radius of area MEDIA MEDIA MEDIA SYSTEMS 
size and density of general

population 
length of instructional day 

SYSTEMS SYSTEMS 

s Budgeting 
Scheduling
Political Considerations 

Etc. 

INSTRUCTIONAL FACTORS [ 

Syllabus requirements 
Learning objectives I 
Types of learning SPECIFICATION OF 
Presentation given to individual APPROPRIATE 
or group SENSORY STIMULI EMPHASIS AREA 

Number of unique presentations FOR THIS STUDY 
Average length of presentationEtc. "NOTE: 

,.,,,,,,,,,-,,,,,-,,...___.....-,. Feedback activities have not been 
..i...ure..SIndicated ......... &M for simplicity 

Figure 1. Selection of a Media System-An Overview 
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The results of an activity or activities in one step may not only provide
 

data for a subsequent activity, but may also modify activities that have
 

gone before.
 

The selection process begins with an examination of the educational
 

setting in which the chosen media system is to function. Most educators
 

agree that this setting consists mainly of an administrative component and
 

an instructional component. Each component contains limiting factors which
 

shape the specific data used in later stages of the selection process,
 

namely specification of appropriate sensory stimuli, design of alternative
 

media systems, cost estimation of the alternative systems, and ultimately,
 

selection of the appropriate system.
 

Final selection of a media system is followed by the customary procedures
 

of contract specification, review of bids, and award of a contract for equip

ment and installation. Two other "post selection" activities are essential
 

at this point--implementation (training and operation) and evaluation.
 

Logically, planning for these activities should be completed well before
 

this time. Some of the ground work should already have been laid at earlier
 

stages of the selection process. Staff acceptance of new media is more
 

likely if teachers have participated in the selection process and have
 

received instruction in how the new media are to be used. Operating proce

dures which allow for a period of adjustment must be carefully planned and
 

introduced.
 

Fig. 2 illustrates the sequence of general steps taken to determine
 

the cost of a media system. Blocks 1 and 2 produce the media system charac

teristics which determine the system's configuration. Blocks 3, 4, and 5
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develop the costs in each of the three divisions into which the system
 

has been separated. Block 6 sums up all costs prior to the selection
 

decision that is made in Block 7. Actually, decisions are made throughout
 

the entire process and some systems may be rejected or modified well before
 

Block 7 is reached.
 

-Needed 1'r, ran-ts P'oductlon -
AvalnbNcds Prod. Cost 

Pr,.,roarns 3 ' ' " °I' I 

Number of Programs of Chinnels 

Schedule of Tx Points 4 

ofoo.'School/I Consider Different System 

DETERMINE SYSTEM61 CONFIGURATION DETERMINZE COST D
DET~flIN~ sYrEMC~DECISIONN 

- OF CONFIGURATION D 

Figure 2. Cost Determinations 
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METHODOLOGY
 

The method of the study involves the specification of a task and an
 

environment. The task describes "what the system is doing" and the
 

environment describes "over what area and for how many people it is doing
 

it." A valid comparison of media systems can be made only when a single
 

real environment and the actual educational task are specified in detail
 

for each case under study. To attempt this type of approach would mean
 

the illustration of hundreds of cases consisting of different systems and
 

their variations applied to many educational tasks over many different
 

environments. This mounumental effort would still involve some generaliza

tions and assumptions and would only produce a larger group of system costs
 

which might result in more confusion than clarification.
 

Therefore, we have chosen a general expression for the task and a
 

small number of generalized environments to construct a framework for
 

media costs. Hopefully, this method may reduce the errors in system
 

comparisons. It will not eliminate them. Where a media system does not
 

fit a portion of the model at all, it will be so indicated. Where a media
 

system does not fit a portion of the model as well as another system, it
 

will be costed and explanatory notes appended (in the full original report)
 

to describe the problem.
 

Environments Defined
 

Each media system is costed with respect to a number of environments.
 

The environments are to a great extent hypothetical. However, they are
 

models which were created after examining actual data. In particular,
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city and metropolitan area descriptions closely resemble the city of
 

Washington, D.C. and its environs. The geographical areas and population
 

densities of the other environments are similar to those found in section
 

of the United States.
 

Local District Model: The smallest environment is the school district
 

which may vary in size from a few hundred to over a million students. The
 

size chosen for this study was 15,000 elementary and secondary students in
 

an area of approximately 80 square miles. Although the majority of school
 

districts in the United States are much smaller, those with 3,000 or 4,000
 

students will not have the distribution problems which become extremely
 

important in larger systems. Also, some of the media systems are too
 

expensive (even in their smallest configuration) to be supported by a small
 

district. However, if these smaller administrative units join together in
 

a cooperative effort of about 15,000 students, the costs can be apportioned
 

on a per pupil rate for each unit.
 

The school district used as the model consists of 14 elementary schools
 

and four secondary schools. The elementary schools are a combination of K-6
 

and K-8 configurations, ano the secondary schools include junior, senior,
 

and possibly a vocational high school. For the purpose of this study, an
 

elementary school will have an average of about 600 students; a secondary
 

school will have an average of about 1,400 students. (The student population
 

in each environment [local, city, state, etc.] has been rounded off to form
 

convenient numbers; as a result the number of students per school when
 

multiplied by the number of schools will not produce the exact student
 

population indicated.) The school district is irregular in shape, but all
 

the schools are within a circle whose radius is six miles.
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City Model: The city covers an area of 70 miles and has a total
 

population of about 800,000 with approximately 11,500 people per square
 

mile. The shape of the city is roughly rectangular and the entire area
 

can be encompassed by a six mile radius circle. There are 150,000 stu

dents in 136 elementary and 46 secondary schools. The city can consist
 

of a single school district or a number of school districts which cooperate
 

to gain efficiency and economy through the use of a common media system.
 

The city is not the largest nor most densely populated in the United
 

States. By way of comparison, New York City has approximately nine times
 

the population, four times the area, and more than twice the population
 

density of the city used in this study.
 

Metropolitan Area Model: The population of the metropolitan area is
 

approximately two million. Its perimeter has an irregular shape and sur

rounds an area of approximately 1500 square miles. Because of its irregular
 

shape, a circle with a 30 miles radius (2800 sq. mi.) is necessary to
 

completely cover this area.
 

The metropolitan area, which contains a number of dchool districts,
 

has 546 elementary and 183 secondary schools with a total of 600,000 students
 

(K-12). It is assumed that these districts would cooperate with one another
 

for some large media projects to achieve economy of operation.
 

State Model: The state has a population of about 4.5 million people.
 

It does not contain a metropolitan area as large nor as populous as described
 

above, though about 60 percent of the population is urban. It has an area
 

of about 40,000 square miles and a population density of about 110 per square
 

mile. Approximately one million students (K-12) are distributed among 920
 

elementary and 310 secondary schools.
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Regional Model: The region is approximately a 10 to 1 extrapolation
 

of the state, but a smaller population density is used to bring this figure
 

closer to the national average. The region has an area of 550,000 square
 

miles and a population of about 42 million.. There are 10 million students
 

The region contains a few
in 9200 elementary and 3100 secondary schools. 


widely distributed metropolitan areas but no continuous corridor such as
 

is found between Boston and Washington. (The corridor is considered
 

separately in the full original report).
 

Educational Task Defined
 

The task assumed in this report is: To provide each student with
 

material via some medium during a average of 10% of his actual instructional
 

media
time. In reality, no subject is taught entirely by the use of a 


system. Some subjects may not use the media system at all. More than 10%
 

of some subject may be presented by a media system. This task is general
 

in nature so that it may be applied to any system. Wher. a single system
 

is considered for solving an actual problem, the task can be specified in
 

terms of particular subject material and relative effectiveness of the media
 

for the material.
 

A difficulty with respect to this study is not that the task is general
 

in nature, but that it is not defined in units that have a relationship to
 

system design. To bridge this gap, the following exercise is offered to
 

illustrate the method used for this study to convert the general 10% of
 

the defined environments. In a real situation, this exercise is unnecessary.
 

The programs, lesson units, and other related factors would be determined
 

from the educational objectives of the real situation.
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Program Requirements for a Local Environment
 

What follows is a description of the method used in this study to
 

estimate the approximate number of unique programs which would have to
 

be produced or acquired to perform a generalized educational assignment
 

over a period of one year. The method is applied to grades 1 through 12
 

in two separate groups: grades 1-8 and grades 9-12. Only the calculation
 

for grades 1-8 is shown in this abridgment.
 

For this illustration, it is assumed that general program material
 

(enrichment, background material, general science, etc.) is acceptable
 

for use over a four-grade span (average), e.g., 1-4, 3-6, 9-12. It is
 

also assumed that specific subject-oriented material is acceptable for
 

use in a single grade and only by a portion of the students within that
 

grade; for example, Algebra I may only be applicable to algebra students
 

in grade 8.
 

It is assumed that the students in grades 1-8 are engaged in a
 

single course of study, though this is not without exception.
 

In some cases, course specialization may occur in grades 7 and
 

8; occasionally, elementary schools, especially private schools,
 

may offer different ^ourses. It is assumed that there are 900
 

hours in a school year.
 

180 days/year x 5 hours/day = 900 hours/year
 

It is assumed that 70% of the student's total time in school
 

is available to receive media presentations. (This excludes
 

lunch, study periods, etc.)
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900 hours x 0.7 - 630 hours available for media presentation.
 

It is assumed that media will be used an average of 10% of this
 

time.
 

630 hours x 0.1 - 63 hours average media usage/student/year 

It is assumed that 50% of the material presented applies to only 

a single grade. 

63 hours/grade x 8 grades x 0.5 - 252 hours of material for 

single grade use
 

It is assumed that 50% of the material is applied to an average
 

of four grades (some material may apply to eight grades).
 

63 hours/grade x8 x 0.5 = 63 hours of material for multigrade

4 

use 

252 hours single grade materials 

63 hours multigrade materials 

315 hours of unique material for grades 1-8 

Total unique programming 

grades 1-8 = 315 hours 

9-12 = 655 hours (Calculation of this is shown in the full 
report.) 

= 970 hours of 1,000 hourd 

It is assumed that each program is 20 minutes long. 

1,000 hours x 3 program/hour - 3,000 unique programs to study 

10% average media coverage in a local district 



A-III-11
 

Program Requirements for City Environment and Ahnva 

If 1,000 unique program hours are sufficient to accomplish the task
 

assigned to a single school district, will the same number of hours be
 

sufficient for all the school districts in a state?
 

The concept of unique programming hours used in this study does not
 

directly take into account the actual subject material involved. The
 

method may be adequate to determine the average number of unique program

ming hours needed in a school or school district. However, an increase
 

in overall program hours may be necessary when the task is applied to a
 

larger environment such as a state or region. The 1,000 hours may be
 

adequate to supply each student (on an average) in a school or district
 

with 10% media usage or availability. Due to overall curriculum dif

ferences, such as a larger number of subject offerings and differences
 

in teaching methods, the 1,000 hours of unique programming may be
 

inbufficient to provide 10% media coverage when applied to a large
 

number of schools or school districts.
 

Taking this factor into account, the following number of hours
 

of unique programming will be assigned to each area.
 

Local 1,000 hours 

City 1,200 hours 

Metropolitan area 1,300 hours 

State 1,500 hours 

Region 1,600 hours 
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Cost Structure
 

The stated task, to provide each student with material via some 

medium during an average of 10% of his total instructional time, offers 

a common source of data for the design of each media system. The defini

tion of environments provides a method of examining systems as they are 

affected ty an alteration in the size of the environment. 

Classification by Function--Analysis for cost estimation can be
 

further aided by classification of the elements of each media system as
 

they relate to production, distribution, and reception.
 

Production: Production costs are those incurred in the inception,
 

creation, development, and preparation of the instructional content. The
 

acquisition of media programs and its related costs, such as selection
 

and other handling, are also classified as production costs. For a media
 

system, these costs must include the cost of curriculum design, the use
 

and development of research and evaluation teams, media specialists,
 

facilities, and all the myriad of inputs necessary to produce a successful
 

learning experience for the student. Specific examples are script writing
 

and recording of programs for radio and television.
 

Distribution: Distribution costs are those incurred in changing or
 

copying the material from its original form, if necessary, and sending
 

it to a point at which it will be reconverted to a usable form for the
 

student. Usually, the transmitted material is not in a form which is
 

immediately useful to the student. Examples are duplicating original
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tape and broadcasting for television, duplicating and mailing film from
 

a processing center to a school, or duplicating and playing tape and
 

transmitting to headphones in language laboratories.
 

Reception: Reception costs are those incurred in changing the form
 

and presenting the distributed material so that it is useful to the student.
 

Examples are antennas, TV sets, film projectors, screens, headphones, and
 

carrels.
 

Classification as Capital or Operating Costs--Production, distribution,
 

and reception costs can be classified as either capital (initial) costs or
 

operating (annual) costs. Costs classified as capital costs include all
 

purchases of goods and services that have a useful value of longer than
 

a year or that are not incurred every year.
 

Equivalent Annual Cost: To simplify cost comparisons, the capital
 

costs can be amortized over the life of the investment and added with
 

interest to the average annual operating cost to form an equivalent annual
 

cost. The result is a uniform yearly figure which includes authorization
 

and interest. These costs can be examined for each environment to determine
 

cost trends as they relate to student population, area serviced, etc. To
 

calculate the equivalent annual cost, first a capital recovery factor
 

(c.r.f.) is obtained from standard financial tables for a particular
 

interest rate and life of the purchase. For example, the c.r.f. for five
 

years and 1% interest is a little over 20%. The capital cost is multiplied
 

by the c.r.f. and the product is added to the annual operating cost to
 

obtain the equivalent annual cost.
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Cost Structure Model
 

A cost structure can be established which encompasses the capital
 

and operating costs for production, distribution, and reception for each
 

This cost structure is illustrated in Fig.3.
system in each environment. 


Cube "A" illustrates an area of costs which is associated with the
 

operating expenses during the production (acquisition) of educational
 

material to be used by a media system in a metropolitan school environment.
 

Cube "B" is symbolic of operating costs for distributing instructional
 

materials within a local school district.
 

Figure 3. Cost Structure Model
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Sources and Use of Cost Data
 

The collection of cost data pertaining to an element of a media
 

syatem usually resulted in a range of costs, not a precise value. The
 

costs were collected from the following sources: equipment catalogs,
 

reports (both objective and subjective), private conversations, and
 

personal experiences.
 

The sources of cost data are indicated in most cases in the full
 

original report, but there are some instances where the source is not
 

mentioned. These data costs are derived from the experience and personal
 

investigation of the project participants. In those cases where the numbers
 

presented need to be qualified, the type of interpretation which should
 

be placed on their value is indicated.
 

To estimate total costs for the systems investigated, a single value
 

for each item was selected from the range of costs collected. The choice
 

was usually based on intuitive feeling of appropriateness for the environ

ment. In most cases, the value selected might be the mode of the frequency
 

distribution of selections by purchasing agents under the given conditions.
 

The assumptions which were made to derive the estimated costs are included
 

in the report as the need arises.
 

The actual dollar cost per system may not be directly applicable to
 

a specific educator's unique problem, but it can indicate general cost
 

trends. The value of this cost structure lies in the generality of its
 

approach. The variables of a real situation can be applied to the struc

ture to provide more realistic comparisons for an actual situation. The
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cost structure might be looked upon as a tool which can be applied
 

along with measures of "media effectiveness" to solve "real world" 

problems.
 

COST ESTIMATES 

Costs were estimated for each of the media systems investigated 

using the basic model discussed ..r.the previous section. (The detailed 

cost data are presented in the or~ginal study, available from the ERIC 

Document Reproduction Service,) 

Graphical illustrations have been prepared from the cost data. There 

are two major sets of graphs presented and discussed in the full report.
 

Each graph in the first set presents the production, distribution, and
 

reception costs for one instructional media system. A second set presents
 

graphical comparisouis of the cosl:s of media systems. Production, distribu

tion, reception, and total costs are shown individually. (In this abridg

ment, detailed estimates are provided only for television, but comparisons
 

between the different media systems are included.)
 

The following graph presents the production, distribution, and reception
 

equivalent annual cost per student, i.e., annual operating cost plus amorti

zation with interest. The cost per student is shown over the range of
 

environments. The environmenzs are listed across the bottom of the graph.
 

Each of the five environments has a given number of students and the costs
 

have been estimated only at these five points.
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Television Production Cost
 

Fig. 4 presents the equivalent annual production costs, operating
 

plus amortization, used for each television system. The production of
 

instructional television materials can be treated independently of distri

bution and reception, and it is, therefore, presented and discussed before
 

the individual television systems are presented. Three different costs
 

for production of materials are shown.
 

Minimum Production Cost: This is the minimum estimated cost of
 

producing usable instructional television material. It is based on a
 

$300 per hour basic production cost plus a fraction of a rental cost of
 

$145 per hour plus associated costs of administration, related materials,
 

and research and evaluation. (Complete figures and rationale are shown
 

in the full original report.)
 

High Quality Production Cost: This is an estimate of the costs of
 

advanced state-of-the-art production based on $5,000 per hour production
 

cost and rental at $145 per hour plus associated costs of administration,
 

related materials, and resqarch and evaluation.
 

National Programming Source Costs: This cost assumes that a national
 

center provided copies of materials at a figure approaching the duplication
 

cost. No such source of instructional material now exists.
 

The number of hours of programming i. the model increases from 1,000
 

at the local level to 1,600 at the regional level.
 

The costs shown in Fig. 4 indicate that the cost of high quality
 

production is $91 per student, which is certainly beyond the funding ability
 



A-III-18
 

$91p
 

Per Student 
Equiva!ent 
Annual Cost 

20-

Key: 
I High Quality 
90 Minimal 
CM National Programming 

Source 

15

10

5-

Students 

LOCAL 

15,000 

CITY METRO 

150,000 600,000 

Figure 4. TV Production Costs 

STATE 

1,000,000 

REGION 

10,000,000 



A-III-19
 

of a local school system of 15,000 students. The minimal programming
 

cost for such a system is about $18 per student per year, which is still
 

a large figure. Therefore, the minimum programming costs were used in
 

the model for the local and city school systems. Although it would be
 

desirable to offer the high quality materials in these schools, no school
 

systems are presently able to do so. (If a different estimate of the cost
 

is desired, the reader can substitute either the high quality or the
 

national pr,-gramming source costs shown in the tables in the full original
 

report.)
 

The most important observation concerning production costs per student
 

is that the cost decreases rapidly as the number of students increases.
 

This behavior is typical of a fixed cost. The costs in the production
 

category of the model are mostly those of producing the television programs.
 

This programming cost has two variables, price and quantity. Quantity
 

increases as larger areas are served. The increase in program hours is
 

necessary because a wider range of student is encompassed by the larger
 

system. An increase from 1,000 hours for the local environment to 1,600
 

hours for the regional environment was assumed in the model. Unfortunately,
 

it is very difficult to estimate how large the increase should be. Even
 

if it were 300%, tha production cost for the largest system would be less
 

than a dollar per student per year. The price of materials for the larger
 

environments has not been increased directly, but the percentage of rented
 

materials was decreased slightly. Fewer rentals means increased costs
 

because rental is less expensive. In practice, the amount spent per pro

gram does seem to increase with the size of the area served, in contrast
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to the constant cost per hour assumed here. This is mostly a budgetary
 

effect. Larger schools have more money, but since their programming is
 

almost always below the "high quality" level, they spend more per program
 

whenever funds are available. Since high quality production is provided
 

in the model, no such increase is needed here.
 

Looking at the annual production costs per student, it is encouraging
 

to find that high quality materials can be produced for under $11 per
 

student for all areas of city size or greater. If minimum programming is
 

acceptable, even school systems of 15,000 can produce materials for under
 

$20 per student per year. There is at least one system in the U.S.--the
 

Washington County, Maryland, system--which is spending that much for
 

programming. Finally, if a national center for copying a large supply
 

of good materials were available, the programming cost would be about $10
 

per student for the local school and would decrease to only a few dollars
 

for larger areas.
 

The production cost figure points to the need of school systems to
 

cooperate in obtaining instructional television materials. It appears
 

that any one school syetem will have great difficulty in financing its
 

own production at any but a minimal level. Schools should join together
 

in a cooperative production effort. It seems strange that no sizeable
 

amount of cooperation in producing materials for physically separate dis

tribution systems has taken place. The most obvious reason that cooperation
 

has not been practiced is that each system has different problems and its
 

materials reflect those problems. On the other hand, thousands of school
 

systems use the same textbooks.
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Equipment for Television Reception
 

The reception cost for each individual school must be computed before
 

the actual reception equipment costs for a school district can be deter

mined. The costs vary with the size of each school. An average cost per
 

school could be obtained which would produce a fairly accurate cost extra

polation over areas larger than a single school district. This study will
 

use two average costs, one for a small school (elementary) and one for a
 

larger school (secondary). This method is used to illustrate that some
 

costs vary with the number of television sets in use, and some costs are
 

somewhat independent of this number.
 

The enrollment of the smaller school is 500 to 700 students. It con

tains 20 or more classrooms, and 20 rooms are wired for television reception.
 

However, only 10 are supplied with television sets. This allows for future
 

expansion or th use of portable sets which can be moved from room to room
 

as needed. Ten television sets in this size school are adequate for the
 

common task used throughout this study.
 

The larger school's enrollment is 1,000 to 1,500 students. It contains
 

40 or more classrooms. Thirty-five rooms are wired for television reception,
 

and 20 rooms are supplied with television sets.
 

Television sets, stands, wiring of distribution coaxial cable, and a
 

distribution amplifier are the basic reception equipment in all of the
 

television systems. To the cost of the equipment is added the particular
 

equipment costs which vary from system to system. Thus, the difference in
 

reception equipment costs for each system consists mainly of the differences
 

in antenna, preamplifier, tower, and converter costs for each system.
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Standard 525 line 23-inch monochrome receivers are used throughout
 

all of the systems. All of the system also use radio frequency distribu

tion within the school building. No consideration is given in this study
 

to special high resolution television systems using video monitors operating
 

with rasters of more than 525 lines such as might be required in a medical
 

school.
 

Included in the hardware costs are the costs of installation, sighting
 

of antennas, and system checkout. Thus, some schools would actually have
 

higher or lower reception costs. All reception costs are based on four

channel operation. Operation of fewer channels would not significantly
 

reduce reception costs.
 

Brief Descriptions of T.V. Media Distribution Systems
 

Airborne T.V.- C-130 aircraft equipped with video tape recorders and
 

transmitters would provide four channels of UHF television coverage over
 

about a 200 mile radius for the state. Eight such systems would be required
 

for the region.
 

ITFS - Four channels of standard Instructional Television Fixed Service
 

equipment would provide service for the local and city environments. Five
 

such stations would be connected by off-the-air pickup for the metropolitan
 

system. The state and regional systems assume the use of a proposed higher

powered ITFS system with microwave relay between six stations for the state
 

and 73 stations for the region.
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UHF Broadcast Stations - Four channels of standard URF broadcasting
 

equipment would provide service for the local, city, and metropolitan
 

environments. For the state and regional environments, microwave relay
 

of the signal from a central point to each of 20 stations for the state
 

and 154 stations for the region is assumed.
 

Closed Circuit T.V. - Coaxial cable and microwave facilities would
 

be used to connect each school with a central distribution center.
 

Satellite T.V. - A synchronous satellite equipped for four channel
 

broadcast was derived from the computer model of G.E.'s Missile and Space
 

Division. ThiL model was based on 1973 projected technology.
 

VTR - This system assumes that each school is equipped with 4 helical

scan video tape recorders and a complete library of tapes.
 

Brief Description of Other Media Systems
 

Film or Audio-Visual Media System - Equipping of each school with 16mm.
 

sound projectors and a minor amount of equipment for slides, filmstrips and
 

transparencies is assumed. Film prints are purchased by a central facility
 

and circulated to each school by truck.
 

Educational Radio - A four-channel FM multiplex system would broadcast
 

from separate stations, each obtaining tapes from a national production
 

facility. Each school room is equipped with a receiver.
 

Learning and Language Laboratories - For the local and city environments,
 

a 30 station interactive audio facility for languages at each high school and
 

a 30 station non-interactive audio facility at each elementary facility is
 

assumed.
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Dial Access -
The dial access system would consist of a central bank
 

of audio tapes prepared by the teacher which can be presented over a class

room speaker upon demand in any classroom.
 

Comarlson of Cos=s
 

The following graphs illustrate the equivalent annual cost per student
 

of the production, distribution, reception, and total cost categories for
 

all media for each environment. 
These graphs are used in discussing the
 

cost comparisons of the media systems.
 

Production Costs
 

Fig 5. shows annual equivalent production cost for each media. 
The
 

cost for productio- of television and film per student per year is quite
 

high, but the production cost for television decreases rapidly from $18 to
 

250 as the number of students is increased. Recall that programming is the
 

major portion of production cost. 
At the local and city levels, low-cost
 

programming for television was chosen for the model while high quality
 

programming was specified for the larger areas. 
 In contrast, because of
 

present film print pricing practices, the film cost for production does not
 

decrease with higher numbers of students. It increases from $37 to $46
 

per student per year. 
The increase reflects the increase in the number of
 

programming hours from 1,000 at the local level to 1,600 at the regional.
 

The present pricing practices do not reflect the large increase in volume
 

which is incorporated in the model, and might well change if 
an increased
 

volume of prints were assured. 
Nor do the present pricing policies take
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Figure 5. Production Cost Comparison 

into account the possibility of producing coordinated series of lessons 

with a simpler instructional television format. These would probably
 

cost considerably less per lesson. On the other hand, to change these
 

practices would lead to abandoning of one of the peculiar advantages of
 

film, i.e., the ready availability of a wide range of materials of high
 

technical quality.
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The costs for radio production are somewhat high, about $4, at the
 

local level, but decrease rapidly with larger numbers of students. 
The
 

cost for the metropolitan and other areas is approximately $1 and less.
 

The costs are based on rates higher than the present cost of obtaining
 

duplicates for the Educational Audio Network. The increased rate provides
 

funds for producing new series of instructional materials. The radio pro

duction costs also includa costs for noninstructional broadcasting of about
 

$1 per 100 persons in the broadcasting area. The radio production costs
 

are much lower than the television production costs.
 

The production costs for language learning laboratories, around $2
 

per student per year, is not strictly comparable to the production cost
 

for the other systems. The language laboratories can occupy 10% of the
 

student's time without 1,000 hours of unique programming, which is the
 

amount of programming assumed for other media at the local level. Nor
 

is it at all obvious that the student should spend 10% of his time using
 

a language laboratory. Therefore, a figure of 225 hours of unique program

ming has been used in the model. The elementary schools are assumed to use
 

a passive or listening-only system. Only a small amount of money has been
 

made available for programming for the elementary schools.
 

The production cost for the classroom dial access system is quite low,
 

i-e., $2 at the local level and considerably less than 50c at the city and
 

metropolitan levels. The production iiost includes 1,000 hours of tapes of
 

various readings, evevts, music, etc., which are presently available at a
 

low cost of about $10 per hour. Because the system has 67 channels, and
 

because of the general nature of the material, the instructional technique
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would largely consist of selecting short segments of the materials by the
 

teacher. The teacher would assemble an instructional sequence for a
 

particular class. This is quite different from the production of radio or
 

television materials where the more limited number of channels assumed in
 

the model means that most of the materials would be organized into complete
 

instruction sequences by a central facility.
 

In summary, it can be said that production for visual materials can be
 

accomplished at the reasonable cost of several dollars per student if the
 

number of students in the system is in the hundreds of thousands. Moreover,
 

the price structure for the materials must reflect the large volume. At
 

present, television production cost is considerably less than the cost of
 

producing films.
 

The production cost of aduio materials for the 10% task is less than
 

$1 per student when the number of students reaches the level of 100,000.
 

If teachers produce their own tapes or if the somewhat limited number of
 

tapes now available is used, the cost is only a few dollars per student
 

even at the local level. Each of the aduio methods is inexpensive to
 

program at the city level.'
 

Distribution Costs
 

Fig. 6 presents the equivalent annual cost of distribution for each
 

instructional media system. The costs of many of the systems which were
 

examined across the eniire range of environments show the same type of
 

behavior, i.e., decreasing cost per student in the range from local to
 

city and metropolitan area and then an increase from the metropolitan to
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Figure 6. Distribution Cost Comparison 

the state and regional levels. The change in the number of students per
 

basic transmitting unit of the distribution system causes this behavior.
 

The city and metropolitan areas have densities on the order of 1,000 stu

dents per square mile, which the state and regional densities have less
 

than 50. In general, the higher the cost of the basic unit, for example
 

a radio transmitter, the higher the cost per student foi the local area
 

but the lower the cost for the larger areas. The local area does not
 

utilize all of the larger systems' potential.
 

http:IATII.li
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The television distribution systems are relatively expensive to use
 

for the local school system, but become quite reasonable for the city and
 

larger areas at about $2 or less per student per year.
 

The lowest-cost television distribution systems ar2 the present ITFS
 

for local, city, and metropolitan area coverage and the new proposed higher

powered ITFS system for Lhe state or regional areas. The UHF and closed

circuit systems are only $1 per student per year more than ITFS at the city
 

level. It should be noted, however, that the costs for this new type of
 

ITFS equipment are conjectural, since none has been produced or operated.
 

