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Educational Technology:

Ronald Randall and Charles Blaschke

Part I: Economics and Management

To the extent that the new educational technology
calls for fundamental changes in the instructional
process itself, it demands a concomitant overhaul of
traditional patterns of educational management.

That great improvements must be made is now
commonly recognized. What we would like to know
is just what kind of changes will be needed, and we
need answers more informative than the slogans so
often bandied about.

Ronald Randall, a graduate of M.LT. and Harvard Business
School, is an instructional management and cost analyst who
has been developing models for determining the feasibility
and application of CAl and other technology in military and
public education and training programs. Charles Blaschke is
contributing editor of ET.
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Economics, Management and Public Policy

Useful in finding these answers is the device of
separating issues of “school management” from
those of overall “educational administration.”

Management of the schools deals directly with
teachers, facilities, students, and the ways in which
they interact; administrative issues, on the other
hand, involve the control of school management
through higher-level organization, policy and funding.

Figure 1 shows a conceptualization of how
management and administration mix at various levels
of the national educational system; it shows also
how the administrative structure rests upon the
underlying management foundation.

In the first part of this article the impact of
educational technology upon management of the
schools is investigated. The second part, “Implica-
tions for Public Policy,” will discuss the ramifica-
tions of changes at this level upon higher adminis-
trative bodies.
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FIGURE 1: SCHOOL MANAGEMENT
AND EDUCATIONAL ADMINISTRATION

The role of economics

Economics is only one of several sources of
pressure which influence our educational institu-
tions; other important ones lie in the spheres of
politics and sociology. While the three are inextric-
ably related, the political and social forces are felt
most strongly in curriculum content and administra-
tion, and it is the economic pressures which are
dominant in facilities planning and immediate school
management.

At the same time, one of the most striking dif-
ferences in the new educational technology lies in
its economic character. Of prime interest is the
much heavier weight placed upon capital investment
in equipment, facilities and recorded curriculum
materials by the new instructional tools, in contrast
with the proportionately greater emphasis placed on
labor (i.e., teachers) in conventional instruction.
This changed balance toward more capital-intensive
instruction is easily seen in such examples of edu-
cational technology as computer assisted and com-
puter managed instruction, multi-media instruction
and individually prescribed instruction.

Since economic considerations are both im-
portant characteristics of the new instructional tools
and key determinants of patterns of school manage-
ment, it is natural to turn to economics for insight
into how educational management will change.

Economics and the process of change

No matter how effective they may be, new tools
of instruction will not progress from the try-out stage
to widespread adoption until they have proven them-
selves in the competition for budget allocations.

Since it is generally too costly to be affordable
as a straight addition to current expenditure levels,
the new technology may well have to rely on its

ability to produce offsetting savings elsewhere to wip
it a place on the budget. Where the savings may
come from is determined by the economics of tha
instructional technique and the existing pattern
of cost incurrence (the “cost structure”) of the
school system. To what extent potential savings can
in fact, be realized, however, depends squarely upon
how well educational managers adapt their opera.
tions to the economic nature of the new technology,
Justification of the costs for instructional television
for instance, is greatly aided by reducing the need'
for classroom teachers during its use.

In schools where the new technology can be
afforded only if used in patterns different from those
prevailing, either the patterns must change or the
benefits of the new technology must be foregone,
When the benefits themselves are established, this
situation creates its own pressure for change; tha
effectiveness of this pressure, however, hinges upon
recognition and acceptance of the specific changes
needed. And both recognition and acceptance depend
upon full understanding of the pertinent economic
factors. ‘

It is unfortunate that most school systems today
are unable to conduct the type of economic analysis
required to assess the impact on their budgets of
markedly different educational technologies and
methods of instruction. Largely responsibie is the
account structure maintained by most educational
institutions. Since they are not profit-making or
ganizations but governmental entities, their accounts
are generally designed to serve two prime functions:
funds control and simple requirements projections
based on assumptions of basic continuity in current
practices. This last observation is the critical one,
since budgeting and accounting systems based on
assumptions of continuity are remarkably ill-suited
for the evaluation of major changes.

