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PREFACE

Budgets constvrain choices. They are not the cnly constraints; law,
custom, tradition,‘political alignments, and inertia all serve to limit
further a decision-maker's options. Nevertheless, budgets remain a
central constraint. With his budget a Minister of Education, say, can
buy teachers, books, schoolhouses, radio sets, and the other inputs he
needs to run his school system. The amount of each input that it is
feasible for him to buy depends on the ccsts of the inputs and the
level of his budget; his feasible alternatives constitute the set of all

possible combinations of inputs whose total cost falls within the. budget.
In order to know which potential alternatives are feasible and which

are not, the Minister must assemble information on input costs. Our
purposé in this book is to present a methodology for the cost evaluation
of ongoing educational projects and for the planning of future ones.

Part One of the book develops this methodology in general terms; Part Two
illustrates its application by examining the'cost structure of instruc-~
tional radio and television Projects, with particular attention to those
located in developing countries. Part Three contains nine cost case
studies; these cases provide much of the empirical information upon
which Part Two is based. Most of these cases combine evaluation of a
Project's heretofore incurred costs with projection and planning for
future ones.

Obtaining costs in ozrder to determine the set of economically
feasible alternatives is the first step in educational planning, but it
is only a first step. The Minister of Educati&n must also. obtain
available information concerning the linkage between educational inputs
and educational outputs and the linkage between educational outputs and
economic and social outcomes.

Cost-effectiveness analysis uses knowledge concerning the first
linkage, between educational inputs and outputs, to help #scertain which
of the feasible alternatives will result in the "maximum' educational
output. (As educational output is multidimensional, for example, number of

graduates of each level per year, the term 'maximum' output is used
io
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here to mean an output that can be increased on no one dimension without
either being decreased nn another or violating the budget constraint.)
Cost-effectiveness analysis, then, deals with the problem of how to
get the most in terms of educational output from the funds available
to the educational aystem.l It constitutes the second step in educa=~
tional planning.

The third step in educational planning deals with the relationship
between the outputs of the educational system and various economic
and social goals. Are educated individuals more economically productive,
less inclined to crimeﬁ better citizens? If so, which types of education
contribute most to these goals? Auswers to these questions would assist
the Minister of Education and the Central Planning Agency in ascertaining
how much should be spent on education altogether and how that amount
should be distributed across various types of education. In the terms
of the preceding paragraph these answers would help enable the Minister
to decide which of the maximum levels of output is most desirable for
any given budget and to decide on an appropriate budget level. Cost~-
benefit analysis is the term economists use to describe this third step
of educational planning, and economic research in education has focused
on measurements of benefits for improving cost-benefit analyses.

Our purposes in this book--~development of a cost evaluation methodol-

ogy and provision of improved information concerning the costs of

1Jamison (1972) develops one methodology for cost-effectiveness
analysis of schooling in developing countries and provides references
to the literature. Use of the term 'cost-effectiveness analysis' to
describe the activities involved in modeling input-output relations in
education is misleading to the extent that it implies the task to be
one for economists. Experts in educational psychology, media research,
statistics, and organizational theory play a more central role.

2Psacharopoulis (1972) reviews an extensive literature that assesses
the economic benefits of various forms of education (and computes rates-—
of-return) by attempting to disemtangle the influence of education from
other determinants of individuals' incomes. Griliches (1970) surveys
and synthesizes a much smaller literature that examines the effect of
education on worker productivity and national economic growth.

11
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Instructional television and radio-~can be viewed as an attempt to improve
cost-effectiveness and cost-benefit analyses in education. This is the
role of cost analysis. We wish to make explicit, however, that our
present effort in no way attempts to provide a cost-effectiveness or
cost-benefit analysis of the extent to which these new media should be
used. Such analyses need be done in the context of a particular
country's price system, nonbudgetary constrairnts, overall economic
situation, and development objectives.

Just as cost analysts begin increasingly to scrutinize educational
projects, so too is it worthwhile to examine the costs (and benefits)
of undertaking evaluationg, and, in particular cost evaluations. This
bock fails to address this issue in any substantive way, but it may be
worthwhile for us to record our observations on the matter here. The
total cost of the research and writing of this book was, we would estimate,
on the order of $125,000, plus or minus 30%. A comprehensive cost
anialysis of a complete range of technological options for educational
reform in 2 country or region could cost $50,000 to $150,000, though
much valuable information could be produced by a $5,000 to $10,000
consulting effort properly done. TYor planning purposes a small effort
should almost always precede a large one in order to lay out options in
broad terms for the appropriate decision-makers; this might be followed
by a more comprehensive and focused cost planning study.

The potential benefits of cost analysis are several. First, a
properly done cost analysis will cost a range of options helping to
force generation of options and comparisons among them. Second, cost
evaluations help pinpoint the sources of major cost items and can help
thereby to provide information useful in reducing costs. Third, a good
cost analysis will force a decision-maker to recognize that costs will
almost inevitably be higher than he and his advisors may be tempted to
think (see Chapter III ); this may help lead to the abandonment of
unduly costly projects.

The potential benefits can oaly be rzalized if the relevant decision-

maker(s) use and interact with the cost analysts. We hope in this book

12



to provide a methodological and empirical basis that will help facilitate
that interaction. Whether the ensuing benefits are worth the cests we

leave to others to judge.
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PART ONE

COST ANALYSIS FOR EDUCATIONAL PLANNING AND EVALUATION
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CHAPTER I

COST ANALYSIS: METHODOLOGY

Our aim in this chapter is to set forth the methodologies
appropriate to the cost analysis of educational systems for plan-
ning and evaluation purposes, paying specific attention to application
to instructional technoiogy systems. There is by now a reasonably
extensive literature concerning educational costs,l but the methodol-
ogies of that literature are generally inadequate for dealing with
capital investments in education. The reason appears to be that with
the exception of building costs, concerning which a decision-maker
usually has little choice, most educational costs are recurrent.
Decisions to utilize a technology, on the other hand, entail acceptance
of a commitment to pay nov and reap the benefits later: for this reason
an adequate analysis of the cost of instructional radio and television
(and indeed for any system requiring substantial capital investment)
must grapple directly with the problem of the temporal structure.of

cost and utilization.

lPerhaps the most valuable discussion of educational costs is a
recent book of Coombs and Hallak (1972); this is one in a series of
studies, sponsored by UNESCO's International Institute for Educa-
tional Planning, that also includes Vaizey and Chesswas (1967) and
Hallak (1969). Other general discussions of educational costs in-
clude Bowman (1966), Edding (1966), Thomas (1971, Chapter 3), Haller
(1974), and Levin (1974). Vaizey et al. (1972, Part Six) treat
teacher costs in some detail, and Schultz (1971, Chapters 6 and 7) dis-
cusses the important and occasionally overlooked cost of students'
time. Previous discussions of educational technology costs appear
in Schramm et al. (1967b, Chapter 4 and the accompanying volumes of
case studies), General Learning Corporation (1968), and Hayman and
Levin (1973), Carnoy (1975), and Carnoy and Levin (1975). Fisher
(1971) provides an excellent discussion of cost analysis with
specific reference to national defense systems.
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In this chapter we describe the methodology we use to handle
this protiem of cost and utilizatiocn occurring at different points
in time. Costs are considered as a function of the inguts2 to the
educational process. Our methods draw on the standard ecomnomic
theory of intertemporal choice, but, as often occurs when applying
economic theory, minor modifications are required to deal with the
problem at hand. 1In what follows, Section 1 will briefly discuss
some of the more important aspects of the collection and organiza-
tion of cost data--although this is not truly a part of the
methodology of cost analysis per se, it is important to establish
the context in which the analysis is embedded and to stress that
the analysis can be no better than the data that are put into it;
Section 2 describes cost functions and their properties; Section 3
then describes methods of annualizing capital costs; Section 4
points out that using annualized capital costs can misstate the
true costs of a project, and introduces a method for.incorporating
the time structure of utilization into the analysis; Section 5
examines a slightly different notion of cost, oppcrtunity cost,
and discusses how, given a limited set of alternatives, =3 costs of
a decision may fruitfully be thought of in terms of the real trade-

offs that can occur; and finally, Section 6 sums up and concludes.

2Most discussion of cost in economics centers around how the
cost of output varies with its quantity under the assumption that
the producer of the output is economically efficient; see, for
example, Henderson and Quandt (1958, pp. 53, 62). The concepts of
total, average, and marginal cost that are usually used to de-
scribe output cost cdn also be used to describe input costs:
usually, however, the cost of an input is simply assumed to equal
the quantity utilized, multiplied by its unit price. This simple
model of input costs is inadequate for our purposes. Walsh (1970,
Chapter 22) engagingly synopsizes the history of economists' usage of
the term 'cost?!, and provides a clear statement of modern views.

16




1. COLLECTION AND ORGANIZATION OF COST DATA

The primary emphasis of this report is the development of the
appropriate methodological approaches to the analysis of system cost
informetion. However, the cost analysis depends greatly upon the
initial collection and organization of the relevant cost data and
in this section we will briefly comment on some of the more impor-
tant aspects of this procedure. For more detailed discussions of
this topic the interested reader is referred to Coombs and Hallak
(1972), Davis (1966), Levin (1975), and UNESCO (1975).

In order to understand the salient features of the initial
cost collection pfocedure it is helpful to have an overview of the
cost analysis process. The analysis may be thought of as pro-
ceeding in three stages, although often work on the different stages
proceeds simultaneously: first, historical cost information on
the system 1s collected; second, the historical relationship between
these costs and the system variables that influence them 1is
specified; and third, future system costs are projected based on
hypotheses concerning the future configuration of cost-influencing
system variables. Although it is the first stage that is concerned
directiy with the collection of historical cost data, it is necessary
to remember that the historical data are required to feed into the second
and third stages of the analysis; in particular, the cost analyst needs
to gather not only historical system cost information, but also
information on the amount of physical resources purchased in each
category and the period associated with the expenditure, as well
as the level of the key structural variables of the system that
influence these resource needs. For example, in the case of an
instructional television system, not only does the analyst need to
know how much was spent on television receivers in a given year,
but also requires such information as the number of receivers pur-

chased and the number of students the system serves.
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In order to begin data collection activities, the analyst
should previously have enumerated a rather exhaustive and detailled
1ist of the resource categories relevant t-. the particular system
under study. This initial step is quite important as {_mponents
that are excluded from this conceptual phase of the analysis may
never be costed. The analyst can usually draw on his or her expe-
rience with similar projects in making such a list, but it is much
better to have a close familiarity with the particular project
under study, either through firsthand experience or secondary
sources, since each system usually has its own peculiarities that
can too easily be missed.3

Once the list of resource categories is drawn up, cost col-
lection activities may proceed in two general ways. First, cost
information for each resource category may be found from the
analysis of budget and exnense documents. Unfortunately, budgetary
and expense information is often collected for purpcses quite
separate from economic evaluation and it is usually a difficult
task to translate such data into a form useable for the cost
analysis. Further, many system resources may not be reflected in
project budget or expense documents, but may be contributed through
foreign donvrs, other government agencies, or the private sector.
Such cost data need to be sought from the appropriate sources.

One of the most difficult categories to coust are those physical
or human resources that are donated to the project, without an
explicit monetary charge; nonetheless, if such rescurces have a
value to the economy in alternative uses they represent a real
societal cost that must be estimated (see Section 1 of Chapter II

for a further discussion. especially note footnote 1 of that chapter).

3qu example, in the Ivory Coast the theft of television re-
ceivers is sometimes a problem and may represent a significant
cost item that could easily be overlooked.



Sometimes budgetary and expense information is so poor for
cost cvaluation pucposes (or, for some projects, may not even
exist), that it is necessary to estimate costs by cataloguing the
resources needed or used in each resource category and then find-
ing the appropriate prices for these resources. For example, in
Mexico, no cost information was available for the production equip-
ment used in the production of ITV Programs. One of the authors had
to go through the production facilities, note all the equ’pment
used, and go to manufacturers for estimates of the prices of such
equipment. More commonly this procedure may be followed to estimate
system expenditures for items such as television receivers, where
Information could be gathered on student enrollment, on the average
ratio of gtudents to receivers, and on the price of a receiver.

Care must, then, be taken in the organization and collection of
cost data (some of the potential problems and causes of costing
errors are discussed in Chapter II, Section 3). The collection of
these data will generate an historical cost table, which lists
the costs incurred under each resour:e category for each year of
thi# project's operation. The data in this cost table, along with
the historical information on physical resources used and the
historical level of the relevant system variables, will form the
basis for the projection of the year by year cost table into the
future as well as for the estimation of the relevant cost functions
(see the next section and Chapter IV). Although in what follows
we emphasize the methodology necéssary to proper cost analysis, it
should be rememberad that the analysis can be no better than data
that are put into it, and experience and careful judgment in the

collection of cost data are vital to a meaningful evaluation.
2. COST FUNCTIONS AND THEIR PROPERTIES

We begin this section by defining the concepts of total cost,

average (or unit) cost, and marginal cost; we then examine the
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speclal case in which it is appropriate to separate costs into
fixed costs and variable costs. We conclude by discussing the situa-

tion in which there are multiple inputs to the cost function.

Total, Average and Marginal Cost

It is useful to think of costs as functions rather than as
numbers: a total cost function for an input gives the total cost
required to finance an input as a function of the amount of the

input required. To take an example, let
Total Cost = TC = TC(N) ,

where TC(N) is the tcial cost required to provide an input of

instructional television to N students.

The average cost function (or, equivalently, unit cost function)

is defined to equzl the total cost divided by the number of units
of the input provided:

Average Cost = AC(N) = TC(N)/N .

Just as the total cost depends on N , so may the average cost.

The marginal cost function gives the additional cost of pro-

viding one more unit of input (i.e., in this example, of providing
instructional television to one more student) as a function of

the number of units already provided. Stated slightly more pre=-
cisely, the marginal cost function is the derivative of the total
4

cost function:

4For those readers unfamiliar with the concept of derivative,
perhaps a more useful formula for illustrating the marginal cost
concept would be:

Marginel Cost = MC(¥) = TC(N+l) ~ TC(N) .

That is, the marginal cost at any given level of student utiliza~
tion, N , is equal to the total cost for N+l students minus the
total cost for N students. This is an accurate representation of
marginal cost and is utilized in the textual example that follows;
however, this formulation has the disadvantage that it must be re-
computed for each level of N , while the derivative formulation
yields a function that allows the calculation of marginal cost for
any level of N ,
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Marginal Cost = MC(N) = dTC(N)/dN .

Again, it is important to keep in mind that the marginal cost will
in general be a functiénapf N .

To illustrate the concepts above let us construct a simple
arithmetic example. Im Table I.1l, the first column indicates the
iumber of students gerved by a particular educational program, while
the second column indicates the total costs of serving that number
of students. We see that the example has been constructed to in-
dicate that total costs are some function of the number of students;
that is, total costs increase as the number of students increases
(although the functional representation of the relationship between
TC and N 1is not given, and would not be as simple as that examined
below in fixed and variable cost subsection). From the information
presented in the first and second columns we can derive the average
and marginal cost information presented in the third and fourth
columns. The average cost is simply the total cost divided by the
number of students while the marginal cost is the addition to total
costs caused by the addition of one more student to the system. The
average cost measure 1s most useful as an historical summary of the
system's efficiency in doing its task, while the marginal cost
measure 1s more useful for examining the cost consequences of ex-
panding or contracting the system, irn terms of the number of students

served.

SThe example above also illustrates the relationship between
average costs and marginal costs. For the average cost to rise as
the system expands the marginal cost of adding another student must
be greater than the average cost; for example, in expanding from
serving one student to serving two students the marginal cost is
$40, which is greater than the $30 average cost of serving one
student--therefore, when the system expands to two students the
average cost rises (from $30 to $35 in this case). Similarly, if
the marginal cost is below the average cost, the average cost will
fall as the system expands; this is illustrated in our example as
the system expands to serve more than three students. When average
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+ TABLE I.1

TOTAL, AVERAGE, AND MARGINAL COST EXAMPLE

Unit (students) Total Cost Average Cost Marginal Cost

0 $ 0 $0

$30
1 30 30

40
2 70 35

35
3 105 35

15
4 120 30 -

10
5 130 26
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Fixed and Variable Costs

When t.ie total cost function can be approximated by the simple

and convenient linear form,
(1.1) TC(N) = F + VN ,

it becomes possible to separate cOsts jinto fixed costs and vari-
able ceosis. In this example, F would be the fixed cost because
the value of cost contributed by the first term on the right hand

side is independent of N ; v is the variable cost per unit of in-

put because the value of total cost contributed by the second term
on the right hand side varieg directly with N . When the total
cost function is linear, as in equation I.l, the average cost is
simply equal to the fixed cost divided by N plus the variable cost
(AC(N) = F/N + V); the marginal cost is equal to V . ‘Thus the
average cost declines as N increases (by spreading the fixed cost
over more units) until, when N 15 very large, the average cost is
close to the marginal cost.

Equation I.1 is a reasonably good rough approximation to the
cost behavior of instructional technology systems.6 Program prepara-
tion and transmission tend to be fixed independently of the number
of students using the system., Reception costs, on the other hand,

tend to vary directly with the number of students.

and marginal costs are equal, expansion will yield the same average
cost; this is illustrated above in the increase from two students to
three students where the marginal cost of the increase is $35, which
is the same as the average cost for two students, yielding a similar
$35 average cost for three gtydents.

61t should be emphasized that this linear formulation of the
total cost function is in many cases only a rough approximation.
For example, as the system expands to cover students from more
heterogeneous cultures, more geographically distant locatioms, or
less densely populated areas both the variable cost per student and
the marginal cost per student may not remain constant (and will not
necessarily be equal either), but may increase. See Chapter IV
for a more extensive discussion of this point.
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Multiple Inputs to the Cost Function

In the preceding subsections we have assumed that the total
cost of providing instructional radio or television depended on only
a single variable, the number of students reached. This is a reason-
able approach in circumstances where one can assume other poten-
tially relevant variables to be fixed. Often, however, particularly
in planning situations, it is important to consider explicitly the
other variables. The input one wishes to cost is not just instruc-
tional television for N students; it is instead instructional
television for h hours per year for N students spread over a
geographical region of x square miles. More variables could be added.

While treatment of multiple inputs involves some additional
complication, the basic concepts introduced so far change but little.

Total cost is now a function of several variables; in cur new example,
TC = TC(N,h,x) ,

the marginal costs become the amount total cost changes for a unit
change in each of the determining variables: in this 3-variable
example, we have 3 marginal costs defined mathematically by partial

derivatives as follows:7

aTC aTC - OTC
N 5N MC : and MC 5

MC h = “sh x

7Similar to the discussion in footnote 4 for any given value of
N, h, or x , the marginal cost with respect to N, h, or x,
can also be represented by the increase in total cost caused by adding
one student, one hour of programming, or one square mile of coverage,
respectively. This formulation would yield an accurate estimation of
marginal cost only for a specified level of N , h , and x , from which
we want to examine an incremental expansion of one of the variables,
holding the other two constant. The derivative formulation again has
the advantage that it yields a functional representation of the
marginal cost with respect to N , h , or x that allows one to cal-
culate the marginal costs of expansion of N ; h, or x , at any
level of the three variables without having to caluclate the total
costs in each instance.
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Each of these partial derivatives can be a function of N, h , and
X « Likewise there is a number of average costs--the cost per
student, TC/N , the cost per hour of presentation, TC/h , etc.

In addition, however, one may wish to consider composite averages;
for example, the cost per student per hour. That cost would be
TC/Nh .

Aside from potential practical complications, then, there is
small conceptual difficulty in going from consideration of a single
determinant to multiple determinants of cost. In the analysis of the
cost of ongoing projects presented in Chapter III and in the case
studies presented in Part three, we will rely heavily on a cost
function model that assumes total costs to be a linear function of
the annual number of students in the system, N , and the annual
number of programming hours broadcast, h , as follows:

(1.2) TC(N,h) = F + Vg N+ vh h,

the fixed costs of the ystem in the sense that they are

where F
independent of N and h R

<3
[

= the variable cost per student,
and V. = the variable cost per hour of programming broadcast.
In order to let the number of students and programming hours in

the system be the sole determining cost variables, as in equation I.2,

8It should be noted that a more detailed formulation of the
total cost function would have several different types of 'h' vari-
ables: production costs depend most closely on the number of pro-
gramming hours produced each year; transmission costs depend on the
number of programming hours broadcast annually; and reception costs
will vary somewhat (due to the costs of supplying power to the
television or radio receivers) with the number of programming hours
the average television or radio set receives annually. The second
definition is the one used in the case studies and in Chapter III
(unless specified differently for a particular project); given cer-
tain assumptions as to program lifetime and receiver utilization,
the three definitions may be linearly related. See Chapter IV for
a more extensive discussion.

2D



-13-

it is necessary to let the values of F , VN and Vh depend on
aspects of the system that are assumed to remain unchanged. F

will depend, among other things, on the number of grade levels the
students to be reached are in, as well as the geographical area over
which they are spread. Vh will depend on the quality of programming,
while VN will depend on class size. To the extent that the situa-
tion warrants assuming these other variables will change little,

the use of a simplified cost function such as that presented above

in equation I.2 is warranted. In Chapter IV, more detailed cost
functions will be utilized, reflecting the utility of considering

multiple determinants of costs in the planning process.
3. TREATMENT OF TIME: ANNUALIZATION OF CAPITAL COSTS

A capital cost is one that is incurred to acquire goods or

gervice that will have a useful lifetime that extends beyond the

time of purchase. Recurrent costs, on the other hand, are incurred

for goods or services that are used up as they are bought. The
principal cost of schools is the recurrent cost of teachers' time;
since teachers are paid while they provide their service, the useful
1ifetime of what is actually purchased simply coincides with the pay
period. (In this example we neglect the human capital forming aspect
of teacher training colleges.) The cost of a pencil would seem to
be a capital cost since, depending on one's penchant for writing, it
could last for several months. In fact, pencils are treated as
recurrent costs for the reason that their expected lifetime is less
than the accounting period (usually one year) of school systems.

The line between capital and recurrent costs is, then, usually drawn
at one year; if the lifetime of a piece of equipment .is greater than
that, its cost is usually treated as a capital cost. Coombs and
Hallak (1972, Chapter 9) point out that school systems often adhere
only loosely to this one year convention and they provide a valuable

practical d: russion of how to examine school building and facili-

ties costs.
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An occasional source of confusion, even among economists, is
between fixed costs and capital costs. There can be fixed costs
that are recurrent; an example is the electric power required to
operate a television transmitter. Likewise there can be capital
costs that are variable; an example is the receiver component of
reception costs. Thus the concepts of fixed costs and capital costs
are distinct though it is often true that major capital expenditures
are associated with substantial fixed costs.

How does one construct the cost functions discussed in the
preceding subsection if capital costs are present? Let us say that
a school system buys a radio transmitter and 6000 receivers in
year 1 for a total cost of $220,000. It would clearly be inappro-
priate to include the entire $220,000 as a year 1 cosf in attempting
to determine the unit cost of the use of radio in year 1; likewise
it would be inappropriate, in computing year 3 costs, to consider
the use of transmitter and receivers as free. In order to construct
a useful cost function it is necessary to annualize (unfortunate
verb) the expenditure on capital equipment.

Two variables are important in annualizing expenditures on
capital equipment. The first of these is the lifetime of the equip-
ment; if the equipment lasts n years, a fraction, on the average
equal to 1/n , of its cost should be charged to each year. This

1s a depreciation cost.

The second variable that is important in annualizing capital
expenditures is the social discount rate. The social discount rate
reflects a value judgment concerning the cost to society of with-
drawing resources from consumption now in order to have more con-
sumption later. It is represented as an interest rate because in
an important sense the 'cost' of capital is the interest charge that
must be paid for its use. One way of obtaining an approximation for
an appropriate value for the social discount rate is to examine
the private cost of capital. 1If a country has invested $220,000 in

radio facilities, the capital thereby committed cannot be used
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elsewhere, for example, it camnot be used to construct a bicycle factory
or fertilizer plant. To see the importance of this let us azsume that
the 1ifetime, n , of the $220,000 worth of radio equipment is 10
years and that the country could, if it chose, rent the equipment

for $22,000 per year instead of buying it. Whether the country

rents or buys then, over the 10-year period it will spend $220,000

on equipment. But it is obvious that the country would be foolish

to buy under these circumstances for the simple reason that 1f it
rented the radio equipment it could put the $220,000 in a savings

bank in Switzerland (or in a fertilizer plant) and collect interest
(or profits from the sale of fertilizer). Of course, for most of

the time the country would collect incerest on only a part of the
$220,000 if it were paying the rent out of this account: neverthe-
less, if it were recelving 7.5% interest, there would be $132,560 in
the bank at the end of the 10 years.

As this example has indicated, there is a cost (interest charge)
involved in having capital tied up in a project, and this cost 1s
measured, to some extent, by the potential rate of return to capital
elsewhere in the economy.9 The total amount of this cost depends,
of course, on the amount of capital that is tied up; if the value
of the capital in a project is depreciating, as it must be as its
1ifetime draws to a close, then the amount of capital tied up

decreases from year to year. It is thus inappropriate fn annualizing

WY s

9The issues involved in determining a value for the social rate
of discount are actually rather complex and involve consideration of
reinvestment of returns as opposed to consumption of them. The
productivity of capital in an economy is a measure of what must be
given up to finance a project; there remains the problem of comparing
net costs and benefits that occur at different points in time.
DasGupta et al. (1972, Chaptersl3 and 14) review these issues and
argue foreibly that! 4+-discount rate to make net returns at different
points in time comparable reflects a social value judgment. They
argue, therefore, that the policy analyst should use a number of
social discount rates in order to exhibit clearly the sensitivity

of the results to the values chosen. This we do, using annual v
discount rates of 0%, 7.5%, and 15%.
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capital costs to depreciate the value of initial capital by 1/n
and add a capital charge equal to the social rate of discount times
the initial value of the capital.10 One must take into account the
changing value of the capital over the project life.

If we take this changing value into account and are given an
initial cost, C , for an item of capital equipment, its lifetime,
n , and the social rate of discount, r , the annualized cost of

capital is given by a(r, n)C , where the annualization factor,

a(r, n), 1s given by equation I.3:
(I.3)  a(r, n) = [r@+ )"/ [+ )" - 1]

Table I.2 shows a(r, n) for a number of values of r and n .
When 1 1is equal to zero, equation I.3 is not applicable and
a(r, n) simply equals 1/n . The derivation of equation I.3 would
lead us astray from our main purposes; we refer the interested reader
to the complete account in Kemeny et al. (1962, Chapter VI). 1In our
television example we assumed a value of C equal to $220,000 and

a lifetime of 10 years; if we assume a social discount rate of 7.5%

we have the folliowing:

annualized cost = [0.075(1.075)10] / [(1.075)10 -1] x 220,000 .

This is equal tc $32,051 per year.
It is important to realize that the use of an appropriate social

rate of discount, r , is not just a theoretical nicety, but makes a

1OUnfortunately this is the procedure used by the economists
involved in the IIEP (1967) case studies of the New Educational Media
in Action (Schramm, Coombs, Kahnert, and Lyle, 1967). Their approach
overstates the cost of the media, though such a low discount rate is
used (about 32) that the mistake is partially counterbalanced. Speagle
(1972, p. 228), in his assessment of the cost of instructional television
in El Salvador, concluded that "...the inclusion of interest charges
Would not have made much practical difference for the usefulness of this
study as a policy instrument while opening a Pandora's Box of theoretical
arguments, imputations, and adjustments.”" We feel that inclusion of
interest charges does have practical relevance for understanding the
E]l Salvador experience, and we indicate its magnitude in Chapter III

and Chapter VII. -
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TABLE I.2

VALUES OF THE ANNUALIZATION FACTOR a(r, n)

n 0 r=17.5% 157
1 1.000 1.000 1.000
2 .500 .557 .615
3 .333 . 385 .438
4 .250 .299 . 350
5 .200 . 247 .298
6 .167 .213 .264
7 .143 .189 .240
8 127 .171 .223
9 .111 .157 .210
10 .100 . 146 .199
11 .091 .137 .191
12 .083 .129 .184
13 .077 .123 .179
14 .071 ' .118 .175
15 .067 .113 171
20 .050 .098 .160
25 . 040 .090 .155
50 .020 .077 .150

o
o
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significant practical difference in terms of assessing the real costs
-of an instructional technology project. Not to do so, that is, to
use a zero interest rate, implies that the project planner is indif-
ferent, for example, between spending a million dollars now versus
doing so ten years from now; such treatment can seriously understate
the costs of an instructional technology project and thus make it
look more favorable in a cost comparison with a traditional system,
since the former usually has greater capital expenditures involved
than the latter.

To illustrate the extent to which inclusion of an appropriate
interest rate makes a practical difference in costing projects, Table
I.3 presents the average cost per student for the Projects discussed
in Chapter III (based on the annualized cost function, evaluated for
the specific year stated for each case), and depicts the degree to
which such costs are underestimated if no discount rate is used (that
is, r = 0) when the appropriate time preference for resources should be
expressed by an interest rate of 7.5% or 15%. We see that the percentage
underestimation will vary from project to project; on the average,
if no interest rate is utilized and r should equal 7.5%, project costs
estimates for these cases are underestimated by 10.3%, while if the
true interest rate is 157, costs would be underestimated by 19.1%.
Although the difference in dollar amounts may not appear to be great
at first glance, it should be remembered that total project costs wilil
be underestimated by the same percentage, and thus a small dollar
difference may reflect an underestimate of true system costs that may
be hundreds of thousands or even millions of dollars, depending on
the extent of student utilization.

If all capital costs are annualized in the way suggested here it
becomes possible to compute the annualized values of F , VN » and
Vh for the total cost function of equation T1.2 (or to compute the
parameters of a more complicated cost function). If assessment of
the parameters is all that is desired--and that, indeed, is much of
what one needs to know--no further theoretical work is necessary.

But if one wishes to compute, say, an average cost, one needs in

31 ...



TABLE I.3

THE EXTENT OF COST UNDERESTIMATION DUE TO NOT UTILIZING
THE APPROPRIATE INTEREST RATE IN ANALYZING ONGOING
INSTRUCTTONAL TECHNOLOGY PROJECTSa

Cost Underestimate

Average: Cost per Student (in percent)
(in 1972 U.S. dollars) if r = 0 is used
at r = and true r =
0% 7.5% 15% 7.5% 15%
INSTRUCTIONAL TECHNOLOGY
PRQOJECT
Radio-based
Nicaragua 3.65 3.86 4.07 5.4 10.3
Radioprimaria 12.63 13.12 13.72 3.8 8.0
Tarahumara 35.94 42.20 49,34 14.8 27.2
Thailand .29 .35 .41 17.1 29.3
Television-based
El Salvador 19.72 24.35 29.37 19.0 32.9
Stanford ITV 146.60 159.20 175.10 -9 16.3
Hagerstown 51.54 54.23 57.78 5.0 10.8
Korea 2.76 3.22 3.74 14.3 26.2
Telesecundaria 23.02 24.27 25.74 5.2 10.6

3oost data are based on the average cost per student reported in
Chapter III; the year for which the data are relevant is that given in
Chapter III. The El Salvador estimates refer to costing the total

project.
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addition a value for N , the number of students using the system (and
of h , the number of programming hours). Not only does the incidence
of cost vary with time but so does N s more specifically, in contrast
to cost, N tends to be low at the outset and large later. Our
Purpose in the next subsection is to examine the effects on unit

costs of considering explicitly the time structure of utilization.

4. TREATMENT OF TIME: STUDENT UTILIZATION OVER TIME

Our purpose in this section is to develop a method for displaying
the unit costs of an educational investment that takes explicit account
of the time structure of utilization as well as of costs and that allows
examination of costs from a number of time perspectives. The question
of time perspective is important. Before undertaking a project, a
Minister of Education faces the substantial investment costs required
to buy equipment, develop programs, and start up the operations; three
or four years later these costs will have been incurred to a sub-
stantial extent and the cost picture facing the Minister is very
different indeed. His initial capital costs are sunk, and except for
the potential (slight) resale value of his equipment, there is nothing
to be recovered from abandoning the project.ll What is desirable,
then, is a metﬁod for displaying costs from the perspective of a
decision-maker prior to commitment to a project, one year into the
project, two years iﬁto the project, etc.

It is also desirable to consider various time horizons for the
decision-maker. What will the average costs have been if the project
is abandoned after three years? Allowed to run for 15 years? This

lllt may nonetheless be wise to abandon the project-~if, to be
specific, still to be incurred costs exceed the benefits of
continuing.
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suggests the value of looking at average costs12 as seen from year 1
of the project with a horizon through year j. We will denote the
'average cost from i to j ' by the symbol Acij and define it to
mean total expenditures on the project between years i and j divided
by total usage of the project (number of students), with both costs
and usage discounted back to year i by the social rate of discount,
r'.13 Let Ci be equal to the total amount spent on the project in
year i1 , including fixed and variable costs, &and capital and recurrent
costs. Let N, be the total number of students served by the project

i

in year 1 . Then AC is given by:14

ij

12One could also look a% total and marginal costs; in our treat-
ment here we focus on average costs because we feel them to be useful
in aiding the decision-maker's intuition, prior to project commitment.
Expansion decisions should, of course, rely on marginal costs. The
concept Acij being developed here is implicitly based on the concept

of a vector valued total cost function, where the dependent variable
is a vector giving total cost in each time period. The independent
variables, too, become vectors potentially assuming different values

at different times.

131t may aid in understanding equation I.4 below to explain the
concept of the present value of a cost. Assume that a cost of $4,000
is to be incurred 8 years from now. The present value of that cost
is the amount that would have to be put aside now, at interest, to be
able to pay the $4,000 in 8 years. If the interest rate is 6% and we

put aside an amount 2z now, in 8 years we will have z (1.06)8 = $4,000 ,

or z = $4,000/1.068 . 2z 1is the present value of $4,000 8 years from

now when the interest rate is.6%; its numerical value is $2,509.65.
The numerator of equation I.4 is the present value (viewed from the
perspective of year i as the 'present') of all costs incurred between
years 1 and j. The denominator is the present value of student utili-
zation.

14It should be noted that the potential for the use of the ACi.
concept is much greater than would be indicated by the restricced
definition given here, focussing on average cost per student. For
example, for instructional technology project evaluation it may be
as, or more, useful to think of utilization in student hour terms and
the denominator could be redefined as such. More generally, the
denominator could be defined in terms of any input or output of any
production process, and need not only be applied to educational

evaluation.
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A decision-makex at the beginning of 1 can in no way influence
expenditures of student usage before time 1 "so that costs and benefits
incurred up to that time are for his decision irrelevant and are not
incorporated into ACij . What Acij 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 ACij
behaves as j varies the decision-maker can obtain a feel for how long
the project must continue for unit costs to fall to the point of making
the continuation worthwhile. When the decision-maker is considering
whether the project should be undertaken at all, he should let 1 = 1 H
i.e., he should compute Aclj for various values of j . In these
considerations ideally the decision-maker should base decisions on
the value of ACij calculated for the j corresponding to the end of.
the project, for his discounting of the future is already taken into
account by equation I.4. In the real world, however,vthere is a pos-
s2bility that the project will be terminated prior to its planned
end, and it is thus of value to the decision-maker to see how many

years it takes AC to drop to a reasonable value and how many years

more before it sta%ilizes to an asymptotic level. Clearly projections
such as these rest on planned costs and utilization rates.

At this point it may be of value to include a brief example to
illust;ate the concepts: 1in Chapter III and in the case studies we
will apply this method of analysis to cost data from a number of
actual instructional technology projects. .In our example we assume
a project life of 6 years. In year 1 a $1,000 investment 1s made
and no students use the system. In years 2 through 6 costs of $250

per year are incurred and 50 students per year use the system.
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Table I.4 shows Ci and Ni for each of the 6 years of the project
and Table I.5 shows ACij under the assumption that the social rate
of discount is 7.5%.

We should make a few comments about the values of ACij in
Table I.5. First, there are no entries in the lower left; this is
natural because the horizon (j) must be at least as far into the
future as the time from which it is viewed (i). Second, for values
of 1 greater than or equal to 2, Acij is tniformly $5.00 (= $250/
50). This is because the only capital cost is incurred in period 1
and from period 2 on, future costs and utilization are discounted ®
to the present in the same proportion. (It is natural, once the
capital cost is incurred, that the decision-maker view the umit cost
as $5.00 from that time on.) Third, AC11 is infinite: btecause
costs have been incurred and no students have used the system, the
unit cost becomes indefinitely iarge. Fourth, in this example the
interesting numbers occur in row 1. As the time recedes further into
the future, the upit costs are spread over more students reducing Aclj:
if the project had a long enough life, Aclj would become closer anu
closer to $5.00 as j got larger. Aclj shows how the average cost

behavior of the project looks prior to its initiation, and the value

of AClj (for j near the project lifetime value) should be important
in determining whether to proceed.
The AC estimate, like that of the average cost per student

ij

based on an annualized cost function, is also quite sensitive to the
social rate of discount chosen. In fact, not taking account of social
time preference (that is, utilizing a zero discount rate) usually under-
states the ACij measure by an even greater amount than that indicated
for the annualized specific year, average cost measure which we
discussed.

It is the authors' opinion that the Acij cost concept is a
much more meaningful summary cost measure than that provided by
calculating the average cost per student from an annualized cost
function, based on student utilization in one“particular year. The

latter figure merely gives a snapshot picture of project efficiency
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TABLE I.4

EXAMPLE COST AND STUDENT USAGE

Year 1

ci (in $)

i
1 1000 0
2 250 50‘
3 250 50
4 250 50
5 250 50
6 250 50
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TABLE I.5

EXAMPLE VALUES OF ACij

Horizon Year j

Year 1

2 3 4

26.46 16.14 12.69
5.00 5.00 5.00
5.00 5.00

5.00

10.97
5.00
5.00
5.00

5.00

9.95
5.00
5.00
5.00
5.00

5.00

38



-26-

(in a cost sense) at one point in time, while the ACij measure
captures both the history and projected plans for the particular project
under consideration. In effect, an average cost per student figure
is a very rough cost-effectiveness ratio that tells an analyst the
resohice costs of giving an individual a year's education (of given
quality); it would seem to make good sense to evaluate this particular
aspect of the cost-effectiveness of a project over the project life-
time, and not for any particular year. Nevertheless, since most
previous analysis uses an average cost figure, based on an annual-
ized cost function, we will also present such calculations for
selected years for the case studies presented in Chapter III and
Part Three of this report; wherever sufficient cost data are
available, we will also present estimates of the ACij's .

It should be noted that in the absence of perfect markets there is
0 necessary reason to choose the same interest rate for discounting
both costs and students, as was done in equation I.4 above. It is
entirely possible that the rate of time preference relating to students
receliving an éducation and that associated with resource investments
may be different, although in the absence of a specific notion of what
this discount rate difference may be, the same rate wiil be applied to
both resources and students in the analysis of instruction of technology
costs in Chapter III and the case studies. It is interesting to observe
that in an entirely separate effort, Levin (1974) also suggests the use
of a cost concept which takes into account system utilization over time,
and which additionally would discount this utilization stream by an
appropriate discount rate; in essence, his suggestion amounts to a
general description of the type of ACij concept we have developed

and presented above.
5. COST TRADEOFFS

A slightly different, but related, notion of cost than that used
above 1is that of opportunity cost. The opportunity cost of a choice
from among a limited set of alternatives is the value to the decision-

maker (or to the society) of what he or she turned down in order to
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be able to choose what he or she did. In a competitive market
economy the price of goods and services is one measure of the
opportunity cost, as the price of that item both reflects what the
user of the item gives up, since the money allocated te that item
could have been spent elsewhere, and reflects the cost to the
economy of utilizing its resources to produce that item, resources
that could have been productive in other endeavors (see Section 1
of the following chapter for a discussion of some circumstances in
which this latter connection may not hold, that is, when the price
of a goods or service may not reflect its opportunity cost to the
economy). However, it is often useful, within a constrained choice
situation, to examine the opportunity cost of an activity in non=-
price terms, as measured by the activity, or physical resources, that
are given up through following a particular choice. If, for example,
the superintendent tells a principal that he can have either two
new teachers or a science laboratory and the principal chooses the
teachers, the opportunity cost to him of the teachers was a science
laboratory. This section briefly discusses the means for examining
such relationships, within the context of instructional technology
system choices.