Also, almost all of the cost difference between UHF and the proposed
 

higher-powered ITFS is due to higher power, more attention to providing a
 

readily available signal, better control and monitoring, and higher opera

tional reliability of the UHF system. The two systems are almost ;-he same
 

from a technical standpoint. It would be feasible to change either service
 

to more closely resemble the other, although the FCC would have to approve
 

such changes.
 

The projected 1973 satellite costs of a little under $2 per student per
 

year and the airborne cost,.which is slightly more, are roughly competitive
 

with the higner-powered ITFS system for larger areas. The cost of the air

borne system declines from state to region because the coverage patterns fit
 

together better in a larger area.
 

The VTR system which places a video tape recorder and tape library in
 

every school is quite expensive, about $36 per student per year. The cost
 

would not decrease for larger areas since the basic cost is multiplied for
 

each school.
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even cheaper than television,
The radio distribution system is 


particularly at the local level where it is only $2 per student per year.
 

The language laboratory distribution system costs about $1.50 per 

student per year for all of the environments for which it was costed.
 

The dial access distribution system is the most expensive audio system
 

to $5 per student per year, ranging from the local to the metropolitan
at $3 


The dial access system was not investigated for state or regional
areas. 


areas, but the costs would probably increase substantially because of
 

increased transmission line charges.
 

The film distribution system costs about the same as dial access or
 

The costs are in the $3 to $6 per student per
closed-circuit television. 


year range.
 

In summary, television and radio are both available for the city and/or
 

metropolitan areas at less than $1 per student for distribution. In the
 

local school district, the distribution cost of the language laboratory and
 

radio system is considerably less than any other system, about $2 per student
 

per year. The radio system is a high-powered service which can serve homes
 

as well as schools 18 hours per day. Film or classroom dial access distribu

tion can be accomplished for $3 to $6 per student per year depending upon the
 

size of the area. The VTR in the school is not an efficient method under the
 

assumptions presented in the model. Among the television systems, for distri

bution cost alone, the ITFS system is cheaper for the local and city areas.
 

For the larger areas, only a change in FCC rules to permit higher power will
 

allow ITFS to be competitive with UHF or airborne for the state and region.
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It should be noted that effectiveness has not been studied, and that
 

some of the fairly small differences in distribution costs may be offset
 

by educational advantages or disadvantages.
 

Reception Costs
 

The equivalent annual costs per student for reception are presented
 

in Fig. 7. The reception costs show a more constant behavior pattern as
 

a function of area size than do the other costs.
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The television costs fall in a band about $1 wide centering on $6.50
 

for the local system and decreasing to $5 per student per year for the
 

regional system. Closed-circuit, VTR, and UHF broadcasts have the lowest
 

costs. Airborne and ITFS have the highest costs because better antennas
 

and towers are needed. The reception costs for the satellite system are
 

projected at slightly less than the others because 1973 technology is
 

assumed for this system. The present cost for this equipment would be con

siderably more. Approximately $2.50 of television reception cost per student
 

is for teacher training and another $2 is for the television set.
 

The radio reception cost decreases from about $3 per student at the
 

local level to about $1.50 per student per year at the regional level.
 

The film reception cost is about $9 for the local system but decreases
 

to $8 per student per year for the metropolitan area. Film reception costs
 

is the highest of all the media, but is only insignificantly higher than
 

the television reception cost for the metropolitan area.
 

The language learning laboratories reception costs are slightly higher
 

than radio reception costs because they include the carrel.
 

The reception cost for classroom dial access is the cheapest of the
 

media--less than $1 per student per year at the city and metropolitan level.
 

The dial access reception equipment consists of one loudspeaker per room.
 

In summary, television reception cost-including $2.50 for teacher
 

training--is about $6 per student per year. The reception cost for closed

circuit or VTR network is slightly more than for the other television systems.
 

Film reception cost is somewhat more. The reception cost for radio is about
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$2 except for the local area where it is about $3 per student per year. 

The reception cost for the language laboratory is slightly more than for
 

radio. The classroom dial access cost for reception is very low, about
 

50¢ for the city or the metropolitan area. 

Total Cost
 

The total equivalent annual cost per student is shown in Fig. 8, and
 

is perhaps the most important costs of all.
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The total costs fall into two broad bands with only a few exceptions.
 

The television total costs (except for the VTR system) fall between $30 and
 

$40 per student per year for the local area (5%to 10% of yearly expenditures).
 

They converge on $10 for the city and roughly the same for the metropolitan
 

area. They then spread to a range of $6 to $14 for the state and regional
 

areas. The 1973 satellite has the lowest total cost but only by an insigni

ficant margin. The ITFS system is less in the local areas. For the city and
 

metropolitan areas, costs are so close that technical questions of channel
 

space would probably be more important and would no doubt favor the closed

circuit system. Much the same can be said for statewide multichannel systems
 

unless FCC rules are changed.
 

The results for the audio systems, language learning laboratories,
 

classroom dial access, and radio systems form the second band and all fall
 

in the $8 to $10 range for the local area and in the $3 to $6 per student
 

per year range for the city. The radio system is about $2.50 per student
 

per year for the metropolitan area and $3.50 and $2.50 for the state and
 

region, the lowest cost of any system.
 

The VTR system with video tape recorders in each school costs about
 

$65 at the local level, considerably more than any of the other systems.
 

As cheaper and more reliable machines, high speed duplication, or the CBS
 

Laboratories' EVR system become available, VTR should be given additional
 

attention.
 

The total costs for film are about $50 per student for the local, city,
 

and metropolitan areas, but rise to about $59 per student per year at the
 

state and regional level.
 



A-1I-35
 

In summary, audio instructional materials can be supplied by radio
 

for as low as $2 to $3 per student per year. Visual material costs are
 

about $10 per student per year when they are delivered by television in the
 

city or metropolitan areas. Several new methods are available for coverage
 

of wider areas at about the same or slightly lower cost. Smaller school
 

distrt.=ts must cooperate with one another or pay considerably more.
 

Effect of Number of Channels and Task Size on Cost Per Student
 

The cost figures presented in the discussion of television and radio
 

have been costs for a four-channel service. 
The four channels accommodate
 

the defined task of 10% of student time with a considerable margin for 

repeated broadcasts and expansion. There is, of course, the possibility 

of changing the task and/or changing the number of channels. An estimate 

of the cost of doing this is shown in Fig. 9 and Fig. 10. 

Fig. 9 presents the change in cost with a switch in the number of 

channels from four to two and one for selected television systems. The 

figures are obtained from those in the descriptions using the same produc

tion and reception costs per student and the distribution costs for one and 

two channels. It is assumed that a single six or eight-channel converter 

to UHF can be designed. The additional cost is quite small, little more
 

than $1 for six or eight channels. Regulatory limits on the number of
 

channels might preclude such additions, however.
 

Fig. 10 considers the effect of a change in the level of the task
 

accomplished by the instructional media system. The basic level of the model
 

is 10% of student time. For a 20% task, the programming portion of production
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cost would almost double. Other costs would remain about the same. The
 

result, roughly a 20% increase in total cost, is shown in Figure 18 for
 

the closed-circuit metropolitan system. Other television systems at the
 

metropolitan level would change the same amount, given the above assump

tions.
 

A combination of the two changes--a 20% task and an eight channel
 

system--would result in an increased cost of only about 30%, but this is
 

only a very crude estimate.
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COST-SAVINGS CONSIDERATIONS
 

One objective of this study was to investigate ways in which costs
 

in instructional media systems could be reduced. This section serves two
 

purposes. The first is to present an overview of how cost savings may be
 

achieved, the second to present suggestions which may lead to possible cost
 

savings through organizational changes in the educational systems.
 

Three areas can be identified where changes are necessary if cost
 

savings are to be achieved:
 

1. The utilization of media systems,
 

2. The technology of media systems, and
 

3. The organization of educational systems.
 

A discussion of each of these three areas is presented in this section.
 

Utilization of Media Systems
 

Wide-scale adoption and more intensive use of the media will result
 

in cost reductions on a per student basis in the areas of production, distri

bution, and reception, as discussed below.
 

Production Cost Savings from Increased Utilization
 

Significant savings will result if a production effort can serve a
 

larger number of students. However, if materials are to be accepted for
 

widespread use, the quality of content and presentation must be improved by
 

making more effective use of learning theory, techniques to motivate students,
 

and studies of the curriculum needs of the schools. Presentation of materials
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.ould result in an increase in overall-production cost but,
in this manner 


through wider utilization, would also result in a decrease 
in production
 

cost per student.
 

Savings in quality production are predicated on the assumption 
that the
 

need for materials is relatively uniform in widely scattered 
school districts
 

and that reliable, convenient distribution and reception systems 
would be
 

available to transmit these materials. The existing widespread adoption of
 

the same textbook would seem to indicate zhat these assumptions 
are reasonable.
 

However, some coordinating mechanism is needed to guide the production 
and
 

The cooperation of school
distribution of materials for the newer media. 


an essential ingredient in the development of such a mechanism.
districts is 


Fig. 4, earlier in this abridgment, illustrated the cost savings
 

possible through wider utilization of the materials produced for 
television.
 

The cost per student drops rapidly with the increase in the number of students
 

This cost decrease occurs although there are two assumptions in the
served. 


model which would tend to have the opposite effect: (1) the number of hours
 

of material required increases 60% from the local to the regional environment,
 

and (2)the quality of material changes from "minimum" at the city level to
 

"high" at the metropolitan level.
 

tilizatorn
Distribution Cost Savings from Increased 


The distribution cost per student can be reduced if
 

1. More students can be served from a central facility, or
 

2. Mass reproduction methods can be found for making inexpensive
 
copies of original materials.
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The service of a media system can be increased through the use of
 

network television techniques--higher transmission antennae, increased
 

transmission power, and the electronic relay of materials between school
 

districts. Satellite and airborne television systems are also well suited
 

to covering vast areas containing large numbers of students. More intensive
 

use of such methods can reduce per student cost considerably, but only if
 

materials and schedules are appropriately tailored to the educational needs
 

of participating schools. To accomplish this, transmission centers must
 

have multiple channels available, and schedules and materials must be
 

coordinated with the schools.
 

Fig. 11 shows the behavior of distribution cost for broadcast television
 

systems as a function of the number of students served. The cost per student
 

decreases sharply over the range from the local to the metropolitan level.
 

On the other hand, no decrease occurs from the state to the regional level
 

because the population density does not increase; in other words, the utiliza

tion of any one station does not increase from the state to the regional level.
 

The critical factor in lowering the cost of reproducing original materials
 

is the anticipated volume of distribution. Unless the volume is large enough,
 

the development effort required to find inexpensive methods of duplicating
 

films and video tapes would not be worthwhile. Present copying techniques
 

are based on high quality broadcast standards and low volume. Although high
 

speed reproduction of video tapes is potentially possible, the necessary
 

techniques have not been developed. The price of a film print is many times
 

the cost of making the print because of the low recovery rate of production
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and 	marketing costs. Assurance of a high-volume market for copies of video
 

materials or federal financing of the needed research would encourage low
 

cost reproduction methods to copying video educational materials.
 

Reception Cost Savings from Increased Utilization
 

Savings in reception costs can be effected through
 

1. 	Increased student utilization of some portions of the
 
reception system, and
 

2. 	Lower costs of components through the adoption of mass
 

production methods.
 

Portions of the reception system would cost less per student if more student
 

hours were devoted to the media. The central reception and distribution
 

segments in the television reception systems are examples of areas where
 

greater utilization would lower per student cost. However, since most of the
 

reception cost is for the television set and teacher training, more students
 

in the schools would not necessarily lower costs per student. The students
 

would still need a television set and a trained teacher.
 

The discussion above shows that an increased number of students using
 

a media system tends to lower per student costs. Also, there is another
 

increase in the utilization of the media which would tend to affect cost
 

favorably, i.e., the increased use of the system by the same students.
 

Although the actual cost per student would rise as the system is expanded,
 

the cost does not increase as rapidly as service is increased. Therefore,
 

if total educational costs are considered, more intensive use of media
 

systems may be desirable since the change in the cost of providing addi

tional units of instruction is quite small.
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Improved Technology for Instructional Media
 

Improvements in the instructional media technology should lower the
 

cost of the media. Several technological advances are suggested in this
 

volume. For example, the satellite system is not now in existence; the
 

The suggested use of a fourhigher-powered ITFS system is a new proposal. 


channel television system would also be an innovation. Some aspects of the
 

classroom dial access and language laboratories are new, and the multiplex
 

radio system is not now in educational use.
 

Organization .of Educational Systems
 

The behavioral objectives and the types of learning associated with
 

The mode
those objectives are key elements in the media selection process. 


of presentation whether group or individual, is also an important considera

tion in the selection procedure. If these elements play a part in the
 

selection of a media system, it may be assumed that the need for both group
 

and individually-oriented systems will be recognized. Would this change the
 

traditional school organization? Yes, because there are few provisions for
 

individualized instruction at the present time. Could these changes result
 

in "cost saving" situations? Again the answer is "yes."
 

The cost savings which could result from changes in the organization of
 

educational systems should probably be referred to as increases in "cost
 

effectiveness." Most of the previous discussion has tended to equate cost
 

savings with reduced costs. In this discussion cost savings will be equated
 

with cost effectiveness.
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The largest item in a school's operating budget is teachers' salaries.
 

The implementation of media systems would not necessarily reduce the number
 

of teachers. It would alter their role, however, so that they could devote
 

a larger portion of their time to individual instruction and the guidance of
 

learning experiences. This would be one step toward the achievement of
 

optimum "cost effectiveness." The operation of media, the monitoring of
 

learning experiences, and other similar responsibilities could be assigned
 

to paraprofessionals. This work, currently performed by the teacher, could
 

be effectively accomplished by persons without the professional qualifications
 

required of members of the teaching staff. Hence, a "cost saving" may result
 

when a school system is organized along these lines.
 

The discussion of wider utilization of media systems indicated the cost
 

savings are possible when the system is used by larger numbers of students.
 

For example, a dramatic decrease in annual cost per student for the produc

tion of television material occurs as the number of students increases from
 

15 thousand to 10 million. The per pupil cost of the distribution portion
 

of the media system is also favorably affected as the number of students
 

increases in the area served by the system.
 

Wider utilization may reduce cost, but it may also present organizational
 

problems. For example, if 11 states were to be served by the same instruc

tional satellite system, the educational programs of those states would have
 

to be coordinated.
 

If production costs are to be shared, the material must be acceptable
 

to all of the participants. Therefore, the user schools must be involved
 

in the design, development, testing and evaluation, and revision of materials.
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Me financial arrangements to support the production 
of materials must
 

All of the above considerations would affect 
the present
 

be agreed upon. 


Drganization of the user schools.
 

A distribution system which serves more than one 
school or district
 

also presents problems. The scheduling of "what and when" can be a horren-


Again, the organization of the schools using the 
system is
 

dous task. 


affected by the scheduling, so these schools must cooperate 
to determine
 

the policies of a central distribution facility.
 

The media cannot be effective unless the teacher is 
trained to make
 

Therefore, teacher
 
use of the capabilities which the media system provides. 


training is of prime Importance, and the educational 
system must provide
 

adequate training. Teacher training may tend to increase per student cost,
 

but lack of training in the use of the tools provided 
by media can affect
 

cost effectiveness immeasurably.
 

The scope of this report does not include the investigation 
of designs
 

for the effective organization of educational systems, but 
this discussion
 

has been included to point to some of the ways in which 
media system cost
 

reductions and cost effectiveness are related to the organization 
of the
 

education"1 system. 
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REGULATORY IMPLICATIONS
 

Electronic Systems
 

Some of the multichannel instructional television sysgems proposed in
 

this study are not explicitly covered by the present regulations to policies
 

of the FCC. Specifically, the higher-powered ITFS specified for the state
 

and region, the four-channel UHF system, the UHF airborne system, and the
 

use of satellites for direct transmission on the 2500 MHz frequencies are
 

all somewhat outside established practice. These departures were made for
 

two reasons, cost and regulatory tardiness.
 

The production costs for instructional media for the local school
 

system of 15,000 students were found to be $60 per student per year for high
 

quality programming, $15 per student for minimal quality programming, and
 

$6.67 for copies of materials produced by national sources. The distribution
 

cost was almost $6 per student, even for ITFS, which has the lowest cost.
 

These high costs decrease as more students are served and should encourage
 

schools to share production and/or distribution efforts by joining an area

wide system such as a metropolitan, state, or regional system.
 

The possibility of a wide area multichannel instructional television
 

system is limited under present FCC regulations and policies. An examination
 

of the policies regarding multichannel wide area systems shows that these
 

limitations make it impractical to implement a large scale instructional
 

television system outside of a metropolitan area. Existing regulations are
 

examined below.
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The UHF frequencies are designated as broadcast frequencies. The
 

Communications Act of 1934 defines broadcasting as "the dissemination
 

of radio communication intended to be received by the public." The FCC
 

regards this definition as separating instructional television from
 

broadcasting since ITV is not intended for the entire "public." FCC policy
 

is that instructional service, if designed for instruction alone, should
 

not be placed in the UHF band. Multiple channels would be particularly
 

hard to obtain for educational purposes. Recent FCC action' which give
 

evidence of this viewpoint are the denial of the NAEB request for multiple

channel educational reservations in the latest UHF allocation table, the
 

denial of the Georgia State Board of Education petition for a block of 30
 

UHF channels, and the refusal by the FCC to allow the airborne television
 

project to continue using the UHF channels assigned to it.
 

The FCC has specifically allowed educators to use the 2500 MHz band
 

on a shared basis with other users for a three year period ending in 1966.
 

As of 1968, no final action has been taken. This service, the Instruc

tional Television Fixed Service or ITFS, was set up at the urging of an
 

electronics firm which desired an additional marker for its low power
 

microwave relay transmitters. The service is low power, localized for
 

individual school systems. Use of low transmitting heights and direc

tional transmitting antennas is recommended. Paragraph 26 of the Report
 

and Order on Docket No. 14744 of the FCC specifically bans use of ITFS
 

"to distribute material over an entire state or a large portion thereof."
 

Even when used within a metropolitan area, the FCC concept of shared use
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of ITFS channels has required the concurrence of all school districts in
 

the area before service can be instituted. 
 Such service is not economical
 

for wide area coverage, as is shown in the standard ITFS cost figure for
 

state coverage in the full original report.
 

The airborne system was given until 1969 to relinguish its UHF channels
 

and went off the air in June 1968. 
Meanwhile the FCC designated six ITFS
 

channels in the midwest for its use. 
Airborne broadcast on even four ITFS
 

channels in any area except that covered by the midwest airborne project
 

would have to obtain the explicit permission of all school districts within
 

its area, according to the present FCC policy. 
This would be difficult.
 

The use of a satellite for direct telecasting is not covered by FCC
 

regulations. 
 There are strong political and economic forces that must be
 

overcome before such an operation would be approved.
 

The only alternatives to the telecasting methods discussed above are
 

closed-circuit systems and the portable video tape recorder, neither of
 

which uses the airways. 
These are by far the most costly systems, as was
 

shown either in Fig. 8. 
Neither of these systems is within the province
 

of the FCC unless microwave is used or state lines are crossed.
 

In summary, the use of the airwaves for multichannel instructional
 

television for a wide area has been almost precluded by present FCC regula

tion and policy. 
Since such a system has considerable cost advantages,
 

several instructional media systems which would be difficult to establish
 

under present FCC policies and regulations were included in this report.
 

The systems which are specified can be justified in terms of channel
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allocation and the economics of providing the service if a priority were
 

assigned for instructional service. A brief justification for each of
 

the systems follows.
 

The four-channel UHF instructional system could be accommodated if
 

the FCC would recognize the difference between instructional service and
 

other broadcasting. The taboos-limitations on close spacing of channels-

could be changed. The taboos were eliminated for ITFS in recognition of
 

this fact. Reservation of a block of channels for instructional systems
 

was thoroughly studied for the Georgia State Board of Education proposed
 

and found to be practical. A block of 20 channels would be sufficient
 

for a four-channel state or regional service. In the UHF channels 52-72
 

or 63-83, there are only the merest handful of broadcast stations operating.
 

They could be moved down into the region below 52 or 63 if some of the
 

allocations to mail communities were deleted from the allocation table or
 

if a more "saturated" allocation table were prepared. *Ithas been shown
 

that the great majority of the UHF station allocations will not be used
 

in the foreseeable future because they are not economically feasible. It
 

has been said that the 1.'C is thinking of transferring a portion of the UHF
 

broadcast channels to the land mobile service for this very reason.
 

The four-channel airborne system was generally assumed to be opearting 

in the UHF in this study. However, it was noted that the transmitting equip

ment could be produced for about the same price at the ITFS frequency. Thus, 

the airborne system could operate at either frequency except for regulatory 

considerations. Extensive analysis of the allocations in the midwest in 

1964 showed that there were adequate channels available for both a six-channel 
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airborne instructional system and all the commercial stations which would
 

be economically feasible in the foreseeable future. The same is probably
 

true for all regions except the eastern megalopolis, which has been treated
 

in a separate statement in the full original report.
 

The low power of the present ITFS system does not make it economically
 

feasible for use in a large area. For this reason, a higher-powered, wide

area ITFS service is proposed in this study: The reason for examining the
 

state and regional areas is because the local school system cannot afford
 

programming for the multichannel systems. A state or region system is the
 

only way to serve the small school districts if they are outside of a metro

politan area. While the local school system may find scheduling advantages
 

in the use of ITFS, there are serious problems of financing the production
 

of materials for telecasting. The FCC's recent pamphlets on ITFS points to
 

the desirability of renting materials rather than producing them in each
 

school system. Unfortunately, there are not adequate rentals available and
 

even rental is expensive for the small school system. Many schools are pro

ceeding with live production without adequate resources, personnel, planning
 

or experience. Many thousands of schools will soon undergo the frustrating
 

programming experience which ETV stations have experienced during the last
 

15 years.
 

The proposed higher-powered ITFS system would include a 20 channel block
 

for the state or regional system, leaving four to six blocks of two or three
 

channels per block within the present ITFS allocation for purely local use
 

or for local retransmission to avoid scheduling problems.
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The satellite system in this study is on the same frequency as ITFS.
 

It is assumed that provision could also be made for a few channels of local
 

ITFS service, as would be done with the higher-powered ITFS.
 

The problem of frequency allocation is currently under inspection by
 

several groups on a national and international level. This is a particularly
 

opportune time to make adequate provision for instructional television.
 

In summary, without a national program source, only a state or regional
 

system can economically provide multichannel instructional television for
 

the local school. The FCC does not provide for such a system. Therefore the
 

assumption has been made that the regulations can be changed. It is suggested
 

that economical and efficient four-channel systems can be instituted at either
 

UHF or ITFS, leaving sufficient channels still available for local commercial
 

and educational interests.
 

Film System*
 

Some cost efficiencies in a 16mm media system could be realized with a
 

favorable outcome of the current copyright legislation. Unfortunately, Congress
 

is trying to develop a piece of universal legislation that will satisfy both
 

the author and the publisher of all art forms for all communication media, both
 

commercial and educational. A proposed draft of suggested copyright changes
 

was authored by members of National Association of Educational Broadcasters
 

for the Department of Audiovisual Instruction of the National Education Associa

tion. The bulk of this draft was adopted as the official position of the NEA,
 

which then recommended the changes to Congress. These recommendations have
 

provoked considerable discussion during the past two years.
 

* This section is by Joseph E. Lynch 
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The fair use doctrine was expan4ed to permit a school to make one copy
 

of a film without obtaining permission from the copyright holder, use it
 

once, and then destroy the copy. Certainly this clause can only tempt honest
 

On the other hand, modern photocopying equipindividuals to break the law. 


ment allows individuals to infringe upon the existing law every day. The
 

textbook publishing industry has helped to create this problem by refusing
 

to allow teachers to duplicate passages from books for testing purposes.
 

Schools are permitted to make a dupltcate video tape copy of an existing
 

film program, but it is doubtful that they will destroy the copy once made.
 

Accordingly, most producers and discrlbutors charge exorbitant prices for
 

schools for the right to copy. They feel that permitting video tape copies
 

of films will decrease their sales to a school system because the schools
 

will use the multiple transmission capabilities of television rather than
 

buy enough films for the classrooms. No research has been done to prove or
 

disprove this argument.
 

Another area of infringement, according to legislation now in effect,
 

is excerpting short segments of footete from longer films. This can be
 

resolved easily by establishing a national facility which would catalog
 

existing film footage, source, and price. Footage cataloging is virtually
 

nonexistent today and would require computer cataloging procedures to
 

describe sequences.
 

A difficult area, avoided by the proposed copyright bill, concerns
 

films that were produced by federal government grants. A few years ago
 

marketing or distribution right for ftIms, texts, and other materials were
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given to corporations which then priced these items at commercial rates.
 

Competitive companies complained about the exclusive distribution rights,
 

educators complained about the commercial prices, and the federal govern

ment was in the middle. No group of commercial companies would cooperate
 

and market the programs on a nonexclusive basis. Also, they would not
 

allow the program development agency to market their programs because they
 

feared government competition.
 

As curriculum development programs continue to be funded by various
 

agencies of the federal government, some nonexclusive distribution contracts
 

have been negotiated. However, a new problem has developed. Publishers,
 

distributors, etc. refuse to accept a program the way it is designed, but
 

rather wish to change content and/or form to be consistent with their own
 

programs or manufacturing capabilities. For example, if a program consists
 

of 10 odd sized booklets each having 10 pages, a publisher would package it
 

in one volume of 100 standard textbook size pages. One solution to this
 

problem is to fund the curriculum groups and allow them to develop their
 

own distribution capability. Another alternative is to help individuals
 

from the educational and commercial communities to establish new companies
 

for this purpose by funding the initial capital'requirements of these groups.
 

Currently the Small Business Administration is slow to loan money for the
 

formulation of this new type of company.
 

In summary, if a national program source is not available, 16mm film
 

programs could still become less expensive if the following steps were taken:
 

I. 	Redraft the current copyright bill to better serve the needs
 
of educators and commercial producers.
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2. 	Create a national cataloging service so that schools can
 
locate short film segments that best fit their needs.
 

3. 	Permit films that were produced with federal funds to be
 
sold at less than commercial prices.
 

4. 	Permit curriculum groups to market or distribute newly
 
developed materials.
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....II. ALTERNATIVES FOR SCHOOLS
 

In this section I describe in broad terms the [instructional]
 

alternatives for schools. I first categorize these alternatives along
 

a number of dimensions and then more specifically discuss the alterna

tives on the dimension most critical for cost-effectiveness analysis.
 

That dimension concerns the mix of instructional technologies, which
 

has the most direct impact on cost. The set of alternatives actually
 

available to a decision-maker depends, of course, on his budget and
 

Subsection III.C introduces that constraint explicitly.
 

A. Categorization of Alternatives
 

The categories of alternatives that I will use are:
 

1. aegree of physical centralization,
 

2. 	rix of instructional methods (including the conventional
 
classroom),
 

3. amount of time the student spends in school,
 

4. curriculum mix, and
 

5. certification, promotion, and retention procedures.
 

I discuss each of these briefly below, then focus in more detail on 

those 	most critical for a cost-effectiveness analysis.
 

Advances in communication and infornation storage technology
 

have made possible a considerable decentralization of schools. A
 

first 	level of deccntralization would be to perhaps very small

*a 

A category that will not be disnussed here is that of o6gan
izational alternatives. In the United States now there is discussion 
of a number of organizational structures differing from those now in 
common use; these include performance contracting, community control, 
and voucher finance. 
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neighborhood schools. The neat level of decentralization would be
 

to the correspondence-school concept where the students receive their
 

lessons at home by audio or video lessons (stored or off the air) 

and interact with the school system by mail or, for developed coun

tries, through their own terminals. This latter alternative need 

not preclude gatherings cf students for athletics, social occasions,
 

or seminars and discussions. Going in the other direction, one can
 

conceive of much larger school groupings than nowi exist; one argument
 

in favor of these larger groupings would be to promote social and
 

racial integration.
 

My own guess is that at the elementary level there are only 

very limited productivity implications for several fold increases 

or decreases in the present sizes of schools, though I feel this 

issue should be further examined. Further, in the rural areas that 

predominate in developing countries, there may be little choice about 

the size of schools unless one wishes to consider extensive student
 

transportation and residential schools.
 

The second category of alternatives concerns the mix of 

instructional methods. I use the term mix *to emphasize that in most 

departures from the present method of instruction the student will 

be learning from several instructional techniques during the day. 

In one mix there might, for example, be 2 hours of ETV in a class 

of size 60 with one paraprofessional mnd one older student monitoring, 

2 hours of conventional class activity (size 27), 1/2 hour with a 

teacher in a discussion group with 5 or 6 other students, and 10 

minutes at a CAI terminal. Clearly a great many mixes can be built 

from the basic array of technological and organizational alternatives
 

now available, and we discuss these possibilities in more detail in 

the following section. -

The third dimension of alternatives concerns the amount of 

time students spend in school--the number of hours per day and the 

number of days per year. In most countries elementary students 

spend 4 to 6 hours per day for about 180 days. Using present tech

niques of instruction, the length of the school year impacts very
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strongly indeed on costs and it is probably of considerable
 

importance in student learning. There is one further aspect of the
 
"time" question that is much discussed by economists. For students 

in the higher grade levels, it is argued, there is an opportunity 

cost to the economy of having the student in school. In estimating
 

the true cost of education one should, then, add in the earnings
 

foregone by students due to their being in school. Schultz [1971] 

estimates that in the U.S. today the value of earnings foregone by 

high school students averages somewhat more than $500 per year and 

for college students somewhat more than $1,200, though much arbiguity 
surrounds these figures. Schultze further estimates that by about
 

the year 1900 the earnings foregone by primary students had dropped 

to zero in the U.S.; at present an important use for schools, at 
this level at any rate, is to. provide day-care -or "babysitting" 

facilities. He estimates that approximately half the cost of schooling 

at the upper levels in developing countries may be in earnings fore

gone. In the discussion of costs in this paper I will simply note
 

the amount of school time required of students without attempting
 

to assign a value (positive or negative) to it.
 