For evaluating such changes as are likely to be
required for the efficient utilization of educational
technology, a very different type of accounting is
needed — “functional accounting.” In this frame-
work, costs are aggregated not in terms of funding
sources or expense types, but in terms of the opera-
ting factors or management decisions which affect
them and the functions they support. This is very
similar to the basis of the “program budgeting” con-
cept, discussed in the second part of this article.

Only when educational costs are recast in this
fashion can the economic pressures accompanying
instructional innovations be clearly recognized and
dealt with,

The COST-ED Model

To analyze the economic factors related to Usé
of computer assisted instruction (CAl), we were ré-
cently compelled to devise just such a framework.
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The result was a ‘“‘cost model,” which may roughly
be viewed as a high-level, managerially-oriented
accounting structure for organizations whose prime
function is instruction. Dubbed the COST-ED Model
_ (for COsts of Schools, Training, and Education), it
highlights the critical cost factors and variables and
simplifies investigation of the interactions among
them.

The analytical concept upon which the model is
based appears in Figure 2. Important aspects of the
design scheme are:

¢ Use of ‘“cost per unit student achieve-
ment” as the final summary statistic.

e Relation of all costs to one of a set of
“functions” chosen on the basis of use-
fulness for each application.

¢ Division of resources consumed into “en-
abling” and “operating” categories.

¢ Provisions for the charging of costs on
time-dependent and unit bases.

e |dentification of “opportunity costs.”

The model is designed primarily for use in analyzing
_the projected economic characteristics of a new in-
structional system being proposed; through trans-
lation of available budget and accounting statistics
to the model framework, however, it may also be
mployed to discover the underlying economic rela-
onships in an existing instructional system.

Although a full description of the model would
e too lengthy for this writing, 2 summary of its
tructure is given in Figure 3. Shown there are the
asic modules which comprise the model, each
f which may or may not be used in a particular
pplication, depending upon the organizational en-
ronment, the objectives of the analysis, and the
vel of detail desired.

The facility for sensitivity and trade-off analysis
rovided by the model has been of great use in
entifying important economic considerations rele-
ant to the new educational technology. Three of
ese are discussed below.

avings in learning time

The possibility for economic self-justification of
chnology-based instructional systems can be pro-
oted through several byproducts of their proper
se. In the case of CAl, for instance, the following
aims are sometimes made:
® Reduction in learning time.

e Reduction in administrative paperwork.
e | owering of requisite teacher qualifica-
tions.

e Increasing overall student:teacher ratio.
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The validity of these claims is open to issue; and it
is precisely for this reason that school systems con-
templating use of CAl should be aware of the rela-
tive importance to them of each of the claims made.
Also of interest are the sensitivities of savings pro-
duced by each claim to shorifalls of various amounts
between the prior projection and the realized result.
Recognition of which area has the most potential for
absolute dollar savings and which is most sensitive
to shortfalls in obtainable results is critical to proper
focusing of management attention and the develop-
ment of willingness to make changes.

Using cost data from the New York City high
schools,” Figure 4 shows the relative efficacy of
changes in each of the four above-mentioned factors
in producing savings usable towards offsetting invest-
ment in a CAl system. Interpretation of this figure
leads immediately to the conclusion that savings in
average time to learn through CAl will be hy a
significant margin its most fruitful source of eco-
nomic justification.

A conclusion such as this has far-reaching rami-
fications. It shows that use of CAl without provisions
for the acceleration of faster students through the
school system is very costly, hence CAl exerts a

pressure favoring more rapid advancement of the
better student.

This, in turn, fosters many other implications.
Some of these lie in the social and political areas
and will not be discussed here. Another, however,
impacts directly on school management: provisions
for the acceleration of the faster student demand
individualization of instruction and the virtual abol-
ishment of those classroom patterns which can
hinder the progress of the fast student. Not all class-
rooms need be abolished, but new and intricate
scheduling patterns must be devised if the advan-
tages of group instruction in certain areas are to be
combined with the advantages of individually-paced
CAl in others, without escaping from the realm of
economic feasibility.

This is just one of the many chains of implica-
tions which may be drawn from the interpretation of
such analyses as that depicted in Figure 4. Another
is the danger that sellers of instructional software
for CAl systems will bias their materials toward re-
duction of learning time at the sacrifice of certainty
in the level of real mastery attained by the student.
Still other implications can be drawn from this
figure.