If a school system's per student expenditure is constrained by
a fixed budget, then having more of any cne thing implies there must
be less of something else. TFor this reason, it may be useful to
a decision-maker to see explicitly what these opportunity costs are
for certain important categories of alternatives. Since the largest
expenditure category for schools is presently teacher salaries, we
will examine ﬁhe_opportunity cost of introducing something new (for
example, instructional television or radio) under the assumption that
its opportunity cost is less teacher input. Let S be the student to
teacher ratio (this is not necessarily the same as class size; it;_
also depends on the relative amount of time students and teé;beré
spend in school) before the technology is introduced, and ié;" W
be the teacher's annual wage. Let A equal the average annual cost

of the technology and let I be the increase in class size required

4
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to make the posttechnology per student instructional cost equal to
R times the pretechnology instructional cost of w/s . Neglecting
the minor influence of changes in S on A » the posttechnology
instructional cost equals [W + A (S + I)]1/(S + I) and the following
must hold:

W/S =R[W+ A (S + D3/(S + 1)

To find the increase in student to teacher ratio required to pay for

the introduction of the technology, the above equation is solved for

I giving:
(1.5) I = [SW(1-R) + ASle / [W - ASR]

I represents, then, the opportunity cost of introducing a
technology in terms of increased student to teacher ratio. Under the
assumption that per student costs remain unchanged, i.e., R =1,

Table I.6 shows values of I Ffor several values of A and W, and

for values of S equal to 25 and 40. If, for example, S = 25, W =
$1,500, A = $9.00, and R = 1 Table I.6 shows that I = 4.41; that is, . the
student to teacher ratio after technology is introduced equals 29.41.
While the formula of equation I.5 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 a fixed buget constraint.

6. SUMMARY

We began this chapter by presenting a brief owverview of the cost
énalysis process and discussing some of the more important aspects of
the collection and organization of cost data. Again we would like
to stress the necessity for a great deal of care to be exercised in
this initial stage of the cost analysis procedure for without carefully
acquired data even the best methodological analysis is of quite limited

value.
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TABLE I.6

INCREASE IN STUDENT TO TEACHER RATIO REQUIRED TO FINANCE TECHNOLOGY®

W = Teacher Annual Wage

A $750 $1500 $2250 $3000
s® = 25 '
$ 1.80 1.60 0.77 0.51 0.38
$ 4.50 4.41 2.03 1.32 0.97
$ 9.00 10.71 4.41 2.78 2.03
$18.00 37.50 10.71 6.25 4.41
sP = 40
$ 1.80 4.25 2.02 1.32 .98
$ 4.50 12.63 5.45 3.48 2.55
$ 9.00 36.92 12.63 7.62 5.45
$18.00 36.92 15.24. 12.63

2This table shows the increase in average student to teacher ratio
that is required if per student instructional costs (teacher cost plus
technology cost) is to remain unchanged after a technology costing A
dollars per student per year is introduced into the system. The values
of A chosen reflect costs per student per day of $.01, $.025, $.05,
and $.10 if the school year is 180 days.

bS is the value of the student to teacher ratio before the
technology is introduced.
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We began the digscussion of cost analysis methodology in Section 2
by defining a total cost function and the related concepts of average
cost function and marginal cost function. We then examined the
speclal case when costs can be separated into fixed and variable.

To apply these concepts to real world data, it is necessary to
annualize capital costs in a way that appropriately accounts for
depreciation and the social rate of discount. Section 3 described

the method for doing this and observed that most prior treatments

of educational technology costs failed to annualize capital costs
properly. The annualized capital costs, plus values.for recurrent
costs, give the parameters F (fixed), Vﬁ (variable with the number of
students, N ), and Vh (variable with ;he number of programming hours
broadcast, h ), in the simplified total cost function TC(N,h) = F +
VNN + th . To obtain average or unit costs per student, one also
needs a value of N (and h ). 1In any one year, say year j, the
appropriate average cost per student for that year is (F + thj)/

Nj + VN where Nj is the number of students using the system and

hj is the number of programming hours broadcast in year j. Since

N 1is typically zero or very low for the first few years of the project,
and then rises, the use of a (high) value of N from late in the
Project to compute average costs is misleading. It will tend to
understate the average costs that have actually been incurred over

the life of the project; even though the estimated values of F ,

VN &nd Vh might give an a@equate picture of the cost function.

To avoid this difficulty, we suggested a method in Section 4
for displaying the 'average cost from i to j', that is, the total
present value of costs incurred from time i through time j divided
by total present value of system usage in that time interval. We
used the symbol Acij to denote the average‘cost from 1 to j when
costs and usage are properly discounted. Use of Acij gives a more
accurate picture of average costs than does simply inserting a value
of N from late in the life of the project into the average cost

equation. The ACij's also enable a decision-maker to see clearly
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the structure of his future unit costs after he has committed himself
to capital acquisitions; this annualized costs are unable to do.
The additional usefulness of the Acij's comes with a price, namely,
much more information is required to obtain them. One needs a
detailed time pattern of expenditure and utilization (either actual
or projected) to compute values of ACij

To this point we considered the costs of resources in terms of
their monetary value. In Section 5 we introduced the notion of

opportunity cost and presented an example of how this concept allows

examination of the implications of a decision, from among a set of
limited alternatives, in terms of the very real tradeoffs that that
decision may imply. In particular, we looked at how the 'cost' of
introducing an educational innovation might be considered in terms of
the increased class size that would be required to maintain expenditures
at the same level (or some multiple or fraction of that level) as
before the innovation. In many instances such analysis of the
concrete tradeoffs involved in a decision may be more useful to

some decision-makers than an examination of the monetary costs of the
decision. The opportunity cost analysis could easily be extended to
include more than tradeoffs between class size and technology costs;
tradeoffs among other variables can also be examined.

In conclusion, this chapter presents. the essential concepts and
methods necessary to a proper cost analysis for educational planning
and evaluation purposes. In the following chapter we will treat some
special problems of which the cost analyst must be cognizant when

undertaking a study of educational costs.
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CHAPTER II

COST ANALYSIS: SPECIAL PROBLEMS

_ Although the basic methodology for the analysis of educational
system costs has been presented in the previous chapter, it is important
to realize that a cost analysis is not nécessarily a straightforward
programmable task. In many ways such an analysis is an art, not a
science, that requires ingenuity, as well as expertise and careful
thought. In this éhapter we examine some special problems related

to cost analysis that should give the reader an idea of why this is

so and of what some of the more important judgmental aspects are.
Section 1 looks at the question of shadow prices for certain inputs,
explaining why prices may be an inadequate estimate of true economic
costs in some instances; Section 2 briefly examines the relationship

of the project planner and the project manager with regard to cost
analysis; Section 3 discusses some of the more serious problems related
to errors in cost estimation; Section 4 raises some of the problems

of system finance that relate to an analysis of costs; and finally,

Section 5 summarizes and concludes.
1. TREATMENT OF SHADOW PRICES

When analyzing the costs of project resources, it is most common
to use the prices of these various resources as a measure of their
value. Prices, however, do not always reflect the true economic value
of a resource. In a sense, we have already seen this in the case of
expenditures on capital resources. If a piece of capital equipment
with a lifetime of ten years is purchased for a project for $1000,
the real economic cost in annual terms is not $100 a year, but is a
somewhat higher figure that reflects the opportunities lost for
utilizing that initial $1000 over a ten-year period. In'economics

the true cost of a resource 1s sometiges termed its shadow price.

Economists consider the true cost of a resource to society (its
shadow price) to be the opportunity cost of that resource, that is,

the value that resource would have in its best alternative use.
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This shadow price may or may not be equal to the market price of tﬂe
resource.1 In the previous chapter we have, in effect, estimated the
shadow price of capital equipment investment through utilization of
an appropriate social rate of discount.

In most circumstances it is difficult to determine whether the
market price of any given resource represents its true economic value
to the society. One means economists use to obtain shadow price
estimates is the development of optimization models of the whole
economy, or certain sectors of it, usually through the use of linear
programming techniques. Generating solutions for these ofttimes
complex models will yield shadow price estimates for the resources
specified in the model; these shadow prices can be compared with the

appropriate market prices to see the extent to which the latter reflect

1The shadow price concept is closely related to the opportunity
cost concept developed in the previous chapter, considering opportunity
cost in the sense of the true cost of a resource to the economy as a
whole (not in terms of costs in a narrower context, for example, the
opportunity costs to a particular decision-maker, as considered in
Chapter I). Although in the discussion above, we are considering
opportunity costs to the economy (i.e., shadow prices) for resources
that do have a market price, the concept is also important for resources
that do not have an explicit price. For example, although the costs of
student time in an educational system are usually not priced, they do
represent an opportunity cost both to the individual student and to the
society in terms of the income the student foregoes by participating in
the educational program and the consequent employment productivity of
that student that the society foregoes. Likewlse, resources which are
contributed to an educational program (for example, facilities, people's
time) represent a real cost to the economy to the extent that they have
alternative uses which are valued. In any comparison of alternative
courses of action these costs should be explicitly estimated, as well
as possible, and included in the examination of the differences in costs
between the options being considered. In the cost analysis presented
in Chapter III and the case studies, this dimension of costs will be
considered only to the extent that they contribute to the productionm,
distribution, and reception costs of the particular instructional radio
or television system (for example, in the Mexican Telesecundaria Case
Study, donated reception and transmission facilities are costed). It
should be noted that consideration of the opportunity costs of student
time can often make an instructional technology system more attractive
(especially a distance learning system) if it uses less student time
than does a traditional system, and if the student's time has alternative

productive value.
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the true economic value of any particular resource. (See Goreux and
Manne (1973) for a discussion and application to the Mexican econony,
and Bowles (1969) for a specific application to educational planning
in Nigeria.) Unfortunately, the extent to which we can adequately
model the complex interactions of a country's economy is still quite
limited. Nonetheless, it is possible to make rather simple observa-
tions that could give a plénner a reasonable idea of the relationship
between a resource's market price and shadow price; this could have
substantial practical implications for the initiation of an instrﬁc—
tional technology project. Below we will examine these implications
in terms of two resources that can significantly affect the evaluation

of an instructional technology project: teachers and foreign exchange.

Teacher Prices

In a market-based economy, the price the market sets on a resource
will equal the shadow price of that resource only if the market is
in equilibrium. If there is a surplus of a particular resource, say
teachers, then the price charged in the market, in this case the teacher's
salary, is an overestimate of the true cost to the economy of employing
an individual as a teacher.2 Given this situation, if one used the

2One way of seeing why this is so is to realize that the existence -
of a teacher surplus generally implies that the alternative employment
opportunities for prospective teachers are at lower wages than those
offered to teachers; if not, teachers would take other positions and a
surplus would no longer exist. Thus, the opportunity cost to the economy,
which is the real definition of a shadow price, of employing an indi-
vidual as a teacher is necessarily lower than the teacher's wage. It
should be noted that the reasoning above implies two assumptions: first,
that wages reflect marginal productivity, for if such were not the case,
it would not make sense to talk of someone's alternative wage as the
opportunity cost to the economy; and second, that individuals are by
and large income maximizers, for if this were not the case there might,
for example, be a surplus of teachers even if their alternative wage
was higher than that offered to teachers--if these assumptions do
not hold, the existence of a surplus (or shortage) does not give us
any information on the relationship of market price to shadow price
since it would be possible to have a teacher surplus with a market
price lower than the shadow price.
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market price of teachers in comparing the cost of an instructional
technology system to that of a traditional direct teaching system,
where the latter is more labor-intensive (that is, utilizes more or
better paid teachers), one would be showing the instructional
technology project in a more favorable light than is actually the

case; that is, actually, the true economic cost to society of using the
direct teaching system is less than calculated, given a teacher

surplus situation.

The reverse would be true if there were a teacher shortage. The
salaries paid to teachers would be an underestimate of their true
economic value, and therefore the same project comparison would make
the instructional technology system less favorable than the situation
warranted. In some respects, educational planners may take this into
account in an intuitive way when, for example, they reason that given
a teacher surplus, they should make more extensive use of the traditional
system, as opposed to initiating*ﬁn instructional technology project,
or when they reason converéely in the case of a teacher shortage. It
is interesting to note that since many developing countries face teacher
surpluses in urban areas and teacher shortages in rural areas, instruc-
tional technology projects are less attractive in the former regions
and even more attractive in the latter than a cost comparison based
on market prices would indicate.

It is important to point out that the analysis above has significant
equity implications. Despite the fact that the market price may not
reflect true economic costs to the society of a particular resource,
the market price is what is paid for the resource. This means that
in the case of a surplus, teachers are being paid more than their
economic value to society, and given a fixed economic pie at any given
point in time, this implies that other individuals are receiving less
than they deserve. The converse is true in a teacher shortage situation;
in this case teachers are paid less than their economic value to society.
In both instances serious questions of fairness are raised.

The use of shadow prices as opposed to market prices is not without

distributional consequences as well, despite its being the best figure
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for economic efficiency considerations. For example, given a teacher
surplus situation which would reflect an artificially inflated teacher
wage rate, perhaps due to union preesure or government fiat, one

might reasonably decide to expand the direct teaching system, as
opposed to utilizing an equally effective, equally costly (in market
price terms), instructional technology system. This would be the
proper move in terms of economlc efficiency, since if the technology
system was equally, or even slightly more, costly in terms of market
price as the direct teaching system, the latter would have a lower
true economic cost than the forﬁer since the teachers' market price

is greater than their shadow price in a surplus situation. However,
this would mean expanding the number of teachers hired, and this in
turn means paying even more individuals than previously a wage rate
greater than their true economic value to society, and consequently,
given a fixed ecoqomic pie, paying others in the system less than they

merit.

Foreign Currency Prices

Similar problems are encountered in examining another 'resource',

quite significant in instructional technology projects, namely, foreign
currency. Many such projects are capital intensive, and moreover, the
capital products utilized may not be produced within the nation
developing the project, but must be purchased on‘the world market.
Thus instructional projects are often more foreign exchange ineensive
than traditional direct teaching systems. The question then arises as
to what is the true cost to the country's economy of purchasing goods
on the international market.

Again, normally the view taken in costing projects is that the
'price' of foreign curfency, reflected in the market exchange rate,
is the appropriate means for translating imported resources into value
terms. However, the market for foreign currency, like that for any
other resource (for example, teachers, as discussed above) may not be
in eQuilibrium; in such cases the market price of foreign currency will

not be equal to its shadow price, which is its true cost to the economy.
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Suppose a country's currency is overvalued on the world market; an
indication tﬁat this may be so is the existence of a 'black market' for
currency, as in India, where one can obtain a higher exchange rate
than the official rate for foreign currency. In such a case there is
a shortage of foreign currency in the country, usually accompanied by
government rationing of it. The official exchange rate is thus lower
than it should be to represent the true economic value of foreign
currency to the economy. In such a case, a relatively foreign exchange
intensive instructional technology project will appear less expensive
than it really is to the economy, if one simply uses the official
exchange rate to cost imported resources. The reverse would be true
if the official exchange rate were pegged too high.

Again, it must be recognized that fixing an. exchange rate at a
different level than the market would warrant has income distribution
consequences, in addition to the economic efficiency considerations
discussed above. When the exchange rate is pegged too low, the govern-
ment is, in effect, subsidizing those importers to whom it allocates

the right to purchase foreign exchange.

Resource Taxes

Taxes should also be mentioned in this section since they, like
deviation of actual from shadow prices, also cause the apparent price
of a resource to differ from its actual price to the economy. This
occurs when the country in which a project is based places a tax--be
it an import tax, a consumption tax or any other type--on the resource
we are concerned with. The true economic cost of that resource to
the nation is the price before taxes, assuming the market for the
resource i1s approximately in equilibrium, and therefore the shadow
price problems discussed earlier do not apply. The tax amounts to a
redistribution of resources within the country, from the person or
agency paying the tax to those who receive it. This has great significance
for most instructional technology projects, which often utilize heavily
taxed capital goods, especially. imported ones, though a Ministry of
Education may well have to pay the tax out of its budget to utilize a
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taxed resource. Nonetheless, the true economic costs that should be

used in the project evaluation are those based on resource prices

before taxes.

Discussion

In the analysis of the costs of ongoing technology projects and
project planning that follows this chapter, we unfortunately do not
incorporate most of the points raised in this ;ection. This should
not be construed as indicating that these points are merely esoteric
considerations that have no practical value in project planning.
Usually information available to project evaluators, especially those
from another country, is insufficiently detailed to allow any precise
estimate of the extent to which shadow prices of resources may differ
from market prices. However, to the project planner in a country,
such estimates are possible, even if only on an intuitive level, and
need to be taken into account in a comparative evaluation of alter-
native instructional strategies. It 1s probably beyond the power of
most of these jndividuals to act to make the market price more truly
reflect economic value for example, by changing the wage offered to
teachers or by influencing decisions on foreign currency exchange
rates, but they still may make relative project evéluations based on
true economic costs, making judgments as to the extent of disequilibrium

in the market for any particular resource.

2. COST ANALYSIS FOR THE PROJECT PLANNER
VERSUS THE PROJECT MANAGER

A distinction may be made between a froject planner and a project
manager. The project planner is considered to be an individual working
at a sufficiently high level that he or she evaluates projects in their
entirety, based on the true economic costs of the project (as well as
their effects and benefits). The project manager is considered to be

an individual who is working in an operational setting, and who manages
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the project in terms of budget, cash flow, and internal resource
allocation considerations.

One problem is obvious from the definitional distinction made
between these two typzz of individual---evaluations of alternative
instructional stra‘gies made by the manager will not necessarily be
the optimal ones in terms of the society as a whole. Examples of this
problem are ®»raobably familiar to most observers of instructionai
technology prujects (or any other large system, for that matter}. For
instance, in the Ivory Coast, which is instituting an extensive
instructional television system at the primary school level
__@any areas gréiyithqu; g;gctr;pi;y and ;hu;vt?ly on a thbég -
expensive battery system to power the television receivers. There
has been a number of reports that localities with available mainline
current still utilize the much more expensive battery power source,
simply because batteries are supplied at no cost to the schools by the
project's central administration, while electricity charges for the use
of mainline current come out of the school's budget.

There appear to be two primary strategies for resolving this type
of difficulty. The first would be to take all such evaluational
decicions out of the hands of the manager, and leave them to the planner
and his or her associates. This approach is totally impractical in that
it requires too much work fd?athe‘;lanning office, and often leads to
frustration on the part of the project manager who wants to have a
responsible, decision-making position. Further, the project manager
usually has a much greater awareness of the specifics of any particular
situation than does the planner, and thus may have a better knowledge
base on which to make a decision.

The second, and probably more sensible, strategy to handle this
problem is for the planner to attempt to structure the budgetary
incentives in such a way that the project manager is inducgd to make
optimal decisions. This is obviously somewhat complicated?to do.
Nevertheless, from tﬁe Ivory Coast example given above we see that

it is not simply a two-level dilemma, but that the planner and
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manager distinction is a relative one--at each level the decision-maker
must properly structure the incentives for those to whom he or she
delegates decision-making power.3 This type of solution has worked
to some extent in many private sector businesses; in fact, there is some
literature in the operations research, systems analysis, and business
management areas dealing with how to structure such incentives in a
variety of situations.

It should be stressed that although it may be quite difficult
to structure the constraints on lower level decision-makers so that
they always choose optimally, much can be accomplished by education
and open communications between higher and lower level decision-makers.
Sometimes individuals make poor choices because they are unaware of the
proper considerations in project evaluation decisions. Sometimes too,
individuals make a poor choice knowing that their choice is a poor
one from a higher level perspective, but make it anyway because thay
see that the success crtieria for their positions are structured to
make that poor choice accord with their own personal interests. In
the latter case it may well be that individuals would go to higher level

management and explain why they think the incentives should be structured

3The project planner versus manager distinction is applicable to the
discussion of shadow price in the previous section in the sense that a
person in the planning ministry would want to encourage an educational
project manager to use the true economlc costs (shadow price) of resources
in comparing and evaluating competing alternatives, even though it is
the actual market price for the particular resource that would usually
be paid from the manager's budget. Similarly, the distinction is relevant
to some aspects of the finance discussion in the following section; many
instructional technology projects in developing nations are subsidized
to some extent by foreign governments or foreign aid agencies and these
external agents should ideally structure incentives to encourage the
project manager to consider alternatives from the perspective of total
world costs, that is, not just from the perspective of costs incurred
by the nation in whici. the project is being developed.
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differently in order for them to make better decisions, if they
believed that those above them would be responsive to their suggestions.
In the former case, the education of lower level management concerning
the best way to conceive of costs, effects, and benefits, might aid
substantially in generating better decisions.

This report is chiefly concerned with cost analysis for the project
planner; the primary consideration in this chapter, and in those that
follow, is the determination of the true economic costs of the project
to be used for rational project evaluation. Nonetheless, as implied
by the abcve discussion, the actual decision-making structure of any
particular project deserves careful attention. It is insufficient for
the project planner to choose to implement the best alternative instruc-
tional strategy if, once that project is initiated, the decision-making
environment that the project manager operates in consistently encourages

him or her to make suboptimal decisions.
3. ERRORS IN COST ESTIMATION

In undertaking a cost analysis one must be aware not only of the
correct methodological approach, but also of sources of errors—-and
their potential magnitude--in cost estimation. In this section we
take a brief look at the types of errors that commonly pose problems
to a cost analysis of an instructional technology system and at what
can be done to minimize them.

At the outset, it is useful to distinguish beﬁween two types of
cost analyses: historical cost analyses, which examine the past,
already incurred, costs of a system, and projected cost analyses,
which develop estimates of future system costs. Most cost studies
involve both types of analysis, following a succession of steps;
first, the historical costs of a system are studied, second, the
historical relationship between these costs and the system variables
that influence them is specified, and third, future system costs are

projected based on hypotheses concerning the future configuration of
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cost-influencing system variables. The potential sources for error may
be different at each step in the cost analysis. _

A potentially major source of error is encountered initially in
attempting to put together existi .g cost data that will give an
accurate historical portrait of system costs. In all likelihood it
is not that the cost data available are incorrect, although this is
possible, but that the available cost information is, in a sense,
disguised. Levin (1975), in an excellent artfcle on cost-effectiveness
evaluation in general, points out that the collection of cost data
relevant to evaluation is rarely built into a project. Cost infor-
mation systems, if they even exist, are usually designed for accounting
and manageriél control purposes, and the expense categories utilized
are often quite different from the functional classification needed
for system evaluation. Many significant costs of the total system
may not even be included in the project's budget; in the case of an
instructional technology system, relevant system costs may be borne
by foreign governments or international aid agencies, by other
ministries within the country (such as those responsible for radio
and television communications), by other departments within the
education ministry (especially some of the central administration
costs), or by other sectors of the economy or private individuals (as
in the case of 'donated' transmission time, facilities, or the efforts
of individuals). Furthermore, even when.good cost information systems
exist, they are frequently subject to change over time, may not be
comparable with other cost data collection systems that contain cost
information relevant to the project evaluation, and always need to
be corrected for inflation induced changes in prices that do not
reflect changes in real costs. Even the most expert cost analyst
will find that he or she has to spend a great deal of time in making
adjustments to the cost data available to correct for the data
deficiencies mentioned above. As Fisher (1971, p. 143) suggests
in a very thorough discussion of cost analysis applied to national
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defense systems, "what 1s required is ingenuity, persistence, and just
plain hard work."4

A problem related to those discussed above enters in the second
step of the cost analysis in which the analyst develops the relationship
between the historical costs of the system and those characteristies
of the system that affected the magnitude of the costs incurred. In
an instructional technology system such variables would include the
number of students served by the system, the number of hours of
programming produced annually, the number of hours broadcast annually,
the lifetime of instructional programs, the'éeographical afea covered,
the power source used for television receivers, etc. (see Chapter IV
for ;.fﬁiiér diééuséioﬁ.of.these variables énd their relationship to
system costs). Fisher (1971, p. 131) points out the data collection
problem aspect of this endeavor, in that

...the analyst must not only collect historical cost data

in the right format. He [sic] must also obtain information

on quantities, physical and performance characteristics,

activity rates, and other types of cost-generating variables——
all of which myst be matched specifically to the cost data

points.

Sometimes this 1s difficult because information on

the cost-gemerating variables mmst be extracted from

different sets of records than those containing the cost

data. And differing sets of records are often compiled

on different principles....
Further, even with an accurate matching of historical costs to the
relevant cost-generating system tharacteristics, the estimated
relationship between the two 1s necessarily an approximation, and is
thus subject to error.

The final step of the cost analysis process will not only reflect
(and perhaps magnify) the errors associated with the prior stages of
the analysis, but may also introduce new, and probably greater, errors

into the study. The essential problem faced is the obvious one--

4Fisher (1971, p. 142) estimates that even under the best
circumstances cost analysts must '"spend at least half their time
struggling with the data problem."
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future projections of any sort are fraught with uncertainty. The first
part of this third step involves projecting the levels of those cost-
influencing system variables that will be required for the system to
function, according to the present plans for the future shape of the
system. To the extent that these plans for the future are modified,

Oor are subject to error, the projections of future costs will be
inaccurate. Further, many aspects of these plans depend on future
environmental factors that may not be subject.to control by the project,
such as the birth rate, the propensity of individuals to take schooling,
or the availability of instructional and technical personnel.

Once the required future levels of the cost-influencing variables
are determined, it is necessary to relate these to future system costs.
The cost-estimating relationships derived in the second step of the cost
analysis process usually form the basis for such projections, but again
there are problems that can lead to erroneous projections. First, there
is always a danger in extrapolating beyond the range of the historical
experience, that is, the relationships between system resource require-
ments (and therefore costs) and the key structural characteristics of
the system that were observed in the past may not be identical in the
future. The average relationships that hold in the past are usually
easier to observe than the marginal ones. Yet it is the marginal
relationships that are most relevant to future projections in that,
for example, one needs to know how system resource requirements for
example, the need for teachers, types of programs, will change in the
future as students are added to the system. This problem is not usually
as great for educational systems as it is for manufacturing systems,
since the configuration of the latter as it expands or contracts may
be changed to maximize productivity, while in educational systems we
(perhaps unfortunately) usually determine resource configurations by
convention or fiat; nonetheless this problem should not be neglected.

Second, given that one has projected the future levels of cost-
influencing system variables and has translated these to the physical
resources required by the system, it is then necessary to convert

these resource needs to costs. Here enters on: of the more serious
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and difficult to deal with sources of,error;4the estimafion-of the futﬁfe‘.m;

prices, in real terms (corrected for inflation), of the resources needed
for system operation. The costs of technologies are quite difficult
to project due to innovations and changes in both supply and demand
conditions. A somewhat more tractable, but nonetheless difficult
task, is to estimate accurately the salaries (again, in real terms)
of persomnel, such as teachers. Historical trends, though far from
infallible, may serve as a guide.5

We have seen that there appears to be significant potential for
errors at all stages in the cost analysis. A final point that should
be made relevant to sources of error concerns a usually overlooked,
but valid, criticism levied by Carnoy and Levin (1975) in an article
that specifically focuses on instructional technology system evaluation.
They refer to the 'first law' James Q. Wilson (1973, p. 138) set out
as applicable to all cases of social science evaluation of public policy,
namely that ""[a]ll policy interventions in social problems produce the
intended effect-—if the research is carried out by those implementing
the policy or their friends."6 Carnoy and Levin translate this to the
evaluation of instructional technology systems by pointing out that a
good many of the authors of such evaluations have close contacts with

the funding agencies supporting such projects, and "often their evaluations

5It should be noted that in comparing the costs of a relatively capital
intensive instructional technology system with those of a relatively more
labor intensive traditional educational system, the consideration of
future real price changes, corrected for inflation can be quite important.
Historically, we have seen the real prices of many techmologies fall over
recent years, while the real wages of teachers have increased; if this
trend were to continue, as we expect it to, the use of present prices to
project future costs may seriously overstate the costs of the technology
system and understate the costs of the traditional system.

6Carnoy and Levin point out the ramifications of the 'law' for the
analysis of instructional technology system effectiveness, as well as
costs, although the former aspect will not be discussed here. We should
also mention that Carnoy and Levin do explicitly acknowledge the relevance
of Wilson's (1973, p. 138) 'second law' to their own evaluation, namely
that "[n]o policy intervention . in social problems produce the intended
effect--if the research is carried out by independent third parties,
especially those skeptical of the policy."
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have been sponsored directly by the agencies and personnel who have
planned, funded, and implemented the particular educational technology
that is being reviewed. " They go on to say, that this sort of
actlvity often represents the 'dominant professional concern' of the
evaluator, and although Carnoy and Levin do not equate expertise with
bias (and do explicitly recognize the advantages inherent in expertise
and close associations with a prroject), they suggest that many such
evaluators tend to give the 'benefit of the doubt' to the technology
project; it is not that such evaluators are 'overtly partisan', but
that in their examination of system costs (and effectiveness), they
tend to have an implicitly favorable attitude towards the technology
that causes them to deal with the potential sources for error discussed
previously in such a way as to understate the true costs of the
technology system.7 o

Despite the knowledge available or the potential sources for error
in cost analysis, as has been discussed above, it is difficult to assess
the general magnitude of the errors involved, and the relative Importance
of the various possible sources of error. This is not too surprising
considering that resources are usually devoted to only one cost analysis
of any particular system, and detailed cost analyses are a relatively
recent addition to instructional technology 'system evaluation, so that
different cost studies of the same system are not available to compare,
nor has sufficient time elapsed to examine the accuracy of recently
made cost projections for the few projects for which they are available.
Nonetheless, costing experience in other areas, such as defense systems,
which has been more closely studied, provides some approximate guides.

Fisher (1971) compares the costs of defense systems made during
the conceptual phase of development with those made of the same system

at a much later stage of the program. He reports that even after

7Carnoy and Levin's criticism is closely related to a problem that
is unfortunately too common in cost analyses. It is often politically
desirable, for example for factions within a Ministry of Education who
desire to iniate a particular project, to underestimate the project's
costs. This problem is also related to the planner-manager discussion
in the preceding section, and its resolution probably requires some
restructuring of incentives as discussed previously. ‘
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adjusting for price level changes, the latter cost cstimates are 2 or 3
times the former, with the ratios for hardware requirements in the later
evaluations reported by one study ranging from .7 to 7 times the
estimates made by earlier studies. Jamison (1972) reports that other
analyses of capital intensive public sector projects in the United
States indicate cost overruns of initial estimates by factors of 3
or 4. Fisher suggests that as far as the sources of these errors is
concerned, the misestimétion of future system resource requirements
igs 5 to 10 times more important than misspecification of the cost
est imating relationships. Although Fisher does not believe that bias
is an important source of error the conslstent underestimation of
system costs lends some credence to Carnoy and Levin's comments. Carnoy
(1975) and Camnoy and Levin (1975) both provide examples of cost under-
estimates in instructional technology evaluations that they feel reflect
the 'benefit of the doubt' type bias.8

The sources of potential error are many and the potential extent
of inaccuracy may be significant. Unfortunately, there is not much
detailed advice that can be given tc the cost analyst, other than to
be aware of the possible problems and as Fisher (1971, 5. 157) exhorts:
“Be caraful--use good judgment!” Suggestions to improve cost informa~
tion collection systems are worthy of serious attention (see, for
exarpie, Coleman and Xarwelt (1968)) and more care needs to be given
to tving these systems to evaluational needs. One very useful suggesticnm,
often igrored, is to collect and retain cost information or as dis~
apgregated a basis as possible. Nonetheless the substantial expense of
a new information system must be evaluated itself in verms of whether

the additional benefits accruing from it are worth the additional costs.

SAlthcugh evidence for the extent of ervor in the cost analysis of
instructional technology projects 1is scarce some information exists.
Carnoy and Levin (1975) point out thdt Speagle's (1972) estimates of
the costs of the El1 Salvador project are almost 50% lower than those
generated in this study (see Chapters ITI and XII) while recent, not
yet published, evidence suggests that a detailed cost study done in
the planning stages of the Ivory Coazt; ITV project underestiumated costs
by aimost 70%.
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It is probably a good idea for the cost analyst of an insfructional
technology system to be conservative, that is, to err on the side of
overestimation, in costing a new technology system. This is especially
true given the likelihood we have seen of cost underestimation and
the probability that the costs of the new technology system will be
compared to those of a traditional system on which more reliable
historical cost data exist. The analyst is well advised to engage
in and report sensitivity analyses of his or her cost estimates, that
is, the sensitivity of cost estimates to small changes in the various
assumptions he or she must necessarily make in the analysis. Further,
it must be realized that cost analyses are perhaps most useful as
management tools, and as such, should be tied directly to the decision-
making process, as well as be continually modified and revised in the
light of new information.

Finally, we should emphasize that cost analysis is much more subject
to error, and even irrelevance, if it is considered to be a separate
component of a project evaluation. Fisher (1971, p. 304) clearly points
out the dangers of such an approach:

To be effective, the cost analyst must function as an integral

part of the systems analysis interdlsciplinary study team.

e must be on hand from the start to help in the difficult

task of structuring the problem to be analyzed, and to assist

in the formulation of questions and hypotheses to be examined.

Only then will his input to the total analytical process be

relevant. Cost estimates can be relevant only when they
reflect the consequences of an appropriately defined decision

or choice.

It may be surprising to many that such care needs to be taken in what
is often considered one of the most straightforward aspects of a
project's evaluation and management. However, it should be evident
from this discussion that in many respects cost analysis is more an
art than a science and needs to be undertaken in this 1light.
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4. PROBLEMS OF FINANCE

A conceptually separate issue from that of the aggregate level of,
and uses for, a project's resources, which are reflected in cost
functions, is that of who bears the costs. This is the problem of
project finance. For major education projects the following broad
categories include most potential sources of finance:

multilateral and bilateral international donor agencies,
central governments

local governments and communities, and

students and their families.

Understanding the sources of finance of ongoing projects and
planning finances carefully for future projects, are important for at
least three reasons. First, projects must cover their costs; the
question of which project configurations are, and which are not,
financially feasible is an important one. Second, the structure of
the financing will affect project development and utilization through
its incentive effects. If, for example, an international donor agency
will finance only capital equipment, local project managers may have a
strong incentive to design a more cspital-intensive project than
prevailing prices would indicate to be optimal. Or, to take a second
example, if a central government requires that lccal communities or
students bear a large fraction of the costs (in money or in kind),
they can expect that utilization will be lower than if the central
government provided more subsidy. This may be desirable or undesirable;

the point is simply that these incentive effects are apt to be there

and, perhaps, to be strong. Finally, the financing structure will have ?g

important implications for the income distributional effects of a
project. The overall distributional impact of the project will be

determined by the answers to the two questions: Who benefits? Who pays?

Study of system finance can provide an answer to the second of these

distributional questions.
Evaluations of the funding sources, motivational impact, and

distributional impact of major educational projects have, to the
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authors' knowledge, rarely been undertaken. We feel that further
research along these lines has high priority in light of the increased
concern on the part of a number of governments and lending organizations,
for example, the World Bank and the Agency for International Development,
for distributional questions. We offer, however, a number of tentative
observations on the matter of finance.

1. The typical terms of repayment for loans from an intermational
donor agency entail a substantial grant component. By grant component
we mean the difference between the value of the loan received and
the value of the repayment stream required to pay back the loan.9

In order to calculate the grant value of a ioan, one must calculate
the value of the repayment stream. This requires knowledge of the
precise terms of the loan and of an annual discounting factor to
convert future repayments into their 'present' value so they can be
compared to the loan. This annual discounting factor is the sum of
two components--the rate of inflation of the currency in which the loan
must be repaid and the social discount rate of the recipient country.
The rate of inflation of the repayment currency is clearly important;
the more rapidly the currency inflates, the lower will be the real
value of future repayments. This is exactly analogous to a homeowner's
repayment of a mortgage; his or her payments are fixed in, say, dollar
terms and 1f the dollar is inflating then the real value of his payments
decreases and hence he or she benefits. The social discount rate for
a country 1s a planning concept that allows comparison of (inflation-
adjusted) resources at the present with resources in the future.

Most individuals (and countries) have positive social discount rates;
that 1s, they prefer resources now rather than in the future. A
country with a soclal discount rate of 10% would be indifferent
between $1,000,000 now and $1,100,000 one year from now, assumiang no
inflation. For the purpose of computing the grant component of a loan,

a discounting factor of at least 87 should be used to reflect a minimal

9we neglect in this discussion the loss in purchasing power that
may result from a loan's being tied to purchases in the lending country.
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inflation rate for hard currencies; typical values of social discount
rates could take the discounting factor to a level of 157 or more.

In Table II.1 we show how the grant component of a loan varies
with the annual discounting factor for loans with repayment terms
customarily used by the U. S. Agency for International Development.
Footnote a of the table states these terms. At a minimal discounting
factor of 7.5% (reflecting only inflation, and probably a low estimate
for that), Table II.l shows that the grant component of an AID loan is
57%; if the discounting factor is 15%, the grant component is 82%.
Another way of putting this is that if the discounting factor is 15%,
the recipient country would be indifferent between receiving a loan on
the AID terms and receiving an outright grant whose value was 82% of
the value of the loan.

The grant component of these AID and other, siﬁilar, international
development loans is thus quite high; exactly how high is determined by
the (uncertain) inflation rate of the repayment currency and the
recipient country's social rate of discount.

2. A second observation on finance is that existing patterns of
finance for major educational projects can often impart a capital-
intensive bias to them. If intermational loans or grants are tied to
equipment purchase or major construction activities then, from the view—
point of the local planner, these items have little scarcity value. He
will tend to treat them as relatively costless in contrast to, for
example, studio personnel whose salaries must be paid out of a local
budget. Though this might be rational from the local perspective, it
can lead to major misallocations of resources. The authors are aware
of one example where new studio facilities were constructed with
international funds even though perfectly a&equate studios already
existed. They are aware of numerous examples of studios more elaborately
equipped than appears to be necessary for instructional television
production. We expect that some of the ;overanphasis on TV in comparison

to radio results from donor agency willingness to fund capital costs.
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TABLE II.1

CALCULATED GRANT COMPONENT OF AID
HARD CURRENCY LUANSE

A B C(=A+B)

Annual Present Value Present Value Present Value
Discounting of Interest of Loan of All Percent
Factor? Payments® Repayments Payments Grant®
5% $156 $480 $636 36%
7.5 139 291 430 57
10 125 184 309 69
12.5 112 121 233 77
15 102 82 184 82
17.5 93 57 150 85
20 85 41 126 87

% he entries in the colums labelled A, B, and C are the present
values of future repayments of a loan of value $1000 to a recipient country.
The standard AID repayment gchedule is as follows: (1) For the first ten
years after receipt of the loan the recipient country repays the U.S.
accumulated interest semiannually; the rate of interest is 2% per annum.
(11) Loan repayment begins after 10 years and the interest rate charged
increases to 3%; the repayment gchedule calls for equal semiannual payments
over a period of 30 years.

bTo compute the grant component of a loan it is necessary to have a
discounting factor for future repayments. This discounting factor is the
sum of two items--the expected rate of inflation of the dollar and the
real social discount rate of the recipient country. For simplicity of
computation and because of lack of alternative information, we assume a
constant discounting factor.

“The entries in this column are the present values of the interest
payment during the 10 year period prior to commencing repayment of the
loan, assuming the initial value of the loan to be $1000.

dThe entries in this column are the present values of the 30-year
loan repayment stream, which begins 10 years after granting the loan,
assuming the initial value of the loan to be $1000.

eThis column indicates the percentage of a loan that is actually a
grant; it equals 1000 minus the value of column C, divided by 1600,
expressed as a percentage. The grant component increases to a high frac-
tion of the loan as future repayments become more heavily discounted.
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In the terminology of the previous chapter, most international
finance of instructional technology is restricted to capital costs,
particularly fixed capital costs. (Some goes for variable capital
costs, such as receivers.) Mechanisms should be sought to allow inter-
national finance to cover more in the way of recurrent and variable
costs;lo once tﬁese mechanisms are available, lending agencies should
consider explicitly the question of whether and how best to control
vtilization of grant and loan funds.

