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FOREWORD e

/

The Academy for Educational Development (AED), a non profit
educa tional research and consulting organisation in Washington D.C.
has produced a film and handbook which intends to be primarily
concerned "with what administrators need to know before they can

_mrke new policy decisions on the introduction of educational
technolosy into a school system." '

INNOTECH learned about this film and handbook 'D"‘OJer‘t emrq fe1+
that they would be of great interest to educators and educational
managers of the region, The Center kept in touch with AED through
regular corresnondence, and in April 1972, on the <:u§rp-est10n of
AED, the AED/INNOTF‘CH Seminar was held in Singapore.

{ The entire TNNOTECH staff and io programme participants attended
the Seminar, The Pprogramme particivations were from the 8 SEAMEO
. countries; each country delegation was asked to rive a brief report
on the use of educational technologv -in its country, mainly for the
information of the AED team.
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, In his brief welcome address Mr, Ly Chanh Duc, INNOTECH Director,
said that the field of educational technology had become one of the
most talked about diseciplines in recznt years, Numerous studies ani
research wovks had been done in this fie=ld, and the AED product, i.e.,
the handbook and film on educational technology, to be presented at
this Seminar, might constitute a major step forward in the right
direction. o ® :

rs

Mr, Duc then introduced the members of the AED team, Mr, Sidney
Tickton, Fxecutive Vice President, Dr, James G, Miller, Vice President,
and Dr, Jerry G. Short, Associnte Professor, University of Virginia.
Dr. Short had heen with INNOTECH a year earlier in the capacity of
Director of Research and Training. The purpose of this Seminar was to
(1) review, dlscuss and evaluate the AED. handbook and film on
Educational Technology, and (2) to e11c1t ‘advice and suggestions from
AED about the consonance of TNNOTECH's ac\inntles with AED's qtated
objectives,

INNOTECH wishes {0 thank the AED Pevresentatives most sincerely
for their participation in the Seminar, and for the film and handbook
~which hove been made awvailable for use at the Center. Their Seminar
@°pers are’ re'orodur-ed in the pages that follow. :
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SYSTEHS  ATD DUCATICHAL T”CHZ CLCGY

By Df. James G, lliller, Vice President,
ncademy'for Odvcational DevelOpment
hﬂuh:ﬂ"tOP D.C.

It is remarkable how the snne problems conoerning the applica-
tien of instructicnal techrology have turned up in this confercnce in
the reports from the eizht parficizen nations .which we have heord
turn up in other purts of the world. Though there are, of course,
cltural differesces, the issues are fundamentally the sime.

First of all, the gqiestion nrises as to what 3s instructional
technology? 'Ye must agre> that it includesboth hardwazre, software,
end the ontire sy~téns approack.  The term "systems arnrozch" has
been used revextedly throushout this corference, and alweys with
approval and support. There' are some auestions, however, as to whe-
ther we are 21l using this term in the same sense. There =re cer-
teinly many different concents of the. word "system" in common, usage,
and much confision among systems theorists and systems crelysts as
to the aprropriate way to use the term.

Je have been doing research on generdl srstems theory for more
than 20 years, a:zd it may be helpful at this point to talze come time
to consider what is the naivre of living systems. -

‘:v . . : . . -
General systems theory is & set of related definitions, assump—
tions, and vrowositicus whicl: deal with reality as an interrated hier-
archy 6f organizntions of matier and energy. General srstems heha—

-vior theury is concerred with a smecial uhpse of 211 zrstcms, the

llvnﬂn cnes,

Even more basic to thi's presentation than the conceut of
"systems" are the coacepts of "socce," "time," "matter," "energy,"
and "information," because the living srotems discussed here exist
in space and »re made of matter “nd eﬂervy organized br information.

T; Svace and time
‘In the most general na th:maz:cél gsense, a space is a set of
elements which conform’ to certain postulates. The conceptual spaces
of mathematics may have any niumber of dimensions. . ¥

8.
Physical space is the extension surroundinrg & point., Classi-
cally the three dimensional geometry of Euclid was considered to

describe accurately all regiong in ~hysical space. The modern gen-

eral theory of relativity has shown that physical space-time is more



They can give the location of objects in it.

accurately described by a geometry of four dimensions, three of
space and one .of time.

This presentation of a 'general theory of living systems will
employ two sorts of spaces in which they may exist, physical or
geographical space and conceptual or abstracted spaces.

1.1 Physical or geographical space. This will be considered
as Buclidean space, which is adequate for the study of all aspelcts
of living systems as we now know them. Among the characteristics
and constraints of physical space ‘are the following: (a) From
point A to point B is the same distance as from point B to point A.
(b) Matter or energy moving on a stralght or curved path from point
A to point B must pass through every intervening roint on the path. “
This is true also of markers bearing information. ,(c) In such space
there is a maximum speed of movement for matter, energy, and markers
bearing information. .(d) Objects in such space exert gravitational

‘pull.on each other. (e) Solid objects moving in such space cannot

pass through one another. (f) So0lid objects moving in such space
are subject to friction when they contact another object.

The characterlstlcs and constralnts of phy31ca1 space affect -
the action of all concrete sysfems, living and nonliving. The fol-
lowing are some examples: (a) On the average, people interact more
with persons who live near to them in a housing project than with
persons who live far away in the project. (b) The diameter of the
fuel supply lines laid down behind General Patton's advancing American
Third Army in World War II determined the amount of friction the lines
exerted upon the fuel pumped through them to supply Patton's tanig.
This was one physical constraint which limited the rate at which the
army could advance, because they had to halt when they ran out of fuel.
(c) ‘Today informat’ on can flow worldwide almost instantly by tele-
graph, radio, and television. In the Seventeenth Century it took
weeks for messages to cross an ocean. A government could not send
néssages so quickly to its ambassadors then as it can now because of
the constraints on the rate of movement of the marker bearing the
information. Consequently ambtssagors of that century had much more

-freqdqm of de0131on than they do now.