*Data obtained from Board of Education, City School District
of New York: Annual Financial and Statistical Report, 1965-

1966; and, Budget Estimate for 1968-1969, dated December 11,
1967.
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FIGURE 2: DESIGN SCHEME FOR COST-ED MODEL. The model relates over 50 isolated cost factors
to each other according to the scheme here depicted so that the impact of each on the ultimate “cost per
unit student achievement” may easily be identified.
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FIGURE 3: THE SIX MODULES OF THE COST-ED MODEL
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INVESTMENT PER STUDENT
JUSTIFIED BY SAVINGS
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RATIO
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10% 20% 30% 40% 509,

PERCENTAGE SAVINGS
(Increase in student: teacher ratio)

FIGURE 4: TRADE-OFFS TO JUSTIFY INVESTMENT IN CAl. These plots are based on the assumptions
that the ratios of amortization and operating costs to investment in a CAl system are approximately
double those of current plant and equipment in use in New York City High Schools, and are based on
the current cost structure of the New York City school system.,
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FIGURE 5: IMPACT OF SCHEDULING FOR FULL UTILIZATION OF CAPITAL INVESTMENT. This chart
shows how investment per student in educational facilities may be increased without increasing total
cost per unit student achievement through scheduling techniques which reduce the facilities utilization
peak factor. The scales are based on the 1965-66 New York City investment of about $1900 per student
with a peak factor of approximately 1.0.
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Full utilization of facilities

As the mix of resources employed in the in-
structional process changes from being labor-inten-
sive to being much more capital-intensive, the com-
plexion of economic pressures acting upon the pat-
terns used for the conduct of instruction changes
dramatically.

Teaching labor, for instance, is compensated
largely on the basis of the time during which it is’
actively employed; such capital costs as amortiza-
tion and debt service, on the other hand, are incurred
regardless of whether the investment they support
is actively in use or idle. Teachers perform class-
room duties only for three to five hours a day, five
days a week (and, traditionally, only about 35 weeks
a year); by comparison, such capital equipment as a
computer system can support operations 24 hours a
day, every day of the year (less allowance for mainte-
nance). Whiie the limited availability and usage-based
compensation of teachers creates pressures for
rigid schedules and maximum class size, the
unlimited availability and usage-independent cost
structure of capital equipment creates equally strong
economic pressures for full-day, year-round, capacity
utilization.

Figure 5 shows how the New York City school
system may increase the effective investment per
student through scheduling for fuller utilization of
its facilities’ capacity. The particular scheduling
variable shown is the facilities utilization peak factor,
the ratio of maximum simultaneous users to total
users served. Isolation of this as the critical factor
is based on the following observations:

e The capital investment required varies
with the capacity of the facilities, and the
capacity is measured by the maximum
number of simultaneous users.

e Pro-ration of the resultant capital costs,
however, depends solely on the total num-
ber of users served.

The message of this figure is a simple one:
doubly expensive school facilities could be support-
ed if each were used by two full shifts of students,
without increasing total costs per student. Of course,
split sessions aren’t the only answer; alternatives
with the same effect are various forms of staggering
the school day, week, or year and pians for securing
year-round utilization of school facilities.

There are many reasons to explain why the
economic pressures to adopt fuller scheduling are
not effective. Of these, the two most important are
the counter-vailing pressure of custom and the fact
that capital costs represent only about 20% of total
costs. If application of educational technology has
its expected impact in increasing this last statistic,
however, the economic pressures for change may
produce dramatic results.

10

There are basically two ways of scheduling for
fuller utilization of capital equipment to help justify
its cost. One, just noted, is to level the peaks in the the
daily cycle of facilities utilization through staggering
of current users. Another is to fill the valleys in the
daily (or weekly, or yearly) cycles through attraction
of new users. Of particular interest would be those
for whom use of the facilities is of sufficient value bes
as to command a high and collectible price. In the
case of a CAl system installed in a public school, for
instance, this might mean making the system avail-
able with different software packages of instructional
material during the evenings, weekends, or summers
for professional-level self-study courses or welfare-
recipient job training. There are enormous possi-
bilities for using the device of shared facilities to
increase significantly the value of equipment avail-
able for use in public education.