3. A third point concerning the financial aspects of instructional
technology projects is that they are often claimed to have important
favorable redistributional effects. The bases for this claim are, first,
that for a given level of expenditure the technologies can provide
relatively better instruction in rural areas (and in the poorer parts
of urban areas), and, second, that the incidence of cost of technological
approaches to instruction is more progressive than for traditional
approaches. We believe that these claims are probably correct for most,
but not all, existing projects, and that with proper project design the
redistributive potential of investment in instructional technologies could
be enhanced. We stress, however, that almost no data exist on this
increasingly important matter.

The preceding three points on the nature and iupact of financing
mechanisms for instructional technology systems point clearly to the need

for more research. Though it would be desirable to know more about the

1OAn AID loan to the elementary/middle school project of the Korean

Educational Development Institute (Chapter VII) 1s an example of omne
gsuch mechanism. The Koreans wished to put the loan in a bank and use
the interest payments to finance recurrent expenses. AID consented,
though apparently with some questioning on the part of their auditors.

llKlees (1975, Chapter VI) discusses the impact on achievement
inequality of the Mexican Telesecundaria from several perspectives.
His most important conclusion from the point of view of policy was
that, because of its lower cost than traditional instruction,
Telesecundaria would be more inequality reducing. However, it should
also be noted, that the financing of the Telesecundaria, as discussed
in Klees (1975) and in Chapter XI of this report, appears to be less
egalitarian than the financing of the traditional Mexican educational

system.
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pedagogical impact and cost of instructional cechnology systems, much
valuable data are available and have been analyzed. Not so for finance.
We have almost no empirical information on the distributional impact

of existing instructional technology systems; on the extent to which
differential subsidization of system components distorts incentives;

on how varying financial structures does (could) affect demand and
utilization. Even limited research efforts should provide valuable

information.
5. Summary

In Chapter I we implicitly assumed that the information utilized
in a cost analysis would be the market prices paild for the particular
resources employed in the project. In Section 1 of this chapter we
examined why this may not be so; in some situations market prices fail
to reflect the true economic value of a resource (that is, its shadow
price) and, consequently, suboptimal decisions could be made when
evaluating alternative instructional strategies if market prices of
resources are utilized unquestioningly. In particular, the wages of
teachers may overstate their economic value in urban areas (where
teacher surpluses are common) and understate their value in rural areas
(where teachers shortages are comuion), and the market price of foreign
exchange may often understate its economic valﬁe.‘

Section 2 discussed why the methodological considerations develored
in the previous sections are insufficient to insure adequate project
evaluation and decision-making; care must be taken to see that those
individuals invested with decision-making responsibility have adequate
knowledge and incentives to make the correct choices.

In Section 3 we looked at the possible errors in cost estimation
and their likely sources. Cost assessment and cost projection are, in
some senses, arts rather than sciences and require ingenuity as well as

careful judgment by the analyst. Historical experience in education

and other sectors suggests that costs are almost always underestimated
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. in a project's planning and early implementation stages. Thus it is
rennonzble to eatimate the costs of an Instructional technology project
conscervatlively, that 1s, to attempt to crr on the side of overestimation.
It is also worthwhile to examine explicitly the sensitivity of estimated
project costs to alternative assumptions about project resource
requirements.

Finally, in Section 4 we discussed problems of evaluating and
planning for the financing of education projects. There is reason
to believe that instructional technology potentially redistributes
gocial resources more equitably than does traditional instruction;
little is known empirically, however, about the actual incidence of
costs or benefits from existing projects. Methodologies for evaluation.
and planning must, in addition to examining the distributional impact
of a ﬁroject and its financing, also examine the effects of financing
on the motivations of local decision-makers.

In what follows, we will apply the concepts and methodology
developed here to the evaluation of costs for instructional radio and
television projects. Part II will discuss results from cost evaluations
of ongoing projects and applications to the planning of new projects.

Part III contains seven cost case studies upon which much of the material

of Part II is based.
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PART TWO

COST ANALYSIS OF INSTRUCTIONAL TECHNOLOGY PROJECTS

Once heard claims that various instructional teéhnologies would
quickly and dramatically influence educational practice now seem far
off the mark; there have, nonetheless, been increasing numbers of
educational authorities actively exploring the operational uge of
technology in education. One important rationale for the increased
use of instructional technologies is that a large number of research
studies, conducted over the past sgeveral decades, as well as recent
experience on an operational level in many countries, have demonstrated
the pedagogical effectiveness of many of these technologies. Although,
as indicated previously, our primary comcern here is to exanine the
cost side of the picture, below we briefly review the literature on the
effectiveness of instructional radio and television.

Both instructional radio (IR) and instructional televisgion (ITV)
have beca utilized and tested in a wide variety of situations, although
adequate evaluations of IR have been less common than those of ITV.
Most comparative effectiveness studies come from the developed nations,
in spite of the fact that perhaps the most widespread utilization of IR
and ITV occurs in less developed countries.

The relative effectiveness of IR has been surveyed several times
in recent years. Jamison, Suppes, and Wells (1973, pp. 30~31) review
two recent surveys (see also Schramm, 1973), and report:

Two surveys review information relevant to the effec-

tiveness of IR. One is Section VI of Chu and Schramm's (1967)

comprehensive review of learning by television. The second is

a position paper by Forsythe (1970) that, in an earlier form,

was prepared for the President's Commission on Instructional

Technology. Sources of further information on IR may be found

in a 432-entry indexed bibliography compiled by R. Madden

(1968) , and an early review of research undertaken primarily

in the late 1930's and early 1940's may be found in Woelfel
and Tyler (1945).

Chu and Schramm (1967) numbered the principal conclus-
ions of their extensive survey. The ones moer relevant to

IR follow.
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'53, Civen favorable conditions, pupils can learn
from any instructional media that are now
available.

'58. The use of visual images will improve learning
of manual tasks as well as other learning where
visual images can facilitate the association
process. Otherwise, visual images may cause
distraction and interfere with learning.

'60. Student response is effectively controlled by
programmed methods, regardless of the instruc-
tional medium.

Their general conclusion is that radio, particularly when
appropriately supplemented by visual material, can teach
effectively snd, for many purposes, as well as other media.

Forsythie (1970) zeached a similar conclusion. In sum-
marizing studies of radio's effectiveness he concluded:

Research clearly indicates that radio is effective in
instruction. Experimental studies comparing radio
teaching with other means or media have found radio
as effective as the so—called 'conventional methods .
Even though radio has been criticized for being only
an audio medium, studies have shown that visual
elements in learning are not uniformly important. In
many educational situations visuals may be more harm-
fui than helpful. Also, the efficiency of combined
audio and visual media has been challenged by studies
which show that multi-channel communications may not
be inherently more effective than single channel
presentations.

To support his conclusions; Forsythe listed, among others,
studies of Carpenter (1934), Cook and Nemzek (1939), Harrison
(1932), Heron and Ziebarth (1946), Lumley (1933), Miles (1940),
and Wiles (1940). He also mentioned two experiments by NHK
in Japan (NHK (1955, 1956)) that favored radio. Forsythe,
along with Chu and Schramm, concluded that IR compares well
with TI (Traditional Instruction). It should be kept in mind,
though, that most of these studies are old, and that in many
of them the #tutistical controls were imperfect, the amount

of instructics -.arried by IR was small, or the clacsroom
teacher did .. .icipate in the program. Nonetheless, we
believe that viie overall conclusions of Chu and Schramm

and of Forsythe are consistent with the available evidence.
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We also feel that there is substantial value, particularly
for developing countries, in obtaining much more extensive
evidence on the effectiveness of IR; of particular importance
would be experiments using IR to carry the bulk of instruc-
tion in one or more subject matters for periods of at least
-one academic year.

Jamison, Suppes, and Wells (1973, pp. 34-36) also provide us
with a review of three surveys of comparative effectiveness studies
of ITV. They report as follows:

Chu and Schramm gurveyed 421 comparisons of ITV with
TI [Traditional Instruction] that are reported in 207
separate studies.... Thelr survey indicates that students
at all grade levels learn well from ITV, though this seems
somewhat less true for older students than for younger
ones... [and] ...that the effectiveness of ITV cuts across
virtually every subject matter.

Dubin and Hedley (1969) provided a more detailed
survey of the effectiveness of ITV at the college level.
They reported on 191 comparisons of which 102 favored ITV
and 89 favored TI, although most of the differences were
insignificant at standard levels of statistical significance.

An unusually stringent criterion for interpretability
of results was utilized by Stickell (1963) in comparing
ITV to TI, and it is worth commenting on his survey here.
After examining 250 comparisons of ITV to TI Stickell found
10 studies that fully met his requirements for adequate
controls and statistical method (interpretability) and 23
that partially met his requirements. Schramm (1973) provides
clear tabular summaries of these studies. None of the fully
interpretable studies and 3 of the partially interpretable
ones showed statistically significant differences; each of
the three statistically significant cases favored the ITV
group. It should perhaps be noted that when highly stringent
controls are imposed on a study, the nature of the controls
tends to force the methods of presentation into such similar
formats that one can only expect the 'no significant
differences' that are in fact found. When ITV is used in
a way that takes advantage of the potential the medium
offers--as, perhaps, with Sesame Street--we would expect
more cases of significant differences between the experi-
mental group and the 'alternative treatment' (for it would
not be a ‘control’ in Stickell's sense) group. [The 1imi-
tations of the verbal criterial measures invariably used
to test the effectiveness of ITV is discussed by Mielke
(1968).]
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careful evaluations of the effectiveness of operational instruc-
tional technology projeccs. are much rarer than the experimental and
quas I-experimental comparisons reported above. Schramm (1973) provides

a review and discussion of the results that have been obtained and

"generally supports the conclusions reached by Jamison, Suppes, and

Wells--that is, that radio and television can be used as quite
effective vehicles to teach cognitive knowledge. It should be
remembered, however, that the transmission of cognitive knowledge

is by no means the only purpose of an educational system, and little
research has been done to evaluate the other effects that an instruc-
tional technology system may have. The interested reader should

refer to Carnoy (1975), Carnoy and Levin (1975), and Klees (1975,
Chapter VII) for a number of caveats relating to broader effectiveness
and benefit criteria by which one might want to examine the utility of
an instructional techmology system.

Nonetheless, the demonstrated ability of instructional radio and
television (as. well as other technologies--see Jamison, Suppes, and Wells
(1975) and Schramm (1973) for a review) to effectively transmit cognitive
skills leads educational decision-makers to focus on other criteria,
especially system cost considerations, in order to evaluate the
reasonability and feasibility of initiating an instructional technology
system. Historical experience over the last two decades has shown
rapidly rising educational system costs for both developing and
developed nations. One reason for the observed increasing expenditures
on education has been large enrollment expansion, especially in
developing countries." However, also of great importance, is that,
over time, it is becoming more expensive to educate each child in
the system.

The increasing costs of educating a student do not appear to be
the result of increases in the quality of education offered. Om the
contrary, it is probable that the quality of educational output is
at best remaining constant, or perhaps even declining (see Woodhall
and Blaug, 1968). The most plausible explanation of the increasing
costs per student was formalized by Baumol (1967) and stated simply
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by Coombs (1968, p. 7): "Education's technology, by and large, has
made surprisingly little progress beyond the handicraft stage."
Essentially, the boint is that although the educational process had
made litt;e, if any, gains in productivity, most other sectors of

the econotﬁy havé. Relatively progr.essive industries, using the more
advanced technologies, partially determine the salary levels that the
less progressive industries will have to attract competent

people. Therefore, in general, educational systems have had to pay
more over time for the same quality teacher. It has been the hope that
innovations in instructional technology can aid the education gector

in increasing its productivity along with the more progressive gectors
of the economy. Relatively little of the potential of such technologies
has yet been realized. However, it is likely that the near future will
bring increased traditional educational gystem costs (through rising
real teacher costs) relative to instructional technology system costs
(through reduction in or maintenance of the real costs of various
technological alternatives), and thus the pressures to introduce these
latter, more capital-intensive, techniques will be increased.

An initial and important step in determining whether or not to
introduce an instructional technology system is therefore the determina-
tion of its cost. In Part One of this book we developed a methodology
with which to approach the cost analysis of educational systems. In
Part Two, we now apply this methodology to the examinafion of the cost
structure of instructional radio and televisicn projects, with particular
attention to those located in developing countries. Chapter III will
look at the costs of a number of ongoing projects, most of which we
discuss in much moré detail in the case studies included in Part Three,
while Chapter IV will analyze the costs of instructional technology
systems from the perspective of planning new radio or television based

educational projects.



~62-

CHAPTER III

COST EY¥PERIENCE WIlH INSTRUCTIONAL RADIO ANP TELEVISION SYSTEMS

In this chapter w2 apﬁly the methodciogzy developed iﬁ the preceding
chaptef to analysis of tha cost experiince of nine specific projects.
Four of these are instructional radio projects--in Nicarague. MNexico
(two projects), and Thailand, five of them are insiructional television
projects--in E1 Salvador, the United States (two projects), Korea and
Mexico. All but one of these projects utilize the medium within a
school setting for elementary and secondary education. The exception is
the Stanford Instructional Telévision which deals with university level
education.1 All of them have been underway long enough to provide ongoing
cost information. In all cases, the analysis is based on data subjrct
to substantial error, and our divisions of costs into various categories
is sometimes based on incomplete information and hence may be somewhat
arbitrary. The reader should view our conclusions as approximations.

To put the costs into a form that permits the projects to be compared
with one another, we have done four things. First, we converted all costs
into 1972 U.S. dollars by converting from the foreign currency to U.S.
currency at the exchange rate prevailing at the time the information was

1Cost information on other uses for the media, including several
teacher training and adult education projects, may be found in the .
Schramm et al. (1967) case studies. Wagner (1972), Laidlaw and Layard
(1974), and Lumsden (1975) provide cost information on the. . T
Open University in the United Kingdom; Dordick (unpublished) provides
cost information on the Bavarian Telekolleg in Germany; Baldwin et al.
(1972) and Wagner (1975) provide detailed cost information on a program
of Colorado State University to distribute graduate engineering instruc-
tion by videotape; and Krival (1970) provides cost information on use
of radio and correspondence for teacher training in Kenya. Dodds (1972)
reviews some of these and addivional uses of media for nonformal education,
and provides cost information in some cases. The cost data reported in
these papers on nonformal education are amenable to the same methods of
analysis used in this paper. For a discussion of the costs, and cost
projections, of the school television program in Niger see Lafranc
(1967). We have not included it because of the small number of students

involved.

74



-63-

gathered, then used the U.S. GNP defaltor to convert to 1972 dollars
(see Appendix A for the exchange rates and deflators used). Due to
differing relative prices in different countries and eﬁchange rate
rigidities, thére may be distortions introduced by this procedure

(see Vaizey et al., 1972, Chapters 15 and 16). Second, we use the

same interest rates (social rate of discount) to evaluate each project.
To allow examination of the sensitivity of the conclusions to the rates
chosen, we use three values for the interest rate~-0, 7.5%, and 15% per
year.2 Third, we have attempted to include and exclude the same items
in each cost analysis. We include central administration costs, program
production costs, transmission costs, and reception costs. We exclude
the costs of teacher retraining and printed material. Fourth, we have
assumed common capital lifetimes for all projects--20 years for buildings
and start up costs, 10 years for transmission and studio equipment, and
5 years for receivers.

For each project examined we present a brief description, and then
derive an annualized cost function of the linear form presented in
equation 1.2 in Chapter I; that is, we assume there to be a fixed cost,
F , a variable cost per student, Vh » and a variable cost per programming
hour, Vh » 80 that total cost, TC(N, h) = F + Vﬁ N + Vh h , where N
is the number of students using the system and h 41s the number of
pProgramming hours provided in any particular year.3 This simplified

formulation takes as given the other cost determining system variables

2We have included an interest rate of zero only to show the signifi-
cant difference in estimated costs due to not discounting the future;
using r = 0 1is not a sensible alternative to evaluating project costs.

3To be more precise, some costs may vary with the number of
programming hours produced in any year, other costs may vary with the
number of hours broadcast, while still others may vary with the number
of hours of instructional lessons a class receives (see the discussion
in Chapter IV); the cost analysis of ongoing projects presented here
is not this detailed and thus h will usually refer to the second
definition, the number of hours broadcast. This yields a slightly
inaccurate cost representation, but it should be recognized that each
definition of h 1s probably roughly in proportion to the other two,
and thus the estimated costs are reasonably accurate.
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particular to each system, such as the number of grade levels served,

the geographical area covered, the fraction of receivers located in

aluct rified arcas, the quality of program production, the average class
size. To the extent that we would want to know the sensitivity of a
project's costs to changes in the present coﬁfiguration of these types
of variables, more complex cost functions would have had to be estimated,
guch as those that will be described in Chapter IV for project planning
uses.

To obtain the values for F , VN , and Vh , we allocated each
cost into one of six categories: fixed, capital; fixed, recurrent;
variable by student, capital; variable by student, recurrent; variable
by hour, capital; and variable by hour, recurrent. Capital costs were
then annualized using equation I.3 of Chapter I, and ﬁhe cost function
was constructed by letting F equal the sum of all fixed cost components,
VN equal the sum qf all variable by student cost components, and Vh
equal the sum of all variable by hour cost components.

It should be noted that in some of the cost analyses that follow,
the value F is quite low or even zero, as most instructional television
and instructional radio system costs are assumed to vary with N and h .
More specifically, most production and transmission costs are assumed to
vary with h while most reception costs are agsumed to vary with N .

It is usually only central administration and start up costs (when an
estimate of these is available) that are assumed fixed, and sometimes
even these may vary with N and h . This assumption is somewhat
simplistic, but nevertheless, probably reflects the long run picture
reasonably accurately; in the short rum, for marginal expansion decisions,
there may be sufficient excess capacity to increase N or h without
increasing all related component costs. However, as the system expands,
the excess capacity falls to zero, and all relevant system components
need to be increased to allow further expansion (of N or h, for
example). Thus the linear function that will be estimated is probably
an approximation to what more realistically can be expected to be a

step function, which increases in discrete increments as N and h

expand to fill the excess system capacity at successive points in time.
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In éddition to the cost function estimation, three other pieces of
cost information will be presented when possible. First, the average
cost per student (ACN)_ for a particular year of the project will be
derived'from the cost function. Second, this figure will be compared
to the variable cost per student, Vy » to form a ratio, ACN/Vﬁ .

This ratio is presented to give the reader a rough idea of the extent

to which the system discussed has achieved the economies of gcale
available in most instructional television and instructional radio
systems in their operations for the particular year in question.

ACN/VN approaches unity as the system expands the number of students
included, other things being equal. When ACN/Vﬁ is large, it indicates
that if the system were to increase the number of students enrolled,
average costs per student could be decreased substantially by enrollment
expansion. Since there is no theoretical upper bound on the ratio
ACN/Vﬁ » it is somewhat difficult to evaluate what it means for a given
ratio to be 'large', but an idea can be gained from examining this
figure for different projects. Third, we also present average cost per
student hour of each project, which is probably one of the bettér
measures for comparison between systems, since it takes account of

both N and h .’

Finally, when sufficient information is available, namely, the
time structure of expenditures and student usage, we present selected
estimates of the average costs per student from year i to year j
(Acij) » & concept that was developed in Section 4 of Chapter I. As
discussed in Chapter I, we believe the ACij's are a much better summary
measure of project costs than that derived from the cost function

estimations.

4The average cost per student hour can be calculated from the
average cost per student ACN » by dividing ACN by the number of hours

of programming a student can be expected to view annually; tiiis latter
figure is not the value for h » since h 1is the number of hours broad-
cast to all the grades in the system, but is the number of hours
broadcast annually per grade, that is, h divided by the number .of grade

levels the system serves.
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In this chapter, Section 1 will examine each of the four instruc-
tional radio projects and Section 2 wili examine each of five instruc-
tional television projects, Section 3 will summarize and conclude.

A large amount of additional information on all but two of the prbjects
(the Tarahumara radio project in Mexico, and the one in Thailand are
examined only in this chapter) can be found in the case studies

presented in Part Three of this report.

1. INSTRUCTIONAL RADIO PROJECTS

The Nicaraguan Radio Mathematics Project

In early 1975 a group of AID sponsored researchers and mathematics
curriculum specialists began working with Nicaraguan counterparts in
Masaya, Nicaragua, on radio programs to teach elementary school mathe-
matics. The Radio Mathematics Project (RMP) is now near the end of
its first year and is reaching approximately 600 first grade students
on an experimental basis. During 1976 programming will be extended
through the second grade, and a carefully controlled evaluation of a
large-scale implementation of the first grade curriculum will be under-
taken. Present plans call for continued expansion of curriculum
coverage to higher grade levels and for implementation of the radio
curriculum throughout Nicaragua.

A paper by Searle, Friend, and Suppes (1975) describes the present
gtatus of the project in detail, and, of particular importance to
other project developers, it emphasizes the psychological principles
underlying the project's use of extremely frequent student response as
a pedagogical technique. Two other salient features of the RMP that
Searle, Friend, and Suppes describe are its heavy use of formative
evaluation in curriculum preparation and its concern from the outset
with problems of cost and operational implementation of the project
results.

In this section overviewing the Radio Mathematics Projects, the

authors draw heavily on the introductory material from the case study
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iﬁ this report (see Chapter V) for a description of the project and its
research objectives. Results from a cost analysis of the project, which
Jamison recently completed, are then summarized.

The Project. The Radio Mathematics Project assumes responsibility
for all of the mathematics instruction children receive. A daily lesson
consists of = 30-minute radio presentation, followed by approximately
30 minutes of teacher directed activities, for which instructions are
contained in a teacher's guide developed in the project. No text-
books are used and printed material is limited to a one page worksheet
for each child each day. For reasons of cost, the RMP may reduce or
eliminate the use of printed worksheets from this original level. All
instruction, including the radio lesson, is given in Spanish.

Before the broadcast portion of the lesson the teacher gives each
child a worksheet on which the child writes his name and student number,
a task that most first graders can learn to do adequately. Then the
broadcast lesson is turmed on. During each lesson two main characters
Join with one or two subordinate characters to sing, play, and talk
mathematics, usually inviting the children to join in. The children
are asked to respond orally, physically, and in writing, and they do so
40 to 50 times during each 30 minute lesson. 1Initially the RMP uged
stories to engage the children, and embedded mathematical work in a
story context to maintain interest. Early tests of lessons with stories,
using kindergarten and first grade children in California and first-
grade children in Nicaragua, convinced the curriculum developers
"...that the mathematical activities are intrinsically interesting to
the children and do not need story support, as long as the children are
asked to respond frequently" (Searle, Friend, and Suppes, 1975, p. 13).

Sometimes children handle concrete materials during the broadcast--
for example, counting or grouping small objects. Dialogue between
radio characters introduces new mathematical material and children are
asked to respond orally. In later lessons, the same exercises are

repeated and the children.respond individually on their worksheets.
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After the radio transmission, the teacher continues the lesson,
following the directions given inm the teacher's guide. Usually children
continue working on the wofksheet during this portion of the lesson.
During the experimental phase of the project, worksheets are collected
and returned to the project office for amalysis.

Research objectives. The research aims of the project can be

broadly characterized as falling in three realms: (i) radio and
educational achievement, (ii) the economics of radio as a technology

of instruction, and (iii) the generalizability of the results to other
settings. Among the educational questions of concern are: Can
mathematics be taught effectively using radio as the primary source of
instruction? How are achievement gains related to student characteristics?
How does achievement of students' learning by radio compare\with learning
in the conventional classroom? How does the instructional program affect
student and teacher attitudes towards mathematics, towards school, towards
learning by radio? Do attendance and dropout patterns change when radio
instruction is introduced in the classroom? Does the failure rate
attributable to mathematics change? Does performance in other school
subjects change? The bulk of the project's substantial research budget

is devoted to seeking at least partial answers to these questions.

The economic aspects of the instructional system are the second °
major research concern. What are the development costs of the program?
What are the operational costs? Can the cost of implementing the
system in a different setting be estimated? What are the economic
consequences of using radio in the classroom? Is the rate of flow of
students through the school system, and hence the per pupil cost of -
education, affected? What is the cost of each of the components of
the system and how is that cost related to its effectiveness? How much
teacher training is necessary to maintain an effective level of instruc-
tion? How much supplementary material must be prepared for students?

How much supervision will teachers need in order to use the radio
in the classroom? |

The third research area, that of generalizability, is less well
defined than the preceding two but is; perhaps, more critical to the
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ultimate success of the RMP. Even if it turms out that the RMP 1is a
major pedagogical success, and that its costs are low, 1f it is
difficult to disseminate its results the project will have been of
limited value. Project developers are thus experimenting with alter-
native approaches to diffusing the project within Nicaragua, and
the Agency for Interrational Development is considering experimenting
with its implementation elsewhere.

Cost function for the Radio Mathematics Project. As with the other

instructional technology projects to be discussed, the cost function for

the RMP will be constructed to give annualized total cost, TC , as a
linear function of two independent variables--the number of hours of
lessons presented pg: year, h , and the number of students enrolled in
a course, N . Each enrolled student would take 75 hours (150 lessons)
in a single year's course. The cost function we are assuming has,
then, the following form:

TC = F + Vﬁ N + Vh h

where F , VN » and Vh are cost parameters, data concerning which are

presented in detail in Chapter V,
The first parameter, F , consists of all cost components invariant

with respect to hours of programming or student usage, that is, it

consists of central project costs:

F = annualized starting costs + project administration costs

+ (research costs).

Research costs are in parentheses because it is dubious that these
generél research costs should be included in the Nicaragua cost function.
As most of the research co - “red by these costs has results directed
outside Nicaragua, they will be excluded from our total cost equation.
On the other hand, we do include the cost of formative evaluation
research as being directly related to program production. The value

of F when capital costs are annualized at 7.5% is $73,400 per year.
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The next parameter, Vh ; depends on transmission costs and program,
production costs; it equals the annualized cost of a lesson plus the
cost of transmitting it once. The annualized cost of a lesson is $128
at a 7.5% discount rate; the cost of transmission is $13.5 Thus we
have a cost of $141 per lesson per year, or, since each lesson lasts
30 minutes, V, = $282 per hour of programming per year.

h

The final cost parameter, VN , depends only on the cost per
enrolled student per year; as estimated, VN = $3.06/year.

Our final cost equation is, then given by (in dollars per year)
TC(N, h) = 73,400 + 282h + 3.06N .

Even with between 10,000 and 50,000 users, it can be computed from
the above cost function that the average costs per student remain
substantially above the margiral cost of $3.06 per student per year.

And, becuase of both high marginal costs per student and high programming
costs, the costs of the RMP are substantially higher than for most
other radio projects.

Three basic points emerge from the analysis just presented of the
costs of the RMP In Nicaragua:

1. The intensive efforts put into program preparation suggest
that, unless careful effort is undertaken to make these programs available
to many users, the cost per student of program production will be extremely
high. The costs can be spread among users by insuring a long life (10 +
years) for the programs, by implenting the RMP through all or most of
Nicaragua, and by attempting to use the same programs with only slight
revision for Spanish-speaking students in Latin America and the U.S.

2. The presently planned levels of classroom supervision, teacher

training, and student workbook usage result in per student reception

SThis assumes that each lesson is broadcast only once per year.
The relatively small cost of transmission suggests, if there were either
pedagogical advantages for repeat broadcasting or advantages in shifting,
the resulting increases in transmission cost would be relatively slight.
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costs of $3.06 per year, or, assuming 150 30-minute lessons in a year,
costs of 4,2¢ per student hour. These costs are high, suggesting the
value of continued, careful experimentation with lower levels of
supervision, less frequent and less intensive teacher training, and
more limited workbook use.

3. It appearé possible to reduce substantially the reception site
costs and to spread programming costs over a large audience. Even if
this were to be done, the project is apt to remain expensive by the
standards of instructional radio pProjects. Fer this reason, principal
emphasis in evaluation of the Radio Mathematics Project must be placed
on its capacity to improve the effectiveness of instruction, as
indicated by its effects on mathematics achievement test scores and
student repetition rates. It is too early in the project to assess

its performance by these dimensions.

The Mexican Radioprimaria

Mexico's Radioprimaria is an experimental program, instituted in
the State of San Luis Potosi in 1970, and aimed at utilizing instruc-
tional radie to help provide fourth, fifth, and sixth grade education
to those rural and semi-rural communities that had incomplete primary
schools. 1In theory, fourth, fifth and sixth grade students were to be
combined in one classroom with one teacher, with radio lessons used to
aild and supplement the teacher's instruction. In practice, some schools
participating in the Radioprimaria system combine only two of the three
grades, while others have a teacher for each grade but still utilize
the instructional radio lessons.

Spain (1973) describes and evaluates the system in detail; cost
information was gathered by one of the authors and is discussed fully
in Chapter VI. 1In 1972 the system broadcast about 280 hours, with
approximately 80% of the lessons aimed at the combined three-grade
audience, while the remaining 20% consisted of lessons aimed at a
specific grade. Thus each student received about 242 hours of
instructional radio lessons during the year., There were 2,800
students enrolled in the system in 1972, The cost function is as

follows:
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Cout per
Total Cost Equation ACN :kCN/VN Studest Hour
r = 0% T™C = .13 N + 125.09 h 12.63 84.33 2052
r=7.5% TC=.15N+129.646h 13,12 77.24 .054
r = 15% TC = .17 N + 135.51 h 13,72 72,32 .057

It should be noted that average costs, and consequently ‘..
costs, are quite senstive to the interest rate chosen. Not «¢ -+ ting
the future can understate costs by almest 10%4. The relatively high
average cost per student and per stulz-+ hour reflects the experimental
nature and consequernit low utilizat:is zhe system; the high ratio of
average cost per student to variable .. . per student indicates that
costs could be decreased substantially by expanding student enrollments.

Radioprimaria is a quite interesting and unique project that offers
the potential for a vast saving of resources for primary education, since
the additional costs of the instructional radio components of the
system are far more then offset by the reduced teacher and facility
costs vesulting from combining three grades in one classroom. Whether
such a system is as pedagogically effective as a traditional direct

teaching system needs fuxther research, as is discussed in Chapter VI.

The Tarahumara Radic Schools

The Sierra Tarahumara is a mountainous, 15,000 squafe mile region
i1 the state of Chihuahua in Northwest Mexico. In 1960 the total
population of this area was 125,000, of which 50,000 were Tarahumara
Indians. The Tarahumara remain relatively isolated from Mexican society,
forming a distinct indigenous subculture, with its own language and
customs. The Catholic Church has had a Jesuit mission in the region
since 1900 and the Jesuits have run boarding schools for the Tarahumara
since the early 1900's. The Radio Schools were begun in 1955, with
the intent of extending the educational work of the Jesuits to a
larger proportion of the native population. Although initially much
of the education had a religious focus, since about 1960 the Jesuits
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have cooperated with the Mexican Secretariat of Public Education., which
has few public schools in the region, to provide a secular education
through the radio schools, following the official government curriculum
and using the official textbooks, for the first four grades of primary
schqbl. The aim has been to provide an education sufficient tc allow
graduates of the radio schools to continue their studies in the public
schools if they so desire, The information presented here is based on
an evaluation of the system conducted in 1971 by Sylvia Sclrmelkes de
Sotelo of the Center for Educational Studies in Mexico C ty (reported
in Schmelkes de Sotelo (1972, 1973)). The interested reader is referred
to either report for many more details,

Instructional radiv lessons are broadcast from the Jesuit mission
headquarters in Sisoguichi, All lessons are prepared %y two teachers
from a nearby primary teacher training school. 1In 1971 there were 46
radio schools, serving 1,081 students spread out over the region. Each
school had one or two 'auxiliary' teachers, individuals who had no more
than a primary education themselves, to organize and supervise the
classes and to guide and correct the students' work. The teachers'
education is supplemented by summer training at the Jesuit mission. 1In
about 73% of the schools atudents from all grades are combined into a
single classroom, wiile the remaining schools divide the students into
two classrooms, the average class size being about 19 students. The
15-minute instructional radio lessons are grade-specific, and broadcast
continuously throughout the school day. During the 45 minutes of each
hour when they are not receiving brrzlcasts directed to their grade
level, students engage in individuai exercises,

A rough approximation of the costs of the system is given in the
Schmelkes de Sotelo (1973) study and we: atilized to derive the cost
function and average cost information fo. che instructional radio

components of the radio school system as follows:

6To converi the cost information given in the Schmelkes de Sotelo
study to this format it i1s assumed that her estimates for the costs of
the land, building, and transmitter were based on straight line "
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Cost per
Total Cost Equation ACN ACN/VN Student Hour
r = 0% TC = 26,714 + .35 N + 18.38 h 35.94 102.7 .225
rea7.52 TC = 33,424 + .40 N + 18.38 h 42.20 105.5 .264
r = 15% TC = 41,077 + .46 N + 18,38 h 49,34 107.3 .308

The average cost information abovz is based on the 1971 enrollment of
1,081 students and the broadcast of 160 hours of instructional radio
lessons annually to each grade. We see that the average cost per
student is relatively high compared to other projects, primarily because
of the very low enrollments. If the system could be expanded to serve
more students, average costs could fall substantially. Further, we
note that not discounting the future may cause one to understate costs
by more than 25% (that is $35.94 versus $49.34). It should also be pointed
out that, although no attempt has been made to compare the total costs
of the radio schools with that of traditional primary school instruction
in Mexico, the radio schools would probably be significantly less
expensive, despite their relatively high Eosté of radio instruction,
since the salaries paid to auxiliary teachers are abou: half those of
qualified primary school teachers.

Most of Schmelkes de Sotelo's study is devoted to an evaluation
of the radio school outcomes. In terms of imparting cognitive knowledge,
the sample of fourth grade radio school students scored slightly better
than their traditional student counterparts in arithmetic, geometry,
and Spanish. However, this is perhaps the best that can be said of the

radio schools and the results may not even be due to the utilization of

depreciation over a l0-year life and that the cost of furniture, truck,
and plane were depreciated similarly over a 5-year life. Further, we
assume that the above costs and administrative salaries are fixed costs;
that the cost of radio teachers, aquipment maintenance, travel, utilities,
and miscellaneous items are variable with the number of hours broadcast;
and that the cost of a radio is $20, with 10% of this purchase price
added annually to cover maintenance and power costs. Costs of training
the auxiliary teachers during the summer are not included.
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the radio lessons. Out of the 24 radio schools visited during the study,
only seven schools had a radio in operation. Further, dropout rates
and nonattendance were very s{gnificant problems. Of those students
who continue to the fourth grade, few, 1f any, are Tarahumara (non-
Tarahumara Mexicans make up the majority of enrolled students, despite
the initial mission to educate the Tarahumara)., Schmelkes de Sotelo
(1973) was not able to find any relevance between the school curriculum,
which was transferred intact from the traditional, urban oriented,
primary school one, and local employment opportunities., She finds that,
at best, the schools encourage the student to leave the community,
"and thus the community loses its better human resources" (p, 33) and
in general contributes to "an education that serves the white population-
of the Sierra and keeps the Tarahumara in a marginal position" (p. 8).
We have seen these criticisms elsewhere in the literature (for
example, see Spain (1973) or Mayo, McAnany, and Klees (1975))=~it is not
that instructional technology 1s incapable of meeting rural development
needs, it is that much more concern must be given to examining those
needs prior to the introduction of an educational system, The Radio
Schools of the Tarahumar5 are currently engaged in a complete reevalua-
tion of their efforts (the radio lessons have been temporarily dis-
continued since the 1973-74 school year, pending #»{is reevaluation),
perhaps in large part due to the evaluation and recommendations made
by Schmelkes de Sotelo, and attention is being focused specifically
on how to reorient the schools more directly towards the needs of the

Tarahumar~ covmunity,

Th-iland’ s lusiructic-ay Radio Project

Subsrantially less experience based information exists on the cost
of instructicnal radio than for insi'ucfional television., Perhaps the
best available informa“ion is from the Thai radio education project
that began in May, 1958. This Project broadcasts relatively small
amounts of instruction in music social studies, and English to about

800,009 elementary and beginniug secondary level students; in addition,



-76-

a 30-minute children's lunch hou: program provides education and enter-
tainne-:; suring the noon break. Schramm [1967] describes the Thai
project - provides the basic cost data that we use for our analysis.
We :vide the cost Information that Schramm provides into fixed
and - - .able and capital and recurrent in ways that seem natural, then

apply our annualization methods to obtain total cost functions.7 These

follow:
Cost per
Total Cost Equation ACN ACN/VN Student Hour
r=20 TC(N) = 89,340 + .182N «294 1.61 .012
r = 7.5% TC(N) = 100,400 + ,221IN 347 ,1.57 .014
r = 15% TC(N) = 114,700 + .263N .406 1.55 .016

The per student hour costs obtained are very close to those of
Schramm, but this results from two counterbalancing factors. Our
estimated average cost 35¢ (at r = 7.5%) is over double Schramm's
estimate of 15¢. This is due in part to a higher interest charge than
he uses, but mostly to our using a 5 instead of 10~year lifetime for
the expensive (132, 1972 dollars each) radio receivers. We assumed
that with a 5-year lifetime, replacement would take the place of
maintenance. This assumption of a 5-year lifetime is perhaps over
conservative since part of the reason: for higher receiver cost was
that rugged, long life receiveré were purchased.

Counterbalancing our higher estimate of per student annual costs
is our somewhat higher estimate of student wage. To obtain a per student
hour cost of l¢ (1.32 1972 ¢), Schramm assumes that h has the very low

value of 15 hours per student per year; we use 25. Music is broadcast

7The cost function for this project wa: istimated as a function
of the number of students only; variabie costs per hour were not
calculared and therefore some costs that are variable with the number
of hours broadcast are included in the fixed cost estimate,
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for 1/6 hour per week per grade level offered, English 1/3, and social
studies 1/2; the lunch hour program is broadcast 2 1/2 hours per week,
The school year lasts 30 weeka, so that if a student took the median
lenpthened Eaglish course and liatened to the noon hour program once
a week he would listen for 25 hours petr year; this is the basis of
our computation of costs per student hour. What is important is not
the actual number, but the observation that costs per student hour
respond sensitively indeed to the level of per student utilization.