The fourth category of alternatives concerns curriculum mix. 
This has a relatively limited impact on cost so we will not deal
 

with this issue at any length here. It is perhaps worth noting, 

however, that in one of the very few instances in the United States 

where performance contracting in schools seems to have improved 

student performance (over controls) in reading and arithmetic there 
was a heavy relative emphasis on these s.ubjects in the curriculum -

see Hall and Rapp [1971]. llatever the appropriateness of this 

sort of curricular emphasis, its results lend support to the 

hypothesis that time of exposure to a subject is quite important 

among the things that schools can influence. 

The final category of alternatives concerns promotion, re

tention, and certification procedures. The range of options here
 

depends to some extent on the state of testing technology. Though 

testing and certification procedures have only a small direct 
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impact on cost, they have an important indirect impact through their 

influence on the number of students in the system. We return to
 

this point in Section V where drop-out and promotion rates play a 

central role in evaluation of the alternatives.
 

B. Mixes of Instructional Methods 

The second dimension of alternatives we discussed in Section
 

II.A concerned the mix of instructional methods, construed to include 

the present method of instruction that involves a teacher in front 

of a classroom of students as well as various technologies. I first 

sketch the conventional aiternatives then the technological ones. 

Section IV then briefly reviews what is known about the performance 

of the varicus alternatives in terms of their impact on student
 

achievement. 

Conventional Alternatives. The conventional alternatives to 

the present system fall into several relatively simple categories. 

These are: 

1. Changes in teacher quality (i.e., level of intelligence, 

education, or experience).
 

2. Changes in the average number of students per class. 

3. 	 Changes In the average number of hours per week and weeks 
per year the studentspends in school. 

4. Changes in the utilization rate of classrooms.
 

The feasible conventional alternatives can be characterized
 

for any given annual budget for primary education, B, and numbr of 

students to be enrolled, N . Let q be a measure of teacher 

A more general characterization is given.in 11.0; as the
 
formulation outlined here provides more detail on the conventional 
alternatives, I include it nonetheless. 

http:given.in
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quality (for operational simplicity, 
q may have to be a simple
 
measure such 
as percent of teachers fully qualified or average
 
educational attainment of teachers) and let 
 W(q) be the average
 
annual wage (for full time work) of teachers v:hen their quality 
average is q . Let C be the average class size, i.e., the
 
average number of students in a classroom with a teacher and let
 
h be the average numnber of hours per week a student is in class. 
Assuming, and this assumption can easily be relaxed, that a full tin
 
teacher is in class 36 hours per week, the student to teacher ratio,
 

S , is given by:
 

S - 36C/h . (1.1)
 

Increasing class size thus ingreases 
S , as does decreasing h 
To continue, let U be the average usage rate of classrooms,
 

i.e., the average number of times they are used per day and let P be 
an imputed annual price for a classroom. Since the available budget 
was B and the number of students was N , an average of B/N per 
student per year is the basic cost constraint. Each student consumes 
1/S or h/36C teachers and I/UC classrooms during the year. Thus the 
following equation holds as an approximation that includes only the 
major costs: 

N[(h/36C)W(q) + P/UC] - B . (11.2) 

Equation 11.2 sun.,marizes all "conventional" alternatives for the primary 
system in broadbrush terms. It fails to capture nuances but it specifies, 
nonetheless, all combinations of teacher quality, class size, hours of
 
class per week, classroom usage rate, and students enrolled that are
 
possible at the prevailing budget, prices, and wages. 

If eductional research were to the point where planners had 
functions relating school performance measures to C,1q, h, and U, 
it would become a (relatively) simple rathenatical problem to maximize 
number of graduates per year, say, subject to a budget constraint of
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B per year; however, educational research is nowhere near this point. 

Thus, the approach that will be suggested later. is to choose several 

values of the control variables that differ in different directions
 

from the present values then to estimate the consequences for enroll

an idea of the direction in which
ments and graduates. This gives 


planners should be moving, even if it fails to say how far they
 

It then allows for comparison with the technological
should go. 


alternatives.
 

It is 	somewhat more difficult to
Techiological Alternatives. 


categorize the technological alternatives than to categorize the 

There 	seem to be two broad dimensions along which
conventional ones. 


The first is alternative techthe alternatives can be arrayed. 


nologies and the second is alternative uses for technology. Alter

native technologies include: 

1. Television.
 

2. 	Blackboard or still frame television, i.e., television 
that presents only alphanumeric characters or line 

drawings on the one hand or still pictures on the other. 

3. Classroom controlled audio-visual media, including tape
 

cassette players. 

4. Radio.
 

5. Computer-assisted and computer-managed instruction (CAI 
with CAI the student is on-line to the computer,
and.CMI; 


with CMI he is off-line).
 

6. Programmed self-instruction.
 

Alternative uses for technology include at least the following
 

five possibilities:
 

1. Enrichment of learning, i.e., provision of occasional lessons
 
cannotor experiences that the classroom teacher qasily 

provide. 

in one or more subject areas.2. Total replacement of the teacher 
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3. 	 Substantial supplementation of the teacher in-one or more 
subject areas. 

4. Teacher training.
 

5. A 	simultaneous mix of 3 and 4.
 

Shramm, Coombs, Kahnert, and Lyle [1967] review instances where new
 

media 	have been used for many of these tasks, as well as for out of
 

school education.
 

Since 	six technologies were listed, and five alternative ways of
 

using technology, there are a total of 30 broad "technological alter

natives". The next subsection indicates an approach for determining
 

which combinations of these are feasible within a given budget con

straint.
 

C. Alternatives and the Budget
 

Suppose we are allowed a certain budget, B , per student per
 

year. Any realistic budget completely rules out some alternatives
 

(e.g., 4 hours of CAI per day with 2 hours of private tutoring) while
 

allowing others. The set of alternatives that is actually available
 

is constrained by B and other restrictions. Here we focus on the
 

budget constraint and assume that B can be divided into five
 

separate components: 

B = I 	 +S +F+A +T+P , (.) 

where I = instructional costs, 

S - space (or building) costs, 

There are, of course, a great many legal restrictions that 
vary from country to country but that often put bounds on class size, 
length of school dny, teucher qualifications, etc. In any particular 
analysis, etie must decide on the extent to which these constrainto 
are to be considered immutable. 
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- food costs (if applicable) 

A - administrative costs, including testing and,certification, 

T - transportation costs for students, and 

P - cost of physical education and recess. 

The above symbols refer to costs per student per year. Each of the 

five categories of alternatives listed in II.A impacts on these costs 

in different ways. The degree of centralization impacts on S, T, 

and perhaps A and F . The mix of instructional technologies and 

the amount of time students are in school determine I . Time in 

school also affects F, T, and P but probably not A or S since 

the administrators and schools are there anyway. As mentioned 

previously, the curriculum mix and certification procedures do not 

impact too strongly on per-student costs (though they may well affect 

the number of students at the. secondary level). 

For the remainder of this discussion I consider alternatives 

available for primary and secondary schools assuming approximately 

the present degree of centralization of the system. That simplifies 

the analysis by enabling us to just examine how time and the mix of 

instructional technologies affect I , assuming other costs constant. 

As I accounts for 50% to 80% of school costs in developing countries,
 

this is of central Importance. I do feel, however, that examination
 

of the cost impact of a highly decentralized system, i.e., out of
 

school education, should be undertaken.
 

I turn now to presentation of a framework for arraying the
 

instructional alternatives given any budget level and the assumption 

that there will be no major change in the degree of centralization 

of the primary or secondary schools. I ignore as second order the 

effects of the length of the school year.on F, T, and P ; thus 

the analysis centers on how the mix of instructional technologies 

and the amount of time the student spends in school are constiained 

by the instructional budget I . 
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Assume that we consider n separate "technologies" of
 , 
instruction. A teacher with a class of 30 would be one technology, 

the same teacher with a class of 35 still another, etc. Let f be 

the average fraction of time per day that technology i is used, 

let h be the average number of hours per day of instruction, let 

d be the number of days per school year, and let ci be the cost 

per student of using technology i for one hour per day. Then 

n 
I = Z dhfc i . (11.3)

i~l 

; h; d) satisfying equation
 

n 
11.3 such that f, >O for i =1,...,n; E f l 19 0 < h < 24,

i~l 

and 0 < d < 365 then consists of the set of instructional and 

temporal alternatives for any one student. If ci were known for 

all i one could assign a cost to each alternative and then group 

the alternatives into equal cost sets for comparison with one another. 

However, ci is not only somewhat poorly known but also depends on 

a variety of factors, including the number of students using the 

system when fixed costs are important. As an approximation to ci we 

assume the following functional form: 

Pi
ci r i N	+ s+ N--t -- (11.4) 
i Ni2 i3 

The term "technology" is used here in the economists sense 
to denote any m;eithod of instruction. The alternatives here include, 
then, the conventional alternatives discussed in the preceding sub
section.
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where Nil 	 number of students in the classroom using technology i, 

number of students using the delivery system (hardware)N12 


of technology i
 

N3 total number of students who use technology i during
 

all its. years of use, 

r i = reception cost per class per hour (e.g., an imputed hourly 

rental of a TV set) of technology i , 

delivery cost per hour of technology i ,t i 

Pi = total cost of program preparation, evaluation, and 
revision,
 

per hour of technology i , and 

per hour of teacher or classroom supervisor of=costs i 

technology i
 

Thi.s formula is only an approximation for a number of including
reasons 

depend on the niimber of hours of
the possibility that ri and. ti 

use the classroom-hardware and the centralized hardware get, the 

possibility that annual cost is not strictly proportional to d
 

and the possibility that one should discount the value of students
 

.who use the 	program later in time. Nonetheless I feel that obtaining 

reasonable cost estimates within this framework is a useful step and
 

facilitates the structuring of equal cost alternatives for evaluation.
 

.Section III deals with costs in more detail.
 

The central point of this section has been that the appropriate
 

way to formulate the instructional alternatives is through a budget
 

To do this one needs to know (at least approxconstraint equation. 


imately) the costs of the alternatives, and equation 11.4 represents
 

down the costs. Given costs, equation 11.3
 one mechanism for breaking 

then implicitly delineates the mixes of instructional methods feasible
 

given any per student annual instructional budget I. (For a fixed 

overall school budget the available set clearly expands as one 

in school.) The next section discussesdecreases the number of students 


In more detail then Sections IV and V addresses the
cost estimation 

effectiveness side of the analysis by suggesting methods for choosing
 

among the obviously vast nimiber of alternatives available within the
 

budget constraint. , 
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III. COST OF ALTERNATIVES....
 

B. Unit Costs of Educational Technology Projects
 

Consider an educational technology project that costs 
 Ct in 
year t where Ct includes all expenditures on the project that year 
whether capital or recurrent. Let Nt be the number of students using 
the technology in year t and let social rate ofthe discount be r 
The concept I wish to introduce Is that of the unit cost from time i 

to time j of the project, which I will denote U . Equation 111.2 
defines this concept formally and following that I illustrate its use 

with an example. 

The following formula gives U 

j 
E C / (l+r)t
t'1
 

U (111.2) 

E Nt/ (l+r)ti 

The concepts developed here are as applicable to non
technolog;y projects. 
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The basic idea behind this formula is that it sums the total 

expenditures on the project between years i and j and divides that 

total by the total number of btudents benefiting from it in those 

years. Both the costs and the number of students are discounted back 

to time i by the social rate of discount r . A decision-maker at 

time i can in no way influence expenditures or student usage before 

time i so that costs and benefits incurred up to that time are for 

his decision irrelevant and are not incorporated into Uij . What Ui" 

tells him is the cost per student of continuing the project through 

year j , under the assumption that year J will be the final year 

of the project. By examining how Uij behaves as j varies, the 

decision-maker can obtain a feel for how long it will take for unit 

costs to fall to the point of making continuation of the investment
 

worthwhile. When the decision-maker is considering whether the project
 

should be undertaken at all, he should let i=0 ; i.e., he should 

compute U for various values of j .
 

In order to illustrate the concept of unit cost from i to j
 

I feel a textual example to be appropriate. To simplify matters, I 

will assume r=O ; that is, there is no discounting of the future. 

j j
With this assumption equation 111.2 simplifies to: U ij Ct/ Z Nt 

t-i t=i
 

For the example consider a province that wishes to provide one 

hour per day of ETV to each of the six elementary grades at the 

schools in the province. Assume that program preparation costs $2,000 

for each of the 6 times 150 hours required and that, once taped, the 
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programs last indefinitely. One-third of the programming is prepared
 

each year for the first three years, and one year of programming 

is prepared before any students use the system. The TV transmitter 

costs $200,000 and its annual operating and maintenance costs are 

$20,000; it is installed at the beginning of the first year of 

broadcasts to students. The remaining cost component is TV receivers
 

and those are assumed to cost $200 each. Approximately 10% of the 

receivers need replacement each year and power and maintenance for
 

the receivers is assumed to come to 10% of their purchase price each
 

year. By multiple use throughout the day, about 100 students are able
 

to share the cost of a single receiver.
 

We assume that 50,000 students start viewing after the first 

year of programming is complete, another 50,000 after the second year, 

and still another 50,000 after the third year. Thereafter, there are 

no changes in the size of the audience of 150,000 students. The TV 

receivers are purchased in the year they are needed. Table III.1 

shows the cost components as a function of time, as well as the 

number of students. From the final two columns of Table III.1 one 

can compute Uij ; before the project begins it is appropriate to 

compute U0 j , and Table 111.2 shows the result of that computation. 

Column b of Table 111.2 shows the total amount (in thousands of 

dollars) projected to have been spent on the project up to year j ; 

column c shows the total number of thousands of students projected 

to have received one hour per day of bTV up to year j . Dividing 

b by c , then, gives the total cost per student if the project were 

to end in year j . After 5 years, the cost has dropped to $5 per 

student per year and after 7 years it has dropped to $3. U0j thus 

shows to the decision-makers how unit costs decrease as j increases. 

Similar computations could be made for UI, U2 j, etc. I 

do not include those computations here but simply note that for i > 4 
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TABLE 1IT.1: Costs and Usage of Hypothetical ETV System 

a b c d e f g h I 

trans:itter cost receiver costs
 
t program- purchase use initial replace- mainten-
 Ct Nt
 

ming cost purchase ment ance
 

0 600 0 0 0 0 0 600
 

1 600 200 20 100 0 10 930 5
 

2 600 0 20 100 10 20 750 10 

3 0 0 20 100 20 30 170 15 

4 0 0 20 0 30 30 80 15 

5 0 0 20 0 30 30 80 15 

6 0 0 20 0 30 30 80 15 

7 0 0 20 0 30 30 80 15 

8 0 0 20 0 30 30 80 15, 

Notes: 1. All costs are expressed in thousands of dollars.
 

2. N is the number of thousands of students receiving one hour
tdaily of instruction by ETV in year t
 

3. Column i is the sum of columns b, c, d, e, f, and g.
 

4. The text describes how the figures in the table were arrived at.
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TABLE 111.2: Unit Costs View7ed From Year Zero
 

a b c 

JJ j UOJ (=b/c). c t E Ntt=0 	 t=0
 

0 600 	 0
 

1 1,530 	 50 30 

2 2,280 	 150 15
 

3 2,450 300 8 

4 2,530 450 5 

5 2,610 600 4 

6 2,690 750 4 

7 2,770 900 3 

8 2,850 1,050 3 

Notes: 1. Ct and Nt are from Table III.1.
 

2. 	U . is expressed in dollars per student receiving one 
0 3hour of ETV per day for a year. 
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and J >1 , ij = $80/150 - $..52. That is, a decision-maker in 

year 5 who is deciding whether to continue the project should consider 

his unit costs to be $.52 per student per year independently of his 

time horizon. 

In concluding this subsection I should stress that what has 

been presented is only a way of looking at unit costs, not of
 

ascertaining whether what was paid for would be worth the cost. 

Nevertheless, as these unit costs enter in a central way into the 

specification of alternatives given by equation 11.3, it is of value
 

to gain insight into how they vary with time and student usage. I 

will soon make available analyses from the present point of view of 

the unit costs of the television component of educational reforms in
 

El Salvador and the Ivory Coast. 

C. Opportunity Costs of Educational Technology....
 

If a school system's per student expenditure is constrained
 

by equation 11.3, then having more of any one thing implies there must 

be less of something else. For this reason, it may be useful to a 

decision-maker to see explicitly what these opportunity costs are for
 

certain importait categories of alternatives. Since the largest 

expenditure category for schools is presently teacher salaries, we
 

will examine the opportunity cost of introducing something new -(e.g., 

educational tclevisioft or radio) under the assunption that it will 

he "paid" for with less teacher input. Let S be the student to 

teacher ratio (this is not necessarily the same as-class size -- see 

II.A) before the technology is introduced, and let W be the teacher's 

annual wage. Let A(N) equal the. average annual cost of the technology 

if N studei.ts use it and let I be the increase in class size 

http:studei.ts
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required to make the post-technology per student instructional cost 

equal to R times the pre-technology instructional cost of W/S . As
 

the post-technology instructional cost equals [+A(N)(S+I)]/ (S+1) 

the following must hold: 

W/S = R[W + A(N) (S+I)] / (S+I) . (111.3) 

To find the increase in student-to-teacher ratio required to pay for
 

the introduction of the technology, equation 111.3 is solved for 

giving: 

I = [SW(I-R) + A(N)S 2R] / [W-A(N) SR] . (111.4) 

I represents, then, the opportunity cost of introducing a 

technology in terms of increased student to teacher ratio. Table B.8 

in Appendix B shows values of (S+I)/S for several values of N and R 

and for a number of ways of introducing radio into the Indonesian 

elementary education system. While the formula of equation 111.4 

was developed for expressing the opportunity cost of introducing a 

technology in terms of student to teacher ratio, similar formulas 

could be developed between other pairs of inputs. All such formulas 

would essentially represent ways of analytically evaluating the 

tradeoffs within equation 11.3. 

This completes the discussion of basic cost concepts. We now 

turn to a very brief review of what is known about the effectiveness 

of alternative instructional techniques. 

The term instructional cost here denotes the cost of the 
teacher plus the cost of the instructional technology. 

I 
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IV. EFFECTIVENESS OF ALTERNATIVE INSTRUCTIONAL TECHNOLOGIES 

My purpose in this Section is to give references to surveys 

that have examined the effectiveness of alternative instructional 

technologies, including the "technology" of traditional classroom 

instruction. Patrick Suppes and I are currently preparing a critical 

survey of the effectiveness of the following technologies: traditional 

classroom instruction, instructional radio, instractional television, 

programmed instruction, computer-managed instruction, and computer

assisted instruction. That survey will be made available as soon as
 

it is complcte.' Here I will simply mention some of the available
 

evidence concerning traditional instruction, instructional radio,
 

and instructional television.,
 

Much of what we know about the effectiveness of traditional 

instruction has been obtained from survey data of which the most 

extensive example is reported in Coleman, et. al. (1966] in their 

study on Equality of Educational Opportunity. About 20 analyses of 

the Coleman and similar data are now available, including some studies 

involving longitudinal data. Several surveys of these studies now 

exist and the reader is referred to them as a good introduction to 

the original studies; these surveys are by Guthrie [1970], Katzman 

[1971, Chapter 2], Averch et. al. [1972), Anderson and Greenberg [1972], 

and Wells [1972]. A general conclusion that emerges is that school 

variables explain little of the variance in.scholastic achievement, 

though there are a few such variables -- for example, the teacher's 

verbal ability -- that do seem consistently related to scholastic 

performance. 'Most important from the point of view of educational 

planning is the finding that class size seems to little affect student 

performance; sincc total cost is highly sensitive to class size (or 

student to teacher ratio), this finding is of considerable practical 

Importance. Those survey findings on class size are supported 1-y 

experimental studies -- see Smith [1972] for a discussion of these 

issues.
 

* Jamison, D., Suppes, P., & Wells, S. The effectiveness of alternative
 

instructional media: A survey. Technical Report 196. Stanford, Calif.:
 
Institute for Mathematical Studies in the Social Sciences, Stanford
 
University, approximately November, 1972.
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There is by now considercble experience with use of instructional 

radio, though good evaluational information is difficult to find. A
 

number of recent surveys describe some of the e:periences with instruc

tional radio and the reader is referred to those -- Chu and Schrmm 

[1966, Chapter VI], Leslie [1971], Forsythe [1970], and Smith [1972]. 

If supplemented with appropriate printed material it appears that radio 

can teach about as well as television for most purposes. The October
 

1968 issue of the Educational Broadcasting Rview contains a 

bibliography of articles in this area. 

The most comprehensive review of studies of the effectiveness
 

of instructional television is that of Chu and Schramm [1966]. Their
 

findings are well known and I will not repeat them here. Generally, 

television teaches about as well as a well educated classroom teacher. 

It can teach most subjects ans at most grade levels, though its relative 

performance does seem to vary with these factors. 

My general conclusion is that the medium appears to make little 

difference. What does seem to count for a student with a given set of 

characteristics is time of exposure to the subject matter and the
 

organization and clarity of presentation. The economic importance of
 

this conclusion concerning effectiveness is obvious.
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V. EVALUATION OF ALTERNATIVES....
 

The discussion in this Section concerns the elementary school 

level in order to be concrete.. Similar models could be developed 

for the secondary level. I should also note that the model developed 

in this Section is incomplete, theoretically as well as empirically, 

and the present author and a graduate student are continuing its 

development.
 

A. Basic Model
 

The basic model of the system uses three standard concepts of 

educational planning: drop-out rate, progression rate, and repetition
 

rate. These terms are occasionally subject to alternative interpre

so I will define my usage of them explicitly.
tations, 


a 	 drop-out rate = fraction of students in given grade who 

sometime during, or at the end of a school year leave school 

for good. 

The model developed in this subsection is a linear model of 
similarities to modelsflows 	within a school systen and thus has 

[1966].
developed by Armitage, Smith, and Alper [1969] and Davis 
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- repetition rate = fraction of students in a given grade in 

a given year who repeat the grade, either the following 

year or later. (It will be assumed in the model that the 

number of students in a given year who will repeat any 

grade after a lag of one or more years equals the number 

who have left previously and are returning that year.) 

y 	 progression rate = fraction of students in a given grade 

who proceed to the next higher grade the following year. 

The model makes two assumptions about flows within the system -- the 

first 	of which is very natural, the second only an approximation.
 

Assumption 1. a + +y = 1 . 

Assumption 2. Each of the six elementary grades have the same values 

of a, 0, and y . This assumption is often a reasonable 

approximation given inadequacies of existing data; it 

can easily be relaxed if the data allow more refinement. 

This model enables us to predict flows in the system over time.
 

Let St = [sl, t P s2,t , s3,t , s4, t , s5, t . s6,tI be the vector
 

giving the number of students in each grade in year t . For example, 

s3, t is the number of third grade children in year t . Let At 

[ael , , '3$t , a4, , a6 $t] be the number of new studentsa2 , t 	 , t 

who join the system at each grade level at the beginning of school year
 

t . In view of the way 0 was defined, the following assumption, about 

how students join the system, is justified. 

Assumption 3. For all t, a2, t = a3, t - a4,t = a5t - a69t- 0.
 

That is, new students only enter the first grade.
 

The following two cquations are the basic equntions of the system:
 

S = S T + At , and 	 .1) 
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where 	 (V.2)Gt Yy 6, t 	 , . 

Gt - the number of graduates in year t and T is the transition 

matrix of the system, defined in the following way in terms of 8 and 

0 0 0
Y 0 

T = 0 	 0 0 Y 0 o
 
8 y 0 0 0
 

000 o8 Y o
 
Tm 00 0 00O
 

The matrix equation V. .is simply a compressed way of writing a series
 

of equations of the form 

13l' t a + al19 t
Sl't_1 ,
 

S2,t-1 Y sl + a2,t
82,t s + 1 	 , etc.
 

The latter equation, for example, states that the number of second grade
 

students in year t is equal to the repetition rate times the number of
 

second grade students in year t-l plus the progression rate times the
 

number of first grade students in year t-l plus the number of new 

students who enter directly into grade 2 (this last is equal to zero by 

assumption 3). 

In order to use available data to accurately estimate a , 8 , 

the system mustand y for a developing country, a few more properties of 


will be the total number of students in the system
characterized. Nt 


at time t ; Nt = Slt + s2, t + s3,t + s4,t + 5vt + 66,t
 

The system will be said to have a steady-state input I if I students 

enter first grade for the first time each year, i.e., A =I for 

all t . The system will be said to have a steadily f.rowing input at 

r alt+ alt 	 fraction ofthe rate if 1 (l+r) al for all t . The 
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repeaters, to be labeled 8* , is the fraction of students in any one 

grade who were also in that same grade the preceding year. Notice
 

that the fraction of repeaters is quite a different concept from the
 

repetition rate, though they are obviously related; the exact relation
 

between the two will be described below. The reason fraction of repeaters
 

is introduced is because this variable is easier to observe and measure;
 

the repetition rate may then be inferred from it.
 
* 

A final concept to be introduced is that of efficii!acy. The 

efficiency, E , of the system relates the number of graduates per year 

to the number of students in the system, if the system were to have a 

steady state input. Specifically, E = 6Gt/N ; this is well defined 
t 

since, if t is moderately large, Gt and Nt are independent of t 

with steady state input. As the number of graduates per year cannot 

exceed 1/6 the number of students in the system -- since the elementary 

school lasts 6 years -- an efficiency of.l indicates no drop-outs or 

repeaters. Even with a true efficiency of 1, however, the apparent value 

of E could be less than 1 if input is not steady state but is growing. 

This is b-cause the graduates in year t were first graders six years 

previously when input was smaller. Thus true efficiency, E , will 

depend only on 8 and y whereas the apparent efficiency will depend 

on 8 , y , and r . For fixed 0 and y (and hence fixed E) apparcnt 

efficiency decreases as r increases. For example, with 12.8 million 

students in 1969, and 1.114 million graduates, the Indonesian elementary
 

education system had an apparent efficiency of .515. Since the number 

of students in the system had been growing at a rate of about 4.2%
 

(r= .042) over the preceding years (Emerson [1968, p. 15)), the true 

efficiency of the system can be computed to be .590. 

I use the term "efficiency" here solely in terns of relating 
inputs to outputs; this usage should not be confused with the common 
economic usage that relates choice of imputs to their prices. 

It is assumed that a negligibly small fraction of students 
"skip" grades. 
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Let ma now state some properties of the system. For a steady
 

state input of I per year the following hold:
 

akt rk-l /(1-0) k (V.3)
 

0* 0 ,and (V.4)
 

[6y6 / 6 6 k-i -k (V.5) 

E [6y(M-0) I/ E Y M(-0)(V5
 
k-l
 

Equation V.3 gives the number of students at each grade level; the 

result can be established inductively and I will not prove it here. 

Equation V.4 states that the fraction of repeaters, * , is simply 

equal to a . This can be proved from V.3 in the following way. Tho 

fraction of repeaters in a grade will equal the.number of students in
 

that grade, skt , minus the number in the grade who were promoted 

the previous year from the previous grade, y Sk-i, t-i , all divided 

by the number in the grade. That is, 0* = [yk-I 1 /( 1 _)k 

yk-1i/(l)k-l ] / [Y k- I/(1-0) k] , and this is easily shown to equal 

. Finally, equation V.5 follows directly from the definition of 

efficiency. The numerator is 6 times the number of graduates and 

follows from equations V.2 and V.3; the denominator is simply the 

number of students in the system and follows directly from equation V.3. 

Table V.1 shows several values of a and 0 for each of a number of 

vaiues of E. (The table can as easily be expressed in terms of a 

and 0 as in terms of 0 and y since a = l-0-y .) 

The preceding are properties of the system if tha input is 

steady state. If the input is growing, I have been unable to prove 

similar results; however, the following was checked numerically in a 

number of cases, and appears to be true: 

0*0/(l r) (V.6)If input is growing at rate r , - + . 

This enables us to estimate 0 from the sometimes more readily
 

available estimates of 0*
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Table V.1: o, p Pairs Consistent wILh Several Values of E 

C E =.80 a p E .65 

.01 .16 .05 .18 

.02 .13 .06 .15 

.03 .10 .07 .12 

.04 .06 .03 .09 

•05 .03 .09 .06 

a 2 E i.55 c 1 E m.45 

.07 .22 .10 .24 

.08 .19 .12 .18 

.09 .16 .14 .13 

.11 .11 .16 .08 

.13 .05 .18 .02 



A-IV-26
 

The above, then, is thd student flow or performance model
 
that underlies the evaluation of the alternatives. In the remainder
 
of Section V I describe how this model is used for this purpose.
 