While labor-intensive education emphasizes the
management variable of class groupings, capital in- in
tensive education emphasizes the variable of facili-
ties scheduling. It also produces, as noted above, a
demand for individualized and very intricate patterns
of student scheduling. Given the economic import-
ance and the complexities of coordinating all the
schedules involved, the need for a computerized
system to manage the scheduling task becomes
apparent. This is one of the elements of the argu-
ment that computer managed instruction is virtually
required to control any of the really powerful tech-
niques of educational technology.

Free resources

Each week, the average teacher spends about
ten hours doing “homework’ after school. Basically,
this is time spent preparing lesson plans, drawing up
and marking tests and the like. If an automated in:
structional system such as CAl virtually eliminates
these functions for the teacher, can she be asked
to spend the ten hours so freed back in the class-
room? We may rest assured that teachers unions
would tolerate no such action.

Since this time is not reclaimable by the school
system, the teacher's salary must be considered,
for all practical purposes to cover only her time
spent physically at school. As a result, the custormnm:
ary time now spent at home actually represents a
“free” resource contributed by tradition by the
teacher to the school system.

Some very interesting deductions may be made
from recognition of this as a characteristic of the
cost structure of teachers’ salaries. One is that the
costs of preparing recorded or programmed instruc
tional material for presentation through technology-
based systems cannot be justified by offsetting saV:
ings of teacher’s time, since the specific time saved
is a “free” resource.
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A second is that ways of profitably employing
the teachers’ free resources within the new educa-
tional technology must be found if the benefits
obtainable from them are not to be lost forever. How
this might best be done is a question for the edu-
cational systems designer, and one which will, in the
best of textbook tradition, be left as a problem for
the reader.

Which comes first?

It is one thing for industry to create new edu-
cational technology, and quite something else for
the new creations to find a home for themselves in
the nation’s schools. Looking at the schools them-
selves, we may ask, which must come first, the
change in management (the chicken?) or the change
in technology (the egg?)?

A little reflection shows that it is the manage-
ment changes, not the technological ones, which
must lead the way. The reason is a simple one. Ina
management system which accepts the performer-
teacher, the thirty-man classroom, and lock-step
progression through the grades as the unquestioned
norm, the new educational technology stands no
~ chance at all of being deemed economically feasible
~ for other than token use. Only with the dissolution
~ of old customs and taboos and their replacement by
 “efficiency thinking” and the capability for effective
economic analysis will the new instructional systems
have a chance of passing the budget test.

Part ll: ,
Implications for Public Policy

Leaving little room for the “doubting Thomas”
application of the COST-ED Model illustrates a
major problem deserving increasing concern in
public education today — inadequate management
and lack of “efficiency thinking.” Only when these
gaps begin to be spanned will there be an oppor-
tunity to utilize and realize the savings from capital-
intensive educational technology such as CAl when
it is fully developed. The implications for public
policy in education are apparent: a) greater empha-
sis to improve education management techniques
and capabilities, especially on state and local levels;
and b) the creation of an environment which is con-
ducive to innovation, and rewards efficiency, in
public education.

Improving education management
1. Program planning and budgeting capabilities
need to be developed on both state and local school

district levels. Because of the capital intensity of
CAl and related learning systems, capital budgeting
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and other planning techniques will be required. At
the same time, with the increasing decentralization
of de facto planning to the state education depart-
ments and the governors, and hence the emergence
of politics of education on the local and state levels,
justification of creative and effective programs is
going to become more difficult. Program budgeting
is probably the most effective method of justification
both to local political forces and to the federal
sources of funding.

Through the use of management tools such as
“sensitivity” and “trade-off” analyses developed in
the COST-ED Model, local school officials cannot
only develop a basis for asking the right questions
in order of priorities but also justify feasible alterna-
tives and depict political implications of various
choices of action. For example, in the New York
City illustration, it was found that a 10% reduction
in annual teacher costs plus a 20% reduction in
learning time and a scheduling plan for peak usage
of CAl facilities by no more than 50% of total stu-
dents enrolled would justify an investment in CAl
of about $3702 per student enrolled. However, as
the COST-ED Model has shown above, if the 10%
teacher costs savings comes from. alleviating the
need for grading, lesson planning and other roles
teachers provide at home (and are therefore present-
ly considered “free resources” by school adminis-
trators), what chance is there to realize this savings
given the political ramifications of teachers’ salary
reduction? Hence, teacher unionization, negotia-
tions, and personnel hiring practices become the
issues of high priority in long-run planning.