It is valuable to note that radio can reach student hour costs

of 1.5¢ even with highly costly receivers and a low utilization rate.
2, INSTRUCTIONAL TELEVISION PROJECTS

The El1 Salvador Instructional Television Syster

The El Salvador instructional television tystem began broadcasting
In 1969 to secondary school students. Recently there have been plans
to extend the system to cover elementary school, and broadcasts to the
fourth grade started on a pilot basis in 1973. Our analysis will only
consider thz costs - the system without elementary school coverage.
Because & sibziant‘al amount of the funding for the project came from
foreign grants and loans, we will examine costs both from the point
of view o "#iii pr-jec: cocts, including the grant and loan money,
and from the viewpoint of costs to the Government of El Salvador
~X0FS) only., The GOES costs are, of course, substzntialliy less than
toisl project costs,

Consequently we examine two alternatives: (a)- total costs for
the secondary school ITV system, and (b) GOES co.*s for the secondary
school ITV system., ULost timetables for each of these alternatives
are given in Chapter VII, along with more information on the system,
The cost data is based on Speagle (1972) except where footnotes to
tiese tables indicate otherwise. To proceed from the cost timetables
to annualized cost figures additional assumptions had to be made and

tnese are explained for each alternative below.
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a. In estimating the total system costs alternative for secondary
school coverage, start up costs were treated as an initial capital
investment in the system and were annualized over the assumed 25-year
lifetime of the system. The 1972 student enrollment estimate of 48;000
was used along with the assumption of an average of 170 hours of

pregramming per grade per year.
The total cost equation for the secondary system is as follows:8

Cost Per
Total Cost Equation ACN ACN/VN Student Hour
r = 0% TC(N) = 904,000 + 0.89N 19.72 22.16 0.116
r = 7.5% TC(N) = 1,116,000 + 1,10N 24,35 22.14 0.143
r = 154 TC(N) = 1,346,000 + 1.33N 29,37 22,08 0.173

b. In looking at the costs to El Salvador of secondary school
coverage it is necessary to reduce the total expenditures given above
by an annualized equivalent of the grants and loans.9 To find this
equivalent the present value of the 30-yesr loan repayment series was
calculated and this was subtracted from the total amount of the foreign
grants and loans (the total amount was assumed to occur in the year
1970). The resulting figure was annualized over the 25 years assumed
lifetime of the project and subtracted from the fixed costs. The

unuiigai behavior of the fixed costs--theyziecrease as the discount

8The cost (function for this project was estimated as a function
of the number of students only. Variable costs per hour were not
calculated and therefore some costs that are variable with the number
of hours broadcast are included in the fixed cost estimate,

9Because of the grants and soft loans, total costs exceidd GOES costs.
Table VII.1 in Chapter VII shows the extent of this in the rows labeled
'total costs'> 'foreign aid and dedt repayment', and 'total cost to
GOES'. 1In the first years of the project, 'total cost to GOES' is.obtaiped

by subtracting foreign aid {in parentheses) from 'total cost'. In later
years 'total cost to GOES' is obtained by adding debt repayment to
'total cost'.
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rate increases-~1is explained by observing that the loans and grants are
worth more in annualized equivalents as r increases. The GOES cost

cquation for the secondary school ITV system is as follows:

Cost Per
Total Cost Equation ACN A‘CN/VN Student Hour
r = 0% TC(N) = 806,000 + 0.89N 17.68 19.87 0.104
r =7.52 TC(N) = 799,000 + 1.10N 17.75 16.13 0.104
r = 15% TC(N) = 771,00¢ + 1,33N 17.39 13.08 0.102

The Stanford Instructional Television System

The Stanford Instructional Television system provides higher education
courses te students at their places of employment. The major purpose of
the system was to extend education to individuals with full time positions
for whom commuting to campus would be difficult. Two organizations use
the system, The first administers the broadcasting of regularly scheduled
Stanford engineéring courses. The second organization, the Association
for Continuing Education, administers a wide variety of courses including
the entire Master of Business Administration curriculum of Golden Gate
University and courses of special interest to participating companies,

The system was first instituted in 1968, with four classrooms and
one auditorium equipped with broadcast capabilities and approximately
30 companies within‘a 25-mile radius of Stanford equipped with reception
capabilities and talkback facilities to permit active student participation
from off -campus locations, The system operates on four separate channels
in the ITFS band. Special equipment is required to convert this signal
to the lower frequencies normally-transmitted to standard television
monitors,

The total initial investment in the system was $1,187,300 for all
production, transmission, and reception equipment and the production
facility. By 1974 a total of 4,942 off~campus students was participat-
ing in all programs of the Stanford ITV system and 6,290 hours of
programming were broadcast (approximately 50% of the total time avallable,

at hours convenient to the students at-their companies).
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;¢ functions were calculated using annualized values of capital

ecuipment investment from 1968 through 1974, recurrent expenses for
1974, @... utilization for 1974. The costs are in 1972 U.S. dollars
and iareresc rutes of 0%, 7.5%, and 15% were used to calculate

annualized values (more details may be found in the case study reported

in Chapter VIII).

Cost per
Total Cost Equation ACN ACN/VN Student Hour
r = 0% TCc = 169,400 + 5,60 N + 83,90h 146.60 26.18 5.70
r=7.5% TC = 196,900 + 9.20 N + 86.60h 159.20 17,30 6.20
r = 154 1C = 232,100 + 13,50N + 90.10h 175.10 12,97 6.80

The above calculations include teacher costs and all students. The
Stanford engineering courses include auditors «hio do not receive credit,
As regular classes are being broadcast, teaclier costs may be excluded,
as discussed in Chapter VIII, For the two different data assumptions
and for the Stanford engineering courses saparately and the entire
system, the following results were obtained for the average cost of

the project over an assumed 20-year lifetime, AC1 20 ¢
’

Stanford All
Courses Courses
Auditors included:
Teacher Costs excluded $155 $ 73
Teacher Costs included $309 $165
Aucitors excluded:
Teacher Costs excluded $287 $ 88
Teacher Costs included $571 $201

while the Stanford system may appear expensive, one should remembexr
trnac these are the costs for the entire educational system serving the
off campus students. If one assumes as a rough rule-of-thumb that
tuition covers half the cost of on-campus education, the average cost

ser student for a three unit course is $540,
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The Hagerstown Instructional Television System

The Hagerstown Instructional Television project in Washington County,
Maryland, has been broadcasting instruction to schools since 1956 and is
probably the longest continuously running ITV project in the world. The
system has been servicing all students in Washington County since 1959.
In 1972, 22,000 students were enrolled in all twelve grades in the
school gystem and 1,440 hours of programming were scheduled, The
average student received approximately 117 hours of instruction via
television (or 9.3% of total instructional time assuming a 35~hour week
and 36 weeks per year).

The central facility, with five studios, is connected with receivers
in the schools by a six channel coaxial cable which is leased from the
local telephone company which originally installed the cable. With
the 6 channels available, there is a potential for scheduling 7,580
hours of programming during the regular school year.

The original investment in 1955 of $1,049,700 (in 1972 dollars)
included the cost of equipping and constructing five studios and the
purchase of 342 receivers. The cable cnscs for transmission are not
included as the phone company has an annual charge to the school system
for use of the cable. The anaual charge is based upon the length of
cable and is not related to utilization. The charge for the cable usage
remained roughly constant in current dollars and was $164,000 in 1972.

The major expense in recent years has been for personnel salaries,
In 1972-73 there were 31 TV teachers, 23 persons employed on a full time
basis in engineering and production, 32 junior college and other
production personnel employed on a part time basis (equivalent to 5.1
full time personnel, and 9.3 full time equivalent personnel from support
services, such as cinematography, graphics, audio visual, and instruc~
tional materials).

Using utilization and recurrent cost data for 1972 and annualized
values of capital expenses from 1955-1972, the following cost functions

and average costs were calculated (see Chapter IX for more details):
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Cost per
Total Cost Equation ACN ACN/VN Student Hour
r = 07 TC = 234,500 + .50N + 617h 51.54 103.80 A4
r=17.572 TC = 234,500 + .90N + 652h 54,23 60.25 .46
r = 1572 TC = 234,500 + 1.50N + 697h 57.78 38,52 249

The long experience of Hagerstown ir the use of ITV has demonstrated
two important aspects of technology prujecis: tne decline in relative
prices of equipment and the value of maintenance to increased equipment
life. The price of television sets to Hagerstown has been approximately
$150 in current dollars throughout the 1ife of the project. However,
when an adjustment is made for inflation between 1955 and 1972, the
price of the 342 sets purchased in 1955 becomes $286 in 1972 dollars.
Television receivers are usually assumed to have a 5~year life. In
Hagerstown only 200 sets have been removed from operation. If all of
these sets were among those originally purchased in 1955, then at

least 142 sets are still operating after 20 years.

The Korean Elementary/Middle School Project

In the period 1970-71 the Republic of Korea undertook a major
systems analysis of its educational section, The purpose of the
analysis was to ascertain the feasibility of improving the internal
efficiency of the educational system and of making the system more
responsive to Korea's economic and social needs. Two important
conclusions of the analysis were that a single entity within Korea
should tak . ponsibility for educational reform activities, and
that an im < initial target for reform would be the elementary
(grades 1-6) and middle (grades 7-9) schools. In August 1972, the
Government of Korea responded to thess2 recommendations by establishing
the Korean Educational Development Institute (KEDI) unde. the direction
of Dr. Yung Dug Lee. One of the first major tasks facing KEDI was
development of a reform project at the elementary and middle school

levels (KEDI, 1974). The elementary/middle (E/M) project is now in

Q E"g
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the course of development, and final plans for implementation remain to
be decided on. The E/M project will, however, use instructional
television and radio to provide instruction. Present plans call for
students in grades 2 through 8 to receive about six 20-minute television
lessons per week by the time the operational phase of the project begins
in 1978; more intensive use of 1TV will be considered if funds become
available. Plans call for students in grades 1 through 9 to receive
about ten 20~minute radio lessons per week. In éddition to use of

ITV and IR, the E/M project will involv. reform of curriculum and
t2xtbooks and may involve use of differentiated staffing, use of
individual instruction, and increasing *“he student to teacher ratio
through double shifting.

At the time of this writing (September, 1975) the E/M project is
at a critical juncture. The first phase of its activties-~initial
planning for and tryouts of the new instructional approaches--is
nearing completion. Its transmission facilities and new studios are
scheduled to become operational within a few months, thereby allowing
the second major phase of the project, comprehensive demonstrations in
45 schools, to begin. This demonstration phase will continue through
February, 1978, A third phase, that of nationwide implementation,
will begin in the course of the demonstration, and in parallel with it.
Implementation is plannc.: for the period 1976-1980.

The KEDI E/M project is ambitious in the comprehensiveness of the
reform it plans to implement and in the extent to which, like Nicaragua's
Radio Mathematics Project (see Chapter V), it will attempt to utilize
research results from educational psychology in its instructionél
design. The project is, in addition, incorporating the most recent
technical advance in transmission systems, the tethered aerostat,
for signal distribution. KEDI's use of an aerostat will be the
first use made of this technology for television broadcasting. For
all these reasons, then, the E/M project will be closely observed and
its costs will be important to ascertain. The cost information
presented below is based in part on costs that have bzen incurred, and

in part on present KEDI plans. The results are thus tentative.
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The bulk of E/M project costs are for television, and we feel our
estimates of the television costs are less subject to error than those
for radio. Thus costs for only the instructional television aspect
of the project are presented here. Chapter X discusses radio and print
costs as well. The basic cost equations are shown below, with average
costs based on the assunption of 70 hours per year broadcast fo each
of 8 grade levels and 1,000,000 students using the system. (Though this
utilization figure is high, KEDI plans call for eventual coverage of
all 7,000,000 students of this age group.)

Cost Per
Total Cost Equation ACy ACN/VN Student Hour
r = 0% TC = 109,000 + 1.62N + 1§ "h 2.76 1.7 .039
r=7.52 TC = 214,000 + 1.81N + »¥u% 3.22 1.8 . 045
r = 157 TC = 348,000 + 2,02N + . =@ 3.74 1.9 . 054

The Mexican Telesecundaria

Mexico's Telesecundaria is 4% experimental program designed to extend
secondary school educational :zpidrtunities to youth in rural regions,
where few secondary schools previously existed. Television lessons
carry the primary instructional burden of the system in that programs
are produced and broadcast in all subject matters end cach grade usually
receives one 20-minute program every hour of the school day. In the
classrooms, former primary school teachers are used as classroom
coordinators, instead of a teacher trained to instruct at the secondary
school level.

Detailed evaluations of the system are presented in Klees (1975)
and Mayo, McAnany, and Klees (1975), while an analysis of much of the
relevant evidence on Telesecundaria is reported in Chapter XI. In
1972 the system broadcast about 360 hours of instructional lessons to
29,000 students in an eight state region around Mexico City. The

summary cost function and average cost information for 1972 is as

follows:
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Cost Per
Total Cost Equation ACN ACN/VN Student Hour
r = 0% - TC = 3.65 N+ 520 h 23.02 6.31 .064
= 7.5% TC = 4.23 N + 538 h 24.27 5.74 .067
r = 15% TC = 4.85 N + 561 h 25.74 5.31 .072

It should be noted that not discounting the future may cause one to
understate system costs by almost 12% (tha; is, $23.02 versus $25.74). The
relatively low value of the ratio of average cost per student to variable
cost per student indicates that some eccnomies of scale have already been
achieved, although costs per student could be still lower if enrollments
expand.

Given the relatively low utilization of Telesecundaria, it 1is a
surprisingly irexpensive system. Telesecundaria is less costly than
many of the other instructional television systems. It is perhaps
close:ist in form to that in El Salvador, whose averagé cost per student
was similar for 1972, even though the El Salvador system was serving -
65%Z more students than Telesecundaria. Further, costs per student hour
were considerably lower for Telesecundaria, $.067 versus $.143 (at a
7.5% interest rate) for El Salvador. The cost comparison between the
two systems would favor Telesecundaria even more 1f it was operating
in urban areas with an average class size of 45, as does the El
$alvador system, as opposed to rural areas with an average class size
of only 23 students. ]

: One of the primary reasons for the low overall cost of Telesecundaria
is its low production cost. As discussed in Chapter XI, even utilizing

a 15% discount rate, production costs per hour of programming are only
$513. Schramm (1973) reports typical production cost-estimates-for
similar instructional television prciects (zee also Chapter IV ‘below)

in other countries range from $1,200 to $2,000 per hour, and'indicates
that Mexico's Telesecundaria is one'of the least expemsive systems of

its kind in the world.
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Sufficient data were available for the Telesecundaria project to
allow the construction of a year by year cost table (see Table XI.2)
and the consequent calculation of Acij . Figure III.1 presents the
average costs from project initiation in 1966, assuming different project
lifetimes (that is, AC1966 >y as J = 1967 to 1986) at social rates
of discount of 0%, 7.5%, and 15.0%, This figure serves to indicate
several points. First, costs decrease quite rapidly as we project
Telesecundaria to continue for more than a few years. For example, if
Telesecundaria were to be discontinued next year, the average cost per
student over the lifetime of the project (AC1966, 1976) would be $30
(at a 7.5% interest rate). Assuming a 20-year lifetime, the average
costs (AC1966 1986) would be considerably less, $23.

Second, we observe that the choice of a discount rate is quite
important. As the oppcrtunity costs of resources become greater, so do
the real costs of the project. Neglectihg the discount rate (that is,
choosing a zero discount rate), as many cost studies unfortunately do,
serves to understate project cost substantially, even more so than the
average cost figure derived in the tableau above for 1972, since
utilization was not discounted in this latter figure. For example, if
we look at the average costs per student from 1966 to 1986
(assuming a 20-year lifetime for Telesecundaria) , not taking the value
of resources over time into account (that is, using a zero discount rate)
can result in understating costs by almost 30%, if the appropriate rate
is 15% (that is, $20 per student versus $28 per student).

Telesecundaria is an especially interesting instructional technolcgy
project in that research has shown it to be more cost effective than the
traditional 2irect teaching system that is used in most secondary
scliools in Mexico. The interested reader is referred tc Chapter XI for
a detailed discussion of this point;, as well as an analysis of system

expansion alternatives, financing, and more extensive cost information.”w-:

R
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3. SUMMARY

Tabies IIT.1l and III.2 summarize the annualized cost information, at
4 sociul rate of discount of 7.5%Z, for the four instructional radio
projucts and five ingtructional televiéion projects, respectively,
that have been discussed in this chapter. The four radio projects
are quite different in size and scope, as is indicated by the wide
variations in N , h , and average cost per student (ACN) exhibited
on Tabie III.l. The two Mexican radio projects at present have a rather
high average cost per student, which reflects their relatively low
ucilization; the high value of the ratio of average costs to variable
costs (ACN/VN) for these two projects indicates that substantial
economies of scale, and consequent reductions in average costs, could
be achieved with the expansion of system enrollment. The relatively
high variable cost per student (VN) for the Nicaraguan project reflects
the assumption of extensive school supervision and the utilization of a
relacivetly cxpensive battery-powered radio receiver and the inclusion
of teachcr training and printed support materials costs.

The five television projects examined also exhibit a wide range of
scope, size, and application. The high cosc per student of the Stanford
Instructional Television system is indicative of the greater ITV expense
often incurred in a university setting, especially one that utilizes a
distance-learning mode of operation. The reader should note that the .costs
of the Stanford system may still be considered quite reasonable, since
they cover the total costs of instruction--classroom teachers are not used
to supplement the video lessoms. The high ratios of average costs to
variable costs (AC /V ) for all but one of the projects indicate that
average system costs can be reduced substantially in most of ‘these systems L
if their enrollment expands. ‘

The variations in the variable cost per student for the four
nonuniversity ITV systems strongly reflect differences in class size,
which can greatly affect per student costs (as discussed in Chapter I);
the low value of V., for the Hagerstown project is also a consequence

N
of the much longer than usual 1ifetimes obtained for reception equipment.
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TABLE III.2 (continued)

bThc cost function for instructional television in E1 Salvador was

derived solely as a function of VN ; therefore Vh is not given in the

table (costs that are variable per hour broadcast are thus included in
the project's fixed cost figure).

®The N and h for Korea reflect planned utilization of the
system as discussed in Chapter X.

dThe data for this column are taken from the case studies presented

in Part Three (sufficient data were not available to allow calculations
of Asij's for the Korean instructional television project.
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It is also intercsting to compare the AC1 i column, which gives the
average costs per student over 20 years of system utilization, with
the ACN column, which gives average costs per student at one point

in time. Tn most cases these two summary cost measures turn out to be
quite close; the discrepancy between the two figures, however, is quite
pronounced for the El Salvador system due to the substantially increased
IV uatilizat fon projected for future years. As discussed in Chapter I,
we belleve the ACi j figure represents a better summary cost measure

than the average cost per student for a given Yyear (ACN) , since the
former achieves a perspective of costs and utilization over time that

the latter lacks. As we have just seen, however, empirically the two
measures may be quite close, except when current costs and/or utilization
vary considerably over a project's lifetime.

In summary, a number of general conclusions emerge from our analysis:

1. It is realistic to expect the costs of instructional radio
to range from 1¢ to 4¢ or 5¢ per student per hour, about one fifth as
much as instructional television. The high end of this range can be
reached with very small numbers of students (several thousand); the
low end might require several hundred thousand.

2. It is realistic to expect the coits of instructional television
to range from 5¢ to 15¢ per student per hour, or about three to five
times as much as instructional radio, depending most impoxtantly on
the number of students in the system. The low end of this range can
be reached only if close to a million students are using the system
in a reasonably compact geographical area. '

3. Cost estimates respond sensitively to the social rate of dis-
count; going from a O to a 15% social rate of discount can increase
annualized cost estimates by 15% to 40Z.

4. The heavily front loaded costs and rear loaded utilization
of technology projects results in a requirement that projects last .
10 to 20 years to allow unit costs to fall to a reasonable level.
This is vividly illustrated through examination of 'average costs -
fromi to 3° , our ACigs (see the appropriate tables in the ITV
case studies reported in Part Three). If there is a substantial
probability that a project will not last 15'years; its initiation
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should be reconsidered. Once into a project, future ACij values are
much lower than prior to its initiation, as one would expect.

Our analysis provides only the cost side of the input to a cost-
effectiveness analysis of the potential role of instructional
television and radio in developing countries. Yet the surveys of
Chu and Schramm (1967), Schramm (1973), and Jamison, Suppes, arnd Wells
(1974) indicate that these media are good substitutes for conventional
instruction of reasonably high quality. For these reasons we can expect
to ‘see¢ an expanding role for the new media, as substitutes for conventional
inputs, as the media prices continue to decline relative to that of
conventional instruction. In the following chapter we pursue our cost
analysis of IR and ITV systems by looking at how costs may be examined
as a function of a number of educational policy decision variables that
need to be carefully considered in planning and initiating an instructional

technology system.
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CHAPTER IV

COST FUNCTIONS FOR INSTRUCTIONAL RADIO AND TELEVISION

Our purpose in this chapter is to identify the variables that will
determine the cost of an instructional radio or television system, and
to organize those variables into a total cost function in a way that
will allow planners to examine the sensitivity of total cost to changes
in the determining variables. Whereas the purpose of Chapter III was
to present results from cost evaluations of ongoing projects, the
purpose of this chapter is to discuss techniques for planning future
project costs. The chapter has three sections. In the first section
the variables that determine the total cost function are identified for
radio and television and a general cost function is specified. In the
second part, estimates for elements of the cost function are discussed
in terms of costs for central administration and project start up,
programming, transmission, and reception; these estimates draw on the
results of Chapter III. In the third par:t, example cost functions for
radio and television are constructed from the data provided in the

second part.
1. DETERMINANTS OF TOTAL COSTS

In constructing the total cost function, we assumed that total costs -
can be written as the sum of central costs, programming costs, transmission(]i
costs, and reception costs. This assumption, though convenient, can be e
restrictive as it fails to allow for tradeoffs between transmission

and reception costs. This tradeoff plays a central role in assessing

the economic desirability of satellite transmission.

Total costs, TC , are then given by:

(Iv.1) TC = CC t Cp + CT + CR

where subscripts ¢, P, T and R refer to central, programming,

transmission, and reception respectiﬁely. Our approach to specification

KA
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of TC will be to examine each of the component cost functions in
turn. The determining variables with their definitions are listed
in Table IV.1l. For all capital expenses the annualization factor,

a(r, n) , discussed in Chapter II, is used.

Central Project Costs

Project planning and start up costs are important aspects of total
costs and should be annualized over the entire project lifetime.
Additionally, technology projects may require special administration
costs that are distinct from administration costs for the education

system. These costs, the central project costs, are given by:

(Iv.2) C a(r, n) CSU + C ’

C CA

where r 1s the social discount rate;
n 1is the life of the project;

CSU is the project start up cost; and,

CCA is the annual central administration cost.

Programming Cost Function

The programming cost function is a more complicated formulation than
the other equations, as the capital expenses for production facilities
and equipment are annualized over the life of the program. The function

is given by:

(Iv.3) Cp = a(r, np) [a(z, nPE) CPE + a (r, nPF) CPF + CPA] ’

n are the lifetimes of the program, the
pe pf

production equipment and the production facility respectively; CPE and

where np R s and n
CPF are capital costs for the production equipment and the prodpction
facility respectively; and, CPA is annual production cost. It should
be recalled that all programming costs are related to the number of
-programming hours. An alternative technique would be to summarize
these costs into a single per hour production cost, CPh . We would

then have:
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TABLE IV.1

DETERMINING VARIABLES OF TﬁE TOTAL COST FUNCTION

Variable Definition

A. System Variables

N Number of students using the system
each year.

h Number of hours of programming each year.
(This number could be derived by deter-
mining the average number of broadcast
hours per . student and multiplying by
the number of distinct student groups,
for example, grade levels).

G Area of the region to be served. (This
factor could be examined in further
detail by assuming several regions with
different areas or geographic features).

b Number of pages of.printed materials
for each.student. (The printed materials
‘are assumed to be reusable.)

k Number of students who will share a
receiver. (This will depend upon the
number of students per class and the
number of classes that can share a
receiver). '

e Fraction of reception sites located
in a non-electrified area.

S Number of reception sites.

B. Cost Variables

Coy - Cost of project planning and start up. _ff

c Cost of central édministration;

CA



-97-

TABLE IV.1 (continued)

CPE (h) Cost of production facility (land and buildings)
CPE (h) Cost of production equipment.
CPA (h) v Annual cost of program production.
Crg (G) Cost of purchasing and installing a
transmission system capable of serving
area G.
CTP (G) Cost of transmission facility (land and buildings)
CTA (G) Annual cost of power, maintenance, and
operating personnel for a transmitter
capable of reaching area G.
Cre Cost of one receiver. f
CRE Cost of related reception equipment v
(for example, antennas) for a reception site. i
Cry Cost of building modifications for television f
reception.
Ce Cost per reception site for power generation
equipment (required only for TV in non-
electrified areas).
C Cost of electric power, per reception site
P per hour, using power lines.
C_, Cost of electric power, per reception site
P pPer hour, using local, power generation
equipment or batteries.
CRH Cost per hour for maintenance at each
reception site.
Cb Cost of a book, per page.

C. Capital Lifetime Variables

n Life of the project.

np ' Life of a completed program.
Npp Life of productidn equipment.
Npp Life of production facility.
Dop Life of tran;ﬁisaion equipment.
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" TABLE IV.1l (continued)

Rrp

D. Social Rate of Discount

r

Life
Life
Life
Life
Life

Life

of transmission facility.

of a receiver.

of related receiver equipment.

of reception facility modifications.
of power generating equipment.

of a bobk.

Social rate of discount.
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' -
(Iv.3") Cp a(r, np) CPh h .

This equation assumes a target audience with a single language and
little cultural diversity, each of which could require alterations of

program content for different groups.

Transmission Cost Function

The transmission cost is given by:
(Iv.4) CT = a(r, nTE) CTE + a(r, nTF) CTF + CTA .

where M and n.p are the lifetimes of the transmission equipment and

transmission facility respectively; CTE and CTF are the capital costs
of the transmission equipment and transmission facility respectively;
and, CTA is the annual operating cost for transmission. The costs

vary with the size of the region to be served. More detail could be
included in the equation by assuming more than one region with different
transmission requirements. There would then be a single equation IV.4
for each region and total transmission costs would be obtained by

sumning the equations for all regions.

Reception Cost Function

In writing the reception cost function, we must take account of
receiver capital and maintenance expenses, power equipment and operating
expenses, and printed materials cost. The reception cost function is

given by:

(IV.5) CR = a(r, nR) N/k CR' + a(r, nRE) SCRE + a(r, nRF) SCRF

+ a(r, nE) esce + (1 - e) hcp + eth'

4+ hC,.,, + a(r, nb) Nb Cb

RM
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where np > Mpp oo nr o D and n, are the lifetimes of the receiver,:
other receiver-related equipment, the reception facility, power-generating.
equipment for the reception facility, and printed materials respectively;

)
CR s CRr , RF , C and Cb
related cquipment, the reception facility, the power-generating equipment,

are capital costs of the receiver, receiver*f

and printed material‘respectively, Cp s Cp' ,» and CRM are hourly
costg of electric power from powerlines, electric power from power
gene:ating equipment, and maintenance respectively;

N is the number of students served by the system;

k is the number of students sharing a receiver;

S 41s the number of reception sites;

e is the fraction of reception sites located in areas not

served by power lines;

h 1is the number of hours of programming each year; and,

b 1is the number of pages of printed material for each student.

More detail could be included in the reception cost equation by
realizing that there may be some variation among reception sites. The
differences in cost among sites may be small for related equipment but

could be large for power costs.

Cost Function Recapitulation

The total cost function of equation IV.1l has been described in
more detail in the equations for central, production, transmission and
reception costs. Even though we consider 35 separsra determining
variables, our cost function represents only an ay = *<imation; at a
number of points along the way we have indicated where more detail
could be provided and other instances will have occurred to the reader.j7

The cost function provides a useful approach to a broad outline for :;
planning. However, a detailed planning effect would be required to .
obtain more detailed cost information specific to local circumstances.
It is perhaps worth pointing out that equation IV l fits into the '
simple TC = F + Vh h + V ‘N format if one’ takes a8 - given all the ’
determining variables except N and h . Only the central ‘costs

(and perhaps the transmission costs) would be considered fixed. The
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variable cost per hour, Vh , could be dectermined by sdmming programming
costs divided by the number of hours with the hourly reception power
costs. All reception costs (with the exception of hourly power ccsts)

would be used to determine the variable costs per student, Vn .
2., COMPONENT COSTS

Our purpose in this section is to provide background information on
what actual zcsts for elements in the cost function have been and can
be expected to be. This information can serve as a guide to planners
of future systems even though the estimates presented here will

generzlly need to be changed to reflect local circumstances.

Central Administration and Start Up

Project planning, feasibility studies, and cost analyses are
important initial steps before a project is undertaken. These costs
should be included as part of the project costs. Unfortunately, many
analyses often ignore these costs as they are difficult to determine.
These costs may be high if the project is one of the first projects
using a particular form of technology and cannot base its analysis
on other project experiences. For example, Stanford was the first
university to use the Instructional Television Fixed Service (ITFS)
band for television with two-way audio for off-campus education.
There, start up costs amounted to $328,000. There are now many.other
systems that have followed the Stanford model and these planning
costs can be minimized. In Nicaragua, initial planning expenses
were $268,000. This is the first system to provide a mathematics
curriculum via radio for primary school students and require
40~50 respones from each student (in a workbook) during a 30-
minute lesson. This technique can be adapted to other Spanish-
speaking countries at significantly lower cost.

Central administration is another important expense item that

varies widely from project to project and is often ignored. For the
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Stanford ITV system, people are employed full qime in an administrative
capacity and their salaries are approximat ely $100,000 each year. Another
important cxpense that 1is often not included 1s research and evaluation.
in Nicaragua, evaluation of the programs was part of a formative evalua-
tion process and was included within production zxpenses. . However, an
additional $118,000 was spent on other research. In the Ivory Coast,
expenses for evaluation and studies have reached over‘$200,000 per

year, and may well become higher.

Production

production costs vary widely and depend upon the complexity of the
progran being presented. As the complexity of the presentation increases,
more expensive zguigment and more personnel may be involved. For
example, the Stanford ITV system (Chapter VIIL ) uses one teacher, one
camera operator and two cameras in the studio. The format of the program
is dircct lecturing, with notes aﬁd graphs, by the teacher (the system
provides a facility for student talkback), and the costs per hour for
production are approximately $91. In Mexxco (Chapter XI), production
costs are approximately $430 per hour for a more complex production
arrangement involving a teacher, a director, a camera operator, a
technician, and materials produced by a graphics department. The
production of programs for the Open University, which is undertaken by
the British Broadcasting Corporation, costs an average of $9,600 per
hour (Lumsden and Ritchie, 1975).

Although production costs and program complexity vary widely, the
research cited by Schramm (1972) challenges the need for professional
production techniques in educational programs. Schramm reviewed the
literature on program production and the impact of different production
techniques on student learning. He concluded that simplicity of

presentation is preferable.

The general conclusion that emerges from the studies
of simple vs. complex treatments of material in ‘the audio-~
visual media is one that should gladden the heaxc of a

114
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budget officer or an executive producer. More often than
not, there is no learning advantage Lo be gained by a
fancier, more complex treatment (p. 55).

Visual embellishments do not usually help learning
unless (like directional arrows) they can help organize
content that is nor inherently well organized or (like
animation) help a viewer to understand a process or concept
that is very hard to urderstand without such simplification.
In other words, visual embellishments per se are not espe-
cially useful in instructional material.

No learnirg advantage has been demonstrated for
'professional'’ or 'artistic' production techniques such as
dollying rather than cutting, key rather than flat lighting,
dissolves, wipes, fades, etc.

~

There i{s very little evidence that narrative presenta-

tion ordinarily has any learning advantage over expository

or that adding humor adds to learning effect (p. 65).

His conclusion, which is revelant to the choice between television
and radio, 1s that there is doubt that two channels (audio and visual)
have an advantage over one channel (audio or visual) when the information
carried by the second medium is relevant. Therefore, although he
concludes that there is no advantage :to swending money for complex
television production, there may also be no advantage to spending money
for television instead of radio if the television production merely
involves lecturing. An alternative to television production utilizing
graphs, charts and notes would be radio with student workbooks or
printed materials.

The coordination of radio ‘with student workbooks is especially
attractive, as Schramm (1972) also concluded that active participation
by_the student was important.

The chief positive guideline tha: emerges from the

research 1s the usefulness of active student participation.

Concerning that we have been able to report impressively

consistent results. Participation may be overt or covert;

spoken or written or done through practice with a model or a

device; button pushing or asking or answering questions, or

finishing what the instructor has begun to say. Different
forms are more effective in different situations. Whatever
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the way in which students are encouraged to practice the
desired responses, in most cases this activity is more
effective 1f the students are given immediate knowledge of
results--that is, told whether their responses are correct

(p. 66).

But at least two straightforward guidelines stand out
from the research papers we have reviewed. Effective
teievision can be kept as simple as possible, except where
some complexity is clearly required for one task or amother;
students will learn more if they are kept actively partici-
pating in the teaching-learning process. Simple television:
active students (pp. 66-67).

Planning a program with active student participation can easily
raise the costs of production. An interesting experiment with radio
production for primary grade mathematics is being undertaken in
Nicaragua (Searle, Friend, and Suppes, 1975; a cost analysis of this
project appears in Chapter V ). The cost for program production-;
which includes student workbooks, teacher guidés, and approximately
43-50 active responses per 30-minute lesson--is $1,712 per hour. This
cost is high for radio production (Schramm et al., 1567, estimated
production costs of $250 per hour for radio programs in Thailand) and
is well within the range of prodaction costs for television. IHoweve:i
if one assumes a 10-year lifetime for these programs (which is reaéon-
able considering the investment in planning, evaluation, and revision),
the costs become $160 per hour per year (assuming an interest rate of
7.5%). One reason the costs are high is the use of expatriates for
several phases of program production. If the expatriates‘cdﬁld be
replaced by Nicaraguans, the costs would be halved. The p@isbnnel
jnvolved in producing 150 new 30-minute radio Ieésonafé#dfféﬁiaiﬁgl‘.k
150 other lessons are: 3 full time persqnhel forjdctiﬁfﬁiitins}J-d
3 half time personnel for curriculum design, llful;{tﬁﬁéié:tist fdri~'wf 
design and preparation of workbooks,wll?Afuli'ﬁi@éﬁbéfééﬁafbfdwrifiﬂgﬁ;
teacher guides, 3 half ;ime personnellfor'managemgnt,;qndCZ;full timg¥+
personnel for evaluation. L " C  i” i J?fT'fi“ e
Table IV.2 summarizes productioﬁ costs féf'r§51§~§g& téiéviai9n{E.

from several projects. From these project.exberiéhééb; {twﬁOhid'sggn5-

‘

:
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TABLE IV.2
PROGRAM PRODUCTION COSTS

Number of Annualized Annualized "~Recurrent Average Cost

) Program- Facility Equipment Costsd per hour®
: ming CostsP Costsg® (in 10008 (in dollars)
Hours? (in 1000s (in 1000s  of 1972 '

of 1972 §) of 1972 §) Vdollars)

Instructional Television

El Salvador 333 22.70 231.0 (33)  540.0 1153%
Hagerstown 1440 40.13  209.9 (107.7) 847.5 (68) . 762
Telesecundaria 1080 12.6 44.3 472.8 490
Korea ' 1704
Stanford 6290 47.25 34.06 489.9 (183) 91
Open University 288 3695;

" Instructional Radio

Radioprimaria 95 0.8 2.4 29.7 133%
Nicaragua 50 160.0 (10) 1232%
Korea : 96

2rhis is the number of hours produced or revised in a year. It is not
necessarily equal to the number of total hours broadcast to students.

bFacility costs are annualized at"7“52‘with-a‘20-year life. L;; -

Equipment costs are annualized at 7.5% with a 10~year life. Videotapes
are included as equipment but assumed to have a 5-year: life. The . e
total value cf videotapes is reported in parentheses. L e
dThe major component. of recurrent: costs ‘is: salaries of production
personnel. Where possible, the number of. full time equivalent personnel
involved in production will be reported in,parenthese . 5

€Some projects use live program production and ‘othe:rs rely’o tapes{
When programs are revised from one year. to the: next, : a: 3=-year. life .
- will be assumed for all- programs . Those instances;wher

7 Sz is used.v
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reasonnble to assume production costs of 5100 to $3,500 per hour for
television and $100 to $1,200 per hour f{or radio.

These experiences with costs may be complemented by cost estimates
for single studio facilities. Jamison with Bett (1973) estimate that
a TV facility could be established for $20,000 and a radio facility
for $5,000. Bourret (1973) has estimated a cost of $25,000 for equipment
for a simple television studio. In the establishment of a community
radio station in Canada, costs for radio station equipment were estimated
at $11,000. Assuming a construction cost of $50 per square foot, a
television studio facility (5,000 sq. ft.) would cost $25,000, and a
radio studio facility (1,000 sq. ft.) would cost $5,000. Adding
maintenance costs of 10% of equipment investment and annualizing
facility expenses for a 20-year period and equipment expenses for a
10-year period, total annual costs would be $8,600 and $1,220 for
television and radio respectively.

For 300 hours of programming each year, this would result in costs
of only $29 per hour for television and $6 per hour for radio. However,
equipment and facility costs are the smaliest portion of total costs
for programming. The major component of production costs is derived
from personnel salaries. Assuming salaries of $5 per hour for adminis-
trators (2 hours of time per course hour), $3 per hour for teachers

(10 hours of time per course hour), and $1 per hour for technicians

(1.5 hours of time per course hour), personnel costs could range from
$42 per hour (1 administrator, 1 teacher, and 1 technician) to $173
(2 administrators, 5 teachers and 2 technicians). Total costs for

television could range from $71 to $202 per hour and from $48 to $179
per hour for radio. This estimate diverges considerably from project
experiences and is a result of the assumption of very simple facilities
and equipment and a possible underestimation of time input and salaries.
The high time input is estimated to be 55 hours. Jamison with Bett
(1973) estimate ranges of 32 hours to 320 hours of personnel time for
each hour of original broadcasting. The salary estimates may be changed

for different circumstances.
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The production costs for television are high. The high costs are
incurred because of a desire for local control of programming. The cost
of thls local control can be estimated by comparing the production costs
of Table V.2 with program rental chafgns. As an exampie, for the
1974-75 school year the National Instructional Television Center (1974)
was charging base rates of $32 per 15-minute program and $48.50 per
30~minute program with an additional charge of $1.40 per 10,000 students
(in all grades in the district). This charge allows for unlimited viewing
dﬁring a week. Average hourly costs for program rentals would be $100.

It would appear to be useful to investigate alternative program sources

for suitable courses due to the significantly lower production costs.

Transmission

Transmission system alternatives. There is a wide variety 6f trans-

mission systems possible for television and radio. The transmission
system delivers the signal from the broadcast origination point to
the reception point. In general, transmission systems have two mgjor
components. The transmitter feeds the signal directly to the |
receivers. The interconnection component links the transmitters and
the broadcast poiﬂt.

Transmitters include satellites, airplanes, aerostats, terrestrial
stations, and cables. The first four altermatives may be viewed ‘as
alternative means of increasing the altitude of the transmitter to
provide a larger coverage area and reduce signal interference caused"by
high natural or man-made structures. An aerostat, as used in Korea,
ig a tethered helium-filled balloon with aerodynamical 1ift. Terrestrial

5
8

stations rely upon transmitter towers (2,000 feet appear to be a reason-
able limit for tower height), which are often mounted on mountain tops

or high buildings to increase the coverage. These four choices all

involve open circuit transmission of the signal. .The frequency'bf the
signal may not be the same as the frequency received by standard receivers,
and: frequency converters may be necessary at the reception points.. This
system can limit access to the broadcast by raising the price df‘recep-

tion. Satellite transmission is typically at higher frequencies than is
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standard for reccivers. The Stanford I1V system deliberately broadcasts
at. a high frequency from thelr mountain-based terrestrial station to
limit access. Cablesvare excellent means of limiting access to the
programs and providing a higher quality signal by eliminating many of .
the causes of interference.

Interconnectors include satellites, airplanes, -aerostats, microwave
relays, and videotape shipment. Many combinations are possible among
transmitters and interconnectors to form transmission systems (clearly
some of the combinations are senseless). As an example, terrestrial
stations may be connected by any of the intercomnector options while
satellites when used as transmitters would not require any interconnector.

Some of the important factors which affect the cost and choice
of the transmission system are: quality of signal, ratio of receivers
to population, percentage of population covered, population demsity,
area, terrain, existing transmission facilities, type of: educational
facilities, and other telecommunication needs of the country. Butman
(1972) reports that Grade A coverage (high quality signal) will be
three times as expensive as Grade B coverage (moderate quality signal).

Rathjens (1973) reports much higher percentage cost increases to cover _‘ﬁi

low population density areas of Brazil and India.with terrestrial

transmitters and microwave relays than with satellite transmitters.
Terrain seems to affect the choice in Korea as aerostats at altitudes
of 10,000 feet provide Grade B coverage for a radius of 90 miles while
Butman (1972) discusses a radius of 70 miles obtained with a 1,000-foot

tower. ;
Basic cost information. We will not attempt to provide a detailed

discussion of the costs of each transmitter and interconnector or an
estimate of the sensitivity of costs to each of the factors mentioned
above. However, we will provide some basic cost information for some '
of the choices and then discuss results of optimization and tradeoff '

studies of transmission systems for specific applications.,

When satellites are used as ‘transmitters (direct broadcast satellites)
the satellite cost is significantly higher than the instance when

satellites are used as interconnectors. The higher cost of the satellite
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is attributed to the higher power output required to broadcast directly
to standard receivers. For India, Butman, Rathjens, and Warren (1973)
estimated a cost of $25 million dollars for a direct broadcast satellite
and $12 million dollars for a satellite used as an interconnector. Even
though the direct broadcast satellite has higher power, special
equipment is necessary at each reception point to amplify the signal
and to modulate the frequency of the signal. The ASCEND (1967) study
estimated a cost of $300 for this equipment. Butman et al. used the
same estimate although they mentioned that costs for this equipment
in India appeared to be in the range of $250-$675.

In Koréa, the capital costs in 1975 for the aerostat system
installation are estimated to be:

Aerostats (2) $2.16 million;
Television Transmitters (4) $1.48 million;
Radio Transmitters (2) $ .4 million;
Telemetry Command 2) $1.37 million; and
Miscellaneous $1.10 million.

It is interesting to note that the Koreans estimate that a duplicate
system would cost 75% more in 1976. The other interesting point to
note is that television transmitters cost nearly twice as much as radio
transmitters for the same coverage area.