B. Evaluation of Alternatives
 

The model developed in the preceding subsection takes its 
basic parameters -- a, 3,and y -- as given by the present structure 

of the school system. Progression from one grade to the next depends, 
presumably, on the student's convincing the teacher (or system) that 

he has reached a satisfactory level of educational attainment. Among 
those who fail to progress, the decision concerning whether the student 
is allowed to repeat, and whether he chooses to repeat will depend on 
his performance, his perception of what the school has. to offer, and 
various economic and social factors. For these reasons, changing the 
effectiveness of instruction in the schools will change a, 0, and y 
It would be ideal, of course, if for any instructional alternative a 
(see discusiion immediately following equation 11.3) one could assign 

values to cc, 0, and y . It would then be possible to project the 
output of the school system as a function of time and the level of 
expenditures assigned to the system. The value of the research on
 
effectiveness of alternative instructional technologies that was.
 

overviewed in Sectiorr IV is that it gives us some insight into how 

choice of technique affects flows in the system. Nevertheless, we
 
are not now in a position to do more than make informed estimates 
concerning the effects on c, 0, and y of introducing a new mix of 
instructional techniques.
 

Given our present state of understanding of the effectiveness 

of the various instructional technologies, I propose the following 

Obtaining a clear understanding of these effects is made even 
more difficult by the fact that thera are often changing policies
concerning when to let a student progrei;s. 
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evaluation methodology:
 

1. Treat as an exogenous parameter the rate of growth,of
 

expenditures on the, say, elementary school system. That $a, a 

number of "reasonable" values of this parameter should be selected 

and the analysis below carried out for each to ascertain how varying 

the level of expenditure varies the level of outputs. 

2. Project the costs of the various techniques of instruction 

into the future. A reasonable first estimate is that teacher salaries 

will grow at at least the rate of per capita C"NP and that technology 

costs will remain constant; more refined estimates may be possible.
 

3. Using equation 11.3, identify the combinations of numbers 
of students in the system and mixes of instructional technologies 

that are feasible given assumptions 1 and 2 concerning expenditures 

and costs. From this infinite number of possibilities, select a 

small number (5 to 20) that are representative of the overall range. 

4. Using basic information on effectiveness of the sort men
tioned in Section IV, make best estimates of the values of %, 6, and y 
that will result from each of the representative alternatives selected 

for examinatioA. 

5. For each alternative, insert the appropriate values of
 

a, 0, and y into the model of the preceding subsection and use that 

model to project the number of graduates as a function of time, the 

number of dropouts (with various levels of schooling) as a function of 

time, and the participation rates of various age groups as a function 

of time. 

6. From the above projections, it will appear that certain 

alternatives are clearly dominated by others, but that there may be 
a number of alternatives that cannot be easily decided among. For 

example alternative i might yield higher levels of numbers of 

graduates and alternative j higher participation rates; choice 

This relies on obtaining population projections for the
 
relevant age group.
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between then would have to be .left to the value judgment of a decision

maker.
 

7. For the most attractive alternatives identified in Step 6,
 

a sensitivity analysis should be performed to examine the effects of
 

errors in estimating costs or the flow parameters. This sensitivity 

analysis combined with plans for development and implementation of the
 

promising alternatives should be presented to the decision-maker for
 

his assessment. 

A detailed example of the above methodology may be found in 

Jamison [1971] where alternative conventional and radio technologies 

were examined for Indonesia. Appendix B of this paper summarizes that 

analysis; however, the original must be consulted for a detailed 

presentation of the methods. The purpose of this methodology is 
to
 

examine the long term consequences of various alternatives for operating 

the schools. WhAile not specifying any optimum choice of technologies, 

it does place before a decision-maker much more detailed information
 

concerning the consequences of the more attractive alternatives he 

has to choose from.
 

C. Directicns for Research
 

The title of this paper is "Notes on Cost-Effectiveness Analysis..."
 

and I would like to stress that that is all that is intended at the 

present stage. There' are many directions for further research; there 

will be progress in some of those directions in the remaining research 

to be done on this project, but much will remain to be done for some 

time.
 

On the cost side, it will be valuable to obtain a handbook of 

instructional technology costs and cost projections. These will often 

need to be expressed as equations such as 11.4 rather than in terms 

of single nurbers. It will also be of value to continue field research 

on what the costs of various educational technology projects actually 

have been and atre planned to be. 
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On the effectiveness side there is no substitute for continuing 

longitudinal hard data analyses like those being done in El Salvador 

and Mexico. These need to be supplemented by similar analyses for other 

technologies (as well as for conventional alternatives as Carnoy has
 

been doing in Puerto Rico). They also need to be supplemented by
 

improved information on how the instructional effectiveness of the
 

alternatives, as well as other factors, affect drop-out and repetition
 

rates. This last line of research I consider to be highly important.
 

The basic evaluation Todel presented here needs further develop

ment. It is important to be able to summarize outcomes in a way or 

class of ways that would provide more insight to a decision-maker than 

the simple projections that were recommended here. The drop-out and
 

repetition rates can be treated as being partially decision parameters
 

as well as being partially determined by the choice of technique, and
 

it is important that that possibility be incorporated into the model.
 

A flexible version of the model, capable of working with data of varying 

degrees of refinement, needs to be put onto a computer in an interactive
 

mode. This would allow planners to get a rapid and solid feel for the
 

implications of the alternatives he is considering.
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APPENDIX A:. BENEFITS OF EDUCATION 

In order to set the context for a cost-effectiveness analysis
 

in education it is of value to restrict the range of output levels to 

be considered by analyzing the benefits of education. hile a
 

detailed survey of those benefits is beyond the scope of this paper,
 

this appendix provides a short simunary and references to the litera

ture. Blaug [1970) provides a reasonably complete"annotated
 

bibliography and Klees (1972] has drafted a more extensive literature
 

survey.
 

Education is typically viewed as having several benefits to
 

individuals and, therefore, to society as a whole. Since wages may
 

not reflect the marginal product of labor of a certain educational 

category the social benefits may differ from those to the individual.
 

Many benefits of education have defied any for.m of quantification and 

are reflected primarily in the high level of demand for education
 

within most countries, In this brief survay I will first list a 

number of these unquantified benefits then I will. briefly review 

some of the more quantitative results concerning the effect of
 

education on economic growth, on industrial and agricultural
 

productivity, and on wages.
 

A. Unquantified Benefits
 

The unquantified benefits include the following. (1) Education 

has a direct consumption value through its capacity to icrease an 

Wages may differ from marginal pi'oduct due to distortions in 
factor markets, a frequent occurence, or due to the existence of 
"external cconomie:;" or "external diseconomies" in education. Economists 
have typically o.;stmod the ex:istcnce of external economies, i.e., that 
there are social benefits to an Individual's education that go beyond 
benefits to the individual hfm;3elf. See Blaug [1965] or Valzey [1962]. 
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Individual's enjoyment of life. (2) Education has-a capacity to im

prove individual health (and hence, indirectly, economic productivity)
 
by increasing receptiveness to improved nutritional and hygienic
 

practices. (3) Educated individuals tend to be more receptive to birth
 

control information. (4) Educated consumers are more.capable of dis

criminating selection and use of consumer goods leading to less wastage
 

through production of inferior products. The fact that the above 

benefits of education are not numerically specified in no way implies 

that they are unimportant. It simply means that an economic planner 
or decision-maker has less precise knowledge concerning these factors 
when he combines them with better measured effects to arrive at a final 
decision concerning what level of 
resources to devote to the educational
 

sector. Rather more quantitative information is available concerning
 

the effect ef education on aggregate economic growth, the earnings of
 

the urban labor force, and on agricultural productivity, and that 

evidence will be reviewed below. But the reader should be constantly
 

aware that there is considerable inaccuracy in much of-the underlying
 

data reported below, and that often the data available is subject to 

a variety of interpretations.
 

B. Education and Aggregate Production
 

In two now classic studies Denison [1962, 1967] attempted to
 

account for economic growth in the United States (The Sources of 

Economic Growth in the United States and the Alternatives Before Us)
 

and Western Europe (Why Growth Rates Differ). His basic methodology 

was to specify and to estimate a functional relation (aggregate
 

product!. n function) between output and measures of capital and 
labor input. Given such a production function one can attempt to 
account for changes in output from changes in the capital end labor 

inputs; this attempt left a "residual" of output unaccounted for. 
Haever, one can categorIze the labor force by level of educational 

attainment and from an index of labor quality by weighting the number 
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of laborers in each category by the average wage of that category.
 
Changes 
 in this index of labor quality can explain about one third
 
of the residual -- see Griliches and Jorgenson [1967] or Criliches
 
[1970]. A growth in the labor quality index 
of .8% per year in the 
United States contributed about .6% per year of growth in GNP in the
 
period 1940-1967. 

Theoretically one could divide the value of increased growth in
 
a year by the annual cost of education to obtain a rate of return 
to
 
education (it would be about 10% 
in the U.S., by this measure). But
 
for a variety of reasons 
the specific quantitative result would be of
 
little value. First, 
this measure could he widely different for
 
developing countries and the data to determine it are 
unavailable.
 
Second, relative wages do not necessarily reflect the relative marginal 
products of different types of education, as was pointed out before.
 
Third, the educational system is not the only determinant of the labor
 
quality mix. Even if, for these reasons, the quantitative results
 
are of little practical interest, it 
is nonetheless significant that
 
these studies consistently indicate that the quality of the labor
 
force accounts for an important amount of economic growth in the 

developed countries.
 

C. Education and Worker Productivity 

In the preceding comments, I reviewed evidence indicating that
 
one important determinant of aggregate productivity is the average
 
level of education within a country. 
At this point I will turn to
 
evidence from a much lower level of aggregation; this evidence relates
 
agricultural and industrial productivity in 
the United States to
 
worker education.
 

Much of the information concerning the effects of education on
 
manufacturing and agricultural productivity in the United States 
appears
 
in a series of econometric studies undertaken Z.by Griliches. Hany 
of the important results of these studies are summarized in Table 4 
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of Griliches [1970], and, with minor modification, that table is repro
duced here as Table A.l. For example, in row b of line 1 of the table
 
one sees that a 10% increase in the number of workers would yield a 
5.2% increase in output and a 10% increase in educational level would
 
yield a 4.3. increase in output, 
 The ratios of the coefficients to
 
their standard errors (in parentheses below them) indicate the coeffi
cients to be highly significant. Similar remarks apply to the other 
three lines in the table. Once again we see 
that education has a sub
stantial impact on output, here at a much less aggregated level.
 

While showing a direct link between education and worker pro
ductivity, these results again have limited policy implications for
 
developing countries. They are 
from the United States, they fail to
 
examine costs, and they fail to take into sufficient account the
 
possibility that higher productivity is causing higher levels of
 
education rather than the other way around. 
Thus even with these
 
disaggregated studies we are 
unable to come 
to specific, quantitative
 
estimates of the benefits of education in increasing productivity.
 
Nevertheless, other authors, dealing with problems of developing
 
countries, have reached conci'sions that are consistent with Griliches'
 
findings in the United States that higher levels of education lead
 
to higher levels of agricultural productivity. For example, T. Schultz
 
[1964] has stressed the critical role of education in modernizing
 
traditional agriculture but V. L. Griffiths [1968] argues from
 
practical experience that education can be only one of many factors if
 
there is to be success. 

D. Education and Urban Hage Level
 

The studies described above directly examine the effects of 
average levels of education on output. 
A much more c_ on method of
 

This follows because the variables in the equation are expressed 
as logarithms of the original variables. 
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bin Production Function Studies a 
Table A.I: Education and Skill Variables 

Industry, Unit ofo 
Observation, Period 

and Swiiple 

1. 	 U.S. Agriculture, 

68 ReGions, 1949 

2. 	U.S. Agriculture,

39 "states.." 1949

54-59 

3. 	 U.S. Manufacturing, 
states and two-digit 
industries, N = 417, 
1958 

4. U.S. thnufacturing, 
states and two-digit 
industries, U = 7853, 
1954-57-63 


Coefficient 
Cizo 

a. .45 

(.07) 

b. .52 

(.O) 

a. .43 

(.05) 

b. 	 .51' 

(.06) 

a. .67 


(.01)
 
b. 	.69 


(.01) 


a. .71 


(.o) 

b. .75 


(001) 

c. 	 .85 

(00o.) 

Skill Variable 
Sk i r 

Coefficient 

.977 

.43 .979 

(.18) 

.980 

.41 

(.16) .981 

.547 

.95 .665 

(.07) 

.623 

.96 .757 

(.06) 
.56 .884 

(.16) 

OAll the varlablc: (except for stat;e industry, or timc dturm .-variables) 
are in the fomi of lorarithias of origiial vallues. Tno numbers in paren
thesc are the calcutlted stantlard errors of the respective coefficients. 
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Wble A.1 (continued)
 

b e source of this table is Griliches [1970], 'able 4.
 

Notes:
 

1. Dependent variable: sales, home constunption, inve-ntory change, 
and government payments. Labor: full-t.n'c equivalent iman-years. 
"Education" - average education of the rural far popul)ation we.ighted by 
average inc;e by education class-weights for the U.S. as a whole, per man. 
Other variables included in the regression: livestock inputs, machinery
inputs, land, buildinis, and other current inputs. All variables (except 
education) are avera,ged per co:,;-Aircial farm in a region. 

2. Dependent variable: sL.e as in (1)but deflated for price
change. Labor: total man-days. with downward adjustments for operators 
over 65 and unpaid faritly workers. Education: similar to (1). Other 
variables: Machinery inputs, Land and buildings, Fertilizer, "Other," 
and time dun luies. All of the variables (except education and the time 
dummies) are per farm state averages.
 

3. Dependent variable: Value added per ijan-hour. Labor: total
 
man-hours. Skill: Occupational mix-annual average income predicted for 
the particular labor force. on the basis of its occupational mix and 
national average incomes by occupation. Other variable: Capital Ser
vices. All variables in per-establisnenL units. 

4. Dependent, labor, and skill variables same as above. Other 
variables: a. and b. Capital based on estimated gross-book-value of
 
fixed assetts; c. also includes 18 Industry and 20 regional dummy
 
variables.
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analysis has been an indirect one that proceeds by assuming that an
 
individual's wages are equal to his marginal productivity. If so,
 
one can assess the economic contribution of education by examining
 

the wage differences between individuals with one level of education
 

and those with another. If one has a cost estimate of the incre

mental education (includilig the earnings foregone by the student
 

while in school), and of the wage differences at various points in
 

time over an individual's life, one can compute an internal rate of
 

return 
to investment in education. Details of these techniques are
 

described in a very straightforward fashion by Uoodhall [1970] and 

early examples may be found in Hansen [1963] and Blaug [1965]. Most
 
studies are based on urban rather than rural surveys of wages.
 

Carnoy [1972] has recently dravn from many studies to compile
 

a list of estimated rates of return to primary, secondary, and
 

university education in 27 countries. 
 His list, with detailed
 

references to the original sources, is included as Table A.2. 
In a
 

forthconing book G. Psacharopoulos [1972] surveys and critically reviews 
rate of return data from 32 countries. The average unadjusted social
 
rates of return to education in the less-developed countries surveyed
 

by Carnoy are 17.4% for primary, 15.2% for secondary, and 12.7%
 

for university. Clearly, however, many factors beside education may
 

contribute to the observed fact that individuals with more education 
have higher incomes. Differing native ability and differing socio-

The internal rate of return of an investment is defined in
 
terms of the time streams of costs and benefits resulting from it. 
Assume that an investment has no benefits or costs after n years
and tthat in year t the cost of the investment is C and the benefit B 

01 

If the interest rate is r per cent per year, the present value of the 
t 

n
 
investment is given by E - Ct)/(J. + r)(Bt . The value 6f r that 

t=O 

makes the present value zero is the intenial rate of return; thu' higher
the internal rate of return, the more rapidly do the investment's 
benefits repay its costs.
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Rates o( Return to Schooling
Table A.2: 


Social rates of Return to Schooling, Enrollment Rates, Gross Dcmestic Product 

per Capita, and Economic Growth Rates, by Country for Various Years, 

Priwary, Secondary and University Levels of Schooling 

(1) 	 (2) (3) (4) (5) (6) (7) (8) (9) 

Sec. Sec. Univ. Univ. Eco-Primary Prirary 
Rate Enroll- GDP/ nomic
Rate Enroll- Rate Enroll-

of ment Capita GrowthCountry Year of ment of ment 

Rate
Return Rate
Return Rate Return Rate 


United States 1959 -14 a 82 10" 1576 2361 0.4 

Canada 1961 - - 14a 56 15a 725 1774 0.6 

Puerto Rico 1960 21 70 22 46 16 1186 661 4.6 

Mexico 1963 25 50 17 12 23 337 374 1.6 

Venezuela 1957 
b

62 42 17 10 23 230 730 3.8 

Colcmbia 1965 h40 56 24 19 8 307 320 1.4 

Chile 1959 12 68 12 23 9c 364 365 0.8 

Brazil 1962 11 46 17 12 14 182 261 4.o 

S. Korea 1967 12 66 9 33 5 760 146 6.6 

Israel 1958 16 63 7 36 7 625 704 4.4 

India 1960 20 20 13 31 13 281 73 1.8 

d
Malaysia 1967 9 56 12 28 11 142 280 2.8 

Phillipines 1966 8 56 21 34 3i 1931 250 1.4 

Japan 1961 - - 7 79 6 510 464 5.8 

Ghana 1967 18 35 11 34 16 70 233 -0.8 

Kenya 1968 22 I48 20 6 9 59 - 118 4.4 

UgaAc e 1965 66 32 50 7 12 19 84 1.4 

Zambia 1960 12 28 .... 144 4.8 

1 of that paper.
*This Table was canpiled by Carnoy [1972] and appears as Table 
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areat Britain 1966 - - 5 96 382 1660 2.4 

Jerany 1964 - - - - 5 396 14.00 3.5 

Denmark 1964 -.. 8 545 1651 4.2 

Norway 1966 - - 7 69 5 375 1831 4.2 

Sweden 1967 - - 10 44 9 647 2500 4.0 

Belgi u 1967 - - - 9 • 384 1777 3.4 

Netherlands 1965 - - 6 91 6 902 1490 3.2 

ireece 1964 - - 3 38 8 374 478 3.8 

New Zealandf 1966 - - 20 71 13 1005 1931 3.0 

Sources 

Colu-,ns (1), (2), (4), and (6)--general source: George Psacharapoulos and 
K. Hinchliffe, "Rates of Retun: International Comparison," London 
School of Economics, Higher Education Research Unit, 1970 (mimeo). 

United 	States: Giora Hanoch, "An Economic Analysis of Earnings and 
Schooling," Journal of Ihlmean Resources, Vol. II, No. 3 (Sumer, 
1967) pp. 310-329.
 

Canada: J. R. Podoluk, Earnin7rs and Education, Canada Dominion Bureau 
of Statistics, .965. 

Puerto Rico: Martin Carnoy, "The Rate of Return to Schooling and the 
Increase in Ihunan Resources in Puerto Rico," Stanford University,
1970 (mifineo). 

Mexico, Venezuela and Chile: Nrtin Carnoy, "Pates of Return to Schooling 
in h.tin Aiilerica, " Jo urnal of ]hm:an TResourccs, Vol. Ii, 140. 3, Sxm=mer, 
1967. For Chilean rates sho'wn here, see footnote 11 adjusting rates 
showni in Table 7 of that article. 

Colombia: I. Scle:::hy, "'Me Effect of Unemployinent and Growth o the 
Rate of Return to Education: 'The CazL of Colo.,bia," Harvard 
University, 1:.c'nomic Developmient Report No. 116, 1Hovemober, 1968. 

Brazil: S. A. 1cwleltt, "Rate of Return An-flysis: Role in Determining 
the Significance of Education in the Development of Brazil," 1970 
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South Korea: Jjin I''ang Shik, "Pates of Return on Education in Korea,"
 
USAID, 1953 (mineo).
 

Israel: Ruth Jainov-.alul, "The Profitability of Investment in Education
in Israel," The Mahurice Falk Institute for Economic Research in 
Israel, Jcru.alem, April, 1966. 

India: 1. Dauw, R. ayard and M. Woodiall, The C!uses of Graduate
Unemnlo-rent in India (London: '11e Penguin Press, 9). 

l.alaysia: 0. D. Hoerr, Development Adv.'sory Service, Harvard University

(unpublished), reported in Psacharapoulos and 11inchliffe, op. cit.
 

Phillipines: D. Devoretz, "Alternative Planning M:odels for Fhillipire

Educational Investment," The Ph.LIine Ecc izic Journal, iio. 
 16 
(1969).
 

Japan: 14. J. Brown.. "Mass Elites at the Threshold of the Seventies,"
Coi..parative Edkication (London), forthcoming. 

Ghana: K. Ifinchliffe. "Educational Planning Techniques for Developing

Countries wit-h Special Reference 
 to Ghana and NiCeria," unpublished
M.Phil. dissertation, U. of Leicestcr, 1969. 

Kenya: Bans H{einrich Thias and Martin Carnoy, Cost-P'-nef it Ara.yzis in
 
Education: A Cise Stury on Kenya. Economic Department, .B0RD, 1ov.,
 

Uganda: John Smyth and Nicholas Bennett, "Rates of Retu[rn on Investment 
in Education: A Tool for Short-term Educational Planning Illustrated
with Ugandan Data," The World Yearbook of Education (London; Evans 
Brothers, 1967).
 

Zambia (Northern Rhodesia): R. E. Baldwin, Economic Develorpent and Z%2ort

Groirth (Berkeley; U. of California Press, i9i6). 

The following European and few Zealand rates ar.e all reported in 
Psacharapoulos and inchliffe, op. cit.:
 

Great Britain: L. 1.!agler and R. layard, "How Profitable is Engineering
Education?" H11:hr Edu'at::,.n !evje-e, Vol. 2, No. 2 (Spring, 1970). 

Germany: fl.ms-Die.er Se:hmdl. aid Peter P.aixn[arten, "Beruflicho Ausbildurg
uiid FRi~~;mn , " J1ii A. 11. Oi-t.L (ed. ),zur Wit 'i 'lVeornti sche und R-iiftc e ittrLeh :1 ifl_1 , '.iiqigen, I.:otz, 19(,. 

Deimnark: N. 13. ]rm'xii "UddaimceRsesinvesternger.s entabilitet)" 
Ilat~iona.hono:;i, Tidsl::rji', No. 5-6, Copxnhagen, 159. 

Noinay: J. Aarre-ttad, On hrb:,r',1,,t av Fl :,vtorr I Utnnin iiorfe,
Norgen Handel]-,4yskole S: i,1unnsp, unciicjk Institutt, Lergun, 915-. 

http:fl.ms-Die.er
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Sweden: leif .agnuson, Department of Economics, University of Stockholm
 
(unpublished).
 

Belgiimi: W. Des-eyere, "Een Onderwijsmodel voor Belgie, Deel 2,"Katholie'e Universitaet te feuven, Centrun voor Economische Studien,
 
1969 (mzr.co). 

Nletherlands: P. de Wolff and R. Ruiter, Pe Econc:Ane vay he Onder-ikis
 
(Graven age: Montinus I:ijhoff, i58).
 

Greece: 11. toibenstein, "Rates of Rcturn to Education in Greece," Harvard

University, Economic Development Report No. 94, September, 1967.
 

Ilew Zealand: B. J. Ogilvy, "Investment in New Zealand Education and its
Economic Value, 1951-1,66," Unpublished 14.Com. dissertation, Univer'it 
of Auclland, 1968. 

Column (3): UMiSCO, Statistical Yearbook, 1966 and 129__57. Enrollment rates
taken from Table 2.5 for year five years previous to column (1) year.

TDie rationale for this is that .the averar;e person with primary school 
training is assued riot to enter the labor force for five years after
he leaves priaary school. So the effect of enrol.ment rates on rate of 
return would be lalged by at least five years. The enrollment rate for
columl (1) minus 5 yearIs is corrected to a six year length primary school

the 

progra. , so that all ratios represent a six year equivalent prir-,ry en
rollment as a percentage of 5-14 year-olds in the cou.try. Length of 
primary school in cach country is taken fro:r- Table 2.1. 

Column (5): Ibid. General secondary education only. Tle enrollment rate 
is taken for year three years previous to column (1) year. Enrollm,.ent
rate is corrected to a four year length secondary school program, so
that all ratios represent a four year equivalent secondary enrollment 
as a percentage of 15-19 year-olds in the country.
 

Column (7): Tbid. University enrollment is estimated as the number of universit
studfents perpopulation 15 years and Teold older. enrollmient rates are
taken from Table 2.10. The correction for population 15 years old andolder is "based on population data from United Nations, Demorarhic Yearbook, 
1960-19 Q.
 

Column (8): George Ps-charapoulos, "rhe Economic Returns to Higher Education 
in Tw;enty-five Coaltjtries," Londlon oi' Economics.,School Higher Education 
Unit, 3970, Table 1. 

Column (9): United 1Nation., Stat:itical Y, ctrooq-, 19_3. Economic grcorth rate
is taken as the average percent;z-,; change. in gross domestic product per
capita in the period t-5 to t, where t is *Lhe year shown in Colwnn (1). 
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Notes: 

a. 	 The rates for the U.S. and Canada as reported are privote rates. 
The rates as shown here have been lowered in accordc.nee with the 
difference between private and social rates as estima.ted in 
W1. L. Hamsen, "Total and Private retiLrns to Investment in Schoolin-,"

.olitica, 71, 2 1,3), 128-40.Journal of 	 Vol. o. (April, pp. 

b. 	 The 82 jVercent rate represents the return between illiterates and six' 
years of schooling. Income foregone is assiz7ed to bu zero. Both facts 
imply that the rate is seriously ovcresti;:.ated. It has been cnitted 
fran "he rcgression est-inates below. 

c. 	 The rate as reported in Hamberger and Selowshy is 12 percent, but 
as shown in Carnoy, o. cit., 1967 this is an overestimate. The 

9 percent rate is approxiruate. 

d. Rates shown here are underestimates of unadjusted rates, since they 
have been corrected for non-schooling factors.
 

e. Rates for Ucan-da are seriously overestimated, since they are based
 
on differences between average incomes of employees with different 
amounts of schooling,. his assumcs that income differences are 
constant over life Lime. The Ugandan rates are therefore omitted 
from the regression estarztes. 

f. 	 Ogilvy uses an alpha-coefficient of 0.5, but he probably overestiirates 
unadjusted rates, since he also uses starting salaries of governriant 
employees as his base for estimates. 



A-IV-42
 

economic status are perhaps the two most important of these. For 

this reason it is standard in this literature to apply an "adjustment 

factor" to the raw rates of return described above. Carnoy uses 

adjustment factors of .4 for primary, .8 for secondary, and .9 for 

university for less-developed countries; these lead to adjusted social 

rates of return of 7%, 12.2%, and 11.4% respectively.
 

While these rates of return are not dramatically high they do 

indicate, particularly if consumption benefits are considered, that
 

investmnent in education has important economic benefits. Carnoy 

stresses that the computed rates of return are quite sensitive to
 

the estimated costs; it would then follow that reduction in cost 

through improved efficiency could markedly increase the rate of return 

to education. It is for this reason that improving efficiency must be 

a central goal of educational planners. 

E. Manpower Planning 

In the three preceding subsections I have surveyed attempts 

to measure the benefits of education, by direct or indirect studies
 

of its past impact on productivity. The term "manpower planning" 

connotes a rather different way of assessing the benefits of education 

and, as it is a technique that has been occasionally used by educa

tional planners, I should mention it here. A clear overview of the 

technique may be found in Parnes [1964] but the technique consists 

essentially of forecasting into the future the "requirements" the 

economy will have for each category of educated labor. The benefits 

of having an educational system accrue to its capacity to meet these 

requirerents. 

The manpower forecasting is done by: (1) obtaining estimates of 

the niLIber of laborers of each level of education required per unit 

output in each economic sector, (2) forecasting the level of output of 

each sector at tivie t , (3) summing across sectors to obtain the total 

requirement for each educational category of labor, and (4) computing 
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how many new laborers of cach educational level must be added to the
 
labor force between now and time t to meet these requireirents. It 
is the task of the educational system to meet these requirements. While
 
the above is an oversimplification of the manpower planning approach, 
even more sophisticated versions of it tend to share wo important flaws. 
The first is that requirements are set without regard to costs; this 
could, of course, lead to severe misallocation of resources. Second,
 
this approach fails to allow for a potentially high elasticity of sub
stitution among laborers of varying skill categories; Bowles [1969,
 
Chapter III] argues that this elasticity is, in fact, quite high.
 

A series of case studies of the usefulness of manpower planning
 
has recently been undertaken -- see Ahamad, Blaug, et. al. [1972J -

and the general conclusion was that they vere of little value.
 

F. Conclusion
 

In concluding this brief overview of studies of the benefits
 
of education, two central points emerge. 
First, studies of many
 
types in many countries consistently indicate that education contributes
 
to increased productivity of the labor force. Second, we have only
 
an imprecise estimate of this effect, particularly for developing
 
countries, since only the rate of return studies dealt with data
 
from those countries and those studiea have many shortcomings from
 

a policy point of view.
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APPENDIX B: AN EXAMPLE COST-EFFECTIVENESS ANALYSIS:
 

ELEMENTARY EDUCATION IN INDONESIA
 

In a recent report prepared for UNESCO -- Jamison [1971] --

I examined the potential role of educational technology in alleviating 

financial and quality problems in elementary education in Indonesia. 

My purpose in this Appendix is to illustrate the methodological frame

work of the present paper by summarizing the results of that report. 

Some of the cost estimates used here have been made out of date by
 

R. Daroesman [1971, 1972] in a recent study of the financing of
 

education in Indonesia. ilowever, the more refined cost estimates 

she makes available in her papers are, in most cases, rather close to 

the crude estimates I use and. thus many of the results I shall describe 

are consistent with the numbers she obtains. 