Regarding public policy, the new Education Pro-
fessionals Development Act provides the opportunity
to develop program budgeting capabilities; however,
the initial amount of non-earmarked funds avaiiable
after support of traditional teacher training projects
dampers optimism here. And attempting to force
the development of these capabilities on local
schools through federal or state guideline restric-
tions will only result in the changing of officials’ and
existing staff members’ tities. Development of pro-
gram budgeting capabilities and skills should be
given higher priority and support by U.S.0.E. and
state education departments.

2. At the federal level, and particularly at the
U.S.0.E,, which has accepted the major role for
developing and testing capital-intensive learning
systems, several actions need to be initiated or
emphasized more heavily: '

First, “total package” granting or contracting
procedures have to be not only developed but also
used. Those few local schools which have sought
federal funding and have the capability to develop
“program package” proposals have been discour-
aged by executive and legislative restrictions. Funds
have been allocated according to various legislative
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titles (e.g., ESEA) and evaluated atomistically by in-
dividuals, who in accordance with their responsi-
bilities have tended to necessarily suboptimize;
hence, why should a requesting potential grantee
develop a “total package” only to have to dismem-
ber it for purposes of potential sponsor evaluation?
A newly initiated ESEA “comprehensive program
requests for proposals (RFP)” hopefully indicates a

major change, last minute though it was, which will §

provide the opportunity for schools to attempt to
develop “total package” proposals to be considered
as such. Similarly, as Title Il of ESEA is decen-
tralized to the states, planning and evaluating staffs
on the state levels must be made aware of the
necessity for developing procedures which provide
for total costs and benefits considerations.*

Second, regarding CAl and other capital-inten-
sive learning systems development per se, greater
efforts should be made to direct large “critical mass”
projects. The Bureau of Research at U.S.0.E., the
last federal bastion of funding leverage in public
education, needs to ensure that: a) federal procure-
ment and R&D contracting procedures foster rather
than impede innovation in the area of computers in
education; b) performance levels of achievement
rather than design or physical “specs” are clearly
determined and used in RFP's; and c) an agreed
upon cost-sharing rationale is clearly articulated so
that industry can guide its own internally-financed
R&D efforts in this area in a manner which will tend
to supplement existing federally-funded projects.

Third, with specific purposes in mind, computer
managed instruction (CMI) needs greater emphasis.
Official OE listings of R&D projects using computers
in education indicate that CAl development has been
emphasized by at least a factor of five greater than
CMI over the last three or four years. Based on the
results of the COST-ED Model, in order to lay the
foundation for eventual effective use of CAl, at this
stage of development greater emphasis must be
made to develop, test, and evaluate CMI systems
with the following research objectives in mind:
a) to develop efficient administrative and scheduling
systems which will provide the opportunities for
realizing individuals’ time savings through individual-
ized, self-paced instruction; b) to develop and vali-
date instructional strategies (instructional software)
which will eventually be the bases for CAl systems
to be used in the tutorial-socratic mode; and c) to
anaylze the new role of the “teacher” as she becomes
a “manager of the conditions of learning.”

*One of the major reasons why CAI-CMI systems are being
used in the military more than in the public schools is the
existence of systems procedures and “total package” con-
cepts. See Charles Blaschke, “The Defense Department and
the Future of Education Technology,” Phi Dalta Kappan,
January 1967.
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a few endeavors in this area, such as the CUES
(Computer Utilization in Education Systems) project
to parallel large privately-financed projects like Pro-
ject PLAN. Such projects have to be of sufficient
size, managed and directed competently, and con-
ducted in a real world classroom-type setting where
serious experimentation can occur in the politically
volatile world of urban education,

It is encouraging that the U.S.0.E. is considering didl

Creating an environment conducive to change

A pending report by the influential Committee
for Economic Development relates directly the rela-
tionship between capital-intensive educational tech-
nology innovations and efficient management. The
CED is the first responsible national vocal group to
have faced the issue squarely; hopefully its recom-
mendations will be taken seriously.