This relationship between costs of radio and television coverage
also appears at lower power ranges. Jamison with Bett (1973) reported
prices of $5,000 for a S-watt TV transmitter and $2,500 for a‘10~waé;
FM radio transmitter; In combination with a 100' antenna costing
$6,000, the line of sight is 10 miles. ,

There are many varlations in costs of terrestrial transmitters.
For a four-channel television system, Stanford invested $134,000 for
a 10-watt transmitter on top of a 2,000-foot mountain, which‘covefsr
half a circle of 25-mile radius with only 7 watts and uses directional
beams of 1 watt to reach 50 miles. This transmissiqn is a very_high 
frequency and each reception point requires special front-endﬂeqﬁipment
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(antenna and converter) costing $1,350. For other terrestrial trans- ‘ fﬁ
mitters, Bourret (1973) reports that the VERTA project in the E
Philippines was able to purchase a 5-kilowatt transmitter and antenna

for $40,000 and can cover an area with a 50-mile radius.

The Hagerstown television system is unique iu-the utilization: of
a dedicated gix-channel cable system to transmit to 45 schools in a
268-square mile area from the central studio. The cable is leased
and costs $164,000 per year.

Microwave relays are a frequent choice for an interconnector device.
Butman (1972) estimated a cost of $4,000 per mile for a microwave relay
in India. Butman also reported that a system in Ethiopia cost $6,000
per mile. Sovereign (1968) assumed that terrestrial transmitters would
be 30 miles apart and that a one ghannel television system would cost
$1,733 per mile, a two-channel system $2,177 per mile, and a.four—-channel.
system $2,950 per mile for the microwave relay. Hundreds of audio chapzels
can be carried as an alternative to one television channel. ’

For satellite interconnectors, Butman, Rathiems, and Warren (1973)
estimated a cost of $12 million for India. However, each transmitter
would require an additional $150,000 in equipment to receive the signal
from the satellite. Janky, Potter, and Lusignan (unpub.) analyzed the
following tradeoff costs between transponder power and transmitter

receive antennas for a three satellite-six transponder configuration:

t Capital Cost Transponder Antenna
Per Transponder v Power Cost
n.a. 5 satts $66,000
$4.9 million 20 watts -$ 9,300 .
- $9.6 million 50 watts . $ 5, 800

These data allow one to determine the number of transmitter sitesd&"
necessary to justify additional expense on the satellite.‘ This is one"
type of tradeoff decision which can be undertaken in minimizing trans-i_ifﬂ:

.mission system cost. Other decisicns are discussed in the next seetion.vftf

Optimization and tradeoffs. It was mentioned earlier ilw_,ff"hv
on transmission that existing transmission facilities may determine the
choice.  For example, Radioprimaria is charged $14.40 perﬁhQPrwpr“FadiPHﬁ,f
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facilities that are underutilized during daylight hours. Mayo, McAnany,
and Klees (1973) reported a cost of $2,100,000 for a one-channel
television transmission system to cover a 100,000 square mile area

in Mexico. However, they also reported that eharges from commercial
stations would be $318 per hour for the same area and $1,944 for a
767:000 square mile area (the entire country). Assuming a 10-year

life at a 7.5% interest rate for the transmission system used in
edueation, the education system should only build its own system if -
broadcast exceeds 964 hours per year. '“

:  An interesting example of optimization can be discussed by examining
the Hagerstown system. Assuming a 20-year life at a 7.5Z interest rate
for the'cable, the total capital cost would be $1.68 million. This: cost
is for a transmission aystem to cover an area with a radius of 10-15
miles. According to Jamison with Bett (1973) low-power transmitters
to cover the same area with six channels would cost approximately -
$50,000. However, the cable choice, while more costly, may still be
necessary when several channels are desired and the open circuit
frequency band is crowded. The Hagerstown system was begun in 1956.
Technology has changed since then. The Stanford ITV system, begun in
1969, utilizes open circuit broadcast on very high frequencies,ande
avoids the open circuit interference problem. A four-channel system
for Hagerstown would cost $134,000 for the transmitter, $200,000'fer a
2,600=foot tower (Butman, 1972), and $60,750 for antennas and converters
for the 45 schools. This is a significantly lower investment than for the
cable system.

In a more general optimization analysis, Butman (1972) reported
costs for different heights of transmitter towers and transmitter ﬁower
and found that the minimum costs would occur using a l,OOO-foot:tdwer
and a transmitter of sufficient power to reach an area with‘aa70-m11e
radius. This coverage could be obtained for $35 per square mile when
grade B coverage is required. : : "'

A tradeoff that is often analyzed in satellite feasibility studies
18 between direct broadcast satellites (D), terrestrial transmittere
with satellite interconnector (R), and terrestrial transmitter with

(1973) used the following assumptions regarding costs. o
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Terrestrial Transmitter $500,000;

Receiver for rebroadcast from
satellite interconnector $150,000;

Front-end augmentation for
classroom receiver from '
satellite transmitter $250;

Low-power satellite

(interconnector) $12,000,000;
High-power satellite

(transmitter) $25,000,000; and
Microwave relay $4,000/mile.

The capital cost assoclated with the terrestrial transmitter covering
an area of approximately 10,000 squa¥e miles is derived from Butman's
(1972) optimization analysis. Assuming that the terrestrial transmitters
are 100 miles apart, Rathjens derived the following equations for the
capital costs of the three alternatives:

Direct Broadcast Satellite
CD = 250N + 25,000,000

where N 1s the number of receivers;

Terrestrial Transmitter with Satellite Relay

CR = 65A + 12,000,000

where A 1is the total area to be covered;

Terrestrial Transmitter with Microwave Relay

CT = 90A - 400,000 .

The tradeoffs among. the three systems for different areas and
number of receivers are shown in Figure IV.1l. The figure reveals the
combinations of area size and number of receivers for which each system
is optimal. The solid lines dividing the three areas axe the locus of-
points of equal cost. Superimposed upon this fiéure, Rathjens has shown
the optimal systems for varying population coverage in India, -Brazil,

and Ethiopia. With an assumption of one receiver per 1,000 people
the direct broadcast satellite is never an optimal choice in India.

ii;:é@;“;q,ﬁgf” ;.if, i Lug_”_,;  L :1;321§
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The terrestrial transmitter with microwave relay is optimal up to
the point of covering approximately 60Z of the population. For higher

coverage, the terrestrial transmitter with satellite relay system

becomes optimal.

Reception

The main components of reception costs include: recelvers and
related equipment such as antennas and cable; power supplies; and
printed support materials.

Receivers. There is a wide variety of recelivers available for
television and radio signals. In choosing a receiver, consideration
must be given to maintenance requirements, reception quality, énd power
requirements.

Receivers for radio are less expensive than television receivers.
Jamison with Bett (1973) use a figure of $10 per set for radio (AM
reception only) and $200 per set for a 23" black-and-white television
recelver.

Consumer Reports (1975) provided an interesting comparison of AM/FM
receivers in the range =% $25-$60 (1list price in the U.S. in 1975). This
comparison gives some indication of the relationship between initial

price, battery life, and three important design characteristics: tone
quality, sensitivity (abilitj to pick up a weak signal), and selectivity
(ability to receive a station wifhout interference from another station).
Sensitivity is importaﬂt, as a trade off exists between transmitter
power and receiver gsensitivity. In planning a project and attempting

to promote use of the program, it may ‘be desirable to use a transmitter
with higher power to induce the purchaae of lower-coat receivera with
lower sensitivity. Selectivity is important in areas with multiple
channel broadcasting on closely spaced frequencies. '

The general characteristics of the radio receivera tested by
Consumer Reports are: little variance in AM aenaitivity and increased
FM sensitivity, AM and FM selectivity, and tone quality with price. '
All models used four C-size batteries. The battery 1ife was.teated by
playing the radio for four hours per day at high vélumg'(chdicions
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that would be similar to classroom use). The batteries, which have a
replacement cost of approximately $1.00 for four batteries, lasted from
s8ix to twenty-four days.

Assuming a = 5-year life for radios, a $60 radio would have an
annual cost of $14.82 (at 7.57% interest). Annual costs for batteries
would be $12.00 assuming four hours per day for 240 days, a 20-day
battery life, and a replacement cost of $1. From the Fable IV.3, one can
gsee that a reduction in price will reduce some dimension of receiver
quality. The price of radios in this analysis is higher than the price
commonly used in analyses for developing countries, as these countries
often use sets which receive AM frequencies only. In choosing an
AM receiver, the same consideration should be given to battery life,
tone quality, selectivity and sensitivity as the comparison presented
in Table IV.3.

Television receivers can be expected to cost nearly ten times as
much as radio receivers. Bourret (1973) and Jamison with Bett (1973)
use figures of $200 for a 23" black and white television set. Hagerstown
(see Chapter IX) has been paying an average price of $150 per set. In ;
the Ivory Coast, the price has been approximately $320.  This. price ok
may reflect a discount from list prices. List prices are reported
for television receivers as for most other equipment. Retail discounts
of 10-20% are not uncommon and one might expect discounts on quantity
purchasing directly from manufacturers.

Factors that are of importance in choosing a television receiver
are picture size, set electronics, and maintenance. Sensitivity for
reception can be influenced by choice of antennas. Antennas have cost
approximately $320 in the Ivory Coast. Jamison with Bett (1973)
estimate a cost of $660 for an antenna, mount, amplifier, converter,
and cable. For the Stanford ITV project (see Chapter VIII ), costs
for the antenna, amplifier, frequency converter, and cable have
been $1,350. Costs are higher for the latter two examples as addi-
tional equipment is needed to amplify the signal and convert the signal

to frequencies used by standard television receivers. Prices vary

127 | _.
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TABLE IV.3
AM/FM RADIOS : PRICE, QUALITY, AND BATTERY LIFE

™ ™ AM AM .

Model Price® Sensi- Selec- Sensi- .Selec~
tivity tivity tivity tivity

Tone Battgry
Quality Life

Panasonic RF900  $60 VG G VG F G 17
Sony TFM7250W $45 G VG VG F-G F 6
Penneys 1860 $50 G F VG F G 10
Hitachi'KH1047H $50 F VG VG F-G P 20
Sears 22696 $25 P-F G VG F P 19
Magnavox RD3035  $45 F P-F ve G F 18
Juliette FPR1286 $40 P-F F G G P 18
Lloyds NN8296 $30 P-F F G F P 21
Lafayette 1702349L $28 P-F P-F VG F F 10
Soundesign 2298 $29 F P-F VG F P 24

Source: Consumer Reports, July, 1975, p. 438-439.

Key: P - Poor, F -~ Fair, G - Good, VG - Very Good.

818t price in 1975 U. S. Dollars
b.

Life (in days) of four C-type batteries when set is operated for
four hours per day at high volume
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with picture size. For example, Panasonic has the following list prices
for black and white, solid state receivers: $95--9-inch screen; $100--
12-inch screen; $150--16-inch screen; and $160—19-inch screen. These
are representative of industry prices.

The decision whether to use a set with a solid state circuit or

one with heavy reliance on tubes has important implications. At present
a tube set will cost approximately 30% less than an equivalently sized
solid state set. Through the use of printed, modular circuits, a

solid state set will Ye easier to maintain. In areas where alternatives
to mainline power must be sought, the fact that a solid state set réquires
607 of the power necessary to operate & tube set can be important. A
19~inch solid state set requires 54-60 watts whereas a tube set would
require 95-100 watts. However, a solid state set is much more sensitive
to fluctuations in line voltage. A solid state set, while requiring
less power and being more easily maintained, has a higher purchase price
and will require more expensive equipment for voltage regulation than a
tube set.

The power requirements could be substantially reduced by using a
set with a smaller picture tube. A 9-inch solid state set would require
only 32 watts. Panasonic produces a portable television recelver with
a 5-inch tube and an AM/FM radio for $200. The television and radio are
operated by a rechargeable 12-volt battery which has a life of SOO‘hours
and operates for 5.5 hours between charges. However, small tubes. are
totally unsuitable for regular classroom viewing.

Power sources. Many areas of developing countries receive no

electrical power from mainline sources. For these communities, alterna-
tive power sources must be found if television receivers are to be used.
Radio receivers are more readily availabie for battery operation. ' However,
if a power source is available, it is preferable to have adaptable:
receivers, as battery operétion tends to be expensive and'radioénhave

a low watt requirement. In the Ivory Coast, batteries used to provide
power for a simple television cost approximately $500 and last for

2,000 hours; this is about 60 times as expensive as mainline powér,

et
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clearly an expensive method of operating television receivers. Jamison
with Bett (1973) suggest the possibility of standardizing motor vehicle
batteries and using the vehicle to recharge batteries. ' '

There are several alternative power sources that may be considered
for providing power in local communities. Rao and Manjunath (1972)
investigated solar cells, thermoelectric ‘generators, fuel cells, wind
power generators, water pover generators, manual powver. generators,

animal power generators, electrical power lines, engine generators, andfuv

closed cycle vapor ::turbogenerators in an analysis of power sources. for
villages in India. They dismiss the first threelalternatives as -

impractical due to high cost, and the next four alternatiyes as (
impractical due to lack of reliability. Their cost. analysis is ::lié

concentrated on power lines, engine generators (gasoline, diesel, and

kerosene), and vapor :turbogenerators. .
Ayrom (1975) discussed chemical cells, solar cells, thermoelectric' ‘

generators, wind power generators, Vapor turbogenerators, and diesel :

generators for reception points in Iran. He concentrated his analysis

on vapor turbogeneratoxrs and diesel. generators, as- the other choices
were assumed to be impractical. _ T ,
Jamison with Bett (1973) analyzed costs of power derived from power—
lines, gasoline generators, wind power generators, manual power generators,
and animal power generators. : o = '. : _' e
Important factors in the choice of a power source are. powerlb
requirements, capital cost, life of source;,. maintenance expense.:and;j
reliability of power source. Different analyses have made different

Jamison with Bett (1973)xass ed:-115

air conditioning..
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radio receivers, a 5-watt radio receiver, a 1l0-watt front end converter,
and twelve l-watt disc players. They also considered 200 watts for a
minimum lighting package and 800 watts for an adequate lighting package.
It seems reasonable to assume that a need for 500 to 1,000 watts of
power might be expected. When local power-generating equipment is

used it may be desired to provide power for the receivers only;_ This
would significantly reduce the power requirement. '_ '

Capital costs vary greatly for different types of equipment.- For
generators delivering the same amount of power (3 kilowatts) Rao‘and
Manjunath estimated capital costs of $675 for a diesel'engine generator,
$400 for a kerosene engine generator, $475 for a gasoline engine |
generator, and approximately $3,000 for a turbo—engine generator.

Capital costs also vary by country. Ayrom (1975) estimated a capital
cost of $3,000 for a 2-5 kilowatt diesel generator and $lO¥l2;OOO for

a similarly powerful turbo-engine generator for Iran. - While‘turbo- _
generators have higher initial costs, Ayrom (1975) and'Rao andfﬂanjunath
(1972) claim substantially longer lives (20 years for a'turbOgenerator,
1 year for a gasoline generator), and lower maintenance (l/S‘of”thewl
maintenance required for diesel generators). B—_

Reliability of power source is determined by fuel availability for
gasoline, diesel, and kerosene engine generators. Pedal generators
depend upon availability of manpower. Wind is necessary for wind power
generators. The unreliability of wind in Iran and India eliminated this
alternative from discussion. For example, wind generators commonly need
winds of 20-25 miles per hour to reach full capacity. = -

A final important consideration is a means of storing power
developed by the. source. Carter (l975) reports on. the use of truck o
_ batteries for storage and estimates that lO fully charged batteries at ,
a cost of approximately $1,000 would deliver 65 kilowatt-hour?'of power .~_f;§
(enough power for a school for 4 to 5 days). The batterie use" ‘ f"pl
television receivers in the Ivory Coast store approximatel k;;?ﬁ?tt;:fjfi

hours .and cost $500.‘ However, to charge these batteries,l o
20-25 m.p.h. would have to occur ‘for 30 hours if one: were using the .ﬂ,, .
'4,500~watt Dunlite windmill,which costs over" $6 000 o S
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Table IV.4 provides a summary of costs and requirements of alterna-
tive power systems. The following information is provided in the table:
type of power source, capital cost, lifetime of equipment, maintenance
costs for 1,000 hours of operation, fuel costs per hour of operation,
and annual costs. Annual costs are derived by calculating annualized
values of capital equipment and assuming a need for 3,750 kilowatt-hours
per year (1.5 kilowatts, 10 hours per day, for 250 days). "

From Table IV.4, the best choice would appear to be turbogenerators
when more than 3 miles of power line are necessary (assuming a cost of
$.05 per kilowatt-hour for powerline electricity). Turbogenerators have
longer lives and require less maintenance than alternative generator
sources. An additiOnal-advantage to the turbogenerators is that any
type of liquefied petroleum—-based fuel may be used. Using diesel fuel, -
assuming the use of a 1,000-gallon storage tank (a one-year fuel aupply),
and adding installation costs of $1,000 (annualized over a 2-year period),
the turbo-generator would cost approximately $1,100 per year.v The wind
generator would be cheaper but potentially unreliable in some'areas.

The power costs have been estimated for a very high utilization rate
of 2,500 hours per year and 1.5 kilowatts per hour. A more‘realistic
estimate may be to assume a 7-hour day, 200-day school year for a total
of 1,400 hours. Energy demands may be for only .5 or 1. 0 kilowatts per .
hour. Table IV.5 gives annual costs for a few .of the power sources for
different demand requirements. Assuming that the placement of a:powerline L
is unfeasible, the turbogenerator remains the optimal choice"for.local
power generation. The costs range from $800 for a loy ntilization of
500 watts per hour for 1,400 hours per year to $1,100:for_l;500 watts

per hour for 2,500 hours per year. - _ : )
Printed material. An important fraction of the cost of instructional B

radio or television systems can be in the provision of the accompanying
printed material. Estimates of the cost of. printing a high—quality
hardbound book and work—book quality material are provided* We stress fw
that the estimates in this section are for the purpose of etting a
general picture of what costs are possible, analysia for ,»y’particuiar
country would need to look in detail at local costs and opportunities.tpij-
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TABLE IV.4 (continued)

8puel costs are assumed to equal $1.00 per gallon for gasoline and
$.75 per gallon for diesel fuel. The vapor turbogenerator is assumed
to be as expensive to operate as the diesel engine. These approximate'
relationships in fuel'prices are drawm’ from Rao. and Majunath (1972). i
Honda engines use one~half gallon per™ 90 minutes.at peak conditions. N
Diesel engines'are assumed to have 1.5 times’ the fuel efficiency of SR
gasoline engines.- e

bAnn.ual costs  are calculated by determining ‘the appropriate number of
units necessary to-produce the.required power of 1.5 kilowatt: hours for
2,500. hours of operation each year. For -example, 2: Honda ‘800 engines
would ‘be used for 2 years and operated’ at full power. At 7.5% the annual~-
ized cost 1s $278.50. Maintenince for the year is added’ and 15 equal to"
2.5 times the maintenance for 1,000 hours. -Fuel costs are giVen ‘per hour .
for peak output.” A linear relationship is.assumed’.betWeen power output :
and fuel consumption. For example, to"provide 1.5 kilowatts" per hour, .
a Honda 2,000 would need to.be operated.at only .75 of- its capacity and
hence - full coats would ‘drop to .525 per’ hour. ‘

CHonda  generators need a minor tuneup eVery 100 h0urs (assumed to’
cost $10 for all units) and a major tuneup every l 000 hours (assumed to
be 10% of initial investment) o S

dDiesel engines are. assumed to .be 1.5 times as - expensive as gasoline
. engines for the same power output.’ This is-the approximate price ratio
for much larger’ engines produced by Ford -Motor. Co. The diesel engines
are assumed to have a longer life than gasoline engines. ‘and ‘require a
major tuneup every 1,000 hours. The engine is more complicated_and the

. tuneup is assumed to he 15% of initial purchase price.” . f ,

eUsing Ayrom 8 (1975) estimates for the relationship etween diesel
.engines and. turbo engines, .the turbo engine 18 assumed  to: st”four times i
'as much as a ‘diesel; require 1/5 the maintenance of_the' : [
an average life of 20 years.: The turbogenerators ma use an ype of L
liquefied fuel’ including gasoline, kerosene," diesel,, opane; - and butane..
As diesel fuel is usually the cheapest available, this % ‘be used
far the calculation. _ i
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TABLE IV.5
ANNUAL POWER SOURCE COSTS AND UTILIZATION RATE

‘Total Instructional Hours

1400 : 2500
Energy demand per hour Energy demand per hour
(in kilowatts) (in kilowatts)
0.5 1.0 1.5 0.5 1.0 1.5
Gasoline? $715 $837 $959 $992 $1210 $1430
Diesel® $722  $783  $844  $984  $1093  $1204
Turbogenerator® $625  $686  $747 $716 $825  $934
Powerline? $70  $140  $210 $125 $250  $375

($.10 per kw/hour)

%Annual costs exclude a 1000-gallon . storage tank costing $800, with a
20-year life and installation and construction costs of $1000. Costs. :
" should be increased by $180 per year for each of these alte:ngtivgs.

b

Powerline installation costs: must be added at $300.per‘miiéﬂper.year._
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The book costs we present are those for production in Taipei, Republic
of China, and probably reflect the minimum feasible costs.

Table IV.6 provides a detailed breakdown of the cost of producing
a high quality 500-page hardbound book in Taipei and of shipping the
book 4,000 miles. The costs are recent (late 1972) estimates from a
printer in Taipei, and include his profits. The costs do not include
typesetting, and assume that the material to be printed is in a form
suitable for photo-reproduction. It should be kept in mind that these
set up costs can be significant for small runs. Production in quantities
of 1,500 results in a price of less than $160 per copy'or $.0031 per
page. The authors have handled books produced by this printer at the
quoted price and the quality is high indeed. One of the authors
purchased a lower quality 2-volume set (totaling 1,800 pages) at a
bookstore in Taipei several yéars ago at a per-page cost of $.0014.
It should be stressed that at a production level of 1,500 copies most
economies of scale have been realized; the price per copy would drop
only about 2% if the production level were doubled to 3,000 copies.

The price per page is, hdwever; rather sénsitive to fﬁe number of
pages per volume because of relatively large fixed binding and handliag:
charges. From information in Table IV.6 we can derive the following
approximate cost equation for the cost, Cv » of a volume having P
pages (with P between 250 and 750). Costs are expressed in U.S.
dollars, and are increased 25% from what the table would indicate,
to account for probable cost changes since that time.

IV.6 CV(P) = .94 + .00125 P .

The cost per page, Cp » is simply Cvﬂ?)/P ; for a 250-page volume ‘Cp
is $.005 and for a 750 page volume Cp is $.0025.
We have less up to date information available concerning the price ,;g
of workbooks. M. Jamison (1966, pp. 76-80) surveyed printing costs at A
that time and concluded that a 250~page paperbound workbook wi;h.8:1/2"
bi 11" pages would cost less than $.00167 per page. This is apprdiimately
40% of the cost estimated above for a uizh quality hardback of eq§a1 1engtﬁJ
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TABLE IV.6

COST OF BOOK PRODUCTION IN TAIPEI, REPUBLIC OF CHINAZ

Item Comment
1. Quantity: 1,500 copies
2, Number of pages: 500 pages
3. Size: 6" x 9" (Thickness about 1-1/2")
4., Cost of Printing By photo-offset, printed in black and white
and Paper: Paper - 80 1b. woodfree
$041.02 per ream
$041.02 x 40 reams = $690
$0.001 .per page
$0.001 x 500 pages = $.50 per copy
5. Binding: Sewn in cloth: bound
- $.425 per copy
6. Book Dust Jacket:: $.05 per copy (optional)
7. Plastic Waterproof
Packing Bag: $.05 per copy (optional)
8. Factory Price: b +5+6+7
$.50 + $.425 + $.05 + $.05 = $1.025 per copy
$1.025 x 1,500 copies = $1,537.50.
9. Packing: Packed in export .standard carton boies
Each.carton -contains 20 copies
$.50 per carton or equivalently $.025.per copy.
10. Freight:- $.0625. per copy from Tiiwan to U.S. West Coast.
‘11. Miscellaneous: Inland- transportation, custom broker, loading
: charges, insurance, and handling charges, .etc.
$.0875 .per copy.
12, Total Price: 8+9+10+ 11

$1.025 + §. 025 +$ 0625 + $.0875 = $1 2 .per copy.

8Source: Price quotations from a Taipei printer, 1972.
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This $.00167 was estimated on what the author felt to be conservative
assumptions, and he cites a study by Wilson, Spaulding, and Smith (1963)
that concluded that there exist abundant, now wasted, raw materials
for paper in developiné countries that could be used as inputs to the
production of very low-cost workbooks. . |

As a comparison to these estimates the cost per printed page for
the television system in Korea (see Chapter X) _appears - to be $.0021
per page with run sizes in the tens of thousands. This cost is lower
than our estimates in Table IV.S.

3. COST FUNCTION EXAMPLES

In the first section of this chapter, a general cost functioﬁ.for
educational technology systems was specified. The second section was
concerned with cost estimates for many of the variables in the equation
with costs drawn from project experiences and planning studies. 1In
this section, the cost function is combined with the data, and examples
are presented for a radio and a television system. The examples are
meant to be realistic, although a more careful cost analysis for a
specific situation may reveal differences.

The estimates of costs for the determining variable of the cost
function are'reported in Table IV.7. The cost function.equations are
repeated'for convenience. The reader should refer to Table IV.1l for -
variable definitions. |

Iv.1 'rc-cc+cp+cT+cR.

IV.2 Cc = a(r, n) CSU + CcA .

Iv.3  C,=a(rm) [a(r, nyp) Gop + a (r, ngp) cpr * Gyl -

IV.4 CT = a(r, nTE) CTE + a (r,nTF) C IA .
IV.5 CR - a(r,nR) N/ Rt a (r,n ) SCRE + a (r, nRF) oc
+a(r,n)eSC +(1-e)hcp+ehc'+hcm+a(r,nb)Nbi

&1338




-127-

TABLE IV.7
EXAMPLE VALUES OF COST COMPONENTS

Variable Assumed Value Assumed Value
for Radio for Television

N (number of students) 200,000 200,000

n? (total hours of programming) 500 500

G (area of region) 31,400 sq.mi. 31,400 sq.mi.

: (100 mi. radius) .

bP (printed pages per student) 200 150

k¢ (students per receiver) 70 70

e (fraction non-electrified) - .50

sd (aumber of reception sites) 1,430 1,430

Coge (start up costs) $300,000 $300,000

cCAf' (annual central admin- $6Q,000 $80,000
istration cost)

Cpp8 (production facility ' $230,000 - $2,316,000
capital cost)

C,-h (production equipment $160,000 $1,571,428

PE

capital cost)

Cpal (annual production $320,000 $540,000
cost)

Cpgd (transmission equipment $480,000 $1,570,000
capital cost)

Copk (transmission facility $25,500 $26,000
capital cost) '

CTA; (annual transmission cost) $68,000 $177,000

Cpm (receiver capital cost) $20 $200

CREn (receiver-related - $320
equipment capital cost)

'CRF° {reception facility $40 $1,100

capital cost)




Variable

Bpg» Brp»
ORE’ pe

TABLE IV.7 (continued)

(power generating equip-
ment capital cost)

(hourly cost of power
from power line)

(houriy cost of power
from power—generating
equipment or batteries)

(hourly receiver
maintenance cost)

(printed page cost)
(lifetime of project &
production, transmission
& reception facilities)

(1ifetime of programs
and books)

(lifetime of receiver)
(lifetime of production,
transmission, recelver-

related and power
generating equipment)

(interest rate)

Assumed Value

for Radio

$.025
$4
$.005

20

10

7.5%

Assumed Value ‘
for Television

$3,300
$.05

$.186

$40
$.005

20

10

7.5%

See next page for footnotes




-129-

TABLE IV.7 (continued)

aProgramming is assumed to be provided for 10%Z of the total instructional
time of 1,260 hours (35 hours per week for 36 weeks) for students in
four different grades.

bRadio is assumed to require more printed materials in conjunction with

broadcasts than television, due to the lack of the visual channel.
CEach receiver may be used by 2 classes with an average class size of 35.

dIt is assumed that there is only one class for each of four grades at
each reception site.

®Start up costs are expected to be the same for both types of systems.
The cost includes basic project planning, feasibility study, amd cost
analysis costs. The start up costs were $335,000 in Nicaragua. Thege
costs were probably unusually high because of the unusual nature of the
project (primary school mathematics via radio with 40-50 student res-
ponses per 20-minute lesson).

fProject central administration is costing $60,000 in Nicaragua for
radio and $80,000 in the Ivory Coast for television.

8The production expenses are based upon El Salvador, which has been
veraging approximately $2,900 per hour for television broadcasting.

iRadio production expenses are based upon the recurrent expenses for
Nicaragua and an estimate of equipment expenses, which are 10%Z of
those required for television. Schramm (1967) estimates a cost of
$250 per hour for radio in Thailand and the 10% assumption will keep
the relative estimates for production costs similar to project
experiences.

Mayo, McAnany and Klees (1973) report that a transmission system to
cover 100,000 sq. mi. for television in Mexico would cost $2,100,000.
Butman (1972) estimates that under the best circumstances transmission
for television would cost $35 per square mile. A figure of $50 per
square mile is used. The VERTA project in the Philippines (Bourret,
1973) spent $20,000 for a 5 kilowatt transmitter and $20,000 for a
10 gain antenna capable of covering a 50-mile radius. Radio trans-
mission costs are based upon the General Learning Corp. (1968) study.
Costs are approximately 1/3 of the costs of television. This is
fairly typical even at lower power ratings. For example, Jamison
with Bett (1973) quote prices of $2,500 for a 1l0-watt FM transmitter
and $5,000 for a 5-watt television transmitter.

kFacility expenses include a building for transmission equipment

assumed to be 500 sq. ft. at $50 per sq. ft. and installation
expenses of $500 for radio and $1,000 for televisiom.
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TABLE IV.7 (continued)

1Annual expenses are assumed to include 10% of equipment investment for
maintenance expenses and salaries of $20,000 for four engineers and
technicians.

‘Higher prices are assumed to insure good quality receivers. It is
possible that these values should be $10 for radio receivers (Jamison
with Bett, 1973) and $150 for television receivers (list price for
receivers in the United States).

URadio receivers do not usually need any antennas. The figure for
television receivers is derived from the expenditure in the Ivory
Coast.

%Building modifications are assumed to cost $20 per classroom for
radio and require $150 per classroom for television (including a
stand) and $800 for installation. These estimates are derived from
Jamison with Bett (1973).

PNo electrical power equipment 1s necessary for the radio system.
For the television system, an 800-watt vapor turbo-generator costing
$1,500 is assumed to be used. This would be ample power to provide
electricity for two sets as the watt requirement per set is only 60.
THe extra power could be used for lighting. A 1,000-gallon. storage
tank would cost $800 and an additiomal $1,000 is assumed for installa-
tion.

qMainline power is assumed to cost $.10 per kilowatt hour (Jamison with
Bett, 1973, use $.06 and the cost in the Ivory Coast, 18

approximately $.11). The power requirement is assumed to be 500 watts
.per hour of operation.

TBatteries for radio are assumed to have a 40~hour life and cost $1.00
to replace. The hourly operation for the. television system includes
maintenance at $.011 per hour and diesel fuel at .175 per hour.

sMaintenance for receivers is assumed to cost 10%Z of total purchase
price. There are two receivers at each reception point.

tThis number is based upon the printing costs previously discussed.
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The costs are then as follows:

Cozt Element Raddio Television

C. $ 89,400 $ 109,400
Cp $140,870 $ 383,617
Cp $140,579 $ 408,768
Cx $102,465 $ 821,742
TC $473,314 . $1,723,527
TC/N $2.36 $8.61

TC/ {208 $ .0188 $ .0684

The costs for a television system serving 200,000 students for 120
hours per student are 3.65 times.higher than costs for radio serving a
similar group. ‘

The total cost function can be put in the simple format of
TC = F + VﬁN + th.. Assuming gentral costs to.be fixed; production,
transmission, and reception power hourly cost to vary with the number
of hours; and reception costs with the exception of hourly power costs

to vary with the number of students, we have the following equations:

Radio: TC = $ 89,400 + 562.89 h + .51 N .
Television: TC = $109,400 + 1,584.88 h + 4.10 N .

The parameters of these hypothetical equations fall within the range of
values obtained in the cases summarized in Chapter III. '

PR
Ry A
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PART THREE

CASE STUDIES

In Part One of this report we discussed several methodological
approaches to cost analysis and their problems, and in Part Two we
applied this methodology to an examination of ongoing instructional
radio and television projects and to planning such projects in the
future. Here, I(n Part Three, we present detailed cése studies of two
instructional radio projects (in Nicaragua ahd Mexico) and five instruc-
tional televisicn projects (in E1 Salvador, The Uhifed States, Korea,
and Mexico), with a strong emphasis on a cost analysis of these projects.
In all but one of the cases (El Salvador, where the cost data was
gathered by Speagle (1972)), one or more of the authors has had first-
hand exposure to the project and has gathered the cost data. An
effort has been made to structure the cost analyses of the projects
so that they are in as comparable a format as possible. In addition
to an analysis and discussion of project costs, eéch case includes
general information describing the system and its operation, as well
as a review of any evaluations of the system's effectiveness that are
available. Where possible we compare the costs and effectiveness of
the instructional radio or instructional television system with those
of the existing traditional educational system. .

The general approach taken 1s the same as described in the
introductory remarks to Chapter III and we repeat those remarks here
for the convenlence of the reader. All of the projects studied have
been underway long enough to provide ongoing cost information. . In .
all cases, however, the analysis 1is based on data subject’to substantial

error, and our divisions of costs into various categories 1is sometimes
based on incomplete information and hence may'be.somewhat arBitrary.
The reader should view our conclusions as approximatiogs.‘v

To put the costs into a form that permits the projects to be
compared with one another, we have done four th:l.ngé. First, we vconverted
all costs into 1972 U. S. dollars by converting from the‘fqtéign currency
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to U. S. currency at the exchange rate prevailing at the time the infor-
mation was gathered, then used the U. S. GNP deflator to convert to 1972
dollars (see Appendix A for the exchange rates and deflators used).
Due to differing relative prices in different countries and exchange
rate rigidities, there may be distortions introduced by this piucedure
(see Vaizey et al., 1972, Chapters 15 and 16). Second,>We use the
same interest rates (social rate of discount) to evaluate each project.
To allow examination of the sensitivity of the conclusions to the rates _
chosen, we use three values for the interest rate--0, 7,52, and 157
per year.1 Third, we have attempted to include and exclude the same
items in each cost analysis. We include central administration costs,
program production costs, transmission costs and reception costs. We
exclude the costs of teacher retraining'and printed material. Fourth,
we have assumed common capital lifetimes for all projects--20 years for
. '‘buildings and start up costs, 10 years for transmission and studio
equipment, and 5 years for receivers.

For each project examined we derive an annualized cost function
of the linear form presented in equation I.2 in Chapter I; that is, we
assume there to be a fixed cost, F , a variable cost per student,
Vﬁ » and a variable cost per programming hour, Vh » 80 that total cost,
TC(N, h) = F + Vﬁ N + Vh h , where N d1s the number of students using
the system and h 1s the number of programming hours provided in any
particular year.2 This simplified formulation takes gg_ggxgg_the other

lwe have included an interest rate of zero only to show the
significant difference in estimated costs due to not discounting the
future; using r = 0 1s not a sensible alternative in evaluating
project costs.

2To be more precise, some costs may vary with the number of .
programming hours produced in any year, other costs may: vary .with the
number of hours broadcast, while still others may vary with the number
of hours of instructional lessons a class receives. (see the discussion
in Chapter IV); the cost analysis of ongoing projects presented here '
is not this detailed and thus h will usually refer to the second
definition, the number of hours broadcast. This yields ‘a slightly
inaccurate cost representation, but it should be recognized ‘that each
definition of h is probably roughly in - proportion to the other two,
and thus the estimated costs are reasonably accurate. c

14§
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cost determining system variable particular to each system, such as the
number of grade levels served, the geggraphical area covered, the
fraction of receivers located in electrified areas, the quality of
program production, the average class size. In a few cases we
examine system costs as assumed changes in these variables occur. To
the extent that we would want to know in detail the sensitivity of a
project's costs to changes in the present configuration of these types
of variables, more complex cost functions would have had to be estimated,
such as those that will be described in Chapter IV for project planning
uses.

To obtain the values for F, V., and V,

h
cost into one of six categories: fixed, capital; fixed, recurrent;

, we allocated each

variable by student, capital; variable by student, recurrent; variable

by hour, capital; and variable by hour; recurrent. Capital costs were
then annualized using equation I.3 of Chapter I, and the cost function
was constructed by letting F equal the sum of all fixed cost components,
VN equal the.sum of all variable by student cost components, and Vh
equal the sum of all variable by hour cost components.

_It should be noted that in some of the cost analyses that follow,
the value F 18 quite low or even zero, as most instructional television
and instructional radio system costs are assumed to vary with N and
h . More specifically, most production and transmission costs are
assumed to vary with h while most reception costs are assumed to
vary with N . It is usually only central administration and start up
costs (when an estimate of these is available) that are assumed,fixed,
and sometimes even these may vary with bN and h . This asaumpticn is
somewhat simplistic, but nevertheless, probably reflects the long run

plcture reasonably accurately; in the short rum, for marginal expansion

decisions, there may be sufficient excess capacity to increase N or

h without increasing all related component costs. Hnwever, as the
system expands, the excess capacity falls to zero, and all relevant
gystem components need to be increased to allow further expansion (of
N.or h , for example). Thus the linear function that will be estimated
is probably an approximation to what more realistically can be expected '
to be a step function, which increases in discrete increments as N

i“
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and h expand to fill the excess system capacity at successive points
in time. -

In addition to the cost function estimation, three other pieces
of cost information will be presented when possible. First, the average
cost per student (ACN) for a pgrticular year ofvthe project will be
derived from the cost function. Second, this figure will be compared
to the variable cost per student, Vﬁ , to form a ratio, ACN/Vﬁ . This
ratio is presented to give the reader a rough°idea of the extent to
which the system discussed has achieved the economies of scale available
in most instructional television and instructional radio systems in
their operations for the particular year in question. ACN/Vﬁ approaches
unity as the system expands the number of students included, other
things being equal. When A.CN/VN is large, it indicates that if the
system were to increase the number of students enrolled, average costs
per student could be decreased substantially by enrollment expansion.
Since there is no theoretical upper bound on the ratio ACN/Vﬁ , it is
somewhat difficult to evaluate what it means for a given ratio to be
'large', but an idea can be gained from examining this figure for

‘different projects. Third, we also present average cost per student

hour of each project, which is probably one of the better measures for

comparison between systems, since it takes account of both N and h .
When sufficient information is available, namely, the time structure

of expenditures and student usage, we present selected estimates of the

average costs per studen; from year 1 to fear h | (Acij) ’ g‘coﬁcept that

was developed in Section 4 of Chapter I. As discussed in Chapter III,

we believe the Acij's form a much better summary measure 6f project

. costs than that derived from the cost function estimations. Finally,

discussion of the alternatives for system expansion and-conéiderations

of system finance are presented if the relevant data gre availabie.
Chapters V and VI analyze instructional radio projects in Niharagua

and Mexico, respectively. Instruétional television projects are examined’

for E1 Salvador in Chapter VII, for Stanford,‘California'iﬁ Chapter VIII,

for Hagerstown, Maryland in Chapter IX, for Korea in Chapter X, and

for Mexico in Chapter XI. ) | ' | '
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CHAPTER V

THE NICARAGUAN RADIO MATHEMATICS PROJECT

The central focus of this chapter is to provide an early assessment
of what the costs of the Nicaraguan Radio Mathematics (RM?) have
been and can be expected to be. Much firmer evidence is presently
available for programming costs than for implementation.costs. )
Section 2 of this chapter summarizes the cost elements of the broject--'
central project casts, prégram-production costs, transmission.costs, }
and reception zite costs--then presents a cost fuﬁction’forﬂtﬁeiproject
and average costs based on that cost function. Section 3 diséusses'

the resultz of the cost analysis, with some of their implic-ati_',\s;ge
1. THE SYSTEM

In e2xly 1975 a group of AID sponsored researchers and mathematics
curriculuﬁ speclalists began working with Nicaraguan counterparts in
Masaya, Nicaragua, on radio programs to'teachvelemeﬁta:y s¢hqol
mathematics. The Radio Mathematics Project (RMP) is now completing
its first year and is reaching approximately 600 first grade students
on an experimental basis. During 1976 programming will be extended
through the second grade, and a caréfully controlled evaluationbof
a large-scale implementation of the first grade curriculum will. be
undertaken. Present plans call for continued expaﬁsion of curriculum.
curriculum throughout Nicaragua. Searle, Friend, and'Suppesv(;975)
discuss in detail the RMP's activities and future plans.