The first section of this Appendix provides projections of 

elementary school graduates and participation rates for various 

assumpt Dns about the rate of growth of budgets and costs, assuming 

no chai.ge in the structure of the elementary system. The second 

section outlines alternatives available to indonesian educational 

planners and concludes that extensive use of radio appears quite 

attractive. The final section discusses the cost and probable per

formance of radio. 

A. Projection of Present System 

In order to place a discussion of alternatives into perspective,
 

The author is indebted to many individuals for assistance and 
information concerning this Appendix. They include: Mssrs. Kartomo, 
Setijndi, and iarso of the Badan Pengembangan Pendidikan (BPP),- Mrs. 

alrcy AvrLn, Mrs. Joanne Jamison, and Professor Wilbur Schramm of 
Stanford Univer;ity; IN-srs. 1). Lacerf and P. Slors of UNESCO; and Mr. 
David Barlow of BBC. InterprCtations and conclus .ons are, however, 
the responsibility of the author. 
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it is useful to project the performance of the present system into the 

future. A,ailable data can be used to compute an annual drop-out rate 

of about 10% and an annual repetition rate slightly over 10%; fron 

these numbers I have ccmputed numbers of graduates per year as a 

function of available budget for elementary schools and per student 

costs. Assuming an average class size of 35 students, an average 

teacher salary (in 1968) of Rp. 57,300 per year, an average annual cost 

of classroom use of Rp. 23,000, and that on the average 1.5 classes 

use each classroom, the per student annual coa;t ir"1968 was Rp. 2070. 

(This compares reasonably well with Daroesman's .971 survey data estimate 

of Rp. 2583; much of the differeuice comes from her estimate of Rp. 

66,000 as the annual cost of a teacher.) The total expenditure on 

elementary education in 1968 is the product of Rp. 2070 and the enroll

ment of approximacely 1.2,000,000 students -- i.e., about Rp. 24.8 billion. 

Table B.1 shows the number of graduates as a function of time starting 

with these 1968 base numbers and assuming no changes in the drop-out 

and repetition rates. (The growth rate of effective expenditures is 

All references to rupiahs in this note refer to .970 rupiahs; 

there are approxinately 340 rupiahs ,cr dollar. Class size and cla;s
room use est:imates; are ban;ed on P. Slors, "Some Bottleneck; il 
Indonesia's EducaLiolial Sy:tem, with a View on its Future," Unpublished 
BrI Report, Jaiuary 1971. DhloesmanL uses higher estimates -- 40 to 1 
for the student to teacher ratio (Part I, p. 84) and more intensive 
shifting to obtain high cloa;sroom utilization (Part I, p. 91). 
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Numbers of Graduates of Elementary School, Present 
Systema


TABLE B.l: 

Growth Rate of Effective Expendituresb
 

0% 6%
Year -3% 3% 


1970 1.130 1.114 1.099 1.085
 

1974 1.288 1.280 1.270 1.255 

1978 1.148 1.280 1.420 1.567
 

1982 1.019 1.280 1.594 1.971
 

aFigures in the table are expressed in millions. 

bThe rate of growth of effective expenditures is defined to be 

the rate of growth of real expenditures minus the rate of growth of 

costs. These numbers are computed by the methods of Section V.A. 

the difference between the growth rate of expenditures in real terms
 

less the growth of costs in real ternis.) Daroesman estimates that the 

real growth of elementary teacher salaries (the bulk of costs) will be
 

rate of increase in overall expenditures
3.5%; thus it would take a 6.5% 

to produce a 3% rate for effective expenditures. 

Knowing the level of elementary school enrollment and the number 

of children aged 7 to 12, one can compute a "gross" participation rate 

for the system by dividing the second into the first. However, many 

of the individuals enrolled may actually be over 12 so a more appro

priate measure is the number of students enrolled net of the number over 

12; this nu,,bc divided by the total number of children aged 7-12 was 

defined as the "real" participation rate. The real participation rate 

can be computed from a kno.qledge of the drop-out rate, repetition rate, 

and rate of growth of enroolment; Table B.2 shows projections of the 

a function of the growth rate of effectivereal participation rate as 


expendi tures.
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TABLE B.2: Real Participation Rates as a Function of Time
 

Growth Rate of Effective ExpIendituresa
 

Year -3% 0% 3% 6%
 

1970 .577 .595 .613 .631
 

1974 .454 .529 .613 .708
 

1978 .358 .470 .614 .795
 

1982 .282 .418 .614 .892
 

aThe rate of growth of effective expenditures is defined to be
 

the rate of growth of real expenditures minus the rate of growth of 
costs.
 

It is also possible, though slightly more complicated, to itera

tively solve for the level of expenditures required to maintain the 1969 

real participation rate of about 61% as a function of the rate of growth 

of real costs; if, for example, real costs increase at a 4% annual rate 

the real expenditures in 1982 will need to be more than double those 

for 1971 to simply prevent a decline in the participation rate. It is 

this rather pessimistic conclusion that leads us to analyze alternatives 

to the present system. 

B. Alternatives to the Present System 

If a nunber of different techniques for providing elementary 

education exist, then at any given time a certain fraction (perhaps 

zero) of Indonesian students will he using each.technique. An alternative 

at a point in time is a specification of the fraction of students 

Lqing ench techmnique at that time, and planning consists of comparing 

and evaluati.ng varioiis time streans of alternatives. In this section 

I will analyze a variety of alternatives to the present technique for
 

http:evaluati.ng
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elementary education and will leave it as understood that not only the
 

techniques presented but any mixes of them are possible alternatives;
 

the basic conventional and technological alternatives to be analyzed 

are described in Section II.A. The analysis begins by elirminating 

alternatives that appear clearly udesirable for Indonesia at the present 

time. 

Elimination of Less Desirable Technological Alternatives. Since
 

six technologies were listed in II.A, and five alternative ways of 

using them, there are a total of thirty broad "technological alternatives". 

Most of these .re unattractive, however, and this subsection sharply 

reduces this rather extensive list. A basic source of information on 

the performance of the new media, and to a lesser extent their relative 

costs, is Learning from Television: What the Research Says by G. Chu 

and W. Schramm [1968]. Chapter VI of that volume deals with studies 

of vedia other than television. Somewhat more detailed cost studies may 

be found, for past projects, in Schramm, Coombs, Kahner, and Lyle [1967] 

and in its accompanying 3 volumes of case studies. My analysis at this 

point will draw heavily on these previous findings. 

Chu and Schramm record hundreds of instances where television 

teaches as well or better than a well trained classroom teacher, in 

addition to a ntunber of instadiees where it fails to do as well. Television 

appears to work relatively better for elementary students than for 

older ones and there seems to be no doubt that television could 

effectively teach in the elementary schools of Indonesia. However, 

television is expensive -- perhaps five timne$ as expensive as radio
 

(Schramm, et. al., p. 131) -- and, except where moving pictures are 

essentinl, radio appears to teach about as well. For reason of its 

much higher cost than radio, I conclude that television is an unviable 

alteniative for primary education in Indonesia at the present time. 

However, it does appear that transmission costs can be made much lower 

than they are today -- see Bourett [1971] -- and there may come a time 

when sufficient funds are available for Indonesian elementary education 

to include selective tse of relevision. It is also possible that more 
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sophisticated future work on the comparative effectiveness of different 

media for different tasks will define areas where television is more
 

cost effective.
 

Blackboard television is a technique under development by Dr. 

Iskandar Alisjahbana of the Bandung Technological Institute (I.T.B.) 

with colleagues from Holland. Its major attraction is that its video 

signal can be transmitted over a voice grade circuit; a disadvantage 

is that it requires a modification to an ordinary television set that 

may be costly. As blackboard television is still under development, 

and its production costs remain uncertain, it cannot be considered an 

active contender for operational use for the next 4 to 6 years. It 

appears sufficiently promising, nonetheless, that further development 

at I.T.B. should be encouraged. 

For many purposes, classroom controlled audio-visual media appear
 

potentially attractive. Films teach about as well as television and,
 

though there is less evidence for this, it is reasonable to conjecture
 

that cassette tapes would teach as well as radio. The critical point
 

for comparing these alternatives to broadcast alternatives appears to be
 

the question of economies of scale. Chu and Schramm cite a study of the
 

French Bureau d'Etudes ORTF indicating that over the air transmission of
 

audio was less costly than disc distribution for audiences over about
 

3000. Presumably the break even number in Indonesia would be consid

erably less since, due to poorer transportation in Indonesia than in 

France, each location would require considerably larger inventories of 

recorded material., which would in turn sharply increase costs. Class

room audio-visual media are discussJed at greater length in M. Jamison
 

[1967] and may have a potentially valuable role to play for higher levels 

of education in urban areas. However, the economies of scale issue 

would seem to rule them out for mass use at the elementary level. 

Fourth on the list of alternative technologies to be considered 

is radio. In terms of both cost and performiance for large audiences 

radio is attractive. The next section contains nore detailed performance 

information concerning radio as well as cost equations for its use 

under several sets of assumptions. Chu and Schramni cite a number of 
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studies that indicate radio can teach about as well as television or as
 

a well trained classroom teacher. More recent surveys of the literature 

concerning instructional radio were referred to in Section IV. 

Jamnison, Fletcher, Suppes, and Atkinson [1971] present evidence
 

that computer assisted instruction (CAI) is becoming an attractive
 

educational alternative for developed countries, but the cost figures
 

in their paper completely rule out CAI for operational use in Indonesia
 

in the foreseeable future. Computer managed instruction (CMI) is con

siderably less expensive and Jamison and Ball [1971] have suggested
 

that it is potentially capable of being distributed by satellite at 

night to quite dispersed and remote areas. Nonetheless, per student
 

annual costs of a minimum of $10 to $15 per subject matter indicate
 

that CMI is not yet to the point where it could be seriously consid

ered for operational use in Indonesia.
 

In a review of the literature on programmed instruction, Schramm 

[1964] concludes that programmed self instruction can teach effectively; 

research available to him at that time was almost entirely conducted 

in developed countries. Roebuck [1969] reports on an experiment 

involving programmed instruction that took place in Nigeria. He con

cludes that programmed texts were successful teaching devices with some 

students, but that effective usage depended on the presence of a regular 

teacher and that coordination of students. at different points caused 

considerable administrative difficulty. I have no information available 

concerning the cost of programmed instruction, although fairly good 

estimates of part of the cost could be made if the number of pages
 

covered per day were known. I would conclude that programmed instruc

tion is potentially somewhat attractive but probably costly and 

difficult to imprement on a wide scale. Partially for lack of data 

and partially because it seems unlikely to be instructionally superior 

to radio, prograinmed instruction was not considered further in the 

UNESCO Report. More consideration shocld probably be given this 

possibility, however. 

I will now turn to consideration of alternative ways of using
 

the technologies. The first two that were listed -- enrichment and 
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complete replacement of the teacher -- will be considered only briefly. 

Rather than providing a serious alternative to the present system, 

enrichment would tend to provide only a minor change, though potentially 

a somewhat costly one. Complete replacement of the teacher falls at 

the other end of the scale. The possibility that there would be no 

need for individuals in the classroom with approximately the level of 

training of present day primary teachers would seem to be both 

pedagogically and politically improbable.
 

Substantial supplementation of the classroon teacher, on the 

other hand, seems entirely feasible. The medium could take most of 

the burden of instruction while the teacher would assist individual 

students, grade papers, and acquire more training herself. For this 

last reason little real difference exists between this alternative and 

the last use listed, substantial supplementation plus teacher training. 

If a medium is used for substantial supplementation, increasing class 

size or reducing the number of hours in the student's school week 

would lead to reductions in teacher requirements. This would be true 

even though the teacher remains in the classroom during all broadcasts, 

both to supervise the children and for teacher training. 

A final use of the medium would be for the sole purpose of
 

improving teacher quality and only through that means influencing 

student performance. This possibility has been analysed for Indonesia
 

in a BPP study by Mliarso that compares use of radio to conventional
 

means for upgrading teachers; he concludes that radio would be con

siderably less costly.
 

This completes the initial analysis of the technological alter

natives. Radio emerges as the most attractive technology and the most 

attractive use appears to be for teacher training (to be labeled Radio 1) 

or for substantial supplementation of the teacher plus teacher training. 

Four explicit ways of uLsing radio for substantial supplementation were 

analyzed in my report to UNESCO and these are labeled Radio 2 through 

Radio 5. Table B.3 describes these 5 uses of radio in more detail;
 

while these uses clearly repre;ent only a few of the logical possibilities,
 

I consider them repre'.cntative (f the major alternatives. Before
 

examining their costs we will return to'the conventional alternatives.
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Table B.3: Uses for Radlo in Primary Educationa 

Label 	 Description
 

Radio 1 	 This alternative is described in detail in Miarso (1970] and 
involves dhort term (1 to 3 week) workshops.for teacher 
upgrading. Workshops would use radio and/or recorded audio
 
instruction.
 

Radio 2 	 This alternative would leave unchanged all aspects of the 
present system except that in one subject matter there would 
be a 20-30 minute daily broadcast at each grade level. The 
purpose of this broadcast would be to substantially supple.ment 
the teacher's presentation in that subject, and to help teach 
the teacher. 

Radio 3 	 This would be the same as Radio 2 except that there would be 
daily broadcasts in two subject matters instead of one. 

Radio 4 	 .This would be the same as Radio 2 except that the school day 
would be shortened to four hours for all students to allc.r for 
double shifts. The resulting increase in the ratio of the 
num.ber of students in the systen to the number of teachers would 
help cover the 	cost of introduc4ing radio..
 

Radio 5 	 This would be the same as Radio 4 except that there would be 
daily broadcasts in ti.io subject matters instead of one.
 

'This table describes the radio alternatives wuhose cost and performance 
are analyzed in more detail in the text. Clearly these are not the only ways 
to use radio; they are, in fact, somewhat conservative in that it is at least 
conceivable that many more subject matters could be taught. Also, radio could 
be intr'oduced with much more radical increases (or changoes) in average student 
to teacher ratio than considered here. The purpose of detailed examination of 
these particular radio alternatives is to ascertain the consequences of prom
ising, and feasible, steps in several different directions.
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Less Desirable Conventional Alternatives. The various conven

tional alternatives appear implicitly in equation 11.2. The first 

variable to consider is that of teacher quality, the importance of 

which has been stressed by Beeby [1966]. Unfortunately, using con

ventional means to significantly change the average quality of so
 

large a teaching force as Indonesia's would be enormously costly, 

take much time (Beeby measures it in generations), and might oblige 

many teachers to leave their posts unfilled for significant periods. 

Therefore less significant changes in teacher quality were examined
 

(by iarso) assuming both conventional retraining and Radio 1. 

The second conventional variable is class size. This variable 

is critically significant due to its impact on cost. A number of
 

studies examining the impact of class size on student performance seem
 

to indicate little impact of these variable on student achievement; 

see Section IV.
 

The third conventional variable is number of hours in the
 

student's school week. This, along with class size, determines the 

.average student to teacher ratio and is equally significant in terms
 

of costs. I was able to find less evidence concerning the impact of
 

this variable on performance, but Bennett [1971] argues "... one hard 

fact to be borne in mind is that very few people in developing rural 

areas in Africa (and probably elsewhere tco) work a full day anyway. 

This is partly due to tradition but, more significantly, to worms,
 

dysentery and malnutrition. ... there is little objective evidence 

to show whether much extra is taught in insisting that the underfed 

children remain in their classrooms six hours a day instead of three 

or four hours." 

A final variable is that of classroom utilization. In order 

to minimize per student costs it is clearly desirable to increase to 

the maxinum possible the number of hours per day a classroom .is used. 

The feasibility of doing this depends very much on the number of hours 

per week that classes meet. If the average is four and a half hours 

per day or less, double shifting is probably possible; otherwise, it 

udght be difficult. As Darocsman [1971] has indicated, classroom 
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Slors [19711 indicates
utilization is already good in Indonesia 

1.5 classes per classroom - but it would seem desirable to push this 

closer to 2. The cost implications of this, which are included in
 

the analysis of Radio 4 and Radio 5, are not large but are nonetheless
 

significant, and become more so if class buildings only .last 15 or 20
 

years instead of the sometimes assumed 50.
 

The above consideration of conventional alternatives suggests
 

the possibility of improving quality through radio while perhaps
 

studentfinancing the radio at least partially by higher aggregate 

to teacher ratios or rates of classroom usage. We turn to these
 

possibilities in the next section.
 

C. Cost and Performance of Eddcational Radio
 

The preceding section concluded that radio appears to be the 

most attractive technological alternative for Indonesia at the present 

time. In this subsection I examine further the cost and probable perfor

mance of radio in an Indonesian setting. 

Component Costs of Radio. This analysis will deal with five 

basic components of the cost of providing educational radio -- programming 

costs, book costs, receiver costs, transmitter costs, and teacher 

training costs. The purpose of the analysis is not to further refine 

estimates but to combine generally available, thoughengineering cost 
_meaningful picture of
occasionally slightly inaccurate, numbers into 


total cost.
 
come from a recent, highly detailedMy progranuming cost estimates 

proposal prepared by Stanford University's Institute for Mathematical
 

Studies in the Social Sciences to the United States Agency for Inter

national Development. (By progranuning cost I mean the total cost of
 

preparing the audio tapes for broadcast plus the cost of writing the
 

of the proposal was,accompanying printed material.) The purpose 


among other things, to program curriculum for teaching arithmetic by
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radio in a _ veloping country for grades 1 through 6. 'The cost was 

high in order to allo carefully controlled curriculum development 

based on continual analysis of student response to the instruction. 

A cost of $75,000 per course year (or $300,000 for the six years)
 

emerges as the best estimate from that proposal, and that is the 

number I shall use here. It should be stressed, however, that this 

cost estimate is a very conservative one indeed; Radio Republic 

Indonesia, for example, currently estimates the cost of its educational 

programming to be about $60. per hour, or less than $10,000 for a year 

long course segment. Much of the difference probably lies in the 

iterative development and evaluation cycle proposed by the Stanford 

group. In order to assure quality programming for mass usage, the
 

development effort is likely worthwhile -- and it is also a mechanism
 

for gradual implementation. Given this development effort, however,
 

the program will be assumed to last 12 years.
 

The second component of cost to be considered is that of printed 

material for the students. For about $.0033 per page, technology now 

in use in Indonesia can produce books with a 3 year lifetime under 

moderate student use. New techniques using semiplasticized paper are 

becoming available that should extend lifetime at this level of usage 

to 5 or 10 years and perhaps slightly reduce costs. In this report the 

expected costs are assumed to be $.0025 per page with a 5 year lifetime.
 

With this estimate, as with all the component cost estimates, the cost
 

equations will also be derived for a pessii1istic case assuming 1.5 times 

these costs and an optimistic case assuming .65 times these costs. 

The next cost area is that of receivers. Typical prices for 

commercial receivers at an electronics store in Jogjakarta in i15ay 1971 

To give an idea of what is possible in this area, I purchased 
the two volumes of Paul Samuelson's Collected Scientific Paners in 
Taipei at a commercial bookstore for $2.50. These were hard bound, 
very legible, and total over 1800 pages. This is $.0014 per page.
 
An important aspect of the cost of books and printed materials will 
be that of distributing them to widely scattered rural classrooms, 
and this point needs further study. I have made allowance for that 
cost by estimating a somewhat high cost per printed page. 
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ranged from Rp. 3000 for a Golinda Junior III operating between 40 and
 

140 meters to Rp. 13,300 for a portable Philips 16RL377 with three 

separate short wave bands. As it is extremely difficult to separate
 

Costs from price when tariffs separate markets f;om the international 

economy, I simply use $20 as a representative international price for
 

an excellent battery operated receiver.
 

The next cost component is that of transmitters. Detailed cost 

estimates here must await the decisions concerning medium wave versus 

short wave versus EM as well as the results of more detailed transmission 

studies. Nevertheless it is possible to place an approximate upner 

bound on these costs by using a cost of $5000 for a low power, one man 

operated transmitter with a radius of approximately 7 miles (11.5 

kilometers). About 400 such transmitters are in use in the United States 

today (in the FM band). Likely it will be possible to economize by 

placing much larger transmitters in some locations, so this estimate is 

conservative. My esLimates here are further conservative in that each 

transmitter is only assumed to reach 80% of the students in the schools 

that it covers and that the average population reached by a transmitter
 

is assumed to be only half what the population density of Java-Madura 

would indicate. (If the transmission facilities were used for other
 

forms of in-school education or for out of school education, as well
 

as for the primary school uses, then only.a fraction of the cost of the 

transmitter should be charged to elementary school use.) le transmitter 

is-assumed to last 10 .years and to have an annual maintenance and 

operating cost of 10% of its purchase price. 

Finally, in order to implement radio, a certain amount of
 

training and orientation will likely be required. This is
 

to cost $10. per teacher ($15. per teacher for training in
 

For approximately $60. it is now possib-le to purchase a mini
cassette receiver of high quality so that, if desirable, teachers could 
replay the lossonn; at times of their o.n choice. At the other Ond of 
the cost range, a pro-set, nontunable receiver would cost much less 
than $20. Tius the $20. esti'ate makes allowance for the need for 
batterien and either maintenance or replacement for defective radios. 
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two courses), and to be good for ten years since, from an initial point 
on, the teacher will be learning from the radio. 

The above, then, are the basic cost components which will be 
used in the following analysis. The estimates are believed to be 
conservative estimates of the state of the art and pessimistic and 
optimistic variations are also provided. If, hoever, anyone sharply 
disagrees with any of the cost assumptions, the following analysis is
 
structured in such a
way that he can easily examine the consequences
 

of his own assumptions.
 

Total, Average, and Marginal Cost Curves. In the following, 
four different specific alternatiVes for using radio for substantial 
supplementation plus teacher training will be analyzed. The first 
two, Radio 2 and Radio 3 add radio - for one subject matter and two 
subject matters, respectively -- with no increase in student to teacher 
ratio to compensate for the cost. 
 Radio 4 and Radio 5 are alternatives
 
that increase the student to teacher ratio by putting students in
 
grades 3 through 6 on 4 hour shifts without increasing class size.
 
(Most students in grades 1 and 2 are already on shifts.) This also
 
allows for improved classroom utilization. Radio 4 parallels Radio 2
 
in providing substantial supplementation in a single subject matter;
 

Radio 5 has it for two. See Table B.3. 
All cost equations in this section will ls stated in annualized 

terms. This means that all capital costs, such as programming, must be 
translated into annual equivalents by the factor a(r,n) - [r(l+r)n]/ 
[(l+r)n-1] times the capital cost. Here r reflects the cost of
 
capital and a figure of .15 is used throughout to reflect the high
 
social cost of capital in Indonesia today. n is the expected useful 
lifetime of the capital outlay; the values of 
n appeared in the text
 
describing each cost component. 
 •.
 

Three cost concepts are used, and these are further described 
in Section III.A. T(N) is the total annual' cost for a way of using 

Presumably Baihasa Indonesian and arithmetic. 
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radio if N students use the system. 
T(N) increases as N increases.
 
A(N) is the nverage,annual cost, 
or unit cost and is defined to equal
 
T(N)/N . Due to the fixed programming costs, A(N)
A declines to an
 
asymptotic vzlue as N increases. The third cost concept that
is of
 
marginal or incremental annual cost, IAM(N) ; this is the annual cost
 
per student of adding new students to a system olready in operation.
 
M(N) is equA1 to the derivative of T(N) with respect too 
N and
 
simply assumes a constant value in the present cost model. 
In the
 
next paragraph tct3l cost 
curves for Radio 2 through Radio 5 are
 
presented; average and marginal cost cu=-ves 
follow from them. 
In al.
 
cases 150 papes of printed material per student per year are assumed
 
to be required for each coarse (i.e., 
150 pages per year are required
 
for Radio 2 and Radio 4, 300 pages per year are required for Radio 3
 
and Radio 5.
 

The tota cost .-aaLo " will be designated T2 (N) , for
 
Radio 3, T3 (N) , etc.. ihese equations are expressed in terms of the
 
following variables, whose values were justified in the text.
 

T - transmitter cost 
- U.S. $5000.
 

R - receiver cost - U.S. $20, 

B - book cost = U.S. $.0025 per page.
 

P - programming cost -*U.S. $75,000 per course year.
 
W - teacher workshop cost - $10. for Radio 2 and 4, but $15. 

for Radio 3 and 5.
 

The total cost curves follow:
 

T2(N) 
a(.15,12)6P + aC.15,5)I5ONB + a(.15,5)NR/70 + [.l+a(.15,10)] NT/9375
 
+ a(.15,10)NW/35 . (B.l)
 

The UNESCO Report upon which the Appendix is based was prepared
prior to the development of 
the unit cost representations described in
Section III. 
 ille not incorrect, the presentation of costs in the
annualizcd terms used in this Appendix is, I now feel, less illtminating
to a decision-maker than the other 'would be. 
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T3(N) - a(.15,12)12P + a(.15,5)300NB + aC.15,5)NR + [.1+a(.15,10)]NT9375 

+ a(.15,10)NW/35 . (B.2) 

T4(N) - a(.15,12)6P + a(.15,5)150NB + a(.15,5)NR/105 

+ [.l+a(.15,10)] NT/9375 + a(.15,10)NW/52.5 . (B.3) 

T5 (N) - a(.15,12)12P + a(.15,5)300 NB + a(.15,5)NR/52.5 

+ [.1+a(.15,10)] NT/9375 + a(.15,10)NW/52.5 . (2.4) 

A few notes are in order concerning the construction of these formulae. 
The source of programming and book costs is fairly clear. For Radio 2, 
two classes share a receiver; for 'Radio 3, one class; for Radio 4, three 

classes (possible because of shifting); for Radio 5, one and a half
 

classes. The .1 appearing in the transmitter cost term is to allow 

for operations and maintenance. The transmitter term is the same for 
all uses, though transmitter utilization would vary from 3 hours per
 

day with Radio 2 to 6 or more hours per day for Radio 5, the exact 
number depending on how the shifting is done. Radio 2 thus leaves 
more free air time for out of school education, entertainment, or
 

other formal educational uses. (It is in keeping with this report's
 

policy of conservative cost estimation that the full transmitter cost
 

is charged to the primary school use.)
 

Table B.4 shows expected, pessimistic, and optimistic total 

cost equations for the each radio alternative. Expected costs are 

computed from the values of T, R, B, P, and W shown above; pessimistic 
costs equal 1.5 times expected costs; optimistic costs equal .65 times 

expected costs. The unit cost equations and values of the marginal 

costs are shown in tables B.5 and B.6. 

The costs shown in Tables B.4 to B.6 are all effective annual 
costs in which capital costs are spread over their useful lifetime 
with an assumed social cost of capital of 15%. While the annualized 

costs give a more accurate representation of the "true" annual costs, 
it is also valuable to show actual expenditures required, by category 

and by year. The information in equations B.1 to B.4, and in the cost
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Total Annual Coot FormulasabTable B.4: 

PrintedTeacher
 
.rogranning terialnted Receiver Transmitter Training 

Radio 2 

Expectel 28,225,530 + 38.035N + 28.979N + 54.264N + 19.356N 

Pessimistic 42,38,300 + 57.0,5N + 43.469N + 81.397N + 29.03411 

Optimistic 18,346,590 + 24.723N + 18.837N + 35.272N + 12.581N 

Radio 3 

Expected 56,451,130 + 76.071N + 57.959N + 54.26 N + 29.034N 

Pessimistic 84,676,700 + 114.106N + 86.938N + 81.397N + 43.551N 

Optimistic 36,693,230 + 49.446N + 37.67N + 35.272N + 18.872N 

Radio 4 

Expected 28..225,530 + 38.035N + 19.320N + 54.264N + 12.904N 

Pessimistic 42,338,300 + 57.053N + 28.979N + 81.397N + 19.356N 

Optimistic 18,346,590 + 24.72N + 12.558N + 55.272N + 8.58811 

Radio 5 

Expected 56,451,150 + 76.071N + 38.639N + 54.264N + 19.35611 

Pessimistic 84,676,720 + 314.106N + 57.959N' + 81.397N + 29.03411 

Optimistic 3,693,230 + 49.446N + 25115N + 35.272a + 12581N 

aCosts are in current rupiahs, converted from dollars at Rp. 340 per 

US dollar. 
bFor any value of ]I, the number of students in all grades using the 

system, tfie stun across the row shows the total annual cost of providing
radio for all the sLudents. Capital costs are converted to annual costs 
on the basis of their expected lifetime and a social cost of capital of 15%.
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Table B .5: Average Annual Cost Formulasa
 

Radio 2 

Expected 28,225,530/N + 140.634 

Pessimistic 42,338,300/N + 210.953
 

Optimistic 27,519,88o/N + 91.413
 

Radio 3
 

1irected 56,451,130/N + 217.328
 

Pessimistic .84,676,700/N + 325.992
 

Optimistic 55,039,840/N + 141.263 

Radio 4 

Expected 28,225,530/N + 124.523 

Pessimistic 42,338.300/N + 186.785 

Optimistic 27, 519,880/N + 80.941 

Radio 5 

Expected 56,451,150/N + 188.330
 

Pessimistic 84,676,720/N + 282-).496 

Optimistic 55,039,850/N + 122.414 

2 Average annual cost is total annual cost, Table 3.1, 

divided by the umnber of students, N. These are comonly 
called unit costs. Costs are in rupiahs. 
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a
 
Annual Mhrginal CostTable B. 6: 

Radio 2 Radio 3 Radio 4 Radio 5
 

Expected 140.634 217.328 124.523 188.330
 

Pessimistic 2104953 325.992 186.785 282.496
 

Optimistic 91.413 141.263 80.941 122.414
 

aliese represent the average annual cost per student of adding a 

fairly large group of students to the system in a location where there
 
is no transmitter available. For either small or large .groups of students, 
adding to the system ii a location'with P transmitter would cost about 
Rp. 54 less than indicated in the table--see cblumn 4 of Table 3.1. 
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figures preceding these equations is surficient to determine these 

costs, if a specific pattern of implementation is assumed. The costs 

per year of implumenting Radio 5 are shown in Table B.7, under the 

assumption that the decision to implement follows evaluation of the 

success of two years of program and curriculum development. The rate 
of implementation is assumed to be one million students per year for
 

ten years; more rapid implementation would, of course, increase costs
 

in early years but decrease them lrter. Similar time streams of costs
 

can easily be constructed for the other radio alternatives, or for 

other assumptions about rate of implementation.
 