1. Public education is a 200-year-old monopoly
and inefficient as a result.

Without competition it is folly to believe that
public education will reform itself and improve its
services. “Open schools” and competitive systems
proposals advocated by Professor James Coleman,
Christopher Jencks, Paul Goodman and others should
be analyzed not to answer the questions “If,” but
rather “How?”

The California State Legislature recently ap-
proved a program of experimental schools under a
newly-created and autonomous Education Research
Council responsible to the Legislature. These schools
will provide opportunities for contractor-operated ex-
perimental schools to teach reading and math and
to conduct action research on early school instruc-
tion. Other proposals for community-owned Fran-
chised Learning Centers have been made and are in
the initial stages. At least one profit-making com-
pany presently teaches elementary curricula on a
per. student learning achievement basis through
contractual arrangements with parents. The urgent
question, therefore, is which one or combination of
these and other alternatives is feasible for promoting
creative change and efficiency in the fundamental
manner which public schools allegedly educate
children—a question of public policy needing priority
attention!

2. Without the criteria and means for measuring
achievement, it is premature to apply sophisticated
systems analysis techniques to education programs.

This is especially true if costly CAl and similar
systems are to be justified and learning time saved.
It is interesting to note that after 12 years of support
for the development of software and hardware asso-
ciated with CAl, the Department of Defense recog-
nized that the criteria for measuring effectiveness
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did not exist. Under Project THEMAS and in its
“advanced development program for education,” it
has supported those CAI projects whose end result
would contribute to the solution of this specific
problem.

It would appear that greater priority should be
given by U.S.0.E. to the development of learning
achievement criteria than we see in many of the
small efforts presently under way. As state and local
education agencies increasingly continue to deter-
mine the objectives of education programs (either
through active prescription or inaction), availability
and central dissemination of ways to measure
achievement will become critical. Again, for the
development of the necessarily large “hard” data
base on instructional strategies and achievement
criteria, it appears essential that large interfaced
projects be initiated, probably using CMI systems
as the technological bases for the action research.

3. To assume that innovation and efficiency
thinking can be forced from the top down through
layers of administrative bureaucracies to the class-
room levels is rather tenuous in light of past
experience.

A bottom-up to management efficiency approach
needs testing. Such an approach would begin at
the Jowest management level, the classroom; be
based on instructional management systems, which
provide information so that decision-making could
be based on increasing students’ learning; and be
implemented by an incentive system rewarding those
better “managers of the conditions of learning.” The
crux of the matter is ensuring that rewards are based
on learning performance. If this problem can be
solved, then the traditional problems of teacher re-
sistance to automated instruction, time wastage, etc.,
will become minimal. This small movement to effi-
ciency thinking on the most decentralized level
might become the seed of germination which would
permeate the higher echelons of school systems
administration.

4, Essential to the creation of an environment
truly conducive to educational innovation will be the
reduction of uncertainty related to questions about
the political and social impact of capital-intensive
instruction. For example:

— the impact of individualization of instruc-
tion on the movement toward collec-
tivism through organization and asso-
ciation and toward social democracy.

— increased unionization in an ever increas-
ing labor intensive “industry” which has
never been part of an industrial revolu-
tion; new long-run approaches to the
issues in teacher negotiations are needed.
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— the growth in education of the “cult of
efficiency” without clear articulation of
educational objectives in a continually
growing affluent society.

Until the last decade, education had been con-
sidered as social custom detached from the political
arena, especially at the local level. As education
policy becomes increasingly decentralized, and
attempts to define and direct educational policy in-
crease, the local politics of education will become
increasingly an ally or impediment to be reckoned
with. This is particularly true for costly and contro-
versial innovations such as CAl and CMI, which if
used effectively will force administrators to change
fundamentally the management and operation of
their instructional programs.

Public policy which tends to enlighten rather
than confuse vested interests groups will play a
large role in the future of U.S. public education over
the next critical decade. O

Notice to Subscribers

Effective September, 1968 all new and renewal sub-
scriptions to Educational Technology wil! be at the
rate of $12.00 annually in the United States and
$15.00 elsewhere.

Spiraling costs of printing, postage and general
business expenditures have made this increase in
price necessary — the first rise in domestic rates
since 1961. '
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