2. SYSTEM COSTS

In this section we identify the cost‘cqmponegfs'for_thé{RMP”
and construct from them cost functi&ns fér_therptéjggt{vzTﬁéjéygts‘
fall into four categories--centrai‘projécﬁ, pfdgfém ﬁ:éﬁéﬁﬁfﬁﬁﬁ,;3~
transmigsion, and reception site--and we fi:stiptesgng;@#ﬁqtqétipn
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on those hasic costs; as the project is in its early stages, some of

these costs, particularly those dealing with reception, are estimated
rather than observed. The project relies more heavily than do most

on expatriate technical assistance, and for this reason'programming
costs in particular are relatively high. We thus also‘briefly discuss ‘
the cost implications of lower levels of expatriate technical assistance -
in the future. |

Central Project Costs

We divide our central project costs into three major categories—-
start up, administration, and research.

The RMP commenced rardio program production in Massya, Nicaragua,
in February, 1975; costs incurred prior to that time were for project
planning, personnel moving, and settling in to facilities. We thus
treat those costs incurred prior to February, 1975, as being start
up costs that should be annualized over the lifetime of the project.
Table V.l shows start up costs incurred at Stanford University and in
Masaya. T

The next aspect of central project costs is that dealing with
administration. For many of the staff involved it is difficult to
separate precisely their project administration efforts from'other
functions; at Stanford the other function is principally research,
in Masaya it is principally radio program production. The estimates
of time aliocation that we use are, then, simply the hest estimates
of the project staff. Table V.2 summarizes annual project administra-

tion costs based on these best estimates; the total is approximately
$47 000 per year. : _

The final category of central project costs 1is general research
which 18 a major purpose of the project. The research costs listed
here do not include formative research for program deVelopment, those -
costs appear with other program development costs.p Table V.3 shows ’ fﬁ
annual expenditures on research at the present time (1975) these o
costs may be expected to decline as the project becomes‘operatiohel.'ri[:
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TABLE V.1

START UP COSTS (THROUGH FEBRUARY 1975)

I.

II.

IIT.

Start up Cost of Project at Stanford:

$46,255

Salaries

Staff benefits 7,864
Travel in USA 5,745
Computer at Stanford® 19,553
Consulting 1,920
Equipment and supplies 3,066
Indirect costs _ 39,670

Subtotal '

Start up Cost of Project in Nicaragua:
salaries®’P T §23,626
Benefits 4,016
Travel 6,716
Moving cost (household . '

and car) 16,131
Allowances® 19,444
Consulting 720
Expendable suppliesd 19,002
Equipmente o 18,715
Indirect costs . ) .33 171;

Subtotal-

Start up Cost Totals
1. Total Start op cost
2. Annualized start up cost .
‘(over : 20-year project 1ifetime)
at. oz discount rate ,
at 7.5% discount rate

at 152 discount rate_ﬂnﬁ fﬁf

a.
.'b'. :

‘c.'

$124,073

$141 542"

'-.‘fszs‘s;fcﬁzbb’




TABLE V.1 (continued)

" %The computer was used for the production of reports, but for
esgsentially nothing else during this period.
‘ PSalaries are for expatriate staff.

_ CAllowances include housing allowance, post differential
allowance, and children's education allowance.

dExpendable Supplies breaks down as follows:

Office supplies $2,906 -

Books 616

Postage and freight 4,868 : :

Minor equipment 3,299 (tape recorders, etc.)
Nicaragua expenses 7,311 . o

. ®The equipment includes four cars, a mimeograph machine, an
electfonic scanner for making stencils, and a calculator with
statistical functioans. S

Aruitoxt provided by Eic:
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TABLE V.2

PROJECT ADMINISTRATION COSTS2

I. Annual Costs of Project Administration at Stanford (all
figures given include direct and all indirect costs)

Principal Investigator - 6% of full time $ 2,480 .
Project Manager - 50% of full time ° 11,680
Secretary - 50% of full time 5,600
Administrative services - 15% of full time

(covered by indirect costs) 0
University functions -~ purchasing, shipping

accounting (covered by indirect costs) 0
Telephone, office supplies, etc. 3,520
Computer time ' : 3,680
Travel to Nicaragua for administrative

purposes (25%Z of four trips) 1,120

Subtotal $28,080

II. Annual Costs of Project Administration in Nicaragua

Expatriate Advisor - 337 of full time $12,160
Nicaraguan Project Director - 50%Z of
full time 4,000
Secretary (bilingual) - 100% of full time 2,800
Swbtotal $18,960
III. Total Annumal Costs of Project Administration $47,040

8costs incurred in cordobas.are exchanged into U.S. dollars at
the rate of 7 cordobas per dollar.

bIndirect costs at Stanford University are47% of base costs.
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TABLE V.3

RESEARCH cOSTS?

Annual Amount

Principal Investigator - 17% of full time $ 7,360
Project Manager - 507 of full time : 11,680
Statistician - 507 of full time " 5,760
Programmer ~ 100Z of full time 14,880
Two graduate student asgsistants 8,640
Consultants ' 4,720
Telephone, office supplies | 1,440
Computer time -~ 90% of computer charges 32,800
Travel to Nicaragua (7 trips per year) . 7,680
TOTAL ' $94,960

311 figures include indirect costs of 47%.
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Program Production Costs

The RMP 1s currently producing programs at a rate of about
150 30-minute programs per year. The first year of program production
(CY 1975) 1is being devoted to programs for grade 1} the second yéar
will be devoted to revision of grade 1 programs and initial preparation
of grade 2 programs. Thus a single year's activity will iavolve
both produétion of a set of about 150 programs and the revision of
an earlier set of 150; the output of a year’s.effort can thus be
considered to be a produced and revised set of programs. Production
here includes all steps required to plan, prepare, and put on tape
the radio script as well as preparation of the student workbook materials
and the teacher's guide. )

Table V.4 summarizes the cost of preparing 150 lessons; the
total is $128,000. This yields a cost of $856 per 30-minute
lesson or $1,712 per hour of produced material. This 1is far higher
than previous costs of production of instructional radio in developing
countries,1 which results from a number of factors. First, and
relatively unimportant, this figure includes cost of preparation
of workbooks and teacher guides. Second, preparation of programs
requiring frequent student response (40 to 50 responses per 30-minute
lesson) is probably intrinsically costl}. Third, careful formative
evaluation is costly. Fourth, much of the cost is for expatriate
‘technical assistance, the presence of which more than doubles the
cost of production over what it would be if the same volume of
production were achieved by Nicaraguan nationals. (If expatriates
were replaced by nationals, the $128,000 annual coét in Table V.4
would drop to $56,800; this would reduce the cost per lesson to $376.)

e —— - et e e o e, —— on. . hrt s - S

1Chap£er IV reported production costs for instructional radio of
"7 'about $130 per hour in Korea and in Mexico; Schramm (1973, p. 215)
reports that the NHK was spending about $460 (inflation adjusted) in
1971. The cost per hour of television production is dbout $500 in
Mexico, $1,150 in El Salvador and $2,550 in Korea.

. e a e e e e o +s
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TABLE V.4

COSTS OF PREPARING 150 RADIO LESSONS

Item Cost per year

1. Recording Costs $ 10,080
Studio- time at $11/lesson
Artists and technicians at $34/lesson
Director at $22/lesson

2. Scriptwriting 32,960
2 full time equivalent Nicaraguans at $344/mo. each
1 full time equivalent expatriate at $2,400/mo.

3. Curriculum Design 12,960 -
1/2 full time equivalent Nicaraguan at $456/mo.
1/3 full time equivalent expatriate at $2,960/mo.
1/2 full time equivalent secretary at $208/mo.

4. Artist for Design and Preparation of Student Workbooks 2,800

1 full time equivalent at $232/mo.

5. Preparation of Teacher's Guides - 2,400
1/2 full time equivalent writer at $400/mo.

6. Management ' - 15,760

1/2 full time equivalent Nicaraguan at $464/mo.
1/3 full time equivalent expatriate at $2,960/mo.
1/2 full time equivalent secretary at $208/mo.

7. Formative Eveluation | 15,760

1 full time equivalent Nicaraguan at$344/mo.
1 full time equivalent expatriate at $2,560/mo.
Data processing costs at $800/mo.
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TABLE V.4 (continued)

Item ' Cost per year
8. Support and Facilities $ 6,560
Rent $232/mo.
Utilities 72/mo.
Maid _ " 48/mo. .
Guard : " 72/mo.
Transportation (exclusive 120/mo.

vehicle purchase)
TOTAL COST , $128,000

TOTAL COST PER LESSON $ . 856

156 -
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Assuming a 10-year lifetime for a completed and revised lessonm,
the annualized cost of having a lesson available (assuming an $856
initial cost) is $86 if one assumes a O discount rate, $128 if
one assumes a 7.5% discount rate, and $170 if one assumes a 15%

discount rate.

Transmission Costs

Our estimate of transmission costs is based on the tariff of
Radio Corporacion, a private broadcasting station whose transmitter
covers all of Nicaragua. Their charge per 26-minute slot between
5:00 a.m. and 9:00 a.m. is $11.60; between 9:15 a.m. and 11:45 a.m.
it drops'to $9.20. There is a 10%Z discount for a one year contract,
which would be advantageous for the RMP if such contracts allowed
for less frequent than daily use. For subséquent calculations we

assume a cost of $12.80 to broadcast a 30-minute lesson.

Reception Site Costs

The present (1975) recéption sites utilize cassette players
because the small number of sites in the first developmentai year
fails to justify use of broadcasting. Current reception costs are
thus little guide to future ones, and the costs presented below simply
reflect present project estimates. The cost estimates we present
attempt to include all elements of cost associated with operational
introduction of the RMP, including teacher training costs, supervision
costs, and printed material costs. -

Table V.5 categorizes reception site costs estimates into three
parts. The first part.consists of costs common to an entire school,
in this case supervision costs; assuming three participating classes
per school and 35 students per class, supervision costs‘cpme to $.59
per student per year. This number is, of course, highly sensitive
to the number of supervisor visits per school per year, and it will
be important, as the project progresses, to ascertain what an

adequate minimum number is. The second cost category consists of

157"
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TABLE V.5

RECEPTION SITE COSTS (PER 150 LESSONS)

I.

II.

III.

Iv.

Costs Common to Entire School

Supervisor visits (S is number of supervisor
visits per school per academic year; assumed
cost per visit 1s 1 day of supervisor time

at $8.80 plus transportation at $1.60). We

assume S = 6.

Costs Common to Classroom
1. Radio set at $40 with 5~year lifetime

a. Annualized cost at 0Z = § S/yr.
b. Annualized cost at 7.5% = $10/yr.
c¢. Annualized cost at 157 = $12/yr.

(table uses 7.5% discount rate)
2. Batteries?
3. Teacher's Guide (200 pp.)

4. Teacher training (10 hours per year
at $1.60/hr.)
Costs Individual to Student

1. Blank paper (0 -~ 1/2 pages per
lesson; assume 40 pages per year
at 1/4¢ per page)

2. Workbook (1/2 to 1 page per lesson;
assume 150 pages @ 1¢ per page.

3. Miscellaneous Supplies

Cost Summary (Full Program Cost Assumption)

Assume: 1) 3 participating classrooms
per school

2) 35 students per class

$10.00

4.00

.80

16.00:

.08

1.50

.32 :

$62.00

30.00

1.60
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TABLE V.5 (continued)

Per-student reception cost is

. or

or

V. Cost Summary (Alternative Program Cost)

1. Teacher's Guide and training costs not
imputed to radio: e

Per student reception cost is
2. Student workbook is replaced by
additional 110 pages per year of
blank paper:
Per student cost is
3. Both 1 and 2 above:

Per.student cost is

$3.06/yz.
$ .02 /lesson
$ .04 /hour

$2.58/yrv

$2.09/yr.

$1.61/yx.

2This assumes an éverage of 10 hours of playing lifelﬁér battery -
costing $.28; these battery lifetimes are within the range of those
cited in a recent Consumer Reports survey (v. 40, July 1975, pp.

436-439).
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those costs common to a classroom; these costs are estimated to be
$30 per classroom per year or $.87 per student. A total of $26

out of the $30 classroom costs 1s for teacher training and the radio
set, neither of which would increase with a moderate Increase in the
number of curriculums broadcast. Possibilities for savings here
include sharing of radio sets among classrooms, providing teacher
treining less frequently than annually, of undertaking teacher
training by radio. The third category of costs is for materials;
these are estimated to cost $1.60 per student per year. Utilizing
less than one page per day of workbook material would result in
substantial cost savings.

Item V in Table V.5 presents estimates of reception site costs
based on altermative assumptions. The first'aasumption is that the
costs of teacher training and the teacher guide are excluded from
the accounting of costs for the radio project; this reduces the
reception site costs imputed to radio from $3.06 per year to $2.58
per year. The second assumption is Fhat the project eliminate
utilization of printed workbooks; this would save $.97 per student

per year.

Summary of Costs for the Radio Mathematics Project

Cost function. Our cost function for the RMP will be constructed
to give annualized total cost, TC » as a linear function of two
‘independent variables--the number of lessons presented per year, h,

and the number of students enrolled in a course, N .. Each enrolled

student would take the 130 lessons of a single year's course. The
cost function we are assuming has, then, the fbllowing form:

TC=F + VﬁN + V h -,

where F , Vﬁ , and Vh are parameters we can determine from the

cost data of the preceding subsection.
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The first parameter, F , consists of all cost components
‘invariant with respect to hours of programming or student usage,

that is, it consists of central project costs:

F = annualized starting costs + project administration

costs + (research costs).

We have placed reSearch costs in parentheses because we feel it

dubious that these general research costs should be includsd'in the
Nicaragua cost function. As most of the research covered by'these
costs has results directed outside Nicaragua, we will exclude these
research costs from our total cost equation; information from Table V.3
will allow those who wish to include these costs to do so. (On the
other hand, we do include, in V

h
research as being directly related to program production.)

» the cost of formative evaluation

Since we annualized start up costs as three different discount

rates, we have three values for F (each excluding research costs):

$ 60,500/yr. if r =0
F = § 73,400/yr. if r = 7.5%
$ 90,200/yr. 1f r = 152 .

The next parameter, Vh » depends on transmission costs and
program production costs; it equals the annualized cost of a lesson
plus the cost of transmitting it once. The annualized cost of a
lesson is $86 at a 0 discount rate; $128 at a 7.5% discount rate;

- and $170 at a 15% discount rate. The cost of transmission is .

$12.80.2 Thus we have
$ 99/yr. ifr=0
v, - $141/yr. if r = 7.5%
$183/yr. 1f r = 157 ,

2This assumes that each lesson is broadcast only once per year.-.
The relatively small cost of transmission suggests, 1f there: were
either pedagogical advantages for repeat broadcasting or ‘advantages
in shifting, that the resulting increases in transmission cost would
be relatively slight. : . o
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The final cost parameter, Vﬁ » depends only on' the cost per
enrolled student per year. From Table V.5 we see that VN = $3.06/yr.3
Our final cost equations are, then, given by (in dollars per year)

60,500 + 99h + 3.1N 4if r=0
TC = 73,400 + 141h + 3.1N 4if 1 = 7.5%
190,200 + 183h + 3.1N 4f r = 15%.

Average costs. The above equations can be used to compute the

average cost of radio per student per year, AC » and the cost per
student hour of exposure, PHC , as a function of the values of h
and N . Table V.6 shows the results of‘computétions of this sort for
two values of h --450 and 900--and several values of N . This table
uses the cost function that has a 7.52 discount rate. Since there
are 150 lessons per year, a value of h = 450 dimplies radio coverage
(in mathematics) for 3 grade levels; h = 900 implies radio coverage
for all 6 elementary grades. |

Even with between 10,000 and 50,000 users, the average costs
remain substantially above the marginal cost of $3.06 per student
per year. And, unless these high marginal costs are reduced, the
costs of the RMP will remain higher than for other radid'projects,
and fall in the low end of the rangs of instructional television
costs (Jamison and Klees, 1975, p. 356).

3. CONCLUSION

Three basic points emerge from the. analysis just presented of
the costs of the RMP in Nicaragua: In the first place, the intensize
efforts put into program preparation suggest that, unless.ca;efgl'
effort is undertaken to make these programs availsble to many'gsers,-‘

3Strictly speaking, Vﬁ = $3.06 1if r = 7.5 ; we assumé; o

however, that V. 1s not dependent on r because the cost
implications are so slight.
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TABLE V.6

AVERAGE COSTS?

h = 450 (3 grades covered) h = 900 (6 grades covered)

N ac® puC® ac® - pac®
B o L8 S

2,000 70.20 .95 102.40 1.38
10,000 16.80 .22 23.20 .31
50,000 5.60 .07 7.20 . .10°
250,000 3.60 .05 3.84 .06

%These average costs are computed from the cost function that
has a discount rate of 7.5%.

bAC stands for the average cost per student per year in
dollars.

CPHC stands for the per hour cost of instruction per stident;
as there are 150 30-minute lessons per year, PHC = AC/75.

ERI

Aruitoxt provided by Eic:
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the cost per student of program production will be extremely high.
The costs can be spread among users by insuring a long life (10 +
years) for the programs, by implementing the RMP through all or most
of Nicaregua;'end by attempting to use the same programs with only
slight revision for Spanish-speaking students elsewhere in Latin
America or within the United States.

‘Second;'f the presently planned levels of classroom supervision,
teacher training, and student workbook usage result in per student
reception costs‘of $3.06 per year, or, assuming 150 30-minute lessons
" in a year, costs of 4.2¢ per student hour. These costs are excep- _
tionally high, suggesting the wvalue of continued, careful experimenta-
tion with lower levels of supervision, less frequent and less
intensive teacher training, teacher training by radio, and more
limited workbook use. -

And finally, it appears possible to'reduce substantially the -
reception site costs and to spread programming costs over a large
audiesnice. Even if this were to be done, the project is apt to remain
somewhat expensive by the standards of instructional radio projects.
For this reason, principal emphasis in evaluation of the Rmr‘must be .
placed on its capacity to improve the effectiveness_of instruction,
es indicated by its effects on mathematics achievement test ecores
and student repetition rates. It is too early in the project to

assesgs its performance along these dimensions.
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CHAPTER VI

THE MEXICAN RADIOPRIMARIA

Mexico, along with many other developing nations, faces a
eontradiction in the provision of basic education for its population;
there 1s the desire, expressed by popﬁlar sentiment and even iegis-
lative requirement, to provide a complete primary school education to
all its people while at the same time there is a lack of teachers,
classrooms, and materials, especially in the ‘rural areas, sufficient
to support the school age population. Of the 32,855 primary schools
in the country, only 6,440 have a full six grades complement, with
most of the latter located in urban areas (see Klees, 1972).

In an attempt to meet this problem, the Mexican Secretariat for
Public Education (SEP) initiated in 1969 an experimental program that
utilized instructional racio to aid in the provision of fourth,
fifth and sixth grade education to certain rural and semi-rural regionsi
that lacked a complete primary school. Beléw we will examine Radio-
primaria, with the main emphasis on the costs of the sytem: Section
1 will describe the system in general, .its technical characteristics,
organization, and utilization, a§ well as briefly summarize evidence
on its effectiveness; Section 2 will analyze the costs of the system
in detail; Section 3 will compare briefly the costs of Raqioprimaria
with that of the traditional direct teaching system; and Section 4

S will present concluding remarks. The discussion in Section 1 is
based on the analysis of the structure and utility of Radiopfimaria
made by Spain (1973) and the interested reader is referred there for
more detail; subsequent sections are the Vork of the authors (a
somewhat less detailed cost analysis by one of the authors is
included in Spain (1973)).

1. THE SYSTEM

Q;ganizatioh and Technical Characteristics

Planning for the Radioprimaria system begaﬁ'in 1969.l During the
1969-1970 school year, the system was used in twenty-nine schools in
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the Valley of Mexico and the Federal District, but was not continued
in these regions after the first year, except for one classroom in
the Experimental Education Center in Mexico City. At the begimning
of the 1970-1971 school year, the system was tried out on a small
scale in the State of San Luils Potosi and is still in use there.

This case study represents an analysis of Radioprimaria as instituted
in San Luis Potosi.

Radioprimaria was intended primarily to allow a school with four
teachers to offer all six grades of primary schooling. Three teachers
would handle the first three grades in the traditional manner; the
fourth teacher would have the 4th, 5th and 6th grades in one
classroom and would instruct with the assistance of radio lessons.
Some instructional radio programs would be grade-specific while others
would be directed to all three grades in common. When grade-specific
lessons are broadcast, the students in the other two grades are supposed
to engage in work on theilr own. It should also be noted that the above
structure implies that students may be directed to listen to the same
common broadcasts each year for three years. '

Instructional radio lessons are prepared by a team of eight radio
teachers in studios located in Mexico City. They are shipped by bus
to San Luls Potosl, where they are then broadcast by the University
of San Luls Potosi radio station (at no charge to SEP) within a
thirty mile radius around the capital city. Broadcasts are made
every school day, anday to Friday, from 9:00 a.m. until 12:45 p.m.

In Mexico City, the programs are broadcast one hour earlier over
Station XEEP, in order to be used by the experimental classroom, as
well as by some traditional primary schools that use the lessons on
an informal basis.

Each radio lesson lasts 14 minutes and about 5 programs are
broadcast each school day. The subjects of the broadcasts are taken
from the official primary school curriculum and are keyed'direttly
to the required textbooks. Emphasis is placed on Spaanish, arithmetic,
history and éeography, although lessons dealing with physical education,

nature study, and practical activities are common. Classroom teachers

166
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receive every other week a mimeographed document that contains the
radio lesson schedule and suggested activities to complement the

broadcast.

Utilization

In 1972, there were 43 schools serving about 2,800 4th,

Sth, and 6th grade students receiving the radio lessons. However,
contrary to the original plan, only seven of these schools, out of

a possible seventy in the State, were 6rigina11y incomplete schools
offering less than six grades of primary school. Moreover, about

602 of the schools that had all six grades did not have six teachers,
so often two or three of the higher grades had already been combined
into one classroom with one teacher. ‘

There is no reliable information on the number of students that
participated in the system in the first year of its operation in San
Luis Potosi. Furthermore, it is known that the Mexico City broadcasts
are picked up and used by schools that do not formally participate
in the Radioprimaria program, but again, no data are available on
the extent of such use. Also, since the broadcasts are open circuit,
beaming over regular radio band frequencies in both San Luis Potosi-
and Mexico City, it is thought that there are many adults who tune
in the lessons. Indeed, one of the original goals of tie Radioprimaria-
system was to allow adults who héd not completed primary school to
participate as informal students.

Over the school year about 1,200 l4-minute programs are broad-
cast, that is, approximately 280 hours. Given that about 80% of the
programs are directed ét the combined 4th, Sth, and 6th grade
audience, with the remaining 20Z distributed among the three, we can
calculate the average number of hours directed at a student in any

particular grade to be 242 per year.

Effectiveness

Spain (1973) gave pretests and posttests over a Semester period

to a random sample of radio and nonradio students in the sixth grade.

167




-157-

He concludes from the test results that Radioprimaria '"has produced
scores that are comparable to those of the children in direct teaching
schools" (Spain, 1973, p. 42). However, there are some doubts as

to the reliability of the results generated, which Spain himself
explicitly recognizes. For example, alchough the rural radio

classes had higher gain scores than the nonradio classes, only a

few of the radio classes are that type of class for which the
Radioprimariz system was originally intended.:- In spite of Spain's
modest claims for the cognitive effectiveness of the radio system,

and of the difficulty of drawing firm conclusions from the data he
had available, his data suggest that students in the radio school
performed better than those in nonradio schools in both Spanish

and mathematics, and the difference in Spanish was highly statistically
significant.

In many respects, Spain's evaluation of some of the other
aspects of the Radioprimaria system is more enlightening than the
analysis of cognitive outcomes described above. Through visiting
all the radio schools and several of the nonradio schools, and by
talking with system participants, a number of problems were uncovered.
Spain estimates that 15.to 20% of the classes miss the
first half hour of broadcast due to teacher and/or student late
arrival. Furthermore, of the forty-four radio schools visited, one
was inexplicably closed and eighteen others were not using the radio
that particular day—-either because it needed repair, or the power
had failed, or the teacher had decided the lessons were useless.

No federal funds are allocated for radio purchese and consequently
they must be bought and maintained by the teacher or the community;
in one case no radio had been purchased because the teacher and the
commmity could not agree on who would pay for it. Of the remaining
twenty-five schools found using radios, seven had inaudible receivers.
Spain reports widespread reception problems, which is not aurprising
given the funding arrangements which do not seem- conducive to: the

purchase of adequate receilvers and their maintenance.
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Spain attributes many of the above problems to a lack of resources
allocated for school supervision. Schcols have been dropping out of
the Radioprimaria system; in the first year of operation there were
49 radio schools, in 1971-1972 there were 44, and the following year
there were only 37. Spain describes how the initial acceptance of
Radioprimaria was fostered by the Director of the local Audiovisual
Center, through frequent visits to the rural classrooms, using his
own automobile. This individual's automobile: broke down at the end
of that first year and resources were not forthcoming from the federal
government to support such efforts in subsequent years. Consequently,
Spain feels that enthusiasm for the system has been waning.

Finally, Spain also examines the potential benefits of the Rﬁdio-
primaria system's expansion of primary school education in rural
areas. Contrary to the avowed government intention of the system
ajding in rural development, parents and students see primary school
graduation as primarily a means to leave the rural areas and compete
in the urban labor market. Even more unfortunately, Spain's assess-
ment of the employment market in the chief urban area of the State,
the capital, indicates widespread unemployment and an excess supply

of primary school graduates.
2. SYSTEM COSTS

Table VI.1l presents the costs of the Radioprimaria system in a
format that assumes total costs vary linearly with the number of
students in the system and the number of hours of radio lessons
broadcast annually. That is,

(vi.1) TC (N, h) = F + Vﬁ N + VH h,

where TC = total cost

N = the number of students the system'serves,

h = the number of hours the system broadcasts,

F = fixed costs of the system,

Vﬁ = costs of the system that are variable with N,
and V, = costs of the system ;h?t are variable with h.

- 189
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Footnote to Table VI.1

8cost data were gathered by Klees in 1972. Production and trans-
mission costs are assumed to vary with the number of hours broadcast
per year, which was 280 in 1972. Reception costs are assumed to vary
with the number of students in the system, which was 2,800 in 1972.
The basis for each cost component estimation is as follows:

Studies. The two studios and one control room cost
approximately $8,000 to comstruct. This is annualized

over an assumed 20-year life.

Studio equipment. The studio equipment cost $16,600 and is
annualized over an assumed 10-year life.

Audio tapes. Audio tapes cost $6.80 for a tape of high quality;
280 such tapes are needed and their cost is annualized over

an assumed 1l0-year life.

Production personnel. The salaries of administrators, technical
personnel and radio teachers totalled $28,000 in 1972.

Production equipment maintenance. This cost is assumed to be
107 of the value of the studio equipment, or $1,660 per
year.

Transmission operations. A cost of $14.43 per hour of trans-
mission was estimated by the University of San Luis Potosi
radio station for use of its 250-watt transmitter and

broadcast facility.

Reception receivers. Radio receivers are assumed to cost $20
and are annualized over an assumed 5-year life. The average
class size is assumed to be 45, which although somewhat
higher than usual for rural areas in Mexico, reflects the
use of combined grades in one classroom.

Reception operations and maintenance. This cost 1s assumed to
equal 102 of the cost of a receiver annually.
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It should be stressed that the cost function parameters presented
are only approximations; cost dfta were available for only one year,
1972, and to apply the cost function that will be summarized below
to rates of utilization different from that existing in 1972 requires
some rather strict assumptions. First it will be noted that there
are 'no fixed costs of the system; all costs are assumed to be vari-
able with N and h . For production costs, this assumption is
obviously not true for marginal charges in the number of hours _
broadcast, as, for example, sufficient personnel, studio space and
studio equipment probably already exist to expand production somewhat.
Nonetheless, given a longer-run view, all these cost components are
to some degree variable with the number of broadcast hours produced.
It should be noted that a smooth linear function as posited is only
a rough approximation to what is probably a step function--that is,
investments in production are lumpy in that a certain amount must be
invested regardless of the extent of production and that another
lump investment would be needed for expansion when there is no excess
capacity left in the intial setup.

It might be thought that the rransmission components would have
significant fixed costs, but this wi)l be the case only when trans=-
mission facilities are constructed, as opposed to leased or donated.
In the latter cases, a cost is charged or imputed oﬁ an hourly basis
that includes an allowance for capital amortization. Finally, recep-
tion costs, which include radio receivers and their maintenance and
operation, may be reasonzbly assumed to vary directly with the number
of students in the system; this assumes that class size would not
be increased, although for marginal expansion this is always a
possibility.

Table VI.1, based on the cost information elaboraﬁed in its
footnote, calculates Radioprimaria costs for each of three social
rates of discount, 0%, 7.5%, and 15%. Production costs equal $110.66
per hour given no discounting for the future; $115.21 pef hour at a
7.5% rate; and $121.08 per hour at a 15% rate. Although transmission
costs should also vary with the discount rate, the $14.43 per hour
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figure given was obtained from personnel at the University of San Luis

Potosi radio station without sufficient itemization to allow separation

of capital and recurrent cc3ts. Finally, reception costs are $.13

per student at a 0% discount rate; $.15 per student at a 7.5% rate;

and $.17 per student at a 15% rate.

The cost function and average cost information for 1972 may be

summarized briefly below:

Total Cost Equation

r=0 TC = .13 N + 125.09 h
r=7.5% TC = .15 N + 129.64 h
r = 15% TC = .17 N + 135.51 h

ACy AcN/vN
12.67 84.33
13.12 77.24
13.72 72.32

Cost per
Student Hour

.052
.054
. 057

The average cost per student (ACN) assumes Radioprimaria utiliza-

tion levels of the year 1972: 2,800 students and 280 hours broadcast.

The cost per student hour figure reflects the rather unique common
broadcast feature of the Radioprimaria system; that is, students
receive about 242 hours of instructional radio each year, although

only 280 hours are produced in total for all three grades

since 80%

of the broadcasts are aimed at the combined three grades audience.

The ratio of average cost per student to variable cost per student

indicates that production costs dominate system costs, which is not

surprising given the tentative, experimental nature of the éystem

at this date. Average costs per student could be lowered substantially

by expanding to include more students in the system. :Finally, as we

1S
have noted in the other case studies, costs are quite sensitive to the

interest rate; Radioprimaria costs almost 10% more if we value the

future at a 157 rate than if we neglect to take time preference into

account.

3. COST COMPARISON WITH THE TRADITIONAL SYSTEM

Radioprimaria was conceived of, in part, as a léss_expensive
method than the traditional direct teaching syétem_for proyiding

.lgjéif
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a full six grades of primary school in rural areas. Table VI.2 examines
this under somewhat hypothetical conditioms. We assume the choice
facing the SEP 1s whether to take students in a rural area and give
them fourth, fifth, and sixth grade education in three classrooms
with three teachers, or to put them in one classroom with one teacher
and one radio for three years.

Even if enough teachers could be found who were willing to work
in rural communities (which is a problem in Mexico), Table VI.2
indicates that the Radioprimaria alternative is a much less expensive
alternative than the traditional system; the former costs about 60
oercent less than the latter and this advantage would be increased
if student utilization were hypothesized to be greater than 2,800.
The additional costs of the instructional radio components of the
Radioprimaria system are more than offset by the reduced teacher and
facility costs resulting from the combination of three grades into

one classroom with one teacher.
4. CONCLUSIONS

The Radioprimaria system is an interesting attempt at meeting
the problem of lack of sufficient educational opportunities
in rural areas facing Mexico and most other developing nations.
Although its costs may appear somewhat higher than other instructional
radio projects (see Chapter III), this is entirely due to its present
experimental, low student utilization format; if the number of students
included in the system expanded, costs per student could fall
substantially. Furthermore, we have just observed in the previous
section that the unique configuration of the system, which combines.
several grades in one classroom with one teacher, results in consider—
able cost savings over the traditional direct teaching system._ Of
. course, despite a favorable cost comparison, theemerits of the system
must be judged by cost data combined with information on relative
pedagogical effects and long run benefits.
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TABLE VI.2
ANNUAL COST PER-STUDENT COMPARISON: RADIOPRIMARTIA

VERSUS TRADITIONAL INSTRUCTION®

Traditional Components Radioprimaria Traditional Instruction
Administration $.50.00" $ 50.00
Classroom teacher 32.00 96.00
Facilities 6.10 18.29

Sub-total $ 88.10 $164.29

Instructional Radio Components

Production ' $ 11.53 $ 0.00

Transmission 1.44 0.00
Reception .15 , 0.00
Sub-total $ 13.12 $ 0.00

Total Annual Cost Per Student $101.22 3164.29

8This cost estimate assumes an average of 15 students per grade,
which would yield a 45-student class size for the Radioprimaria system.
A social discount rate of 7.5% is used for capital amortization. The
assumption on which each component is based is as follows:

Administration. This is a very rough approximation;.equal to the
administrative cost per student calculated for the traditional
secondary school system as presented in Chapter XI.

Classroom teacher. This assumes that the salary of a primary
school teacher is equal to the average for such teachers in

Mexico in 1972, which was $l 449 per year.

Facilities. This assumes that the cost of a fully. equipped rural
- classroom is $2, 800 and has a life of twanty. years. - ‘This -
figure is half that given in an untitled SEP report which
estimates the cost of an‘urban classroom; half, this: estimate :
was used to reflect the lower cost classrooms that are =~ "
usually constructed in rural regions in Mexico.~g;;ﬁv_3,,”

Instructional radio comppnents. These figures follow from those
given in Table VI. l. assuming a2, 800 student enrollment

as in l?72. . 175
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In terms of pedagogical effects, Spain's analysis appears
inconclusive, since there was not a clear comparison made of joint
fourth, fifth, and sixth grade classrooms with radio, versus direct
teaching with one teacher assigned to each grade. Spain (1973, p. 35)
does indicate that there may be some prcblem with the grade-specific
instructional radio lesson format utilized in Radioprimaria, in that
the students not receiving the broadcasts "did not show a great
deal of concentration" when they were supposed to be working on
their own. This is not especially surprising as it is likely that
the ongolng radio lesson would be difficult to ignore. In additionm,
it is-at least questionable on a priori grounds that common fourth,
fifth and sixth grade broadcasts, which are likely to be repeated
to a student .2ach year for three years, are a beneficial pedagogical
tool. In short, before adopting such a system as Radioprimaria in
another country, or expanding the system in MExico, it would seem
wise, as Spain suggests, to engage in a more rigorous effectiveness
comparison.

Finally, it should again be emphasized that the individual and
socletal benefits of increasing primary school enrollment in rural
areas are at least questionable according to Spain's analysis.
Although this does not reflect on Radioprimaria, per se, vis-a-vis -
alternative instructional techniques, instructional technology systems
are being used more and more frequently to extend educational
opportunities to rural areas, to meet soclal demands and consequent
political obligations. Careful attention must be given to the question
of whether this‘social demand 1s based on reliable information, or
whether additional education merely increases the rural exodus to
overcrowded urban areas that lack sufficient employment opportunities.
Increasing the educational opportunities in rural areas should involve
more than the intact transfer of an urban curriculum; increased
consideration needs to be given to real rural development and the mean-
ing that this has for education, in order to allow the promise of

educational benefits to become a reality.
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CHAPTER VII

THE EL SALVADOR iNSTRUCTIONAL TELEVISION SYSTEM

El Salvador began broadcasting inmstructional television to a small
number of 7th grade students in February, 1969. By 1972 broadcasts
reached over 48,000 students in grades 7-9 with instruction in all the

core subject areas; the system has continued to expand since then. The

introduction of ITV in El Salvador was done in the context of an overall
educational reform and was, moreover, the object of careful éxternal
evaluation from the outset of the reform. This chapter, dealing with
the costs of the ITV aspect of the Reform, draws on data and analysis

resulting from that overall evaluation effort.
1. THE SYSTEM

The final report of the evaluation of ITV and the'Reform (Hornik,
Ingle, Mayo, McAnany, and Schramm, 1973) contains a concise description
of the reform and of television's role in it, and we quote exteasively
from their report by way of describing the system.

To remedy the numerous problems that had been inherited
from previous administrations and to streamline an educational
system whose goals and" procedures had ceased to fit the needs
of E1 Salvador, Minister of Education Beneke set forth a
comprehensive, five year reform plan in 1968.  The plan was
systematic and thorough in its approach, touching virtually
every aspect of the educational system. The major reforms
included: .

1. Reorganization of the Ministry of Education
2. Extensive teacher retraining
3. Curriculum revision
4. Development of new study materials
5. Modernization of the system of school supervision
6. Development of a wider diversity of technical
training programs in grades 10-12
7. Extensive building of new gchoolrooms
8. Elimination of tuition in grades 7, 8, and 9 (in 1971)
9. Use of double sessions and reduced hours to teach-
more pupils p oo T T
10. A new student evaluation system incorporating changes
. in promotion and grading policies e
11. Tnstallation of a national instructional television
. -stem for grades 7-9. B

-
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Although some of these changes were enacted immediately, most
were begun with the understanding that additional planning,
‘experimentation, and. .adjustment would be required and that
major changes could be introduced only on an incremental basis,
However, the five-year reform timetable was a strict one; it
coincided with the single term of President Fidel Sanchez
Hernandez and Minister Beneke was anxious to prewent the :
President's mandate from being undermined or stalled through
bureaucratic opposition or delays. .

The decision to use television as a major component of
El Salvador's Educational Reform was neither imposed from the
outside nor taken in a precipitous fashion. As far back as
1960, the possibility of intrcducing some form of educational ~
television was being discussed, although there was no consensus
and little knowledge about how television might help alleviate
El Salvador's educational problems. Above all, the country lacked
the capital and expertise necessary to initiate any large
television project.

The initiative that led eventually to the establishment of
El Salvador's national ITV system was taken by Lic. Beneke in
1961. During his ambassadorship to Japan, Beneke had been
impressed by the role television played in that country's
correspondence high schools. . Anxious to stimulate the growth .
of something similar in his own country, Beneke sought the help
of NHK (Nippon Hoso Kyokai, the Japan Broadcasting Corporation)
NHK agreed to conduct a feasibility study in El Salvador: and '
several engineers were dispatched for that purpose in 1962. The -
results of this study confirmed what Bentke had suspected;
El Salvador possessed excellent topographical conditions for
the installation of a national television network. .

The initiative taken by Beneke was supported by former
President Julio Adalberto Rivera, who established the first.
Educational Television Commission in the fall of 1963. The..
Commission was supposed to evaluate alternative uses for -
educational television with the: goal of proposing a mational
plan. However, the Commission met sporadically and little
progress was made until Beneke réturned from Japan in 1965.
Under Beneke's chairmanship, weekly meetings were' instituted,-,
and the Commission made a fresh start toward. defining epecific -
proposale for the .use of te1evision...., , , . o

By the end of 1966, the Commission had reached a c0nsensus
on a number of basic points. - First, acknowledging theafact
that their country had neither a- ‘reservoir of trained people
nor sufficient economic resources to’ embark upon & large‘u,
television project, the Commission decided ‘that its inftial - SIS
efforts would have to’ be limited 1in scale, but flexible enoagh .
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to permit expansion should circumstances permit. Second, the

Plan Basico (grades 7-9) was selected to be the first level

served by television, for it was the lack of opportunity and

low quality of instruction at this level thci was believed to

constitute the "bottleneck" to El Salvador's development.