Opportunity Cost of Radio. If one wishes to introduce radio 

into the system without increasing per student instructional costs 

(i.e., costs of teacher plus radio) by more than a factor of R , one 
may have to increase the student to teacher ratio in compensation. It 

is important to know by how much the student to teacher ratio increases,
 

and this can be computed in a straightforward way using the methods of
 

Section III. Let W be a teacher annual wage and S be the student
 

to teacher ratio before introduction of technology. A(N) is, as
 

before, the average annual cost of the technology and we let I be 

the increase in class size required to m.ake the post-technology per 

student instructional cost equal R times the pre-technology instruc

tional cost per student of Rp. W/S . The post-technology instructional 

cost.equals [W + A(N)(S+I)]/(S+I) ; we Lhus have: 

W/s R[W + A(N) (S+I)] / (S+I) (B.5)
 

To find the required increase in class size, equation 4.5 is solved
 

for I giving:
 

I - (SW(1-R) + R A(N)S ] / (W - R*A(N)S) . (B.6) 

Table B.8 shows (S+I)/ , the ratio of post- to pre-technology 

class size for several values of N . It assumes that S - 35 and 
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Table B.7: Cost Per Year For Implementation of Radio 5 ab 

Cost Element
 

Y Transmitter Transmitter Printed Teacher 

Year Programmingc Purchase Operationsd Receiverse Materiale Workshop .TCTA 

1 225 0 0 0 22:0 0 


2 225 0 0
0 0 0 22' 

3 225 525 53 380 750 285 221, 

4 225 525 105. 380 750 285 2271
 

5 0 525 158 750380 285 209, 

6 0 525 .. 210 380 750 285 2151 

7 0 525 263 380 285750 220 

8 0 525 315 760 2851500 327, 

9 0 525 368 760 2851500 3321 

10 0 525 420 760 1500 285 338( 

11 0 525 463 76o 1500 285 32. 

12 0 525 525 .760 1500 285 3485 

acosts"are expressed in thousands of US $. 
bThe pattern of implementation whose costs are shown in the table assumes an 

initial twio year period of pro: ra.,,ming and curriculum development at the end of which
time a decision would be made concerning imiplementation. The implementation rate shc.inis fer one million ne.wl studeits to be receiving radio each year from year three on, forten yearz. Thus, for exrniple, in year six there would be four million students usingthe sy Le.'. Lumbcrs in the table are based on eauation 4.4 and the cost figures sho.wn
preceeding the equation 4. "1.
 

progr.:mvh and curriculim, development costs are based on Radio 5's 
rcquirc:;ent of 12 yer long courses at $75,000 per course, with development spread over 
four years. 
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Table B.7 Continued 


dTran:.mitter operaions and maintenan.ce were assumed to cost annually 104, of 
the assumed purchase price of the transmittcr. The total anount sr-:nt for this 
steadily increases through year 12 as more transmitters are installed. Again, it 
should be stressed that both the transmitter *purchase and operations costs in thic 
table are alm.ost stircly. overecsti'-nmtez; a dotailed transmission wouthd improve on the 
pattern of transmitter us-' ijplied in this rcport. 

eAnnual expenditures on receivers and printed material double in year 8 since,
 
due to the assumed five year lifetime of these item, those installed in year three 

must be replaced in addition to the new installations. 

http:maintenan.ce


-- 
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R equals one the per student instructional 
that 11 - Rp. 57,300 . When 

It is
 
cost after technology is, of 

course, the same as it was before. 


even moderately large, the 
opportunity

is 

interesting to note that if 

N 

cost of Radio 5 is only an 
increase of about five in the 

student to 

This increase is 
from 35 to about 40. more than 

teacher ratio 
without requiring larger 

5 by the shortened school day,
in Radiocovered 

effect of scale of 
B.8 also gives an idea of the 

class sizes. Table 

Table B.5 shows how scale 
affects unit costs in
 

operation on costs. 

terms of required changes

the effect in 
rupiahs while Table B.8 shows 

For Radio 5, usage by 500,000 
to
 

in the student to teacher ratio. 


1,000,000 students per year 
makes fixed cost per student 

only a fraction
 

of variable costs.
 

From the purveys mentioned 
in
 

Probable Performance of_'Radio. 

from the literature that 

to concludefeel it reasonableSection IV, I 
well trained classroom teacher 

if 
a 


radio can teach about as well 
as 


using radio,the effect ofIn computingproperly programmed.radio is 

this capability is assumed 
to reflect itself in reduced 

dropout and
 

In my raport to UNESCO the 
impact of radio on
 

repetition rates. 


graduation and participation 
levels was computed under the 

assumption
 

(conservative, I felt) that 
only one-third of the effect 

reported in El
 

Salvador would obtain in Indonesia.
 

To compute the effect of introducing 
radio, the level of effective
 

expenditures was assumed to 
increase at a rate of 3% per 

year and the
 

to the present perwas addedthe radio alternativemarginal cost of 
The fixed costs of progtam 

preparation were
 
student cost of 2070. 


J. Mayo and 
in El Salvador, E. McAnamy,

TV wa!; introducedWhen rates went from-.133grade dropoutthat 7th
R. llornik [19701 report greater.rate was correspondingly

reductLon in repetition [1972,to .09; the found in'Hornik, et. al. 
on this way be 

More recent inforw1a1tion 
Ch. 4). 

of providilz radio 
n the case of Rodio 4 and Radio 5, the cost 

to the
of clan sroori instruction due 

cosrt 
must be added to a lower base 

uage. 'T7he average value
classroomand increasedschoolshortened d&y 

42.5 with cithcr of these, 
and classroom 

rise toassuoed toof S is 
to classes per classroom. 

,,tnan Is assumed to rise two 
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Table B.8: Increase in Student to Teacher Ratio Required to Finance Radio8 

Radio 2 Radio 3 Radio 4 Radio 5 
be 

Students in System R H R R 

1.0 1.15 1.0 1.15 1.0 1.15 1.0 1.15 

.25 1.182 1.033 1.370 1.233 
1.169 1.019 1.338 1.198
 

•50 1.137 .986 1.252 1106 1.124 .973 1.225 1.077
 

1.0 1.115 .964 1.200 1.052 1.103 .952 1.175 1.026 

2.0 1.i4 .954 1.176 1.027 1.092 .942 1.152 1.002 

5.0 1.098 .947 1.162 1.012 1.o86 .935 1.139 
 .988
 

10.0 1.095 .945 1.157 1.007 i.o84 .933 1.134- .984
 

aEntries in the table show the ratio of the student to teacher ratio aftertechnology is introduced to what it is now (assumed to be 35), if the totalinstructional (teacher + mediun) cost is not to increase by more than a fnctorof R. Clearly this entcy must be greater than 1 if R = I, but it ,nay be less
than 1 (decrease in student to teacher ratio) when R 
= 1.15. 

bThis refers to the number of millions of students in the primary school 
system who are using radio. 
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substracted from the available budget, and the methods of Section V 

were used to compute the nuitber of graduates per year and real partic

ipation rates. Under these assum-ptions all tle radio alternatives
 

perform better in terms of graduates and real participation rates than 

does the present system. Radio 5 does the best, about 25% better than 

.*.he conventional in terms of graduates and 20% better in terms 

participation rate. These differences are sufficiently large, . 

were computed undez'sufficiently conservative asstumptions to conclude 

that the case for use of radio in Indonesia's elemhntary schools appear
 

quite stron'. Before comnmitment tional ue'6f radio, however, 

extefiiive tests o ts effe c4uj In should be carried 

These issues are 4pai [1971). 

D. Conclusion
 

In this Appendix I have provided an extended example to both
 

illustrate the. methodology developed in the text and, hopefully, to 

show that that methodology has practical value for educational planners
 

It cannot be stressed too strongly, however, that both the methodology
 

and its applications need further development and testing.
 

For example, under the assumption of a 3% rate of growth of 
effective expendiLures, the projected 1982 real participation rate 

using radio 5 is 73.6%; the projected 1982 nu.iber of graduates is 
2.01 million. This contrasts with' numbers of 61.4% and 1.59 million 
for the present sy.tcrn. 
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INTRODUCTION
 

I. A simple relationship exists between a nation's gross national
 

product (GNP) and its telephone denisity (the number of telephones per 

1000 population).
 

It should not be inferred from this that the demand for telephone
1. 


service can be characterized by the same simple relationship to GNP. 

Only in the more developed countries is the investment in telephone plant
 

sufficient to produce a demand-limited market. The budget constraints 

of less developed countries produce a definitely supply-limited situation,
 

there is more demand than there is facility to satisfy the demand.
 

2. Especially in such a supply-limited situation, there is impetus to 

determine the least-cost method of providing service, since the target for
 

the communications entities of these less developed countries is a development 

plan to upgrade the present telecommunications system to make it compatible 

with the socioeconomic level of the country, and to do so within the
 

telecommunications budget. 

It appears that the telecommunications satellite can significantly
 

reduce the costs of service to dispersed populations or subscribers
 

(e.g., interconnection of cable television companies) while maintaining
 

the same standard of performance as obtained with terrestrial systems.
 

In fact, we believe that the satellite can make some services
 

economically feasible that otherwise could not be supported by less 

developed countries, and that further experience with telecommunications
 

via satellite will improve its economic advantage for these services. 
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..a indication of the continuing trend to lower costs for satellite services
 

is the dramatic reduction in space-segment per-year costs of a telephone
 

circuit. Using figures generally available, the graph in Fig. A-V-1
 

was plotted.
 

3. It should be emphasized that these costs do not include the ground
 

segment of the system. The cost per circuit year decreased by well
 

more than an order of magnitude over the 5-1/2-year period between
 

1965 and 1971.
 

This advantage, however, may not be realizable unless the large cost
 

of the satellite, and, to a much lesser extent, the costs of the earth
 

stations, are shared in a multipurpose venture. Such a venture is,
 

of course, entirely possible from a technical standpoint, since a
 

satellite can simultaneously receive and retransmit several dissimilar
 

signals (be they telephone, telegraph, television, analog or digital).
 

We, therefore, strongly recommend that coordinated inter-agency
 

planning be encouraged where a national satellite is being considered.
 

A prime candidate for a share in a multipurpose system, in
 

addition to commercial telephony and television, is educational
 

programming. It has received wide-spread attention over the past few years,
 

especially in applications for less developed countries. In part,
 

this is because of its potential for reducing costs. Traditional approaches
 

to education have always been labor intensive. Largely for this reason
 

the present cost squeeze in education has become accute. Other fields
 

of activity have benefitted from technological innovations and improvements
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Figzure A- V-I. Intelsat IV Satellite Costs. The in-orbit per-circuit per-year cost versus the 
satellite-capacity (in circuit-years, over the design lifetime of the satellite.)
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This rise in efficiency
to increase the productivity of their employees. 


permitted higher wages. Although no corresponding increase in efficiency
 

occurred in education, teachers and administrators participated in the
 

upward wage trends. As Baumol states, "...(this) suggests that, as produc

tivity in the remainder of the economy continues to increase, costs of
 

running the educational organizations will mount correspondingly, so that
 

whatever the magnitude of the funds they need today we can be reasonably
 

certain that they will require more tommorrow, and even more on the day
 

after that.
 

4. Reducing the labor-intensive nature of the educational enterprise can,
 

of course, help to open the way for technologically motivated reductions
 

in cost. With low-cost earth stations, the distribution of educational
 

voice talk-back capability,
materials via television, with or without a 


becomes a very attractive alternative to the slow and costly process of
 

specialized training of teachers and the subsequent continual problem of
 

Due care must be exercised
motivating teachers to work in rural areas. 


so that education of feelings, attitudes, values, and behavior does not
 

suffer as cognative education is being helped with remote programming
 

expertise.
 

This report will present results of our work and give several
 

examples of the capability of programs developed by us to determine the
 

least-cost system suitable for educational television program
 

It will also outline the work in progress
distribution with audio feedback. 


toward the development of a model to determine a least-cost configuration
 

of a multipurpose system to provide information distribution.
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II. Least-Cost TV/Return Audio System
 

A. Terrestrial systems.
 

An investigation of terrestrial technologies revealed that only coaxial
 

cable and microwave radio facilities have sufficient bandwidth to carry
 

television programming. Except for relatively short distances, microwave
 

radio is the less expensive of the two. A typical radio link consists
 

of the transmit terminal, several repeaters and the destination terminal.
 

These are shown schematically in Figure A-V-2. The average distance between
 

repeaters (called the hop distance) is 30 miles.
 

Each origin and destination terminal requires the following
 

equipment:
 

Transmitter or receiver (per TV channel) $ 4,500
 
Antenna and feed 1,900
 
Standby batteries and charges--


First channel .1,600
 
Each additional channel 200
 

Tower (150 feet guyed) 6,000
 
Installation and alignment--


First channel 1,000
 
Each additional channel 500
 

Voice feedback equipment
 
Transmitter or receivex 4,500
 
Antenna and feed 1,900
 
Batteries and charger 200
 
Multiplex equipment--Heavy route per channel
 

(voice) 2,000
 

Light route, per channel
 
(voice) 1,000
 

Installation and alignment --

First Channel (voice) 
 900
 
Each additional channel
 

(voice) 200
 

These costs can be represented in equation form by
 

C mt(c)- $24,500 + $7,400(c-1) for heavy routes (voice)
 

C mt(c)- $23,500 + $6,400(c-1) for light routes (voice)
 

where Ce,.(c) is the cost of microwave terminal-station equipment and c is
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% 

destination
origination 

terminal repeaters terminal 

Figure A- V-2. A microwave radio relay link.
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Each 	repeater station requires the following equipment:
 

$ 7,000Transmitter and receiver (per TV Channel) 
3,800Antennas and feed 

Standby batteries and charger--

First channel 2,000
 

Each additional channel 
 200
 

Tower (150 feet guyed) 6,000
 

Installation and alignment--

First channel 1,300
 
Each additional channel 500
 

Voice feedback equipment
 

Transmitter and receiver 	 7,000
 
3,800
Antennas and feed 


Batteries and charger 200
 
Installation and alignment 1,100
 

or in equation form,
 

Cmr(c) = $32,200 + $7,700(c-1)
 

We made an important simplification at this point of our analysis.
 

A microwave terminal station (no retransmission of the video signal is
 

required) would only be used in the distribution network at the ends of
 

branches where a final destination has been reached and the particular city
 

in question is not serving, simultaneously, as a repeater link for other
 

cities. Nevertheless, each terminal station will have its video transmit
 

counterpart somewhere upstream toward the origination station. This
 

is significant because it allows the costs of the microwave system to be
 

modeled (on the low side) as the total number of stations used, whether
 

terminal or repeater, times the cost of a repeater station: or, in equation
 

form,
 

Cma(c,N)" .(l + rL(N))NCmr (c) 

where Cms(c,N) is the cost of the microwave system
 

N 	 is the number of cities being served by the system
 

is the number of TV channels being distributed.
 

v)(N) 	 is the ratio of the number of microwave repeater stations 

c 
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To make the cost-components of a repeater station comparable to those
 

included later on for satellite earth stations, the equipment costs of a
 

repeater station were modified to reflect the costs of land (land, grading,
 

roads, and tower foundation) and maintenance. Maintenance was assumed to
 

be 15 percent of first cost (an average figure used by Pacific Telephone and
 

Telegraph Co.) over a 25-year period (PTT uses 15.99 years), and land
 

costs were assumed to be $8,000 (this allows for the fact that not all
 

sites will require land or towers). The other costs incident to the
 

design and implementation of the system (such as transportation,
 

documentation, spare parts, engineering, commercial power, or connection)
 

were broadly assumed to be common to any other. telecommunications system 

being considered and were not, therefore, explicitly included. 

(Another reason is that one comparison of the cost of a microwave system
 

to the cost of a satellite system was done on the supposition favorable
 

to the microwave system--that no intermediate repeater stations would be
 

required, i.e., vr(N)=O. Thus each station would be located at or near
 

a city to be served, similar to the placement of satellite earth stations
 

if a satellite system were used, and support costs for either type of
 

installation would be fairly comparable.)
 

The addition of these costs to Cmr(c) gives:
 

Cmr(c) = $72,600 + $17,500(c-1) 

and 

Cam(c,N) = (1+Pk(N))N($72,600 + $17,500(c-1)) 

The values of N and c are known in any given situation. n,(N), on
 

the other hand, can be known accurately only after a preliminary route
 

surey with topographic maps and path profiles has been comnleted.
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It was sufficient for our purposes, however, to derive a rough estimate of
 

the functional dependence of n on N. A uniform distribution of cities
 

throughout the entire area to be served was assumed. Although this is
 

not likely for an actual system, it might be argued that the number of
 

repeaters required to serve such a distribution could be considered as an
 

upper bound since any departure from uniformity would allow advantage to
 

be taken of the clustering that would appear. It was further assumed 

that the origination station was located at one of the N cities to be
 

servied. The straight forward derivation of n(N) is as follows: 

Consider a region of rectangular shape L miles long by W miles wide.
 

For a uniform distribution, each city will be at the center of a smaller 

rectangle that is L/N 1/2 miles long by W/N 1/2 miled wide (see Fig. A- V-3).
 

The intercity separation distance is thus either L/Nl/2 miles (long link) 

or W/N 1/2miles (short link) depending on whether the direction of travel 

is parallel to the length or to the width of the rectangle. If,insofar 

as possible, cities are connected to their neighbors using short links, 

fewer intercity repeaters will be required than with any other link pattern. 

With this pattern, the network will consist of (Nl/2-1)Nl/2short links and 

(Nl/2-1) long links. 

In calculating the total number of intercity repeaters implied by
 

this pattern, we let h represent the average interrepeater (hop) distance
 

and D represnet the distance between cities, or the link length. Because
 

h is the average hop distance and not the maximum, and because of the large
 

numbers of equal length links involved, a reasonable approximation for the
 

average number of repeaters per intercity link as a function of link
 

length is taken to be n - (D/h-l). This number will generally not be
 

an integer.
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An equation for the total number of intercity repeaters, Nn,
 

may now be written:
 

Nvk= N1/2 (N 1/2_1) x (the average number of repeaters in
 
a short link)
 

+NI2-1) x ( the average number of repeaters in a long link) 

= NIl/2(l/2-1) (W/hNl/2-l) + Nl/2-1) (L/hN -1) 

For very large N, this equation would yield a negative value for n.
 

To prevent this, *was defined as the larger of the value given by the 

above equation and zero. For L - 1,500 milos, W - 1,000 miles 

(corresponding roughly to the size of the Rocky Mountain region), and 

h = 30 miles, Table A-V-1 gives some representative values of N and 

the corresponding v.
 

B. Satellite System.
 

A satellite long-distance transmission system consists of the
 

following components: 1) a video-transmit, audio-receive up-link earth
 

station at each television origination point; 2) a satellite; and 3) a
 

video-receive, audio-transmit earth station at each local receive point.
 

(the number of local iveceive points will generally be greater than the number
 

of cities being served. In any event, it cannot be less.)
 

Two types of video-receive earth stations may be distinguished 

according to their received output signal-to-noise ratio. Earth 

stations that feed local distribution subsystems would need a higher 

output ratio than would earth stations that serve isolated subscribers 

(no further distribution is necessary). For simplicity, our analysis assumes
 

that all earth stations provide the same higher quality signal as that
 

required for redistribution. A slight cost savings could be realized 

in any actual implementation by limiting use of the higher quality station 



A-V-12
 

N n
 

100 2.46
 

250 1.16
 

500 .52 

1,000 .07
 

1,140 .00 

10,000 .00
 

Table A-V-1.
 

Representative Values of N and the Corresponding k.
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The cost of the satellite distribution system may be expressed as:
 

Cs s (cN) - Cs(c,N) + Cb(C,N) + NCe(c,N) 

where
 

Css(c,N) 	 is the cost of the satellite system (in dollars)
 

c 	 is the number of video channels carried by the satellite 

N 	 is the minimum number of video-receive earth stations
 
in the network
 

Cs(cN) 	 is the cost of that part of the space segment of the
 
system actually used by the educational system (here
 
is an implicit assumption of a multipurpose system and
 
the consequent cost saving through sharing) (in dollars).
 

Cb(c,N) 	 is the cost of the master video-transmit, audio-receive
 
station(s) (in dollars).
 

Ce(CN) 	 is the cost of a video-receive, audio-transmit earth
 
station (in dollars)
 

The earth station costs include the following:
 

1) Equipment costs
 

2) Site costs 	(assumed to be 40 percent of the antenna costs)
 

3) Installation costs (assumed to be 10 percent of the
 
equipment costs) 

4) 	The present worth of maintenance costs over an assumed
 
25-year lifetime using a discount rate of 10 percent.
 
Annual maintenance costs are assumed to be 15 percent of
 
equipment costs.
 

5) The cost of channel separation and demodulation to baseband
 
for each video channel received. On a per-channel basis,
 
this cost has been estimated to be near $1,200, as follows.
 
A lower bound may be established by looking at the function
 
and cost of an ITFS (instructional television fixed service)

down converter. The down converter, used with an ITFS
 
receive-station, does no more than shift the frequency of
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the incoming rf signal down to the proper TV carrier
 
frequency, using a double conversion process, and then amplifies
 
the result. The cost of the down converter is $800.
 
Demodulation is not included (it, of course, is not necessary
 
in ITFS transmissions.) An upper bound may be taken to be
 
$1,500. This is the cost of the equipment needed at a
 
cable headend site to prepare a TV signal, received from a
 
microwave link, for transmission on the cable. This $1,500
 
does not include demodulation either, but does include AM
 
modulation, frequency translation to the proper cable channel,
 
and power amplification. Insofar as demodulation can be
 
considered to require equipment of lower cost than does
 
modulation, the comporomise figure of $1,200 is reasonable.
 

The computer program developed here at Stanford uses extensive
 

cost information that we gathered on earth-station components together with
 

a value for the cost per watt per year of satellite radio frequency
 

power to calculate earth station costs and configurations for the criterion
 

of minimum overall satellite system cost. Thus, if the cost per watt

of-space-segment-use increases, minimizing total system cost would require
 

that the earth stations be made more sensitive and consequently more
 

costly, so that less satellite power need be used. Similarly, if only a
 

few earth stations are to be constructed, their unit cost should be much
 

higher than if many are needed.
 

The range of per-watt-of-space-segment charges that is used in the
 

following printouts is based on matching in-orbit satellite capacity with
 

various assumed demand curves over time for that capacity. The
 

present worths of the costs that would be incurred in providing sufficient
 

satellite capacity to just meet these demands are calculated using the
 

costs of currently proposed satellites. Then the amount that must be
 

charged for a watt-year of satellite capacity is determined such that the
 

present worths of the revenue streams associated with each demand curve
 

are equal to the present worths of the costs, respectively, of satisfying
 



A-V-15
 

$15,000 per watt-year
the demand. The range of charges runs from %w/y, 


the cost to the educational system
to Cw/yW $50,000 per watt-year. Cw/yis 

of one watt of satellite radio 	frequency power for one year.
 

Tables A-V-2 through A-V-7 are representative of
The costs shown in 

those obtaining for a country whose area may be covered by 
a satellite
 

antenna of 10 feet equivalent diameter and for which the slant 
range to
 

the satellite at the furthest 3-dB beam edge is comparable 
to any location
 

in Northern Montana.
 

C. Cost Comparison.
 

The 	cost comparison between the satellite terrestrial systems as
 

A-V-4 and A-V-5 It is based on
described above is shown in Figures 


the equations for C msand Cssdeveloped in the last two sections. Figure
 

for systems that carry four video channels and
A-V-4 gives the costs 

Figure A-V-5 presents the costs for 12-channel systems. Each figure also 

includes a plot of what the microwave network would cost if n(N) =0. 

This approximates the case where the cities involved are not apread throughout
 

an entire reg'.on but are, in fact, so situated that very few intercity
 

repeaters would be needed.
 

It may be seen that for any regional network serving even as few as
 

100 cities the satellite system is dramatically less expensive than the
 

In fact, providing 12 channels by the satellite is
terrestrial system. 


less costly than providing four channels by the microwave network, even
 

though to provide 12 channels by the satellite involves stacking the
 

TV channels so close together in frequency that adjacent channels must be
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transmitted on carriers that are cross-polarized with respect to each other
 

(permitting some overlapping occupancy of the available frequency spectrum)
 

and the earth stations must be equipped with two antennas and two
 

preamplifiers.
 

In view of this cost dependency on the number of cities involved,
 

we may ask how many cities may require service in a typical regional system.
 

An example of a region that might actually be served by such an education
 

system is the Rocky Mountain region. In the eight states of this region
 

There are 361 cities of greater than 2,000 population
there are 1168 cities. 


and 100 cities of greater than 10,000 population. An educational system
 

transmitting to this area would be of most use in the smaller cities where
 

large or specialized curricular aids are not readily available. Thus, most
 

of the 361 cities of greater than 2,000 population would probably wish
 

service. This is an obvious case, then in which the satellite system would
 

be less expensive.
 



Satellite System Cost Parameters with Cw/y=$15,000 and c=4
 

NC(c, N) C,(, ,) C1 .(c,N) C~d,:(c, ,) 

100 13, 	 171ad, .'53 1,719, 027 3, 237, 180 
244, 954 1,969, 77.1 5,065,735250 11, .04 

50 9, .137 263, 594 	 2, 626, 16.1 7,603, 640 
3, 515, (%$2 11, 923, 763I, (Oil 8, 115 295, 771 

2, 503 6, ( 9 427, "-13 5, 101, [C00 23, 027, .ISS 
520, .135 39, 70,,5,Ont. 6, 59 6, 8S6, 546 528 

10, 00 6,005 697 99S 9,391, 256 70, 933, 1,14 

Table A-V-2
 

Satellite System Cost Parameters with C .$30,000 and c=4 
w/y
 

N (c, N) C1)(c, N) C v(c, N) Cc, NI 

100 21,118 244,623 2,025,320 4,318, 709 

250 12,392 264, 8S4 3,407,118 6,770,074 

500 1,101 293,152 3,828,800 9,672,456 

1,000 9,218 400,766 5,044,45S 14, 663,023 

2,500 7,638 492,540 7,430,076 27,016,832 

5,000 6,881 623, 697 10, 014,704 45,045,536 
860, 615 	 78, 108, 272
10,000 6,365 	 13, 600,203 


Table A-V-3
 

Satellite System Cost Parameters with Cw/y=$50,000 and c=4
 

N C (c,N) c 1 (csN) Cc(c,.N) C (c,N) 

100 3.1,15 	 "258,5S3 1,890, 907 5, 5oS, 063 
19,415 287,412 3,418,220 8,559,295250 

9.15, 315 

1,0010 10, 338 439, %,9 .. 6, 659, 990 17, 437, 072 

2, 503 8,287 564, 271 9, SI2, 110 31,093, 520 
5, Co3 7, 311 739,032 13, 221,370 50, 516, 352 

10, 000 6, 149 1,0.15, 2.16 17, 923, 6.10 85, '166, 6.10 

5fI) 11, 7S5 389,192 5,0,63, 671 J11, 

Table A-V-4
 



Satellite System Cost Parameters with Cw/y=$15,000 and c=12
 

,, Cf(: ,N) C,,(c, N.) C:(, ). c .(c, N)
 

101. 44, :-'5, 0 3 ,, 175 7 S32, 02S 
259 28, 173 35J1361 5, It);, 12, 566, 3-1819 
503 2.1, 1', 6, 227, 5S6 19, 117, 216457, 012 

1, (11 21, 7.2 506, 487 8, 2., 90 30, 516,720 
12, 093. 0$SO 60, 527, 1012, 5C.) 19, 073 739, 82. 