Instructional television, the Commission members believed,

would compensate for the many unqualified secondary school

teachers who, in turn, could be trained in a short time to

become effective monitors within television classes. Third,

the Commission concluded that ITV should be administered by.

an autonomous institute directly under the President with

freedom to set its own persomnel policies and to import the

vast array of technical equipment that would be required.

Finally, the Commission resolved to seek foreign financial

and technical assistance so that ITV could be put on as firm

a footing as possible from the outset (pp. 8-11).

With the preceding principles as guidelines, IIV has developed into
a major component of middle level education in El Salvador.1 In what

follows we report on the cost of the ITV aspect of the reform.
2. SYSTEM COSTS

This subsection applies the methods of Chapters II:and III to
analysis of the cost data that were gathered by Speagle (1972). First,
a cost tableau is presented, then, based on the cost tableau, total
cost functions and average cost values are developed.

Table VII.1l presents the basic cost tableau. The table presents
costs in various subcategories of productiom, transmission, and
reception on a year by year basis. The figures for 1966 to 1973 are
based primarily on Speagle's comprehensive analysis and the figures
from 1974 o: are projections based on the planned growth rate of
enrollment. All costs in the table are inflation corrected and are

expressed in 1972 U.S. dollars.

lrnr an up-to-date discussion of ITV and the educational reform
see Mayo, Hornik, and McAnany (1976) ; their book also describes results
of the extensive ped#gogical evaluation to which the ITV system has
been subjected. Students in the reform did as well or better in most
subjects than did nonreform students; this is probably at least in
part due to the ITV component of the reform. o
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TABLE VII.1 (continued)

®Cost data are based mainly on Speagle (1972) for 1966 to 1973.

Production facility. Ninety per cent of the costs of the Santa Tecla
facility were allocated to production and 10% to trensmission,
with the life of the air conditioning assumed to be 10 years and
the facility 1life to be 25 years.

Production eguiggent. This assumes a 10~year life, with the cost of
the Santa Tecla equipment allocated 60% to production and 40% to
transmission.

Production operations and start up. These are the same as Speagle's until
1974 when start up costs are assumed to decrease over two years to
a $50,000 level. After 1975 they remain at this level and are
included in the cost of operations which are based on Speagle's
. projection.

Videotape. It is mot clear whether these costs are included in Table 2.1
of Speagle. They are added here, purchased as needed, under the
assumption of a 5-year tape life, 300 hours of programming a year,
and a ost of an hour length videotape of $170.

Transmission facility. This is explained unéer production facility.

Transmission equipment. This is explained under production eyuipment.

Transmission operations. This represents the rental charge through 1971
for the use of commercial broadcast time. Beginning in 1972 opera-~
tions are estimated to cost 25Z of the 1971 rental charge.

Classroom remodeling. This is the same as in Speagle, with an assumed
25-year lifetime. :

Reception #quipment. Beginning in 1973 this is based on the number of
students added to the system, an average class size of 45, and a
cost per receiver of $200.

Foreigp ald and debt repayment. Through 1973 this represents the actual
size of foreign grants a»d loans. The loan portion of this aid is~
paid off with a 10-year grace period during which interest accumu~
lates at 2% and a 3% +:ar repayment period’ during which interest
accumulates at 2.5%. #With our assumption of a 4% annual rate of
inflation these effective interest rates become ~2% and ~1.5%
respectively., If there weie no inflation: present, value of the -
repayment amount would b« & Lmost three times as large.: The repayment
is scheduled as if the 4 n?war period for the: total loan began- in -

1970. s ‘

See next page for remaining footnotes.
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TABLE VII.1 (continued)

Number of students. This is assumed to grow rapidly from 1972 to 1976

(about 20% per year) after which a 3% growth rate is accounted
for mainly by population growth.

The cost data do not include teacher training (not considered by Speagle
as part of ITV costs), the distribution and printing of teacher's guides
and student workbooks, nor ma.ntenance and power costs for reception
equipment. Speagle says the latter is extremely small.
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Year by year figures for total (all inclusive cost) are presented
below the costs by category; underneath the row giving total cost is
the row showing foreign aid and debt repayment. The numbers in
parentheses in this row show the total amount of grant or loan money
received that year for the ITV system; the number in parentheses is
then subtracted from the all inclusive cost to give the cost to the
government for the givan year. Beginning in 1980, the numbers in this
row represent loan repayment; costs to the Salvadoran government are
computed by adding the loan repayment to the total incurred expenditures.,
The values for loan repayment were computed using the methods described
in the preceding subsection.

The final row of Table VII.l shows past and projected future student
usage of the system. Usage increases rapidly until 1976 when most of
the relevant age population is assumed to be covered; thereafter;
usage increases at the school age population growth rate of approxi-
mately 37% per year.2

The footnote to Table VII.l provides somewhat more. information on
the source of the figures in the various categories. Readers interested
in a detailed discussion of the various cost components .hould consult
the comprehensive treatment by Speagle (1972). This chapter will
provide no further discussion of these component cost estimates except
to expand briefly on the cost of program production.

Program production costs are high and account for a substantial
fraction of foreign exchange costs. It is for this reason
important to examine these costs in some detail and Speagle (1972,
pp. 72-78) provides a breakdown of the opei#ting costs of program
production. However, a very substantial proportion.of program prod::~-ion
costs are capital costs and it is important, particularly for plans.:s

from otaer countries, to obtain an estimate of total production costs,

AR 8 e

e

“heeent placoaing estimates indicate that the enrollment estimates
in this table for the late 1970's may be 107 to 15% too low.
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not just the operating costs of program production. Table VII.Z2,
using cost data from Table VII.l, presents the_component and total
costs of program productidn, including annualizéd"cabi§§l expenditures
at a 7.5% discount rate; the total of $979,000 per year 1§"élmosgw
twice the vrecurrent cost of $540,000 per year. At the estimated o
prodiriion rate of 1,000 20-minute programs'per year, the cost per

hor :’ program production com#s to about $2,940.

“'» 'ctal Cost Function for ITV

Using the data from Table VII.l, it is possible to obtain a cost
function for ITV in El Salvador. In this chapter the program production
and transmission costs are considered fixed; reception costs are variable
with the number of students. The cost function we use is, then,

TC(N) = F + ol Start up costs were treated as an initial capital

investment in the system; they were annualized over the assumed 25-year
lifetime of the system and included in F . The 1972 studént enrollment
estimate ' of 48,000 was used along with th. assumption of an averagé

of 170 hours of program presentation per grade per year. The enrollment
figures allow calculation of AC and AC/Vﬁ ; the program presentation
assumption allows computation of costs per student hour of viewing. The

total cost equation (expressed in 1972 U.S. dollars) for the system is

as follows, assuming a discount rate of 7.5%.3
Cost Per
Total Cost Equation AC AC/VN Student Hour
TC(N) = 1,116,000 + 1.10N 24.35 22.14 .143 .

With twice as many students using the system (N = 96,000), average costs
fall to $12.73 and per student hour costs fall to $.075. This substantial
reduction is possible be.:ause of the initially high value of AC/Vﬁ .

3Jamison‘ and Klees {1975) examined the sensitivity of the <ost
estimates tov the value chosen for the social discount rate; increasing
it from 7.5%7 to 152 ircreases AC by about 20%. This 1s a substantial
amount, due to the highly capital intensive nature of the project.
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TABLE VII.2

COSTS OF PROGRAM PRODUCTION®

e
o

Cost Category Amortization Per'iodb Cost Annualized Cost®
Facility (building) - 25 years 342 31
Facility (air conditicming} . 10 years 72 10
Equipment | 10 years 1326 193
Start up 25 years 1866 167
YVideotape | 5 years 153 38
Operations (recurrent) - - ;540
TOTAL ;;;

8These costs are expressed in thousands of 1972 dollars.

'bThe amortization perio& is thé number of years the cost item is
assumed to last; start up costs are amortized over an assumed 25 year
.11fe for the project.

cThe annualization was done with a social discount of rate of
7.5% per annum.
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The above total cost equation is for all inclusive costs. It is
also of value to compute a c¢ust asuustion that includes only costs to
the Salvadoran govex:nment.4 Te 4o thls one must reduce the fixed cost
components of the above equation by an annualized equivalent of the
grants and loans. To find this equivalent, the present value of the
30-year loan repayment series was calculated, and this was subtracted
from the total amount of the foreign grants and loans (the total
amount was assumed to occur in the year 1970). The resulting figure
was annualized over the 25-year assumed 1lifetime of the project and
subtracted from the fixed costs. The Government of El Salvador cost

equation is as follows:

4In order to adjust all-inclusive costs for grants one simply
subtfgcts the amount of the grant in the given year from the all-
inclusive costs of that year. Loans are somewhat more complicated
because they must at some poinmt be paid back. The loans negotiated
by E1 Salvador have a l0-year grace period before repayment begins.
Thus, in early years.of the project the loans in a given year
are, like the grants, simply subtracted from the all inclusive .
costs. In later years the repayments must be added to the all inclusive
costs in order to obtain costs to the government.

Computing the amount to be repaid in each of the later years is
complicated by lack of knowledge of the inflation rate of the dollar.
The loans are negotiated In fixed dollar terms so ths higher the rate
the dollar inflation the lower the rzal value of the loan repayments,
that 13, the lower the value expressaed in fixed dollars (1972 dollars
are used as the base in this report}. The situation 1s exactly analugous
to that of a homeowner with a mortgage; in times of high inflation he
gains because the value of his debt 1s fixed in dollar terms. Inflation
rates for the dollar are unpredictable even, it now appears, several
months, much less 10 yearg in advance. For this reason, the value used
in this chapter, 4%, should be regarded as only a conservative . :
natimate. Given the value of the loans, the interest rates they bear,
&#helr repayment schedules, and the rate of inflation for the dollar,
~me can use standard accounting formulas to determine the annual repayment
in terms of 1972 dollars. These repayments begin in 1980 and as of that v
year costs to the Salvadoran government must be determined by adding g
the loan repayments to the all inclusive costs. L
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Government of E1 Salvador Cost Per

Cost Equation AC AC/VN Student Hour
TC(N) = 799,000 + 1.10N 17.75 16.13 .104

It should be observed that the net grant and loan contribution to

~ the ITV system 1s substantial. At the 7.5% social rate of discowunt,

foreign contributions cover about 27%Z of the system's cost. This 27%
is based on 48,000 students per year using the syetem;.ae the entire
cost of expanding the system is borne by El Salvador, the percentage
of foreign cont:ibution will decline as usage.increases. Because.of..
the high value of AC/V& though, the decline is only to a little over.
25% when the student usage reaches the 104,000 projected for 1976.5

The cost equations of the preceding paragraphs provide a reasonably
clear picture of system costs as a function of N , the number of students -
per year using the system. In order to assess accurately the actual
average costs incurred, account must be taken of the time structure
of student ﬁsegeg and this-is done. in the:computations of “values for.
Atij that follow.

Average Costs

The data in Table VII.1l suffice to calculate values of Acij for
El Salvador for the years 1966 to 1988. Letting 1966 equal year 1
(and therefore 1973 equals year 8), one can use the methods of Chapter
II to compute all possible values of Acij both for all inclusive
costs and for costs to the government. These computations depend
of course, on the accuracy of the enrollment projections in the last
row of Table VII.1l and deviations form those projectionsVWOuld induce

corresponding deviations in average costs.

51n comparing the average costs in total with those to the
Salvadoran government, it is an interesting fact that the latter is .-
totally insensitive to the social discount rate. This results from'
a coincidental balancing of two factors: on the: one hand increasing
the social discount rate increases capital costs, but on the other hand -
it increases the value of foreign loans. SRS
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Figure VII.1l displays values of Acij graphically. One can see from
that graph that if the social discount rate is 7.5%, the average costs
through year 12 of the project (that 1is, through 1977) will have been
about $24 per student per year. What this means is that total expendi-
tures up to 1977 divided by total student usage up to 1977 (each
properly discounted) will equal $24. If one extends the time horizon
to 23 years (1988) the result comes to about $17. The bump in the
Cufve that occurs near year 15 (1980) results from the need to replace
production and transmission equipment at that time.

' Figure VII.2 displays the same information as Figure VII.l except
that costs are viewed from 1973 rather than from the beginning of the
project. Notice that the scale on Figure VII.2 differs from the one on
Figure VII.1l and that values of ACSj for J 1less than 8 are undefined
(indicated by the flat part of the curve). From the time perspective
of 1973, average costs through year 12 (1977) are, of course, much less
than the $24 of Acl"l2 s the value of AC8,12 is about $8.50 for a
7.5% discount rate. This $8.50 is the total projected expenditure
between 1973 and 1977 divided by the projected number of years of
student use between now and 1977, each prarerly discounted. The small
bump at year 15 on Figure VII.1l is much msznified in Figure VII.2; this
is both because the fixed replacement costs are a larger fraction of
average costs viewed from 1973 and because they are less discounted since
they are by 1973 much nearer in the future. ‘

Table VII.3 presents exact computations of Acij based on a 7.5%
discount rate and the figures in Table VII.l for total cost. The top
row of Table VII.3 corresponds to the graph in Figure VII.l and its
fifth row corresponds to the graph in Figure VII.2. Table VII.4 presents
the same computations for costs to the Salvadd:an goverenment instead
of all inclusive costs; except in the lower right hand corner, costs
in Table VII.4 are lower than corresponding costs in Table VII.3. The
appropriate cost to use depends on one's vantage point. At the‘fime of
El Salvador's initial decision, the long-run average cost to the

goverament AC1 256 in Table VII.4 was the mast useful numbér for
’ .

61966 corresponds to year 1 and 1988 corresponds to year 23. o
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El Salvador to consider; by 1973, for long-term planniag, the values of
AC8,25 are perhaps most useful. On the other hand, fqr present short
term expansion or contraction decisions, the marginal costs are the
appropriate ones to use.7 If E1 Salvador had not had grant and loan
opportunities, the all inclusive costs of Table VII.3 would be more
app;opriate.
In terms of what others can learn from El Salvador's experience,
the most useful number is perhaps the long term average cost viewed
from when El Salvador commenced expenditure. At the 7.5% discount rate,
this number, Ac1’24 is seen from Table VII.3 to be $14.97, say, $15.00.
If the students view an average of 170 hours of ITV per year, the cost per
student hour is $0.09. It should be kept in mind that these costs assume
that the system continues through 1988 and, more importantly, that the
rapid expans:iion of enrollments projected in Table VII.1l is In fact attained.
The cost of ITV is necessarily an add-on to whatever else may be
provided the students. The introduction of ITV may, however, facilitate
reduction of other costs and the next subsection considers very briefly

the factors that may allow offsetting of ITV costs.
3. FACTORS OFFSETTING THE COST OF ITV

This subsection presents a vary brief analysis of how ITV costs have
in part been offset by reduction of other imput factors to the schooling
process. The principal cost of conventional instruction is, of course,
teachers' time and the offsetting factor to be considered here is
reduction in teacher time per student. The amount of teacher time.
expended per student depends on class size, C , and the relative
length of the student and teacher school weeks. If h.8 is the number
of hours in school per week of a f:ll-time student and ht' is the
number of hours per week of a fulltime teacher, the student to teacher

ratio, S , can be defined to equal (ht/hs)c . Thus, if teachers teach

7A more detailed analysis of El Salvador ITV costs, including
discussion of expanding the system to the' first through sixth grades,
may be found in Jamison and Klees (1975). .
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two full shifts (ht/hs = 2) , and the average class size is 40, the
student to teacher ratlo will equal 80. ITV costs can be offset by
increasing that ratio through increases in C or ht or through
decreases in hS . 1f the mechanism is through increases in teacher
hours, teacher salary increases must be less than proportional to
those hour increases.

In E1 Salvador the introduction of ITV has tended to reduce costs
by increasing both teacher hours and class size; counterbalancing these
cost reductions are, of course, the costs of providing the ITV. This
subsection provides approximate gstimates of the instructional expenditure58
per student as we assume it would have been if ITV were not introduced,
E(no ITV) , and as it was after the introduciion qf ITV, E(ITV) . These
estimates are based on occasionaily shaky or inconsistent data but are
probably accurate to within 15 percent.

After the Reform instituted changes in the school week, students
attended 25 hours of classes per week. A full load for teachers who
were not assigned to double sessions was also 25 hours (hs - ht = 25) .
Prior to the great expansion in the numbers of students attending Third
Cycle, which began in 1971, average class size was no more than 35. 1If
we use that as an estimate for class size, and 25 hours as estimates
of both student week and teacher week, the student-teacher ratio was
35:1. At a salary of $1800 per year9 for a 25-hour work week, which was
the 1972 cost, the instruction31 expenditure per student was $52 per
year. If the Reform had been mounted withdut ITV and traditiomal class
gize had been mainteained, that would have been the cost per student.

However, ITV was introduced, and accompanying it were two other
changes affecting cost per student. Average classroom sizé was incre'sed,
as smaller Third Cycle schools were closed and more students matriculate !

at the‘schools remaining open. At the same time, teacher load was

8rhis report uses the term '{nstructional expenditures' to denote
the costs of the teacher and television. It thus excludes costs for
school administration, classroom space, and student supplies, which are
assumed to be the same with or without IIV.

9ODEPOR, "Plan Quinquenal de Ramo Education 1973-1977." June, 1972. |




-184-

increased from 25 to 35 hours (an increase of 40%) while teacher salaries

10 While one cannot say

were only increased by 20 percent to $2,165.
definitively that such changes would not have occurred unless ITV had
been Introduced, that may be a reasonable assumption. Certainly the
Ministry planners believed that one of the advantages of extending ITV
to primary schools would be "to help the teacher who sees himself as
overburdened by his work day with double sessions."ll
Given the longer v:ork week, the teacher cost per student equals the
teacher wage divided by the student to teacher ratio; that is, it equals
$2,165/S ; since S = (ht/hS)C = (35/25)c , tha.peacher cost per student
equals $1546/C , where C 1is the class size after the introduction of
ITV. 1In addition to teacher costs, one must consider television costs.
per, student to the government; the ejuation glving costs to the government
summarized these expenditures. The annualized ITV costs per student are
seen from that equation to equal $799,000 + $1.10N, where N 1is the
number of studerits uging the ITV system. The sum of this plus teacher

costs give the vér student costs with ITV, E(ITV):
E(ITV) = $1,546/C + $799,000/N + $1.10

It is not yet clear what the average class size will become after
El Salvador's Educational Reform is fully implemented. 1In order to
iilustrate how class size and N Jointly affect the per student costs,
Figure VII.3 shows how E(ITV) varies with N for three values of
C: €C=35; C=140; C =45 .

 Figure VII.3 also shows E(no ITV) , the assumed instructional cost
if ITV had not been,int;gﬁpcedy-of‘ssz. . E(no ITV).dpes not, of course,
vary with N . All points on the E(ITV) curves that lie below the
E(no ITV) curve indicate combinations of class size and total enrollment
that result in having instructional costs per student be less with ITV
than without. For example, if C = 40 in Figure VII.3, this indicates

O1p14, p. 33.

Upid, p. 33.
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that with more than 60,000 students using ITV, the cost per student per
year would be less with the ITV system than without the changes in
class size and teacher hours which accompanied the introduction of

ITV. It thus seems quite possible that the use of ITV in the Reform
in El Salvador will be accompanied by a reduction in unit costs.
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CHAPTER VIII

THE STANFORD INSTRUCTIONAL TELEVISION SYSTEM

The Stanford Instructiomal Television System, established in
1968, is one of a number of ITV systems in the United 3tates, with
a clientele consisting of full-time employed professionals. These
systems are typically operated by universities and provide under-
graduate and graduate higher education. Students who are part of
the system recei?e all of their instruction via the ITV system.

For example, students in the Stanford system may receive a Master
of Engineering degree from Stanford or a Master of Business Administra-
tion from Golden Gate University.

This system was established to extend learning to persoms for
whom classroom attendance was difficult because of either commuting
distances or interference with uoréal work activities. 3By reducing
these problems, it is possible to extend continuing educatien to
professionals who might ordinarily forgo further education. In
addition, the system reduces the lbss in work time for companies
which ordinarily allow students to attend classes during work. Pettitt
and Grace (1970) mentioned that one company estimated a savings of
2.5 man years during one academic year when the ITV system was used.
Unfortunately, they did not report the number of students from this
company.

The system differs from typical formal education programs where
a receiver (television or radio) is in a classroom and viewed by a
group of students, and from distance learning where studeats view
or hear programs at sites of their own selection. Several companies
in the area near Stanford have established themselves as reception
points by equipping one or more rooms in their buildings with receivers.
A typical Stanford engineering class has an instructor and on=-campus
students in a studio classroom and one or mdre off-campus students
in several of the company classrooms with no instructors in these

classrooms.

1 98 :
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The original decision to establish the system included the
objective of providing an equivalent quality education for off-campus
students. The companies which joined the Stanford ITV system in
the early years established talkback facilities. The video portion
is a one way broadcast from the studio classroom to the company
classrooms but the audio portion is a two way process allowing the
students in the company classrooms to ask and respond to questions.
The response of a student is rebroadcast to the other company
classrooms. Although the students are geographically separated,
the system has been established to duplicate the more traditional
setting.

Two organizations utilize the Stanford ITV system. The first
broadcasts Stanford engineering courses which are part of the normal
graduate program at Stanford. The second organization, the Associa-
tion for Continuing Education (ACE) broadcasts a variety of programs
designed to serve the interests of the companies which are members
of the Stanford ITV system. In 1974 there were 37 member companies
and 30 of these had established classrooms. There were 2,142 students

for the Stanford engineering courses and 2,800 for the ACE courses.
1. THE SYSTEM

Technical Characteristics

In 1963 the FCC designated a band of 31 TV channels to be used by
educational institutions and called it ITFS (Instrnctional.Television
Fixed Service). The band extends from 2,500 to 2,686 mHz with each
channel occupying 6 mHz. Channels are usually allocated in groups of
four with 6 mHz in between each channel. The maximum power -of any
station is 10 watts, and, because of the high frequencies of the
broadcast, specizl equipment’ is required to convert the signal to
the lower frequencies used as input to a standard television monitor.: .
In response to a proposal by Stanford, the FCC in June 1969 set aside
an additional band of 4 mHz (2686-2690 mHz) . to .allow for FM radio

talkback. | 1 99.
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Broadcasts originate on the Stanford campus and the signals are
sent from the master control room to a mountain top transmitter 7.9
miles from campus via a 12 GH microwave 1ink.. On the mountain, 7 of
the 10 available watts are utilized for a 160° ommi-directional '
transmission and a coverage of 20-25 miles 1s possible. The 160°
beam 1s utilized since all receiving sites are located on one side
of the mountain range. The remaining three watts of power are
focussed into higher gain beams to areas 35-40 miles from campus.

On campus there are four classrooms and one auditorium equipped
for transmission. There 1s a control complex of five control rooms
for the classrooms and the auditoriuﬁ, and a separate master control
for all of the rooms. The control complex and the master control
room are linked by cable. The auditorium has. 200 seats, five 23"
monitors for viewing in the auditorium, and two GPL-1000 Vidicon
cameras (one rear and one overhead). Each classroom has 45 seats
with one 9" monitor for every two seats, 2 cameras, and an
instructor's desk (with facilities for showing slides, transpar-
encles, etc.). Attached to each of the classrooms is an overflow
room of 25 seats with one 9" monitor for every two seats and no
broadcast facilities. The monitors in the classrooms and audiforium
are utilized to enable on-campus students to view dilagrams, charts
and notes broadcast by the overhead camera.

At each recelving site a special antenna and aAdown_converter
are required, in addition to standard television monitors for recep—-
tion of the video and audio broadcasts. There may also be from one
to four classrooms each independently switchable to recéive Broadv
casts from any one of the four channels. Two tyﬁes of.téikﬁaék'
facilities are possible: a system which'allows simultaneous talk-
back from any of the classrooms at a given location on different
frequencies or a time-shared talkback system whiéh allowslforvr
talkback on only one ffequency from a given 1qcati¢n,'regardig§s
of the number of classrooms. The first option alldw3 student§'at
a location with more than one classroom tqrsimultaﬁéoﬁéij'askvl

questions in different courses. The second optioﬁ'allbws only one
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‘student to speak from a given location even if four courses are being
viewed. Different frequencies are allotted to -each of the courses
being broadcast. Special equipment is utilized which allows only
one off-campus student to speak on each frequency .

While broadcast is possible on four channels simultaneously,
most of the receiving sites have fewer than four classrooms as it
is unlikely that four courses being broadcast simultaneously would
all be of interest to individuals at a given company.

Organization and Utilization of Stanford Engineering Courses

The broadcast of -Stanford engineering courses is a continuation
of the Stanford Honors Cooperative Program (HCP) which was'begun in
1953 to allow students with full time positions in local companies
to pursue graduate education in engineering and science. Prior to
the advent of the television system, these students had to commute
to campus. Regular Stanford admission procedures and privileges apply
to these students. As tuition was calculated to cover approximately
one-half of the costs of education, the HCP students are required
to pay a matching fee equal to the amount of the tuition. The
courses that are received via television also have an. additional
surcharge of $20 per course. '

Students may also take the course on a noncredit basis (non-
registered option--NRO) and pay the matching fee and ‘the TV surcharge.
These students may later apply for admission to a regular degree |
program if their grades are high enough and by paying the tuition,

apply the credit towards a degree. Since the courses that are broad-n"
cast are regular university courses, the admission from the above
categories of students is limited to 50% of total class enrollment
with priority given to students in- the Honors Cooperative Program.‘
The remainder of the enrollments consists of regular ful time‘ -i

Stanford students. AU
A third category of students consists of auditors who»receive Hff.{“

' class material but who are not graded. In order to‘enco"
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auditor enrollment and raise revenue, Stanford in 1971 established the

following pricing schedule for each company:

Total number of auditors Fee for each
per quarter auditor
1-20 $75.00
21 - 40 $ 0.00
41 - 80 $37.50
81 - 150 $ 0.00
> 150 $20.00

Under the previous system of charging $135.00 per auditor, there was
an average of 30 auditors per quarter; this figure climbed to 450 by
autumn, 1973. Since the auditor only receives printed material, there
is a small drain on resources of the system and revenues have more
than doubled.

Regular Stanford faculty members are used in these courses and
instead of teaching the class in a regular classroom, the course is
taught in one of the TV classrooms and broadcast live from that
facility.

Utilization of the Stanford engineering courses for 1968 (academic
year 1968-69) through 1987 is reported. Enrollment and broadcast
schedules are used for 1968 through 1974 and projections were under-
taken from 1975 on. Stanford has broadcast an average of 40-45
courses each quarter during the autumn, winter, and spring quarters
and 20 during the summer qﬁarter. During the past two years (1973
and 1974), a total of 150 courses has been broad:ast, and as no
expansions are planned, it has been projected that‘150 courses per
year will continue to be broadcast.

A Stanford enéineering course is typically 30 hours in length.
The broadcast of 150 courses involves 4,500 hours of broadcast time.
When one considers that these courses are normally scheduled from
8 a.m. to 12 p.m. and 1 p.m. to 5 p.m. on Mondays to Fridays, then
for four 10-week quarters there is a total of 6,4OQ'hoﬁrs available
for broadcasting of enginzering courses and the &ystem is under-

utilized.

202
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HCP and NRO students are considered to be registered students
in Table VIII.1l and auditors are considered separately. When the
new fee schedule for auditors was instituted in 1971, the number
of registered students dropped by one-third (from 939 to 622 students)
while the number of auditors increased dramatically from 98 to 737.
However, in the last two years there has been an upsurge in the
number of registered students (658 in 1972 to 962 in 1974) and a
decline in the number of auditors (1,321 in 1972 to 1,180 in 1974).
The projection of utilization for 1975 and beyond involved conserva-
tive assumptions of 25 students transferring from auditor status
to registered status each year and an additional 25 students joining
the system as registered students each year. With these assumptions,
total enrollment is projected to increase from 2,142 students in
1974 to 2,467 in 1987.

Organization and Utilization of ACE Courses

The Association for Continuing Education (ACE) was formulated to
meet the needs of local industry, and a wide variety of courses is
presented,Aincluding courses leading to a Master of Business
Administration degree from Golden Gate University, preparatory
courses for the MBA degree from the College of Notre Dame, technical
courses in Cybernetic Systems in cooperation with California State
University at San Jose, four courses leading to a certificate in
Supervisory Management, and special courses designed to meet specific
needs of the member firms. ACE rents office space on Stanford's
campus and pays $18.00 per hour for use of the studio classrooms,
broadcasting equipment and technicians. Courses are presented Mondays
to Fridays from 7 to 8 a.m., 12 to 1 p.m., and 5 to 7 p.m. In this
manner air time is used that would be unusable for broédcasting the
Stanford engineering courses.

The Association for Continuing Education has two arrangements
with companies and several different arrangements.with the universities

that are of particular interest since the Stanford and ACE
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organizational arrangements have inspired proposals on other campuses
(College of Engineering, 1972). Committed companies pay an annual
fee of $12,000, and in addition to receiving reduced tution for
most of the courses, they are entitled to request four 4-week
courses each year that meet their own requirements. Students from
these companies pay $75 per course for Golden Gate MBA courses to
ACE, and no fee to ACE for courses designed by ACE or the College
of Notre Dame. Students from uncommitted companies that pay no

fee are charged $174 per course for MBA courses and $50 for ACE and
Notre Dame courses. Students from all companies pay $15 per course
to the College of Notre Dame for Notre Dame courses and regular
tuition for San Jose State University courses.

For the Golden Gate MBA courses ACE pays a fee of $2,500 per
course and Golden Gate is responsible for hiring the instructors,
printing materials, and designing the course. ACE receives all
student fees for the MBA.courses. San Jose also hires its own
instructors and designs the course, but they pay ACE a fee of $60
per unit per student. For the College of Notre Dame courses ACE
hires instructors and bears all other expenses. The College of Notre
Dame receives $15 per student per course and grants credit for the
course.

Utilization of ACE courses is reported in Table VIII.1l. The
number of courses has increased by an average of 11 per year from 24
in 1969 to 80 in 1974. It has been assumed that ACE will continue
to add five courses per year through 1987.

While the number of courses has increased, the average course
length has decreased from approximately 32 hours in 1969 to an
average of 22.5 hours in 1974. For purposes of projection, the average
course length has been assumed to be 24 hours for 1975 through 1987.

. As ACE can use the television system only during hours not reserved
-for Stanford engineering courses, there is a total of 2,880 hours
available during the four ten-week quarters.. If Stanford continues

at the same utilization rate, them an additionmal 1,900 hours are
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available during times normally reserved for Stanford. If one designs
short courses for the twelve weeks of the year for which no courses
are broadcast for Stanford, an additional 2,784 hours become avail~
able. A total of 7,564 hours is potentially available for ACE courses.
The projections for utilization result in only 3,480'hours in 1987.
While the number of students enrolled in all ACE courses has
more than doubled from 1,365 in 1969 to 2,800 in 1974, the average
class size has declined from 57 to 35 students. For purposes of
projecting utilization, it has been assuméd that class size will
remain at an average of 35 students. This results in an assumed -

enrollment of 5,075 students in 1987.

Effectiveness

This system utilizes one way video transmissions with two way
audio so that students may ask questions of the imstructor. While
the two way audio adds to the cost of the system, there is no
convincing evidence that it contributes to the effectiveness of the
courses; Martin-Vegue, Morris and Talmadge (1972) suggested that the
major reasons for including two way audio may have been to gain '
faculty acceptance and to allow off-campus students not to feel like
second class students. However, at present Stanford University has
no requirement for installing two way audio as a systems component
for newly joining companies.

Dubin and Hedley (1969) in a review of the effectiveness of ITV
at the college level, concluded that while there were no significant
differences in the effectiveness of one-way television with conven-
tional face to face instruction (for example, lecture, discuésioh),
television with two-way audio was inferior to conventional instruction.
vDullain and Hedley based their ccnclusions on a summarization of the
results of 93 studies comparing televised and conventiohal instfdétion.
However, of the 26 studies comparing conventional instruction with
two way television, 25 came from one school (Los Angeles City School

206
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pistrict, 1959) and the results may indicate poor organization or some
other deficiency of the particular system rather than ineffectivzness
of two-way television per se.

Chu and Schramm (1967) concluded that: "The lack of opportunity
for students to raise questions and participate in free discussion
would seem to reduce the effectivness of learning from instructional
television, particularly if the students are fairly advariced or the
material is relatively complicated” (p. 91). However, while they
cited evidence that students ﬁre less dissatisfied when two way
audio is available (Stuit et al., 1956 and Southwestern Signal Corps
Training Center, 1953), the evidence they cited regarding the
effectiveness of two way audio (Wolgamuth, 1961 and Greenhill, 1964)
leads to a conclusion of no significant differences with respect to
conventional instruction.

In studies of students utilizing the Stanford system, Jamison
and Lumsden (1975) found no significant differences in learning among
students in the classroom, students utilizing the two way audio
facility, and students viewing the lectures on videotape.

Wells (1974), in an analysis of student opinions regarding the
Stanford system, found that stﬁdents felt that the two way audio system
was necessary although they were less inciined to use the two way
audio than speak in a traditional classroom setting.

L

2. SYSTEM COSTS

Year by Year Cost

Costs for the Stanford ITV system are presented in Table VIII.2
in 1972 U. S. dollars. The total investment in production and trans-
mission equipment, on-campus classroom reception, construction, and
personnel in planning and construction was approximately $850,000.
This compares with $825,000 spent by the University of Southern
California in the construction of a similar facility. The USC
facility was recently built and it is expected that equipment costs

have risen. However, since Stanford was the first system to utilize




" *8930t3003 103 ‘eBwed %90 weg

*papntoxe 1802 AIFT1o¥) pwe 3uemdynbe
‘UREIFUYIIT Y3 PUR PIPNIOUY 24 IINOA 3505 OFPNIS Syl FIV O3 23800 FUPILINO[ED IAIA SUO FJTI °3I80D PIOJUWIS Y3 9ONpIX PINOA 3T PIpPATIUT BANA SIYI 3T
PuUv {61 UY ISWIpEOIq FIV JO anoy xad QL °T1$ JO InuaAel Jou v gIUIBaxdax SPYI SUNEOFNPIl [iv sked piojuelg wSUFg *{yL6T PU® LT 103 IINOY Puw TLET puw
0L6T ‘6961 203 91983 sFy3 Uy 19y8Fy 9q 03 aanByy BYY3 Posned BBy YLET PUB 961 UIIAILQ UCTIVIIUF) WISAB oyl Jo wen 10J inoy 3ed gri peRiwyd Ueaq wey FIY
Aqaxays piojueIS PUR FIV UIIAIVQ WSTUEYOIW BUFIUNOIOE [PUIIIUF Ur 8T JIV O3 380D OFPnNIS OYL °Y76[ UF se Inoy iad 8L°'€$ o KAiwiws ¥ 9nupIvOd O) pamnsew vaw
SURIDIFUYI3]  SITITTFQISUCASIT 10ylo 9ARY pue 183K 1ad 838an0d 9AT3 Yove] ATTVEIOU piojupls IW 810889Jo3d $® 895IN0D pirOJULIE oY1 103 uwopidmnese syqeucCESREx ¥
e8] STYL °s37Jousq pue L1w)PS 19A0D 03 °saN0d 13d 000 0Z$ JO Kivles ® IAFEIAI O3 poansse 91w s103oniisul  °31d3foad syl jo ®IF{ *y3 103 inoy iad 1$ 03 tendbs
9q 03 p3unss® puw sjunows pollodax uwyl eydyy ATINBE(S ST HL6T UBNOIYI 6961 B1UAK 103 VduvuIIUFEH °siweL O 1933w poowydex 99 TTIA SI0IFUOM PUP SRIOWED
J8Y3 paunsse ¥} 3] °WOOISTL[D DY} UF BIUGphI® Aq IsN 10J SI0IFUOL WOOIBSEYD CYT PUE ‘EBIIWMED O ‘ESWOOIBEVLD AFJ Y3 FO YA 103 S2708U0D TOIINOD ‘Prqwd
‘a10o8u0D [0A3UOD IP1SPW P3IIINIIBUCD A[[¥FI3ds w sIpnyouy juemdnbo 9yl -3uewadeydaz pavu jou [IFA KIFTFOR) "3 *xe7dmod OIpPN1Ie 9Y3 puE. ‘@001 [013V0D
19387 o431 jo UoFIR[dwod puw Supuuweyd 9y3 Bupanp woFIONIISUCD pue auuosiad Joj juade unowe oyl BF AIFTFORI Y3 103 Ssvedxa 1933TUT WYL .coﬁu.._x:ma

*uof3vzurdio Yosa 103 gesuadxa @dFJJo 103 QQO'OT$ JO SWEIIIE JUPISUCD puw (8971 UCTINTIUT SAOGE PSPRIDU} TWEX ¥ wq pinoa
8743 se ySjy 3q Ae=m yopys) sagawyes uy 3uad 12d ¢ jo saseaiouy jenuue Supwnsse Aq pIYsTIdwodIw 912A suoy3dsfo. ;. ‘iiojuwig 103 3ulx paIndwy ue puw FIy lo0)
2uax aoeds 99F330 1EN1d8 ‘siaded PoILTII-IBANGD JO VOTIIITTOD PUR UOFINQIIITFP 103 DTITYIA 19FIn0d ® ‘eBupysvy > lwd apnTIuy s9suadxe pPIIETeI puv 993330
*uojiszfuviio (ows 103 sesuadxo palelpnq WOIJ PIATIaP 3xoA YL6T YBNOIYI 9T AWK 107 HIV PUS PIOIUNIS I0F Siteir e SATIRIISTUTEPY ‘GopIvaISTuTepY

-

V'S 9'IC6  T°606 4'6l8 1AS 2°%Sg 2'918 0'96L C°OLL 9°l26 0°6CL C'6TL C°TOL 8°999 T'WC9 T'NIG 6°60S B'STS L°62y C°laTt  (svqovey) wwoguwss + gov ‘02
VG BT TGAC N°6TC L0 2°WTE 2°982 0°9l2 €992 9°l3y T'ghe €662 €°V(Z 9°902 6°/9T 9°B6T. 9°65T §°2ST L'TAT C°lOTT (sampwsy ou) profumc + TV *61 ;
0°GlS T'S9S 6°G55 9°6cS 2°ICS 9°0yS L°SIS 400G 4°T0S 'S99 S°BBY T'2By 9Ly CySk S'6Cy Uiy 6°COy TSty 2°MyC € lgTt < -e (S3000W83) proJueis gL
0°Sl2 -T°G9z 6°GG2 9°6ke 2°MC B'Ove L°GT2 #°802 4°T02 ¥°G5C 6'gRT T'2gl #°oll C°AST G°6KT T'NST 6°LTT T°9TT 2Lt € lgit (sxwpvey ou) proing Ly
- . ! 4500 TWLOL
8°ST  4°GT  2°GT 2°GT 0°ST 94T &'#T 24T 0°4T @<t 9°CT €T O0°CT 9°2T #'2T O0°2r 2T O°'It g°'g : + SoUwUNRUIEY 9T
Y2 f'C2 ¥°C2 9°ST  9°GT €°CC 9°GT 9°ST 9°ST S°WRT 9°ST- 9°ST  9°Gr L (-4 /14 ! suemdmbyg °Gt
) : : u..o“»wmeoz L
o'y 8y 8y 8'y 8y 'y 8y 8y 8% 8’y 8't o'y 8y Ty €C FA(4 4 (414 €< 5 . . .ﬁ“ﬂ" “r.n Oolv;
1286 2°05 w'gr G°9%y L'wy g2y Loy B8 0l UT% €€ X 9°62 L2 &'62 L'62 6°z2 412 2°GT WY - THIUL ofpmg * o -
9°2T T'2T L't 2t g°0T (C°0l 6°6 %6 06 S8 1@ 9L 2L L9 2L €6 % g€ Lz BV - MIOTWON] °TT :
062 032 Ol2 092 052 Oy2 o2 02 Ol2 002 06T 0BT OLT 09T Oy O2T 90T @9 gy )Y = sI030nNBUL 0T *
0°LT 0°LT 0°LT 0°LT O0°LT 0°LT O0°AT 0°LT O°LT O0°LT O°LT O°LT O°LT O0°LT L1°9T O°§fT 9°§T #°Gt L'zt PIOJUNE - suvjotwpey °6’
00 00K 00K 00C 0L 00 O 00 0OC 00C 00 00 -0 ©00f 00 062 992 962 0Nz WIOIMNp - sl030nIIBUL  °Q . Sy
6L lL 9L 9L GL yL 2L TL 0L 69 g9 L9 69 (€9 29 09 96 &G ¥y ) SOUVURIUTYH )
Lts € cce - o Juendmby °9 .
ey . A3II3088  °G. :
. a.a:s__a..u _
0°0T 0°0T 0°0T 0°0T 0°0T 0°0T 0°0T 0°0T 0°0T 0°01 00T 0°0T 0°0Y 66 GOt #6 ¢°2r Got £orT - 20V = PIISTA UV 90T3J0 g =
89 949 S°T9 9'9S @°6S TCS 906 2|y 6°Sy L€y 9T 96K LU 6K 6'0 6°l2 vl yE S . DV - I8 ¢!
0°0T  0°0T 0°0T 0°0T 0°0T 0°0t 0°0T 92°0T 0°0T 0°0T 0°0T 00t 0°0l g6 SIT 86 69 Lg &g DIOJUNIS - PEIVTAI fare 001330 3
G'96T 2°18T C°GLT 69T L'TIT O0°RST L'yt L°66T 0°CCT L°93t L°02BT O°GIT G°60T 2°%0T 0°lg L'€L 2%l 22l G'69 [ noJung ~ 3JNg «
UOTIRIIY '
L]
Lt

986T GEGT  #96T (€E6T 296T TH6T  0B6T 6I6T pLET  LI6T  9l6T ~ SI6T  wl6t (773! 26t U6T o0l6T 696T @96t

(2av110P °S°n 7L6T 3O spuvEnoyl u3)

WALSAS ALl QUOINVLS FRI 40 §1S0D

T'IIIA FIOVL

Q
IC
PAFulText provided by ERIC

E



*ZT Puw § °C Sma3} 9An pynoA suo AJuo FIV u..u #3900

°y3 JupIegnoed easA euo JI »vueu- os{d aaw [T pus § ‘C w93y ‘ufoya ¥ B% eouae«.:uu OF w018k oyl Uy ST 4+ ST+ VI +ET+ 6+ L +9+S+T+ T

w93} O wng Y3 SF 81YOWI] INOYIFA PIOJURIZ 107 [9I0] YL ‘SIQUIFeAV s8] L37ouded uaym 1SN 10Yyjo 03 STIFTFORJ Bupivea jo AIFTFqrssod ey3 unquonu«

pue 838aN0D paojuwlg 103 Kiwweddwu ey Juswdynbe [Iv Sujwnsse £q Lfuo easanod Bujaasuriua piojueag !—u 10J POININI[EI S 3800 [vIol IS [wI0L - * ;u:,

: *3uowdynba’ uoyidasea v 103 anoy awd z§ 9q 03 paumess §f ou._dﬂouﬁqa: .-ucun ot L1980 v3-uo .

87 juemdynbd 9y3 Jo Judad a8d gZ IWYI powness BF IF ‘°039 ‘sIova *SOTQqRD ‘svuusjus jJo IJF[ Suvoy 8yl pue ‘juowdynba OwqQRTEI Jo sEn Juanbaiug !&u-qmu ,..O
ay3 ‘juemdynba uoy3desas oyl jo 9sn Suykiva oyl 03 anq ‘esodand sTYI 10j pasn IV SWOOI OIUDIIJUOD IVY] pPomNSEw ST 11 °*soyurdwod oyl uy swaiw Supmsta
3o JuswaBusiav 103 pIPNIOUF IS0 OU §F 9I3Y] ‘avAamoff *Juemdnbe @seydand A3 3y Rouqyrel ou io3 3do 03 Suypuel 218 pue sofundmod Lqaweu v uouu«:unu

Sup3sTxeaad SUFIFIFIN BIIJO 9I® gIjurdmod mIu ee uojidunssv ySry LiySyre v 2q Lem SYYL °*ROEqA[EI PIIFYS-SWF) PUP SWOOISTETD INOJ YIFA SUO puUR: YIwG :

-4[9] OU PUP HRWOOIBHVID INOJ YITA U0 {WMII8AS 9y 03 pappe °9q 03 PImNEsSE 2av 18d£ 19d SOjuUVdmOD OAY C/6T WOIZ °Sawak 980Y) UT sIFuRdEod o) £q peswydand .

juasdynba 3o ead£3 ey3 puw g IIIA @9Tqul ®oaj 83800 juamdynbe 7767 uO pPeseq sIUMOWE POIBWFISD VI8 ZLET PUP G96] 10J sIuncew jJusedynby ..q«ulmuudv. :

*junowe 1ay3yy ® Iv ydnoyjre 3I0efoad 9yl jo Fapurvwea 9YJ 10J IUVIBUOD UFENDI OF PIUNSEV 8] ITUNUIIUTEW Poyaad STY3 Uy LIwA Jou PP SIVNOWS IYy) 98 pus $/61
yYSnoayl §961 103 saunowe pajiodai S PIUBUIIUFVH °9JFI IW9L-(7 ¥ DARY 03 pamnsse 8] puw g9GI UF paseydand ssa Rwdynbe voyssymeusal .no«an«lna..u.hu :

(panurjuod) Z°IIIA T1AVL

1C

Aruitoxt provided by Eic:

E



-199-

this technology, USC probably benefited from the experience and'was
able to reduce planning costs. .This figure may also be compared with
the estimate given by Martin-Vegue et al. (1972) forla similar

four channel ITV system with audio talk-back. Thelr estimate of
$535,000 for equipment and personnel is lower than the expérienqes

of Stanford and USC since Martin-Vegue et al. iguored instruction
costs. The costs for reception are borne by the participating
companies and are not included in the above investment figures.

The costs to the companies for reception <quipment in Table VIII.2

of $337,800 Zn 1968 and $35,400 in 1972 are derived frum the estimated
equipment and installation expenses for the different typés of
reception equipment presented and the configurations for companies
presented in Table ¥ZI1.3. The costs of reception are underestimated
since there is no estimate available for comstruction expenditure

by the companies to prepare classrooms. While there are 37 members
of the Stanford system, there are classrooms at only 30 lo¢ations,
and the number of classrooms and the type of equipment'utilized
varied among the locations.

Administration for the Stunford ITV system consists of a manager,
two secretaries, and two engineers. Their salaries and fringe benefits
are actual expenses for 1969 through 1974 and are assumed to increase
by 5% per year from 1975 through 1987. This estimate may be high,
as the pattern seems to have been relatively constant salaries with
an overcompensation for inflation in 1974. The administration for
the ACE system consists of a manager, an assistant, and a secretary.

When teacher salaries are excluded from the analysis, the istra-

tive salaries and office expenses (rent, supplies, and a courie

service between companies and Stanford to distribute course mater

and collect student papers) account for neérly 70%Z of annuailexpenses.
The technicians who operate the cameras during'the clasgésvate

hired on an hourly basis. Their pay with ffinge benefits‘aveféges

to $3.80 per hour. Stanford students are giﬁeh;a:short émbuntlbf?'

training and hired as camera operators.
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If one merely examined the expenses for the Stanford engineering
courses, the costs of a similar ITV system for institutions wishing
to replicate'the system would be understated. All instructor éalaries
are excluded from the budget of these courses as the‘nefwork simply
broadcasts regularly scheduled Stanford engineering courses. There-
fore, in calculating the costs of the system, there are three
possible approaches to instructor costs:

(1) assume the cost is $0 since the ITV system is a marginal
operation, that is, the engineering courses would be
scheduled for on~campus students and having these
classes meet in studio classrooms instead of regular
classrooms does not affect the class but allows more
individuals to participate,

(2) prorate the instructor cost based on the number of
off-campus and on-campus students, and

(3) assign the full cost to the television system.

The first and last of these alternatives are considered and the
assumption is made that instructors would be paid $2,000 per course.

The situation with instructor salaries is more complicatad for
the ACE courses since some instructors are paid by the ACE and
others are paid by universities. However, for simplicity the zame
assumptions are made for ACE courses as for.Stanford courses:
instructor salaries are excluded or equal to $2,000 per course..

As ACE courses tend to be of shorter length than Stanford courses,
this amount is probably high for the ACE courses.

The production of courses on the Stanford ITV system is probably
one of the simplest possible for a television'system: “one instructor
and one technician. Yet by using the overhead camera or the -
projectors, it is possible to utilize many of the’ advantages of the
television technology. ' L

The final jroduction cost in Table VIII.Z is the studio cost of

%18 per hour charged to ACE for use of the facilities.' When the ‘
total costs of the system are calculated, this coat is ignored as
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it is merely a transfer of funds from one part of the system to another.
If one wanted to calculate the costs to ACE, then technicians' salary
would be ignored as this is paid for from the Stanford.engineering
budget and the studio cost would be included. Since the Stanford
engineering portion does not utilize the full system capacity, one
would expect that the rational decision for efficient allocationi
of resources would be to charge a price equal to marginal cost (the
extra cost to utilizz the system for one more hour). This aspect
of the system will be analyzed in the next section.

In sumpary, one can see from the cost tableau (Table VIII.2)
that for a total initial investment of $1,187,300, an ITV system
was established which allowed for simultaneous broadcast of four
courses with audio talkback capabilities to an area with a radius
of approximately twenty miles. The system included: four studio
classrooms and one auditorium, each equipped with two cameras
and several monitors; four on-campus overflow classrooms aith
monitors; and approximately 70 classrooms in 25 digferegt locations
with monitors and talkback capabilities.

o
L

Cost Functions

Cost data from Table VIII.2 are used to calculate a cost function
for the project where TC , total cost, is a function of N , number
of students and h , the number of broadcast hours. This cest fumnction,

which is assumed to be linear, takes the general form:

(VIII.1) TC = F + VNN + th

This equation may then be used to calculate average costs per student
(ACN) In the equation, F is a fixed wost of the. system,,:Vh and
Vh are the varilable costs per student and per hour re8pectively.

For purposes of calculation, the cost function data from l974
‘are used. In Table VIII.4 all expenses. labelled 'recurrent are
actual expenditures in 1974 and all expenses labelled capital' -are .
annualized values of capital expenses occurring prior to and including v
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1974. Capital expenses are annualized at three different interest rates:
0%, 7.5% and 15%. Assumptions regarding the lifetime of equipment

are explained in Table VIII.4. To determine variable costs per student,
the total enrollment (including auditors) of 4,942 students in 1974

is used. The total number of broadcast hours, 6,290, is used to
calculate variable costs per hour.

Production and transmission equipment aré assumed to vary with %
the number of hours of production. The reception equipment is assumed
to vary with the number of students. This is obviously a simplifying
assumption as the purchases are lumpy, that is, the cost of equipment
is a step function with respect to number of hours or number of
students. An additional simplifying assumption is that teachers
may be hired by the hour, although in fact they are hired by the course.
The average variable teacher cost is $73 per hour and it accounts for
approximately 80% of all variable costs at a 0Z interest rate and 70%
at a 152 interest rate.

A summary of the total cost functions (TC), the average cost per
student (ACN), average cost per student hour, and the ratio of aﬁerage

cost to variable cost for students (ACN/VN) is given below.

Cost per
ZIotal Cost Equation ACN ACN/VN' Student Hour

0% TC = 169,400 + 5.60N + 83.90h 146.60 26.18 5.70
7.52 TC = 196,900 + 9.20N + 86.60h 159.20 17.30 6.20
15Z TC = 232,100 + 13.50N + 90.10h 175.10 12.97 6.80

Several interesting facts emerge from this analysis. As expected,
the average costs increase as the interest rate increases. .The
average cost per student at 7.5% is $159.20. While this maj appeér
to be high, it should be borne in mind that this ITV system is mot
an addition to an educational system but has the main burdengof'
instruction. The figure of $159.20 includes costs fof;ins;rﬁctors ,
and annualized capital, and is for a system with only Zi'étudents .
per class on average. Using the same methodology, ;he aﬁe;agg‘costs
per  student, including auditor enrollment, for the'Stéﬂford.éngineer?
ing courses only at 7.5% interest: would be $268. 60 when teacher coats .

lre included and $128 54 vhen teachef’costs .are excluded.-

e

A ruiToxt provided by ERl
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If auditors are not included, these average costs become $598.07
and $286.22 respectively. One can see that the inclusion of teacher
costs and the decision on whether or not to include auditors in the
analysis have profound effects on costs. However, as expensive as
the system might appear, it should be noted that if one can assume
that tuition covers approximately half of all expenses for the

4 entire university and tuition for a three unit engineering course
is approximately $270, then only for the highest figure of $598.07
(an average class size of only 7 students), does the television
become more expensive than the traditional system.

One can also use the cost functions to determine the appropriate
charge to ACE for use of the facilities. Excluding the instructor
cost of $73 per hour and the reception maintenance cost of $2 per hour
from the variable hourly cost, the marginal hourly cost of the system
is only $11.60 at 7.5% and $15.10 at 15%Z. This hourly cost includes
a charge for the capital equipment and actual marginal costs would be
even lower. It would appear that the charge of $18 per hour for use
of the system is too high. However, one should note that the calculated
costs do not include any charge for engineers' time as this is con-
gsidered a fixed expense of the system. If it were necessary to pay for
additional hours of engineers' time as is currently done for techni-
cians' time, the charge of $18 per hour may not appear to be high.

A final interesting piece of information is the ratio of aver—-
age costs to variable costs. In a very broad sense this figure gives
one an idea of the excess capacity 6f the system. When the ratio
is very high, a great deal of capacity exists. At 7.5 the average
cost for 4,942 students is $159.20 per student but the approximate
cost of adding another student is only $9.20. As more students are
added, the average cost per student will diminish. One shQﬁid
realize that $9.20 is a long-run marginal cost per student. In the
short run, the cost of adding an additional student is neérly Zero.

217
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ACil

The use of cost functions is a reasonable approach to the deter-
mination of average costs. An altermative approach is to calculate
a summary average cost from year i of the project to year j, Acij"
This type of calculation makes full use of the yearly utilization
data in Table VIII.l and the yearly cost data in Table VIII.2. ‘The
" average cost, Acij » 18 calculated by discounting costs and utiliza-
tions, such that

h |
3¢ /@ + )kl
vIrr.2) ac,, = i a
(VIII.2) AC, = =3
5 Nk/(l + r)
k=1

where r 1is an interest rate and Ck and Nk are costs and utiliza-~

k=1

tions (students or student hours) in year k respectively.

When k = 1 we calculate the average costs of the project fzom
its inception to different points in time (possible project tcrmina-
tion dates with an assumption of no recovery costs for equipment).
Table VIII.> presents the ACij information for Stanford engineering
courses only with teacher costs excluded, auditor enrollment included,
and using an interes; rate of 7.5%. The first row of ;he‘ ACij
provides the information of the average cost per student for dif-
ferent project lengths. Due to the large initial investment in
capital equipment, average costs decline as the prcject length increases
and more students use the same equipment. If the project'had been' |
terminated after the current year (1974), the average.coét of the
éystem for that time period, AC1,7 » would be $252 per étﬁdeqt; If
the project runs a full 20 years, the average cost, AC1,20 ,. declines

to $155 per student.

218,
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Another interesting row is the one using the next year of the
project (1975) to help the planner determine future.possibilities
of the project. As soon as the initial year of the project is
excluded, the initial investment costs are treated as sunk costs
and not included in the analysis. From Table VIII.5 the average
cost from the present to the end of the blanning horizon, Ac8,20 ’
is $98. This cost is higher than AC_JL’20 where i = 2,000, 72. The
primary reason for the increase is the assumption of an additional
$15,600 in reception equipment each year when only 25 students are added
each year. In calculating Acij's for an assumption of no growth,
that is, no additions to equipment and no additions to utilization,
the situation changes ‘dramatically. For a no growth assumption,
ACl.ZO declines to only $151 but ACB,ZO declines to $63. The
initial capital expense is still an important component of costs
where included but fhe lack of addition to capital equipment {which
may have been too high relative to the number of students added)
substantially reduced average costs.

Other interesting questions can be answered with this average
cost analysis. If one calculates the costs to Stanford excluding
the reception costs, ACl,ZO becomes $122 assuming no growth and
AC8,20 becomes $53. If one excludes auditors from the analysis,
ACl,ZO from Table VIII.6 for the Stanford engineering courses
becomes $287, a substantial increase above the $155 average cost,
when auditors are excluded. The impact of adding teacher cost is
also substantial. The average cost Acl,ZO is $571 when suditors
are excluded and $309 when auditors are included.

Two additional tables are included, Table VIII.7 and VIII.S,
which are average costs for the entire ITV system with teacher costs

" excluded in Table VIII.7 and included in Table VIII.S. Auditor

enrollment is included in both tables. When the ACE courses are
added to the Stanford courses, there is a sharp drop in average
costs. Adding the ACE courses results in a division of capital

equipment over more students. The ACE courses have an average

e

220

.
~

SR

R Gl




95291

16°99T L6°99T

TS°99T LT°99T 09°99T

.,_,,S.qﬁ LE'E9T 8%°T9T 21191

T 59T LL°99T 6%°99T €2°S9T LZ°29T

P6°99T" TL 99T LY°%9T 9L*%9T TO'E9T 9€°¥9T

08T 0S'T8T %8°Z8T TS°L8T 99°%6T OL°¥IZ 80°89T

09°8LT 9€°6LT %E€°08T O0S°€8T L%°L8T [9°96T ST'OLT T9°ELT
OT"LLT %9°LLT 8€°8LT L9°08T 8Z'€8T §9°88T €%'69T ST'OLT 6L°6LT

€5°08T SZ°TI8T €0°Z8T T¥°¥8T ST°L8T TE'Z6T 60°6LT TE°€8T TS°L6T 28°98T

~TTSLT 99°SLT LT°9LT [9°LLT ST°6LT %HE€°T8T TT'69T €¥°69T 60°TLT 8T°9¥T ST°ZTI
EETLT LSTTLT SBTTLT 68°ELT T8°YLT T6°9LT TY"Y9T 6T €9T HS°TI9T SS°THT €9°8TT <TL°9ET

ZT°L87 90°76T SL°L6T S8°TIE EE€°0LE 68°9SE %8°08€ %L°'8EY TT°8YS G0°0ZL €0°C68 60°SELT 0°0-

L86T 9861 S86T €861 1861 6L61 LL6T - SL6T €L6T TL6T 0L6T 6961 896T

(PPPNTOXT JUBW[TOAUF IOITPNY *papnToxg S3I80) IaYdws] ‘ATup 83sIN0) pIojuels)
26°[ = JLVE ISTIIALNI
f ¥VAX Ol ¥ ¥VAX WO¥d INFANLS ¥3Ad SIS0D AOVEAAV

9°I1IIA ATHVL




08°LY L86T

0S°LYy €E°LY 986T
LZ°LY 60°LY T6°9% <861
SE'9% L0°9% 2ZL'SY TI'SY . €861
ST'9% S0°9% €8°SH TL'SY 69°%y 1861
6L°SY 6S°SY 6€°SH 9T'SY TS'4y Sy 6L6T
€9°8% TL'8Y ¥8'8Y 0S°6Y £9°0S 6Z°%S 0S'4y | LL6T
¢8°LY €8°LY 88'LY TT'8Y 69°8% LI'OE ¥S'Wh S8'hy SL6T
. 89°9Y S9°9Y Z9°9% TL'9% 6L°9% 8E'LY LO'SY 9Z'T%  TL'OY €L6T n9,~~
S 6L°9% SL°9% €L°9% T8'9% T6°9% 6€°LY ST'Yw 8I'YY  86°vy  OC°Ly TL6T e
Ov'Ly 6€°LY 6E°Ly SS'Ly SL°LY SE'8Y LL°SY €T°9% 00°8Y T6°2C 1209 0L6T
80°8% 60°8Y ¥I'CY LE'8Y 99°8Yy 9E'6Y LI'Ly 00°8% ¥E°.S  L6°SS TS'T9  Ev°€Y 6961
€9°2L W9'EL T9'WL T9TLL TL'T8 SB°L8 L6°C6 S6'80T 9%°0YT T9°9ZZ %0'6EE LL°9Z9 00 896T
86T 9861 SB6T €86T 86T 6L6T LL6T  SL6T  €L6T  TL6T  OL6T 6961 896T f aeak
. T awak
(PopnTouUl jusWTTOIUZ I03TPNY ©paOpnTOXy S3IS0) 19Yoed], ‘898In0) JJY PuR piojuel§)
%S*L = SIVE ISTUAINI .
{ 4VaXx 0L ¥ 4VEX KO3 INFANLS WAd SIS0D AOVHAAY
L IIIA 379V1 Lk
i

E



€0°92T
€1°92T €€°92T
0€°92T L%'9ZT E€L°92T

CET9CZT TY 92T L¥%°92T 89°9¢1

L1321 9t°Let cw.hNﬁ 0€°82T 9¢°8¢1

6L°LTT 66°LTZT 6T1°8ZT 6S8°8TT 0T°6CT 8T 0ET

L8°TET €E°ZET 68°CET SY°YET 09°9¢T O IYT 68°CET

TG 2ET T6°CET OY°EET S9°¥ET 6T°9ET €8°BET O0S°YET ST 9ET

ST'CET 9S°EET 86°CET %O°SET LT°9ET TI'S8ET SE°SET ¢¥°9¢T LS°8ET

nm.QMA..na.¢mﬁ OY°GET O0G°9€T TL°LET 9%°6ET 6L°LET T¥°6ET YT Y1 €%°2ST

98°LET 6€°8ET 96°8ET SE°OYT SO°TYT 6E°YYT €O YYT 09°LYyT %S°9ST €8°SLT 8T1°S0T
Mm 80°0YT 99°0%T TE'TIYT T6°CYT T8 YT 9%°L¥T T8°LYT 2T°2ST 0T°09T TZ°08T 6L°L6T Y9°061

8%°99T 90°99T €8°L9T TT°'TLT T6°LLT TO'98T ¥9°¥6T 60°ETT TT°0ST 69°0SE EO°SLY ¢0°%SL 0°0

L861 9861 G861 £861 1861 6L61 LL6T SL6T £€L61 TL61 0L61 6961

(PopNTOUl 3UBWITOIUZ IOITPRY PIPNIOUI SISO0) IYOE3] €638IN0) FDV PUBR pIojuelg)
26°L = HIVY ISTYALNI
f 9vaX O T ¥VIX KOUJd INAQALS Y3 SIS0D HAOVHIAV

8 "IIIA FT4VL




=213~

enrollment of 35 students whereas the Stanford engineering courses
have average enrollments of 15 students with auditors and 8 without
auditors. Acl,ZO becomes $72 with teacher costs excluded and
auditors included, as compared with $155 for the Stanford engineering
courses only. Wheﬁ teachers are included, the costs for the length
of the project, ACl,ZO , rise so only $164 for the entire system

as compared with $309 for the Stanford courses. Finally, when
auditors are excluded, from the analysis, AC1,20 for the entire
system is $88 when teacher costs are excluded and $201 when teacher

costs are included.

In analyzing costs, great care must be given to the assumptions
of the analysis and the types of decisions which are made. The major
agsumption for the cost analysis was the growth assumptions for all
years after 1974: an additional 25 students for Stanford courses,
an additional 5 ACE courses and 175 students, an additional 4 .
classroom locations with reception only capabilities, and an
additional 4 classroom locations with time-shared talkback. The
growth assumptions result in higher average costs compared with.an
assumption of no growth for Stanford courses, and lower costs fgr a
no growth assumption for the entire system.

The other important decisions from the standpoint of decision=-.
makers at Stanford are: accounting for teacher costs, inclusion or
exclusion sf auditor enrollment, and inclusion or exclusion of ACE
courses. All of these considerations have important impacts on‘fhe :

average costs of the system.
3. EXPANSION ALTERNATIVES

A major expansion alternative which has been discussed is the
addition of courses and new students within the Stanford:area. . However,
even with the assumption of increased production, 35% of the»capasity




from 7 a.m. to 7 p.m., Monday to Thursday, and 7 a.m. to 5 p.m. on
Fridays still remains. This time could be utilized at a cost of
approximately $84 per hour counting maintenance, technician salaries,
and teacher salaries. Many more students could be added by utiliz-
ing existing facilities. Considering the investment in'additional
reception equipment, more students could be added at'a cost of
approximately $9 per student.

An additional and important expansion possibility is the use of
videotapes. The Stanford ITV system has already begun the distribu-
tion of videotapes to areas which are unable to receive ‘direct
transmissions. The only loss in ‘utilizing videotapes instead of
direct broadcast is the lack of talkback facilities. The costs of
expanding the system may be conservatively estimated to be $50 per
hour for recording and mailing a one-hour 1/2-inch tape Stanford
already owns five video taping machines. At reception locations the
investment would be much lower and require the purchase of video-
tape playback machines only. A videotape playback machine with a
monitor would cost approximately $800; adding a camera ‘would raise

the cost to $1,500.

4. SYSTEM FINANCING

All Stanford engineering and ACE courses are open to member

~ companies only. Stanford has established a schedule of membership
fees based on the size of the company. The purpose of the fees

is to help Stanford recover the costs of the capital: investment

There is a variety of payment plans but the one-time lump sum fees
are the following: :




Annual Gross Revenue Lump Sum

$5 million $2,200
$5 - $20 milldon $8,800
$20 - $50 million $17,600
$50 - $100 million $26,400
$100 million ' - $39,600

‘The operating costs of the system are financed through the $20
television surcharge for HCP and NRO students for the Stanford ‘
engineering courses and through the fee schedule for auditors.J The
ACE courses are financed through a variety of means depending on
the course.' fees of $50 per student per course, lump sum payments
of $12 000 by companies, and direct payments from other universities..

From the viewpoint of the Stanford administration, to determine
the viability of the system in terms of recurrent . expenses, thev.
revenues would include the $20 surcharge, auditor fees, and the
studio charge to ACE.‘ For 1974 this revenue was approximately ‘
$82,000, assuming an. average of $30 per auditor., However, to thiva'
total one should also add the matching fees for the NRO students who |
are not matriculated and are not receiving eredit. TThe_annnal»

operating budget is approximately $140,000.
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CHAPTER IX

THE HAGERSTOWN INSTRUCTIONAL TELEVISION SYSTEM
Nt ry ’

The instructional television system in washington County,
Maryland, has perhaps the longest continuous history.of any ITV
project in the world. Thelproject began transmission in September
1956, with service to schools in the immediate_area‘of Hagerstown,
Maryland, and was gradually extended to all schools in Washington
County. The network reached 6,000 students in 1956-57, 12,000
.students in 1957-58, 16,550 students in 1958-59, and 18,000 students
(nearly 100% coverage of all 12 grades) by 1959-60. Initial equip-
ment for producrion and reception, valued at approximately $300 000,
was donated by the Electronics Industries Association. The Fund for
the Advancement of Education and the Ford Foundation contributed a
combined total of $200,000 per year for the first five years of the
project. The county has funded the project_sincelthe sixth year
(1961-62) . The Chesapeake and Potomac Telephone‘combany installed
and maintains the six channel coaxial cable which connects all
county schools with the studio facility in Hagerstown. fhe'telephone
company charges a rental fee for the use of the cable. The fee is
based upon the amount of cable and not the utilization. time.

The system has been described in detail in county reports"
(Washington County Board of Education, 1963; 1973; and Washington
County Instructional Television Evaluation. Committee, l973) These
documents include costs of the system, evaluations of the system
comparing the academic performance of students using television with
" those not using television in Washington County and the performsnce
of these students with average scores on standardized national achieve-

ment tests in a variety of subjects, and an attitude survey of students o

and teachers.
1.. THE SYSTEM .

OrganizatiOn.and Technical Characteristics

A standard studio crew employs a teacher, tw0'technicians,w
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technical positions are filled by students from the local junior
college and it is estimated that training of a novice can be -
completed in two weeks. The system has its own engiheering'and
maintenance staff, which serves the needs of the central facility
and the schools. ' h

‘In 1972-73 there were 31 TV teachers, 23 persons employed on a
full-time basis in engineering and production, 32 junior college and
other production personnel employed on a part time basis (equivalent
to 5.1 full time personnel) and 9.3 full time equivalent personnel :
from support services such as, cinematography, graphics; audio~
visual, and instructional materials.

The teachers for television were originally drawn from the class-
room teacher supply in Washington County. The TV teachers have .an
organizational structure similar to traditional schools, except that the
teachers report directly to the subject area administrators for the.:
entire schpcl»district. The stadio teachers have not'heen_rotatedj jd

back to the classroom and several of the teachers have been teaching
on television since.the beginning of the project. The most strikihg
difference between classroom teachers and studio.teacherseis,the _
instructional load and hence the availability of preparationitime.<
A studio teacher teuches three 20-minute classes per-gggg;Whilehawv

classroom teacher typically teaches five 45-minute classesﬂeachjdax._

The instructional time requirement for studio teachers is alscfg'“_
satisfied by the use of videotapes of their coursesrfrom previoush-f_
years with the studio teacher providing necessary updating and

revisions. e s
There are five television studios at the central facility in
Hagerstown. These studios are connected with- classroom television '
. monitors in the schools by the- dedicated six-channel coaxid,r o
installed by the telephone company. In. 1972-73 there were aphroxi-“'
mately 800 receivers in the schools. Most of the receivers dre.for :
black and white broadcasts only; however, the system has beg'”

move toward production in color.



One of the most interesting features of the system from the
technical standpoint is the relatively long life of equipment in ‘the
system. Videotapea which were purchaaed in the earlier years of the

project are still being ugsed. Through careful maintenance, the
television monitors, that are ordinarily assumed to function for
five years, have been in use for many years. ‘of the 342 receivers
purchaaed in 1955, over 140 were Btill in use in l973.

Utilization

With six channels available and assuming a’ 35—hour school veek
'r“television

for 36 weeks, there 1s a total of 7, 560 hours availabl“
production. " Of these hours, only 1, 440 houra were uaed or original
production in l972-73, while 1,900 hours were uaed in earli ‘
There is clearly a great deal of capacity for additional;original

programming or use. of programs from other diatributors auch'aa,
National Instructional Television, Learning Corporation . me: '
and the Maryland State Department of Education a Division £ ITVV
Excess capacity haa been used for ‘repeat " broadcaats»of _unior and

senior high school programs to reduce acheduling conflict
The.Waahington County achool Byatem ia small. n l972.73 there
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Television course schedules raporting the number of broadcast
hours per week for each grade level were available for most years
from 1958-59 on. The enrollment figures were'combined with broad-~
cast schedules when available to determine the total number of
student hours each year. The total number of student hours reported
in Table IX.l was calculated by summing the products of enroilmente
and instructional time for each grade level, i.e.,

12

(IX.1) SH = 3 Epq x ITpq

Pq=
‘where SHp is the total number of student-hours in year p , Epq 1is
the enrollment in grade level q in year p , and ITpq 1is the
instructional time via television for grade level q in year p .
When broadcast schedules were not available, a broadcast time for
. each grade level was assumed and equation IX.1l was used to determine
student hours. The utilization has fluctuated from 2,954,000 student
hours in 1959 to a high of 3,255,000 in 1968. There has been a general
dacline since 1968. In 1972 only 2,588,000 student hours of utiliza-'
tion occurred. At this utilization level the average student is re-
ceiving 117 hours of instruction each year. Assuming a 35 hour
instructional week for 36 weeks, this figure represents 9.3% of total

instructional time for each student.

Effectiveness

Achievement results for students in the earlier years of the -
project have been reported in Washington County Board of Education r
(1963) and repeated in Wade (1967) In the first year of utilization
(1956-57), fifth grade students gained an average of 1. 9 grade :
equivalents on a national test. Achievement gains. for students iﬁ
mathematics for urban and rural students in grades 3, 4y 5, and 6

exceeded the national norm of 1.0 grade equivalentsq:,Additioqally,,__‘}v_is

232




-222~

within Hagerstown, students in a given grade had higher average test
scores than their predecessors at that grade level with less exposure
to television. For example, students in rural schools in grade 5
gscored: 5.34 in May 1958 with no television; 5.71 in May 1959 with
one year of television; 6.03 in May 1960 with two years of television;
and 6.11 in May 1961 with three years of television. '

Attitude surveys were also undertaken in the earlier years of
the project. There was a general decline in teachers' opinions from
primary school to senior high school as reported by Wade (1967) .

For example: 76.9% of primary teachers and only 40.9% of senior high

. school teachers felt that television provided help in instruction;
98.4% of primary teachers and 76.3% of senior high teachers felt that
television provided a richer experience and similar numbers felt that
television enriched and expanded the curriculum.

Criticisms of the system'in recent years have led to a county
report (Washington County Instructional Television Evaluation Commictee,
1973) on the attitudes of parents, teachers, and students toward the
system. It is unclear what sampling procedure was used for the
attitude surveys but the results have been published in local papers
and have been rather negative. For example, 2,439 students felt
that they learned more from the classroom teacher while 707 felt
that they learned more from the TV teachers; 2,111 of 3,360 felt
that television did not motivate them to learn; and 2,201 of 3,244
students felt that they would rather learn without television. A
total of 180 responses was obtained from the general public.
Approximately 60% of this sample falt tha: television did not
contribute to learning, did not motivate students, and. did.not
belong in the schools. The majority of these people also did not
favor an increase in the use of television even '1f a benefit to
student learning could be demonstrated or if costs would remain the
same. The use of television was more favorably viemed by teachers,‘
although their opinions declined relative to the earlier survey. :
Approximately 50% of elementary and secondary teachers responding
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to the survey felt that ITV did not improve the quality of instruction.
Additionally, 50Z of secondary and 75% of elementary teachers felt
that their students were losing by the use of TV.

2. SYSTEM COSTS

Year by Year Costs

Complete cost data were available for several years of the project
and records of all capital equipmert expenses were available for all
years of the project. As opposed to many other ITV projects which
have operated for only a few years, it is possible to analyze detailed
costs for an 18-year period for the Hagerstown ITV system. Projections
of costs were undertaken for only two years. The cost data for each
year of the vroject are reported in Table IX.1.

| The initial investment in equipment for the studios and class-
rooms and construction of the central facility was $1,049,700. In
other years of the project, new capital expenses rarely exceeded
102'of total expenses and have usually been approximately 3%. Annual
expenses have increased from $724,300 in 1958 to $1,102,500 in 1972.
Salaries for TV teachers have been 30-352 of total expenses; engineering,
production and support salaries have been 20-25% of total expenses;
administration salaries have been 7-8% of total expenses; and cable
renfal has been 15-20% of total expenses.

Two items from the cost table are of special interest. The long
history of this project allows one to examine changes in relative
prices of different elements of the system. 1In general, salaries
have iIncreased at the general rate of inflation and have remained
fairly constant in 1972 U. S. dollars. However, technology costs
have been declining. The average price of television receivers has
remained at $150 in current dollars. This results in an even larger
decline in price in comstant dollars. In current dollars only:
$53,783 was spent in 1955 for 342 black-and ‘white television sets. .
With an adjustment for inflation, this figure becomes $97,800 in 1972
dollars. In 1972, $1,340 was spent on 11 black and white televisi@n sets.
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The second item of interest is the impact of maintenance. The
decline in relative prices for the equipment components of the system -
gives a more favorable picture of replacement expenditures than the
true situation. More money, in constant dollars, was spent in 1955
than in all the remaining years of the project. If one examines the
amount of equipment purchases, a clearer picture of the replacement
needs emerges. According to records kept by the maintenance department,
only 200 sets have been replaced during the entire life of the project.
As there were 342 sets originally purchased, at least 140 sets are
still functioning after 20 years.

Cost Functions

Cost functions for the Hagerstown ITV project have been estimated
for 1972. Total cost is assumed to be a function of the number of
original programming hours (1,440 in 1972) and the number of students
served by the system (22,000 in 1972). The cost functionris given
by the following equation:

(IX.2) TC = F + VNN + th

where TC 1s total cost,
N is the number of students
h 1s the number of hours,
F 1s fixed cost, and

Vﬁ and Vh are variable costs per student and per hour
respectively.

The data for the cost functions are drawn from Table IX.1l and
reported in Table IX.2. Recurrent costs in Table XI.2 are expenditures -
during 1972. Capital costs are annualized values of equipment,ekpenses
from the beginning of the project to 1972. Three interest ra;es'afe
used (0%, 7.5%, and 15%). Production equipment 1s aéaumedv:b thé a
20-year life and was assumed to be variable with the numbgf»df“hOurs
of production. Reception equipment was assumed to be variablé'wifh the
number of students and has a 15-year life. Transmission equipmentfis_
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normally assumed to have a given life and to be variable with the number
of hours. However, Hagerstown only leases the cable used for trans-
mission. The charges are not variable with the number of hours

and have been treated as fixed, recurrent expenses.

The assumptions of costs varying with the number of students or
the number of hours are undertaken to represent the long-run variable
costs. 1In the short run another student could be added to the system
at a cost of virtually zero. However, over the long run, new
receivers would have to be added.

The cost functions calculated in Table IX.2 are used to czleculate
average costs per student (ACN), average cost per student-hour (there
were 2,588,000 student hours in 1972), and the ratio of average ccsts
to variable costs for students (ACN[vﬁ)' These calculations are

summarized below:

Cost per
Total Cost Equation ACN AC /v Student Hour
NN
0% TC = 234.500 + .50N + 617h 51.54 103.08 .44
7.5% TC = 234.500 + .90N + 652h 54.23 60.25 .46
15% "TC = 234.500 + 1.50N + 697h  57.78 38.52 .49

As the interest rate increases, all annualized variable costs and
all average costs increase. The average costs per student ($54.23
at 7.5%) are the costs to Hagerstown for providing an average of
117 hours of instruction to each student via television.

The rates of average costs to variable costs gives a rough
approximation of the excess capacity of the system.. When the ratio
is high, excess capacity exists. For the addition of students, the
long~term variable cost is only $.90 (at 7.5% interest). However,
the average cost is $54.23. As more students are added to the system,

average costs will decline.
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An alternative methodology for analyzing the costs of the project
and providing information for project planners is to calculate the
average cost (per student, per hour, or per student;hour) from year
i of the project to year i, ACij « This calculation utilizes cost
aad utilization information for all years of the project from 1 to .
Costs incurred prior to year 1 are treated as sunk costs, with the
simplifying assumption of no recovery costs. The calculation allows.
the planner to determine an average cost of the project from the
first year to different potential terminationAdates or allows the
planner to analyze the costs of continuing a project.

The equation for the calculation of ACij is given by:

y / k-1
C (L + 1)
k§:!. K/

(IX.3) ACij - 3
: / k-1
N, (L + 1)
k§i k/

where Ck is the cost in year k; Nk is the number of students in
year k (or hours or student ‘hours); and r i1is an interest rate.

When k = 1, average costs are calculated from the beginning of
the project to different termination dates. This calculation is
reported in the first row of Table IX.3. As one can see, as the
project operates for more years, average costs decline. The steady
decline is attributable to the spread of capital costs over increasing
numbers of students. As expected, average cost per student would
be very high if the project were terminated in earlier ‘years. Fbr
Hagerstown the average costs declined rather rapidly to $60 53
(AC ) per student in 1962 and then declined to only $53 37 by 1972
(AC 1, 18) This slow decline occurs because of the rather high
expenditure each year on recurrent costs; that is,.capital costs,
although spread over more students, are an increasingly less important

portion of total custs.
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To compare the Acij calcu;ation with the cost function, one
should use ACl,lS s which is the average cost per student for the
first 18 years of the project; this cost is $53.37. The average
per student cost from the cost function is $54.23 at 7.5%, which is
a comparable figure.

Average costs per student hour have also been estimated and are
reported in Table IX.4. In examining the average costs from the
project inception, one observes a rather rapid decline from $1.72 -
per student hour (for Jj = 1956, that is, ACl,Z) to $.37 per student
hour (for j = 1962, that is, Acl,S)' The interesting difference between
the calculations for costs per student and per student hour is the
different picture presented to decision-makers in the present. The
calgu}ations for AClB,j present the expected average costs for
continuation of the project beyond 1972. The average costs per
student are lower than previously; that is, AC18,18 is $50.11, whereas
4C1,18
hour, AC18,18
appear to be higher per student hour and lower per student than the

is $53.37. However, in terms of average costs per student
is $.43, whereas, AC1 18 1s $.35. Continuation costs
?

average costs for the life of the project. The difference is
attributable to the treatment of all previous capital expenses as
sunk costs in the calculation of AClB,lS but the general decline
in student hour utilizat