5, (F. 17, ;32 9 19, 09S 16, 257, 53 106, 335, 1"

10, 0.OL) 16, 960 1, 248, 219 . 22, Ot;, SOo 193, 059,920 

Table A-V-5
 

Satellite System Cost Parameters with Cw/y=$30,000 and c=12
 

N Cr(e, Ch(c,.C (c,N) Cid (c,N)
 

100 68,250 354,861 3,418, 916 10, 598,739 
250 41,094 460,870 6,113, '16S 16,847,920 
500 27,071 614, 462 10, 116, 378 24, 266, 496
 

1,000 24,318 6S9,948 11, 992, 616 37,000, 112
 
2,500 20, 606 877,653 17, 622, 336 70, 051, 760
 
5,000 18, 844 1,140, 515 23, 679, 872 119, 038, 928 

10,000 17, 650 1, 601, 609 31, 992, 610 210, 097, 520 

Table A-V-6
 

Satellite System Cost Parameters with Cw/y-$50,000 and c-12
 

N c (c,N) c1 (c, N) C,(c, N) c.(c,,\) 

100 81, '143 4150, 293 5, 032, 237 "13,676, 797 
250 41, 09.1 606, 186 9, 90S, 821 20, 818, 576 
500 38,959 669, 417 10, 121,574 '3, 270, 3(%S 

1,0100 26, 058 773, 4162 17, (17, 91;.1 43, 8.19, 0-10 
2, 00 12 161 1,030,177 23, 275, .08 79, 706, 912 
5,00(1 19,873 1,3S6, .16 31, 27,, 336 132, 027, cXI.I 

10, 0100 18,332 1,997, 533 42, 237, 200 227, 550, 08 
Table A-V-7
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III. Examples of Program Capability
 

Employing our present computer program we have made repreaentative
 

calculations of the costs of satellite service for four Latin American
 

The program accepts as input parameters the values of the variables
countries. 


shown on page A-V-9 above, as well as the following variables:
 

1. 	The longitude of the country's geographical center
 
2. 	The latitude of the country's northernmost boundary
 

3. 	 The latitude of the country's southernmost boundary 

4. 	 The longitude of the westernmost boundary 
5. 	 The longitude of the easternmost boundary
 

The latitude for the maximum slant range calculation
6. 

The longitude for the maximum slant range calculation
7. 


Two cases were considered for each of four less developed countries
 

(Brazil, Peru, Mexico, and Colombia). First, it was assumed that only 

one TV origination station would be provided and that it would be at the
 

capital of the country. It would transmit to receive stations located at
 

every city of 2,000 or more inhabitants. Second, it was assumed that
 

there would be a TV origination station at all state capitals and at any
 

large population center (these places are shown on the accompanying maps).
 

With only one TV origination station, the number of channels carried for
 

educational purposes was specified as 4. When more than one TV origination
 

station is permitted, each is assumed to be capable of transmitting two 

channels to every village (any size) with the satellite carrying a maximum 

The number of villages was determined
of 12 channels at any one time. 


by looking at either the latest census of population for the given country
 

if available in the Government Documents Section of the Stanford Library, or
 

in the 1966 edition of the Hammond World Atlas if no census was available.
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Brazil
 

Case 1. Brazil's 1960 census of population lists 1,797 cities,

towns, above 2,000 population. We used 1,800.
 

Case 2. Brazil's 1960 census of population lists 6,535 cities,

towns, and villages (total). There are 28 cities on the accompanying
 
map that were used as origination stations, and that number of receive
 
stations will be rounded to 6,500. 
 (By way of contrast, the Hammond World
 
Atlas lists only some 746 cities, towns, and villages with only three of
 
these having populations lower than 1,000)
 

Peru
 

Case 2. Peru's Anuario Estadistico Del Peru, 1966 shows 24,908

places of greater than 50 inhabitants. However, only 7,969 of
 
these have more than 200 inhabitants. We used the figure of 7,950

in the program. (Hammond lists only 363 for the total number of towns and
 
villages and cities). The number of origination stations is equal to 12.
 

Case 1. Peru's Anuario Estadistico Del Peru, 1966 lists 355
 
cities and towns larger than 2,000 population. (Hammond lists only 148).
 

Mexico
 

Case 1. The Anuario Estadistico de los Estados Unidos Mexicanos,

1966-1967 has nine categories of localities; ciudades, villas, pueblos,

congregaciones, haciendas, fincas, ejidos, ranchos, rancherias, and
 
otras. 
 In running this program the arbitrary choice was made to assume
 
that the first three categories include all cities and towns larger than
 
2,900 population. This number is (362 + 528 + 5,189) = 6,079.
 
We used 6,050.
 

Case 2. 
To the above number was added the number of congregaciones

to bring the total to about 11,000. There are 22 cities at which
 
origination stations are situated.
 

Colombia
 

Case 1. There are 193 cities and towns listed in Hammond
 
as larger than 2,000 population.
 

Case 2. Hammond shows 306 as the total number of cities,

towns, and villages. There are 18 sites for origination stations.
 



A-V-23
 

BRAZIL

7..., '- Area: 3,2s6, 170 sq. mi. 
I., Population: 83, 909, 000 (1966)S 

110A VISTA ( Rural 59.7 pr cent (1969)-

46.0 per cent (19S0 projec• 4 fhN . -

MACAPA. 

BELEM 

SAO LUIS 
MANAUS FORTA LEZA " 

TERESINA 
NATAL . 

JOAO PESSOA 

RECIFE 

MACEIO t; 

ARACA JU 

SA LVA DOR 

CUIABA BRASILIA 

GOIANIA 

BELO HORIZONTE 
VITORIA/ 

CAMPINAS• . 'ITERO 

SAO PAULO .- 00*R10 DE JANEIRO 
ZSUNTOS 

CURITIBA 

*LORIANOPOLIS" 

RIO •PORTO 

PORT ALEGRERIO VEL! 1O
N> I %RANCO 
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*** BRAZIL ** 

PUT PARAVETERS 
LAND AREA" 386170 SQ MI 
LATITU['E CF CCUNTRY'S GEECRAPHICAL CENTER -14" *** DEG 
ASSUY.EE C.GST OF SATELLITE PC6ER ($6ATT-YEAR) $50000. 
DISC(OUNT FACTOR .0.0, 
NO. OF 1V-14A,'\SMIT/AU;IO-RECEIVE (MASTER) STATICNS 1 
NO. OF CEIVF/AUJIU-TA.\St'IT (SLAVE) SIATICNS(V-i 1800 
NO. OF TV CfI, lNELS PLF, I.,*STER STATI'4J 4 
NO. OF IV CHtAtNFLS pr:[, SLAVE STATIOlN 4 
SIGNAL-TU-1OISE iRATIO RECLIRED Ffik TV 43 DO 
SIGNAL-TC-NCISF.RATIC FECUIREI FOR AUDIO 43 DB 

TPUT PARAMETERS 

MASTER SIATION 
ANIEN[*A: DIAMETFR '9.6 FT LNIT COST $ 554768. 
RCV& PRE-AMP: NOISE TEMIP 20. CEG K LNIT COST $ OOO0 
TXMTR PWR A'.P: CLTFLT PhR 350.C W IJNI'T LOS] $ 17000 
INITIAL CtPITAL CCST PER STATICN $ 960950 
PRESENT WCRTH OF TEN-YEMR ANNUAL CCST STREAM $ 2112689 

SLAVE STATION 
ATTf..\4: DIAVFTER i1.E FT UNIT COST $ 6466. 
RCVR PRE-AMP: NOISE TEMP 180. CEG K UNIT COST $ 7000 
TXMTR PWR A.MP OUTPLT PWR 3C.C W LNIT CCST $ 6000 
INITIAL CAPITAL CCST PER STATION $ 14411 
PRESEtT WORTH 01: lEIN-'SEUP ANNUAL CCST STREAM, $ 2533" 

SATELLITE 

SAILLITE ANTETKA N-S CTAVETER 4. (*** FT 
SATELL.ITF ANTEINA E-V, CIA !ETER 4,2' -0.0 FT 
MAXIMUM SLANT RAN'CE FOR 1RANS;MISSION 23001.7 MI 
POWER CHARGED PF TV CHANNEL 17.13 W 
POWER C'iARGED PCR AUD, O CHAINEL O,012tc72 14 
TOTAL CCST PER YEkR LF SATELLITE POWER $ 351927C 
PRESENT ,nORTH CF TEX-VEAP ANNUAL CCST STREAM $ 21622384 

TOTAL INITIAL CAPITAL CCST $ I62B0752. 
(NOT INCLUDING SATELLITE COSTS)
 

PRESFNT ".-.RTII Or- TOTAI.-SvSTFV TEN-YEAR CCST 69342720. 
ANNUAL CCST OF T]TfIt. SYSTEM PEF SLAVE STATIOL $ 621#1. 
ANNUAL COST OF TOTA SYSTE.- FI"J SLAVE STAIICN PER TV GFANNEL $ 1580. 

http:ASSUY.EE


iK CALCULATICNS 

TV UP-LINK ( 2.5 GHZ)

OUTPUT Fl.;R PEP. C~t-ANI'EL CF MASTER STATION PWR AMP 
 23o4 D1
MASTER STATIO:N A&T ETkNA GAIN 49.4 DE 
PATH LOSS 
 -191.6 08
 
SATELLITE ANTENNA GAIN 
 27.6 DH
EQUIVALFNT ItMPUI NC!ISE PIR OENSITY AT SAT. RCVR 196.6 D6
NOISE PAtNCWIDTH (25.1 FI-Z) -74.0 D! 

UP-LINK CNR 
 31.4CR
 

TV DOWN-LINK ( 2.5 GFZ)

CUTPLT PUWER OF SATELLITE TFAKSPONDER 
 12.3 DB 
SATELLITE ANTENNA GAIN 24.6 08
 
PATH LCSS 
 -191.8 DB

SLAVE STATICN ANTENNA GtIN 36.9 CR
 
E.4UIVALFIdT INPUT NUISE PWR DENSITY AT SLAVE STATICN RCVR 205.0 DB 
NOISE EANDv I0TH -74.O DB 

DOWN-LINK CNR 
 13.1 0B
 

TV 	 TOTAL CNR 13.0 DR
TV TOTAL SNR (.6*1(( f/2F)-I)**2)*IC/N)('E /F I'KP) 42.9 DR 

WHERE ' = RF ANDnwICTFh F = HIGHEST BASERIAf,, FREQUENCY; 
C/N = TV TOTAL CNR;. KP = A NCISE W.EIGhTINC FACTUR 

AUDIO UP-LINK 2.5 Ct-Z)
OUTPUT PVWER PEQ CFAINNL AT SLAVE STA. FWR. AMP.' 13.8 D
SLAVE STATIOJN ANTENNA GAIN 36,9 DR 
PATH4 LESS 
 -191.8 DB
 
SATELLITE ANTEINA GAIN 24.6 DO 
EQUIVALENT INPUT NOISE PWR CENSIY Al RCVRSAT. 	 L96.6 DB
NOISE OANI)WIDT1I (0.I00 MhZJ -00 On 

UP-L INK CNR 
 30,1 DB 

BACK-CFF CF SATELLITE TRANSPENDFR 100 DO 
CNR FRCM INTERMODULATICN IN SATELLITE ThT 16.9 DU 

AUDIO CCWN-LINK ( 2.5 GI-Z)
OUTPUT PWvR PER CFAXNEL IT SAi. TRANSPCNCER -29.0 Dp,
SAIfLI. 11£ ANTI.KkA GAIN 24.6 Ct 
PAT1H LCSS -191.6 DR
MASIEIR ,TAINI ANTfKKA GAI N 49.4 D5
EQUIVALE;NT INPI'UT NOISE P4R CENSIIY AT' MASTER STA.RCVR 	 212.1 3!.1,'01SE PI.ANDW.Ir)TH -30.0 UB 

DOwN-L INK CNR 15.4 DB 

ALI)I: ICTAI. CNR 13.0 DA' 
SN'1 =3 	 )1AL 	 1i[I )I1IAL ( ( IC0/2F )-I ) .*2)* IC/r,) .(II/F),(I/KP 1'3. 5 oil
 

hlilr -P' IS i"E PfAK-I1O-A'v-S.-,; PCiA.(9' RATIO FCR A
 
SIt*.I.& VCICE SICIhAL; (TI-ER PA :"urE.;S As ItCVvs 
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INPUT PARAMETES
 
LAND AREA 3286110 SQ :I 
LATITUDE OF COUNTR\"S CEOGRAPH[CAL CENTER -- - *o(' DEG 
ASSj:IED COST C. SATELLITE PO;.:LR (,/IWATT-YEA. t5o3OO. 
VISCfjUNT FACTOR 1D.0% 
N'U. OF TV-Tk%/,r-StlIT/AUDIO-RECEIVE (MASTERI STATIONS 20 
NO. (IF TV-LCtIVL/IAU,IU-TRA.S::IT (SLAVE) STATIO.S 6500 
NO. OF TV Clt,.::'ELS PER MASTER STATION 2 
tO. OF TV CH.',I\ LS PER SLAVE SfATIUN 12 
SIG',L-TU-,UISI KIATIO RE-WCUIRED UR IV 43 DO 
SIGNAL-TO-NOISE RATIO RE'QUIRED FUR AUDIO 43 DO 

OUTPUT PARAMETERS 

MASTER STATION
 
ANTENNA: DIAIIETER 45.4 FT UNIT COST S 526790. 
RCVR PRE-ArMP: NOISE TEMP 20. DEG K UNIT COST S 80030 
TXMTR PUR AMP: OUTPUT P -%R 350.0 W UrIT COST S 1700 
INITIAL CAPITAL COST PER STATION $ 610302 
PRESENT l;0iH OF TEN-YEAR ANNUAL COST STREAM S 1313421 

SLAVE STATIGN 
ANTENNA: DIAMETER L2.0 FT UNIT COST $ 2606. 
RCVR PRE-AMP: NOISE TEMP 100. DEG K UhlIT COST $ 7003 
TMIR PhR AMP OUTPUT PiR 30.0 14 UNIT COST S 6003 
INITIAL CAPITAL COST PER STATION s 24119 
PEESENT IRUKTH OF TEN-YEAR ANINUAL COST STREAM s 35741 

SATELLITE 
SATELLITE ANTENNA N-S DIAMETER4.3 ***t FT 
SATELLITE ANTENNA E-t; DIAMETER 4.2' -0.0 FT 
MAXI, U9 SLANT RANGE FOR TRA'SI'ISSION 23001.7 ".I 
1'OER CHARGLD PEP TV CiAlqNEL 18.33 w 
POWJER CHARGE) PER AUDIO CH4a'JNEL 0.0149460 ,: 
TOTAL COST VIR YEAR OF SATELLITE POWER $ 12200106 
PRESENT NORTH OF TEN'-YEAR ANNUAL COST STREAM $ 7495792C 

TOTAL INITIAL CAPITAL CCST s 80262352. 
(NOT INCLUDING ATIELLITE COSTS) 

PRESENT ,ijORTll OF TOTAL-SYSTE'. TEN-YEAR COST $ 344055296. 
A hUAL (.OST OF TOI .L SYSTEM PER SLAVE STATION % $ 0575. 
ANNUAL COST l: TOTAL SYSTEM PER SLAVE STATION PER TV- CHANNEL 1 715. 



BRAZIL (CONITI
 

INK CALCULATIONS
 

TV UP-LINK ( 2.5 GHZ) 
OUTPUT PW.'R PER CtHANNEL OF MASTER STATION PWR AMP 24.2 

48.6ilASTER STATIUN ANTENNA GAIN 
-191.6PATH LOSS 

27.6SATELLITE ANTEI.NA GAIN 
196.6
EQUIVALENT INPUr NO.SE PWR DENSITY AT SAT. RCVR 

NOISE BANLW:IDTH (.25.1 -li) -74.0 

UP-LINK CNR 	 31.4
 

TV DOWN-LINK { 2.5 GHZ) 
12.6
OUTPUT PUER OF SATELLITE TRANSPONDER 
24.6
SATELLITE ANTENNA GAIN 


-191.8
PAlff LOSS 
36.6SLAVE STATION ANTENNA GAIN 

EQUIVALENT INPUT NOISE PWR DENSITY AT SLAVE STATION RCVR 205.0 
-74.0
NOISE dANDWIDTH 


13.1DOWN-LINK CNR 

13.0TV TOTAL CNR 
TV TOTAL SNR (=6*t((B/2F)-1,1*2J*(C/N)*(B/FI)KP) 42.9 

WHERE B = RF BAND41DTH; F = HIGHEST BASEBAND FREQUENCY; 

C/N = TV TOTAL CNR; KP = A NOISE WEIGHTING FACTOR 

AUDIO UP-LINK C 2.5 GHZ)
 
OUTPUT PU..ER PER CHANNEL AT SLAVE STA. PWR. AMP. 	 13.0 

36.6SLAVE STATION ANTENNA GAIN 
-191.8PATH LOSS 

24.6SATELLITE ANTENNA GAIN 
EQUIVALENT INPUT NOISE PWR DENSITY AT SAT. RCVR .196.6 

NOISE BANDWIDTH (0.100 MHZ). -50.0 

29.8
UP-LINK CNR 


BACK-OFF OF SATELLITE TRANSPONDER 	 10.0
 
CNR FROM INTERMUDULATION IN SATELLITE TWT 	 L6.9 

AUDIO DOW-LINK ( 2.5 GIZ) 
OUTPUT Ilw PER CHANNEL AT SAT. TRANSPONDER -28.3 
SATELLITE A."NTEfvNA GAIN 24.6 

-191.6PATI LOSS 
48.6MASTER STATION,' ANI ENNA GAIN 

EQUIVALENT INPUT NI)ISE PhiP DENSITY AT MASTER STA.RCVR 	 212.1 
-50.0NUISE IAND'WIDTH 

15.4DOl:N-LLIK CNR 

AUDIO TOTAL CNR 13.0 
AU)IO TITAL StNR I =3k'(I(B/2F)-I)**2)'(C/N)(B/F)*(L/KP')) 43.5 

WHllIRE , IS PEAIK-I L-AVERAGE PU'EiR ItATi) FORJl A'.P0 THE 

SINGLiE VOILE SIGNAL; OTIIER PARAMEIERS AS ABLVE
 

http:ANTEI.NA
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IQUITOS I 
'TA LA RA
 

PJURA
 

*CHICLAYO
 

*TRUJILLO 

CHR-1MOOTE 

LIMA 
• HUANCAYO
 

CUzcO 
ICA
 

AREQUIPA 

PER,L-. . 

Area: 513, 030 sq. mi.
 
Poplatiun: 11, 649, 600 (1966 est.) CNtACNA
 

4ur7.l (19
52.58 p..r CC.nt ol)jeccd
47.2 par cent (19S.)procted) 



A-V-Z9 

*,1,$ PERU 4* 

T PARAMETERS
 
,15obo SQ "i
ANr AREA 


-9.0 DEC

AILTUDE CF CCUNTRYtS GECCPAPHICAL CENTER 


$5L0o00
SSUmfioD COST OF SATELLITE POER ($/WATT-YEAR) 

i0.0*IiSCCU;JT FACTOR 

:,0. VF TV-IRAKS?.IT/-kLelIC-RFCEIVE (MASTER) STATICNS I 

;C. OF TV-(-.CEIVF/ALiIG-TR.NS,1IT (SLAVE) SIATIGNS 35! 

!0. OF TV CHANNELS PER FASTFR STATIEN 

!. IF TV CH.AtNELS PER SLAVE STATICN 
43 Df
IC.NAL--TG-.L)ISE rAl I0. RECUIRED FOR TV 
43 DI
,IGNAL-TO-.ISE RA1Il RECUIRED OCR AUDIO 

'UT PARAMETERS
 

MASTER STATIUN
 
A NTEfNA: DIAMETER 24.2 FT LNIr COST $ 47542,
 

UNIT COST $ 40001
RCVR PRE-Al";P: NOISE TEPP 40. CEG K 

LNIf CGST $ 10001
TXTlt Pv.R AMP: CUIPUT P~iR 1CC.0 W 

$ l.155,INITIUL C/hPITAL CCST PER STAI ION 
$ 361S74PRESENM WORTH OF TEN-VEtR ANNUAL CCST STREAM 


SLAVE STATION
 
12.0 FT UNIT COST S 26C6
ANTENNr.A: C1APETER 


RCVR PIE-AMP: NOISE TEMP 180. DEG K UNIT COST $ 700
 
$ 200TXMTR P.:R 1P7-:P CUTPLT PI.R 5.0 W LNIT COST 

$ 1157.INITIAL CAPITNL CCST FER STATION 
$ 1897'SPRSEINT WORTIH OF TEN-YEAR ANNUAL COST STREAM 

SATELLITE
 
9.0' FSATELLITE ANTEUKA N-S DIAMETER *'** 

itL 6 ' -0.0 FSATELLITE A!NT&P.:4A E-V. DIAMETER 
MAXII-;l" SLANT Pt.,CE FCR TRANSMISSICN 22532.4 M 

3.12 IPOWER CHfARGED PER TV CHANEL 
PC.ER CHARGED PER AUCIO CIANNEL 0.0136906 

TOAL COST PER YEAR CF SATELLITE PCWER $ 64644 

PRESENT WUOKI GF TEN-YEAR ANNUAL COST STREAM $ 397176 

$ 25b7055
TOTAL INIIIAL CtPITAL CCST 

(NOT INCLUDING SATELLITE COSTS)
 

PRESENT 1..RTH cr TOTPL-SYSTEP TEN-YEAR CCST $, 1LC7C91
 

PEP SI.AVF. STATICN $ 5052
ANNUAL CL'S1 OF TOTAL -YSIEM 
ANI\UAL CCsT OF TOTAL SYSTrM PER SLAVE STAtION PER IV CHANNEL $ 1263 



A-V-30 

PERU (CCN'T) 

K CALCULAT'sNS 

TV UP-I.IIK ( 2.5 GAZI 
OUTPUr P1r1 PER CIIANNEL OF P.ASTER S'AT[CN PWR AMP 1U.0 Do 
I4,ATE;, S ATIUN AN4TENNA GAIN 43.2 D 
PATH LCSS -i91.5 OD 
SATELLIF: .NTE:"A (;AIN J5.2 OH 
EULiIVALEt.r INPUr NCTSF PV.R CENSITY AT SAT. RCVR 196.6 Oil 
NUISE P.ANDWIDTIH (2.1 thZ) -74.0 Oil 

UP-LINK CNR Z14 DO 

TV DOWN-LINK ( 2.5 GHZ) 
OUTPUT PO.,ER OF SATELLITE TRANSPONDER 4.9 D 
SATELLIIE ANTENNA GAIN 32.2 D1 
PATH LOSS -191.6 13 
SLAVE STATIGN A\TENNA GAIN 3.6 DOB 
EQJUIVALENT INPUT NCISE FWR DENSITY AT SLAVE STATICN RCVR 2,5.0 03 
NOISE eANUWIOTH -74.0 OB 

DOWN-LINK CNR 13.2 DO 

TV.TOTAL CNR 13.0 D 
TV TOTAL SNR (=64IU(2/2F)-I),*2)*(C/N)*(E/F)*KP) 42.9 DO 

WHERE B = RF BAND',InT; F = HIGHEST .ASFP.ANC FREUE&%CY; 
C/N = TV TOTAL CNR; KP = A NOISE IEIGHTING FACTCR 

AUDIO UP-LINK { 2.5 ChZ) 
OUTPUT PO:WER PEQ CI-ANKEL AT S.LAVE STA. PhR. AMP. 6.0 DR 
SLAVE STATICN ANTENNA CAIN 36.6 DB 
PATH LCSS -191.6 D 
SATELLIFE ANTENNA GAIN 32.2 DO 
EQUIVALENT INPUT NCISE PWR DENSITY AT SAT. RCVR 1v6.6 DO 
NOISE AN06ICTH (0.100 +FZ| -50.0 DB 

UP-LINK CNR 29.8 DB 

BACK-OFF OF SATELLITE TRANSPCNDER 10.0 DD 
CNR FRGM INTERMUDLLATICI IN SATELLITE TWT 16.9 DB 

AUDIO DOWN-LINK ( 2.5 GHZ) 
CUTPUT P':P PER C-ANXEL AT SAT, TRANSPONCER -28.6 DB 
SATI'LLITE ANTENNA GAIN 32.2 OB 
PATH LCSS -191.5 C8 
MASTER STATION ANTENNA CAIN 43.2 DO 
EQUIVAL:rT INPUT NCISE Plt CENSITY AT PASTER STA.RCVR 210.3 DU 
NOISE EAN,iIDTH -50.0 DR 

DOWN-LINK CNR 15.4 DB 

AUUIO TOTAL CNR 13.0 DOB 
AUUI() TOTAL SNR I =3"(((B/2r)-I}2)*(C/NI2)(/F)*(I/KPOI -#3.5 DU 

iiHEIE KP' IS THF PEAK- O-AVE[AGF PC6iF RATIC FCP A 
SIIN;LE VCICE SIG INL; CTI-E' PARAtMETERS AS AV!UVE 



*,*,* PERU C'C'
 

PAPAvME TERS 
NV, AREA 115OUU SQ MI 
T ITUl'E CF CCUNTRYIS GECGRAPI-[COL CENTER -9.0 DEG 
SU.*',E CCST OF SATELLITE PC1,EP ($/ATI-YE.R) $50000. 
SCCUN1 FACTOR 10.0O0" 
" OF TV-TRANS.IT/ALDIC-FECEIVE (MASTER) STATICNS 12 
" OF TV-RCEIVE/AUCIC-IRANSMIT (SLAVE) SlATICNS 7950 
. OF TV CHAfNEELS FER .ASER STAT ION 2 
" OF TV CHIA,.NELS IPF.rF SLAVE STATION 12 
GNAL-TO-NUISE RATIO .ECUIREC FOR TV 43 DR 
GNAL-TO-NtISE RArIG RECLIRED FOR AUCIC 43 DS 

T PARAMETERS 

ASTER STATION 
ANTENNA: CIA.4ETER 39.E FT UNIT COST $ 145436. 
RCVR PRE-AMP: NOISE TEMP 40. CEG K UNIX COST $ 40000 
TXMTR PWR AMP: OU'TI'LT P.R 3C.C W LNIT COST $ 6000 
INITIAL CAPITAL CCST PER STATION $ 196140 
PRESENT WORTH CF TEN-YEAR ANNLAL CCST STRE'AM $ 393866 

LAVE STATION 
ANTEKNA: CItMETER 10.8 FT UNIT COST $ 1475. 
RCVR PRF-AMP: NOISE TEMP 320. DEG K UNIT GUST $ 1000 
TXVMTR PWR AMP OUTPUT PWR 5.0 W LNIT COST $ 2000 
INITIAL CAPITAL CCST FER STATION $ 17097 
PRESENT WORTH OF TEN-YEAR ANNUAL COST STREAM $ 19147 

ATELLITE F 
SATELLITE ANTENNA N-S DIAPETER 9O0 FT 
SATELLITE ONTErNA E-W DIAMETER I ., "-0.0 FT 
MAXIUM SLANT RANCE FCR TRANSV[SSICN 22b32.4 MI 
POWER CHARGED PER TV CHANNEL 6.55 W 
PCWER CHARGED PEP AUDIO Ci-ANNEL 00055406 1 
TOTAL COST PER YFAR CF SATELLITE POWER $ 4463622 
PRESENT WORTH OF TEN-VEAR ANNUAL CCS1 STREAM $ 27424480 

OTAL INITIAL CAPITAL CCST $ 23795872. 
(NUT INCLUDING SATELLITE CCSTS) 

RESENT hORTH OF TCTAL-SYSTF.r TEN-YEAR COST '$ 184375936. 
NNUAL COST OF TOTAL SYSTEM PER SLAVE STATION $ 3757. 
NNUAL COST OF TOTAL SYSTEM PER SLAVE STATION PER 7V CHANNEL $ 313o 



PFFU (CNIT)
 

CALCULA TICtJS 

rv UP-LIf, ( 2.5 Gil) 
OUIPUT PJ; PER ChANNEL CF MIASIER STATIC, PWR AMP 1,3.5 DB 
IASTER STAIICN A/ IENN'i, GAIN 47.5 DO 
PAIul LESS -191.5 DB 
SATELLI.-I N 35.2%TE:io A G-4IN DS 
LQUIVI. L-JA 1."PUT ;vCISF PWR rE.,SITY AT SAT. RCVa JL6.6 OB 
NOI SE BAI. l;'IDTH (25.1 IVI-Z) -74.0 DO 

UP-LINK CtR 27.2 DO 

rv 0O',%N-LIf.K ( 2.5 GHZ) 
OUTPUT Pu;*ER OF SATELLITE TRANSPONDER 8.2 DB 
SATELLIfE ANTENNA CAIN 32.2 DB 
PATH L6SS -191.6 DB 
SLAVE STATIEN ANTENNA GAIN 35.7 DB 
EQUIVALIUT INPUT M2ISE FuR CENSITY AT SLAVE STAIICN RCVR 202.7 DB 
S1JISE E-f4D4IDTH -74.0 DB 

DOJWN'-LINKC CNR 13.2 DB
 

rV.TOTAL CNR 13.0 DB 
rV TOTAL SNR (=6* I(t/2F)-I);*2)IC/N)(B/F)*KP) 42.9 DB 

WHERE 6 = RF BAND;NICTI-; F = HIGF-EST BPSFBANC FI.EQUENCY; 
C/N = TV TOTAL CNR; KP = A NOISE hEIGH-TING FACTOR 

kUDIO UP-LINK { 2.5 GHZI 
OUTPUT PUIJER PER. CtANNEL AT SLAVE STA. FAR. APP. 6.0 OB 
SLAVE STATION ANTENt A GAIN 35.7 DS 
PATH LOSS -191.6 DO 
SATELLITE At&TENNA GAIN 32.2 D8 
EQUIVALENT INPUT NCISF PWR CENSITY AT SAT. RCVR 196.6 DO 
NOISE BANi)IDTH (0.1OC I.hZ) -5t5.0 DR 

UP-LINK CNR z2. 9 D-B 

3ACK-OFF OF SATELLITE TPANSFChDER 11.0 DB 
.NR FRCM IWTERMODULATION IN SATELLITE.ThT 18.0 DO 

4UDIO D06h-LIN( ( 2.5 GZ) 
UUTPUT PWR PER CHANNEL AT SAT. TRAISPCNDER -33.6 DB 
SATELLITE ANTENNA C IN 32.2 DB 
PATH LOSS -191.5 DB 
MASTER STATION ANTF1UNA GAIN 47.5 0 
E;JUIVALENT INPUT NCISE PWR CENSITY AT MASTER STA.RCVR 210.3 DB 
NOISE PA,',OIDTH -50.0 Da 

00,N-LINK CNR 14.8 DB 

,LDIU TOTAL CNR 13.0 DB 
UWD01 TJTAL S:,. I =31(((R4F -1)*42) (C/N)¢(B/F|¢(I/KPE), 43.5 DB 

wH RE K/PI IS THE FE.49-TO-AVERAG. POW[R RAT IO FORl A 
SINGLE VOICE SIGtNAL; Cli2[F I';,:/4,'1EtS S AUtVE 



TUt.A'NA
 
S-,MEXICA LI 

~~~~CUDAD JUAREZ 

~:.'t. ~ HERMOSILLO 

.k -\\ ,CHIHUAHUA 

'NUEVO LAREDO 

TORENMONTERREY MATAMOROS 

SALTILIO 

"'\ \. * DURANGO 

SAN LUIS POTOSI TA MPICO q 

AGUA LIENTES ' MERIDA 

/4 •LEON 

7 GUADALAJ A MEXICO 

MORELIA CgY 
TOLUCA PEL
TOLCA*99~ VERACRUZ LIAV 

MEXICO 

Area: 769, 373 sq.ml.
 
Populhtion:: 45, 671,000 (1967)
 
Rural3.0 Ur cent (1967)


2-).:3 por cunt (1980 projected) 



**#* MEXICO * ' 

'UT PARAI.ETERS
 
LAND AREA 760373 SQ 
LATITUDE OF CCUNI"w-:z t;ECGRAPHICAL CENTER 24.0 DI 
ASSU-.ED COST OF SATELLITE POiER ($/WATT-YEAR) $5000 
VISCUU:.T FACTOR 10.' 
NO. OF TV-IRANS'.IT/AUDIO-RECEIVE (MASTER) STATIONS 
NO. OF TV-RECEIVL/.U)I-T'ANSM!T (SLAVE) STATIONS 60 

NO. OF TV CHAN:LLS .PER !ASIER STATION 
NO. OF TV CHA;,:LS PER SLAVE STATIUN 
SIGNAL-T-O3ISE .A1I1 RECUIRD FOR TV 43 1 
SIGNAL-TU-INUISE RATIO REQ UIRED FOR AUDIO 43 

rPUT PARA1ETERS 

MASTER STATION 
ANTENNA: DIAMETER 51.1 FT UNIT COST $ 56692 
RCVR PRE-AMP: NOISE TEMP 20. DEG K UNIT COST $ 800 
TXMTR PwR AIP: OUTPUT PWR 100.0 W ONIT COST $ 100 
INITIAL CAPITAL COST PER STATION $ 9654 

PRESENT hORTH OF TEN-YEAR ANNUAL COST STREAM $ 2071.5 

SLAVE STATION 
ANTENNA: DIAMETER 10.8 FT UNIT COST $ 147 
RCVtt PRE-AMP: NOISE TEMP 320. DEG K UNIT COST $ 10 

rXimR Pr:R AMP OUTPUT PWR 10.0 1 UNIT COST $ 35 
INITIAL CAPITAL COST PER STATION $ 72 

)RESENT WORTH1 OF TEN-YEAR ANNUAL COST STREAM $ 92 

SATELLITE 
SATELLITE ANTENNA N-S DIAMETER * *€, 
SAIELLIIE ANTENNA E-H DIAMETER -0.0 
MAXI.;UM SLANT RANGE FOR TRANSMISSION 23166.1 
POWER CHARGED PER TV CHANNEL 12.81 

POWER CHARGED PER AUDIO CHANNEL 0.004346. 
TOTAL COST PER YEAR OF SATELLITE POWER .$ 26677 
PRESENT WORThI OF TEN-YEAR ANNUAL COST STREAM $ 163908 

TOTAL INITIAL CAPITAL COST $ ].601001 
(NOT INCLUDING SATELLITE COSTS) 

PRESENT WORTH OF TOTAL-SYSTEM TEN-YEAR COST 
ANNUAL COST OF TUTAL SYSTEM PER SLAVL- STATION 

$ 7422798 
$ 198 

ANNUAL LJST GF TOTAL SYSTE. H PER SLAVE STATION PER IV CtiANNEL $ 49 



A-V-J5 

MEXICO iCOtj'T) 

LINK CALCULATIONS 

TV UP-i.INK ( 2.5 GHZ) 
OUTPUT PWR PER CHANNEL OF MASTER STATION PWR AMP 18.0 
MASTER STATION ANTENNA GAIN 49.6 
PATH LOSS -191.7 
SATELLITE ANTENNA GAIN 32.4 
EQUIVALENT INPUT1 NOISE PWR DENSITY AT SAT. RCVR 196.k I 

NOISE BAN0kJ1DY1 (25.1 I.'HZ) -74.0 

UP-LI Ni" CNR 31*0-

TV DO'N-LINK ( 2.5 GHZ) 
OUTPUT P..ER OF SATELLITE TRANSPONDER 11.1 
SATELLITE ANTENNA GAI.N 29.4 
PATH LOSS -191.8 
SLAVE STATION ANTENNA GAIN 35.7 1 
EQUIVALENT INPUT NOISE PWR DENSITY AT SLAVE STATICN RCVR 202.7 
NOISE dANDWIDTH -74.0 

DOWN-LINK CNR 13.1 I 

TV TOTAL CNR 13.O I 
TV TOTAL SNR (=6*({(B/2F)-1**2)*(C/N)*(B/F)*KP) 42.9 I 

WHERE B = RF BANDWIDTH; F = HIGHEST BASEBAND FREQUENCY; 
C/N = TV TOTAL CNR; KP = A NOISE WEIGHTING FACTOR 

AUDIO UP-LINK ( 2.5 GIZ) 
OUTPUT POWER PER CHANNEL AT SLAVE STA. PWR. AMP. 9.0 1 

SLAVE STATION ANTENNA GAIN 35.7 1 
PATH LOSS -191.0 1 
SATELLIIE ANTENNA GAIN 29.4 1 
EQUIVALENT INPUT NOISE PWR DENSITY AT SAT. RCVR 196.6 1 
NOISE BANDWIDTH (0.100 MHZ) .-50.0 1 

UP-LINK CNR 28.9 I 

BACK-OFF OF SATELLITE TRANSPONDER 11.0 I 
CNR FRO4 INTERIUOULATION IN SATELLITE TWT 18.0 I 

AUDIO DOWN-LINk ( 2.5 GHZ)'. 
OUTPUT IwR PER CtiANNEL AT SAT. TRANSPONDER -34.6 1 
SATELLITE ANTENNA GAIN 29.4 1 
PATH LOSS -191.7 I 
MASTER STATION ANTFNNA GAIN 49.6 1 
EQUIVALENI INPUT NOISE PWR DENSITY AT MASTER STA.RCVR 212.1 I 
NUISE BSANDWIDTtH -50.0 1 

DUWN-LINK CNK 14.8 I 

AUDIO TOTAL CNR 13.0 1 
AUUIU ILIA.L SNR ( =3*(((/2F)-1I**2)*IC/N)*(II/F)*(I/KP'I| 43.5 1 

WilEk,; KP' I'S TiE IEAK-TO-AVERAG; P'OW{;ER RATI I'-OR A 
SINGLE VOICE S(IGNAL; OTHE4 PARAMI'T[-IS AS AlICIVE 



A-V -,Jo
 

* K'*PEX [CO C* 

PUT PARAMETERS
 
LA!;.' AREA 760373 SO MI 
LATITUDI ''F CCUNTRY 6 S GEOGRAPHIICAI. CFNTFR .24. DEC 
ASSU'*;II CCST (IF S4TELLITE POWER ($WATT-YEAR) $50000.
 

DISCOUNT FACTOR 1O, 
NO. OF TV-TRAN'SMT/At1JfIO-RECEIVE (FASTER) STATICNS 22 
N O. OF TV-II-CEIV:/A,JII[-TR.,S!IT (SLAVE) SIATIONS 11000 
NO. OF TV C!t-NN.LS P{ER .tSTE.' STATICN 2 
NO, OF TV CHA'rt'CLS Pf"i! SLAVE STATION 12 

SIGNAL-TO-f'UISE RAT"IC RECUIRFE FOR TV 43 D91 
SIGNAL-TiJ-N(.ISE RATIO PFCUIRED FCR AUDIC 43 DB 

TPLT PARAMETERS 

MASTER STATION 
ANTE KA: CIAIVETER 44.7 FT UNIT COST S 523045. 
RCVR PRE-AMP: NOISE TEMP 20. DEG K UNIT CCST 680000
 
TXVTR PWR AMP: OUTPUT PWR IC.0 W UNIT COST $ 3500 

INITIAL CAPITAL CCST FER STATICN $ 5963086 
PRESENT WORTH or TEN-YEAR ANNUAL COST STREAM $ 1274759 

SLAVE STATICN 
ANTE N,.A: CIAFTER 10.7 FT UNIT COST $ 1400. 
RCVR PRIE-AMP: NOISE TEMP 320. DrG K UNIT COSI $ 1000 
TXMTR PWR APP OGLTPLT PWR 5.0 W UNIT COST $ 2Coo 
INITIAL CAPITAL COST PER STATICN $ 16935 
PRESENT WCRTH OF TEN-YEAR ANNUAL COST S.TREAM $ 18E65 

SATELL ITE 
SATELLITE ANTENNA N-S DIA11PTER 9.6 FT 

SATELLITL: ANTEt,.NA F-h DIAYETER 5.7 FT 
MAXI,"MUM. SLANT RANGE FOR IRANSMISSION 23L66.1 MII 

POWER CHARGED PEP TV CHANNEL 13.27 W 
POWER CHARGED PFQ AUCIC CHANNEL 0,00o56S6 W 
TOTAL COST PER YAR OF SAIELLITE PCWIlR $ IJ034034 
PRESENT WORTH OF TEN-YEaR ANNUAL COST STPEAM $ 5'2762&6 

TOTAL INITIAL CAPITAL CrST $ 41007320.
 
(NOT INCLuDING SATFLLITE. COSTS)
 

PRESENT tiORTd1 OF TOTAL-SYSTFV TEN-YEArl COST , $ 209843712. 

ANNUAL COST (IF TOTAL SYSTEM PFR SLAVE STATICN $ 4269. 
ANNUAL CEST (IF TOTAL SYSTEM PER SLAVE STATICN PER TV ChANNEL $ 356. 

http:ANTEt,.NA
http:C!t-NN.LS


IK CALCULATIONS 

TV UP-LINK ( 6.0 Gf.)
 
OUTPUT P'R PE.4 CdANNFL CF MASTEV STATICN PWR AMP 

MASTCR STATIC'i ANTrKNA GAIN 

PA.Ti LOSS 

SATCLLITE ANTFrNNA G,IN 

EQUIVALL..T I\PLI" NCISF PWR fENSITY AT SAT. RCVR 

NUISE IANWID Ii (25.1 l'IZ) 


UP-LI&K CNR 


TV DO;Qi-LIl.K 1 2.5 GIhZ)
 
CUTPUT PCI,.'F, OF SATELLITE TQANSPONDFR. 

SATELLITF ANTENA C61K 

PATH LCSS 

SLAVE 	STATIC 1A\TENNA GAIN 
EQUIVALFNT IoptIT NCISE PWR DENSITY AT SLAVE STATICh RCVR 
NL)ISE 	CANOWIDTH 

DOWN-LI ,K CNk 

TV TOTAL CNR 

TV TOIAL SNP ,2/F)'KP3 


WIIERE 	 1 = AF BANi)WIDTH; F = HIGHEST EASEErANIO FQECUENCY; 
C/N = TV TCTAL CNR; KP = A NOISE hEIGHTING FACTUR 

AUDIO UP-LINK ( 6.0 GHZ)
 
CUTPUT POWER PER Ct-Ahf. L AT SLAVE SIA. PIP. AM4P. 

SLAVE STATICGN ANTENNA GAIN 

PATH LOSS 

SAl ELL ITE .NTEI NA GAIN 

EQUIVALENT INPUT NCISE FWR EKSITY AT SAT. RCVR 

NOISE IIANi)WIDIH (0.IOC MHZ) 


UP-LINK CNR 

BACK-OFF UF SATELLITE TRANSPC4DER 

ChR FRCM INTEPMZIDOJLATICN IN SATELLITE TWT 


AUDIO D.I\-LIMK 1 2.2 GHZ)
 
OUTPUT IPvI' PER CIAiNFEL AT SAT. TRANSFCNCER 

SATELLITE AKrENN A GAIN 

PAIH LUtSS 
:.ASIER STATij-1 ANTr:r'..A GAIN 
EJUIVALNT I:NPUT NCISE FWR CESITY AT HASTER STA.RCVR 
NOLS L N3"a I Il 11 

O.-I. IKK CNIR 

ALUI0 TAL CN'Q 
AU0III loI.L Ski!to - '(I /KP' io. 

wIi.'0 C " IS TI II;-r,1-5V[ Gr4 I101::R i"ArIO FO. A 
SIItI.I V(It o. SI 'NAI. CTI. P rI.RM.I.FTF;S 6S A.V)VF 

8.7 D 
56.1 DI 

-199.3 DI 
40.0 Of 
196.6 O 
-74.0 01 

28.2 DL
 

11.2 Dr
 
29.4 DE 

-191.8 DE 
35.6 DE 

20Z.7 	 DE 
-74.0 	Of
 

1.1i D 

13.0 DE
 
46*((12F)-1)*2)*(C/N)42.9 DE 

6.0 D[ 
43.2 DF 

-199.5 OF 
37.0 DF 

196.6 oir 
-5u.0 or 

33.4 DE 

10.0 D 
16.9 OF 

-31.0 CC 
2b.3 DF 

-l.U.6 c' 
4.7*4 P: 

212.1 Of 
-50.0 D 

15.3 DL 

13.0 l; 
303l,5 ). 



SANTA MARTA--.. 

DARRANQUILLA .'.-:' 

4CAILTAGENA , 

" MONTERIA 

BUCARAMANGA. 

* MEDELLIN 

4 TUNJA 
MANIZALES 

PEREIRA , 
ARMENIA, , 19BOGOTA 

IBAGUE 

PALMIRA 

CALI 
ONEIVA 

4POPAYAN 

PASTO 

COLOMIBIA 

Area: .139, 823 s(I. iii. 
Poptioat ful: IS, IO , CIL.) (1965) 
Rurail 53.9 -,r ccl.m (1i)' i)

37.9 pi.r cvat (I)S- ivojc,.d) 



INPUT P AR AM.ETERS 
LAN, AiEA 439628 S 
LATITUDE OF CCUNTRY'S GEOGPAPHICAL CENTER 5.0 
ASSU'Ut) CCS[ OF StTELLITE POWJER (S/WATT-YEAR) $50 
D[SCOJL-6T FACTC'. I 
NC. OF TV-T~t',SIT/ALDprn-RECEIVE (fASTER) STATICNS
 
NO. OF TV-PFC lVE/nLC,.-TPfSl.'T (SLAVE) STAITICNS
 
Nrl,. Of V ChiA.k.;ELS PEFR VASTER ST'TICN
 
NO. JF TV CmA::ELS PFR SLAVF SFATICN 
SIGIi'L-TOlN-MISE RATI IAECUI;kEC FCR TV 4 
SIGNA.L-T,-h.)ISE RATIO REQUIRED FOR AUDIC 4, 

OUTPUT PARAMETERS 

MASTER STATICN 
ANTEf.NA : CIArVETFR 28.4 FT UNIT COST $ 68. 
RCVR PRE-AMP: NOISE TEMP 90. DEG K LJNIT COST $ I
TXMTA PhJI AMP: CUTPUI PleR 10.0 w UNIT COST $ 
INITIAL C4PITAL COST PER STATION 
 $ 13; 
PRESENT WORTH OF TEN-YEAR ANNLAL COST STREAM $ 24! 

SLAVE STATICN 
AN7 10A: CIA.ETER 12.2 FT UNIT COST $ 7;
RCVR PRE-AMP: NOISE TEMP i8O. DEG K UNIT COST $ 
TXI'.1F PR tI.P CUTFJT PWR 0.5 W UNIT COST $ 
INII1L CAPITAL CCST PFR STATION $ 14 
PPESEINT rJCRTH OF TEN-YEAR ANNUAL COST STREAM $ 2 

SATELLITE
 
SATELL1- ANTENNA N-S DIAMETER 9,, 
SATELLITE ANTENNA E-W rIAMETER 13.: 
MAXI ?*.'U SLAtNT RA .V: FCR T9ANS.ISSIEN 22419. 
P(WEl. CFARGEC P-P TV ChANNEL 
Prl*.E'R CHARGI:D PFC. 6Lu.IP CHANNEL 0.0212L4 
TOIAL COST P Q YEAR CF SATULLITE POWER $ 16f 
PRESEf'T ;ORTH CF TEN-YEAR. At.NUAL CGST STREAM $ 2E71 

TOTAL INITIAL CAPITAL CrST $ 2023C 
(NOT INCLU)ING S-TELLITE COSTS) 

PRESENT WrIr'Tll CF TOTAL-SYSTEF. TEN-YEAR CCST $ 7acjiLC
ANNIUAL CCST OF TUJAt SYSTE:1 PIP SLAVE STATICN $ 6e 
A10'11UAL CCST OF TOTAL SYSTLI.I rrF.P SlATICN PER IV S ItSLAVE CHANNEL 

http:ANTEf.NA
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COLCFBIA(CCN' T)
 

LINK CALCULATICNS 

TV UP-LINK t 6.0 GHtZ) 

OUTPUT PWR PER ChA,-..EL CF MASTER STATICN PWR AMP 8.0 D0 
PASTER STATICN ANTEKKA GATN 52.1 D1 
PATH LCSS -199.1 t3 
SATELLITE ANTFit;J% GAIN 43.6 D 
EQLJIVALFNT INPUT KCISF: PWRP DENSITY AT SAT. RCVR 196.6 D 
NOISE BANDWIVTIi (25.1 1IZ) -74.0 ,? 

UP-LINK CNR 27.2 03, 

TV DC IN-LItK C 2.5 GfZ) 
OUTPUT POWER (-F SATELLITE TmAKSPCNCFR 3.5 D!: 
SATELLITE ANlEL.NA GAIN 33.0 C': 
PATH LCSS -191.6 V 
SLAVE STATICk A TE NA G I K 37.2 D":. 
EQUIVALEN.T INPL!T NCISE FWR DENSIY AT SLAVE STA1ICN rCVR 205.0 D. 
NOISF EANDWIDH -74.0 LC 

DOWN-L INK C%R 13.2 [, 

TV T(IrAL CNR 13.0 C 
TV TOTAL S"SR (=6*((fe/2F)-l)**2*(C/N)*(E/F)IKP) 42.9 C 

WHERE B = RF rANCWIDTH; F = I-IGI-EST BASEBAND FREQUENCY; 
C/N = TV TCTAL CNR; KP = A tNCISE WFIGHTINC FACTOR 

AUDIO UP-LINK ( 6.0 GHZ) 
OUTPUT POWER PER Ct-ANKEL AT SLAVE ST,. PWR. AMP. -4.0 Dr 
SLAVE STATION ANTENNA GAIN 44.8 C' 

-PATH LOSS -199.2 !-
SATELLITE AhTEt-NA GAIN- 40.6 C7 
EQUIVALENT INPUT JOISE PWR DENSITY AT SAT. RCVR 19o.6 £" 
NOISE EANCWICTfl (0.100 M-Z) -50.0 r) 

UP-LIN'K CNR 28.8 " 

BACK-CFF OF SATELLITF TRANSPONDER 11.0 D-
CNR FRO'M INTFR'.COULATICN IN SATELLITE T1.T 18.0 C: 

AUDIO DOWN-LINK ( 2.2 GFL) 
CUTPLT P.R PE. (hAl~fhL AT SAT. TRANSPCNCER -27.7 C" 
SATELLITE ANTLE;tA GAIN 31.9 , 
PAT11 LCS -190.4 , 
:4ASTFR srATIC,,' ANTFNNA CAIN 43.4 C 
EUIVALIENT N'RPUT NllSE f'ihR FENSITY AT PASTER STA.RCVR 207.6 7 
t;JISE e,%D'Nr;IcTf -50.0 -

DIW.N-L INK CNR 14.8 

AI,I)I TOJTAL CN. 13.0 1 
AU6)IC IOTAL Si; C =3e( ')/// 43$.5 ! 

WIILkI. KP# IS 1I-r PfAK-I(l-AV A ;r. PU:I'I1 PAT IS FOP. A 
SIV;t. V I SrI. ALas fTI-F , PFr. ,'4ET F1S /S POVE 



*4* C0LGMn!LA ~ 

2
 
INPUI PARAIMEIERS 

439828 SO MILAND AREA 
5.0 DEG
LATITUDE CF CCUNTPYS C CCRAPHICAL CENTER 
$500C0.
ASSU."EL CCST OF SATELI.ITE PChER ($, ATT-YEAR) 

0.O
DISCOUN T Ft.CTUP 
NO. OlF IV-1RtAr-.S(..IT/ U( I1-RECEiVE (MASTER) STATIONS 18 

NO. OF TV-KECEIVF/A".LYi-TRMiStIT (SLAVE) STATICNS 306 
2NO. UF TV CIiAtNELS PEP M'ASTER. STATION 

12NO. OF TV C.Ut-NELS PEP SLAV. STAT ICN 
43 DSICNAL-TJ-r4)ISF RATIC PECLIRED 	FCR TV 


FCR AUDIO 
 43 DSIGIIAL-TC-tCISE P.ATIG PECUIRC 

OUTPUT PARAMETERS 

MASTER STATION
 
$ 27933.ANTElNA: 	 0IAMETER 1;.5 FT UNIT COST 
wf 17C(.',PCV. PRE-AMP: WISE TEMP SO. DEG K UNIT COST 

COST $ 6CCCTXF.TR PwR AMP: CLiPLI PER 30.0 W UNIT 
INITIAL CfPITAL CCST PER STATION $ 5605^ 

$ 112754PRFSENT WCRTH CF TEN-YEAP ANNUAL CCST STREAM 

SLAVE STATION 
ANT E%NA: DIAMFFTER 12.C FT LNIT COST $ 6771. 

RCVR PRF-AMP: NOISE TEVP 180. CEG K UNIT COST $ 7CC1, 

TXMTP PiR AMP CLIPLT PWR 1.0 h UNIT C.ST $ 852 
$ 3077INITIAL CAPITAL CCST PFR STATICN 

PRESENT WORTH OF TEN-YEAR AQNUAL CCST STREAM $ 47839 

SATELLITE 
N-S 	 9,4 FTSATELLITE ANTENN;A DIA.METER 

13.3 F-
SATELLITE ANTENNA E-W CIAMETER 
MAXI ML.; SLANT PAIGF FC54 IFANSFISSICN 22419.5 'E 
PC.ER CI-ARGE,) PFI, TV CHAI'EL 2.29 
PCWEP CHARGFr PEP. AUJZIC CI-AMNEL O*C4104 . -

TOTAL COST PtR YEAR OF SATELLITE PCWER $ 15455c: 

PRESENT v;OF'Tti OF TEN-YEAP ANNUAL COST STREAM $ Y,9610.2 

TOTAL INIIIAL CAPITAL CCST $ 6021167. 
(NOT ]lo'CLJDING SATELLITE COSTS) 

PRESENT %.'CkTHOF TOIAL-SYSTV. TFN-YEAR CCST $ 2b1o4 . 

A.'UAL CCST CF TOTAL SYSIU4 PEP St.lVE STATICN , $ I8 . 
AI-NUAL COST OF TOTAL SYSTEM PLP SLAVE STATICN PER IV CHANNEL $ 1154. 



CUL:I.'I 11. (.;N 'IA
 

LINK CALCULATIONS 

TV UP-LINK 1 6.0 GHT) 
OUTPUT PI.R PF; C1At.f-FL CF P.iSTER STATICN PWR AMP 13.5 OB 
MASIE1 STA I I(IN ANTENNA GAIN 48.10 U0 
PATH LCSS -1g, . DI 
SATELLITE ANTENr.rA GAIN 43.6 CB 

EQUIVAI.FT 11,IP'jT %CISF PWR CENSITY AT SAT. RCVR 196.6 Dri 

NOISE I!ANODIflT:1 (25.1 t'HZ) -'4.0O 11 

29.4 DIUP-LiNK CNR 


TV DOI.O,-LINK C 2.5 GHZ) 
OUTPUT UkEP. OF SATFLLITE TrANSPCNDF.R 3.6 C1B 
SATELLITE ANTEt KA GAIN 33.0 D!% 

PATH LOSS -191.6 C5 

SLAVE ST.TICN ATE:,A GAIN 37.0 DO 
EQUI%'ALFNT INPUT NCISE Pl,, CENSITY AT SLAVE STATICN RCVR 205.0 DS 

-74.0 DONOISE EANCWICTf 

13 I DB
DO1.N-L IK CNR 


TV TOT 'L CNR 13.0 DR 
TV TOTf.L SNR C.=6*((iR/2F)-l1)1*2J4,(r/N)*(E/F)*KP) 42.9 DR 

WHER.E 8 = RF 6IAN'V.IVTI1; F = HIGHEST BASC0ANC FRE(UECY; 
C/tN = TV TCTAL CNR; KP = A NOISI WEIGHTING FACTOR 

AUDIO UP-LI,. ( 6.0 GHZ) 
OUTPUT PULER P , CFAPNFL AT SLAVE STA. PWR. AMP. -1.0 DB 

44.6 r0" 
-199.2 03 

SLAVE STATICN ANTENNA GAIN 

.PATH LCSS 
SATELLITE ANTEINNA GAIN 40.6 Dr 

EQUIVALENT l.N"UT NCISE PW. LENS ITY AT SAT. RCVR 196.6 01. 
NIISE BANEM;IOT:4 (0.100 VMIZ) -50.0 Oil 

31.7 DDLP-LITK CNR 

BACK-UFF OF S!TELLITF TRAS.ChMER 10.0 D! 
CUJR FRCM INTE,;PMCL)ULATICN INJ STELLITE TWT 16.9 09 

AUDIO PG%4s\-L INK 1 2.2 G11Z) 
OUTPUT PWR PER C-At.t.-L Al SA1. TRANSFCNOER -23.9 D, 
SAlELLITE ATEtA GaIN 31.9 Pi; 

-190.4 (,2PATI LCSS 
"itSTE*, SITT 'iTC: .JTFIrNA GA IN 40.I r, 

[qU I '.AF.;" I NPUT KrISE Fl.;P CFKSITY AT PAeSTER STA.RCVR 207.6 r 
NIOSZ !PANIIMMI~ -5U, .0 

15.4 D.DCWNt-L1IN C1%R 

AUJDlOt TU TAL Cfi, 1:3.o . 
AII;(! IIJIAL SfI C =3((I'/2F)-1)'42)OIC/N)(13/F) (l/KP I '.3.5 LA" 

wit';. KPI IS TI.r V: K -. 1'I'.. AT,Tl: FCF A 
SIr.X;LE VOI CE SIGNiAL; CTFl-R PIAPA1-'IERS AS ALCOVE 

http:EQUIVAI.FT
http:ANTENr.rA
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IV. Sketch of Progress
 

Several parts of the final model are presently being constructed.
 

For the terrestrial systems costs needed for comparison with the satellite
 

system costs I have been working closely with Pacific Telephone and
 

Telegraph Co. of San Jose. Two parts of the overall program of six
 

parts have been written. These parts deal with costs for T Carrier equipment 

on cable-pairs and N Carrier equipment on cable-pairs. Each is appropriate 

for a different cross-section and total link length. The other parts 

to the program will deal with microwave radio, open-wire lines, the
 

determination of the least-cost cable-pair size to serve in a given situation,
 

and the coupler program that will take the output from these separate parts
 

and provide answers in the following matrix format. The length, L, of
 

the telecommunications link under study will be given along the abscissa
 

of the output graph. The increase in channel demand per year that must
 

be satisfied by the link, YID, will be given along the ordinate. The
 

matrix element designated by any pair of values (L,YID) will contain
 

the least-cost type of terrestrial telecommunications facility that will
 

satisfy these requirements and the present worth of the facility for
 

the whole period of study. 

In considering the time element in a satellite system it is necessary
 

to know the costs of upgrading earth stations. This cost has been
 

difficult to obtain from industry inasmuch as the type of station
 

with which we are dealing (very low cost) is not in widespread use.
 

Nevertheless, some handle on these costs will be obtained from data
 

gathered for the teleconferencing report. The cost -willbe taken to be
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the replacement cost of the component (either antenna, preamplifier, or
 

power amplifier) or components whose upgrading will render the required
 

increase in earth station channel capacity.
 

A step toward the completion of the integration of educational
 

requirements and telephony requirements into one system has been made
 

with the completion of a version of the original least-cost satellite
 

system program that treats the case where only telephony service is
 

desired. The system is simple in configuration in that each earth station
 

is assumed to have the same G/T and the same power amplifier. Further
 

work will allow perhaps three different sizes of earth station to be
 

determined, according to the demand requirements.
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