Physical space is a common space, for the reason that it is’
the only space in which all concrete systems, living and nonliving, B}
exist (though some may exist in other spaces simultaneously).  Phy-

.8ical space is shared by all scientific observers, and all 301entific

data must be collected in it. This is equally true for natural science
and behaviorel science. Most people learn that physical space exists,
which is not trué of many spaces I shall mention 1n the next section.

b4
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1.2 Conceptual or abstracted spaces. Scientific observers .
often view living systems as existing in spaces vhich théy concep—
tualize or abstract from the phenomena with which they deal. Exam-
ples of such spaces are: (g) Peck order in birds or other animals.,
(») Socialaclass: space (lower lower, 'upper lower, lower middle,
upper middle, lower upper, and upper upper classes). (c) Social
distance among ethnic or racial groups. (d) Political distance among
political parties of the right and the left. (e ) Sociometric space,
e.g., the rating ‘on a scale of leadership ablllty of each member of
a group by every other member. (f) A space of time costs of various
modes of transvortation, e. ~ travel taking longergon foot than by

.air, “longer upstream than down. ce ™

These . conceptual and abstracted spaces do not have the same

characteristics and are not subject to the same constraints as phy-

sical space. Bach has characteristics and constraints of its own.
These spaces may be either conceived of by a human belng or Jearned
about from others. Interpreting the meaning of such spaces, observ-
ing relations, and measuring distances in them ordinarily.require
human observers. Consequently the biases of individual human beings
color these observations.

Social and some biological scientists Find conceptual or abs-
tracted spaces useful because they recognize that physical space is
not a major determinant of certain processes in the living systems
they study. E.g., no matter where they enter the body, most of the
iodine atoms in the body accumulate in the thyroid gland. The most
frequent interpersonal relations occur among persons of 11ke interests -
or like attitudes rather than among geographical neighbors. Families
frequently come together for holidays no matter how far apart their
members are. Allies like England and Australia are often more distant

from each other in physical space than they are from their enemies.

: It is desirable that scientists’ who make obserrations and mea-
surements in any syace other than physical space should attempt to
indicate precisely what are the transformations from their space to

~ physical space. Other spaces are definitely useful to science, but

physical space is the only common space in whlch all concrete systems
exist, ,

1.3 Time. This is the fundamental "fourth dimension" of the
physical space-time continuum. Tige is thé particular instant at which
a structure exists or a process occurs, or the measured or measurable
period over which a gtructure endures or a process continue. For the
study of all aspects of living systems as we know them, for the mea-
surement of durations, speeds, rates, and accelerations, the usual _
absolute scales of tlme -~ seconds, mlnutes days,.years -- are st
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adequate. A concrete system can move in any direction on the spatial
dimensions, but only forward -- never backward -- on the temporal di-
mension.

2o Mattef and energy

Matter is anything.which has mass {m) and occupies physical
space, Ener (E) is defined in physiecs as the ability to do work.
The principle®of the conservation of energy states that energy can .
te neither c¢reated nor destroyed in the universe, but it may be con-
verted from one form to another, including the energy equivalent of
rest-mass. Matter may have (a) kinetic energy, when it is moving and
exerts a force on other matter; (b) potentinl energy, because of its
position in a grav1tat10nal field; or (c) rest-mass energy, which
is the energy that would ‘be released if mass were converbted into
enerzy. Mass and energy are equivalent. One can Be'converted into
the other in accordance with the relation that rest-mass energy is

“equal to the mass times the square of the velocity of light. Because

of the kmown relationship between matter and energy, throughout this
chapter the joint term matter-energy is used except where one or the

other is specifically intendéd. Living systems require matter-energy,

needing specific types of it, in adequate amounts. Heat, light, water,
minerals, vitamins, foods, fuels, and raw materials of various kinds,
for instance, may be required. Energy for the processes of living .
gystems is derived from the breakdown of molecules (and, in a few
recent cases, of atoms as well). Any change of state of matter-energy
or its movement over space, from one point to another, is action.
It is one form of process.

1

‘/ZL Information

Throughout this presentatlon information (H) will be used 1n
the technical sense first suggested by'Hartley in 1928, and 1ater
developed by Shannon in his mathematical theory of' communication. I%
is not the same thing as meaning or guite the same as information -as

.we usually understand it. eaning is the significance of information

to a system which processes it: it constitutes a change-in that system's

" processes elicited by the information, often resulting from aszociations

made to it on previous expéfienCe with it. Information is a simpler
concept: the degrees of freedom that, exist in a.given 1 situation to
choose among signals,.symbols, messages, or patterns to be transmitted.
The total of all these possible categories (the alphabet) is called

the ensemble. The amount of infoymation is measured by the binary
digit, or bit of information. It is the amount of information which
relieves the uncertainty when the outcome of a situation with two
equally likely alternatives is known. Legend says the American Revo-
lution was begun by a signal. to Paul Revere from Old North Church



%

. steeple. 1It.could have been either one or two lights "one if by
' land or two if by sea." .If the alternatives were equally probable, *
the signal conveyed only one bit of information, resélving the
’ uncertainty in a binary choice. But it carried a vast amouat of
measning, meaning which must be measured by other sorts of units
than bits.

The term marker refers to those observable bundles, units,

or changes of matter-energy whose patterning bears or- conveys the

"informational symbols from the ensemble or repertoire. These

might be the stones of Hannurabi's day which bore cuneiform writing,

.parchments, writing paper, Indians' smoke signals, =2 door key with

s “notches, punched cards, paper or magnetic tape, a comguter S magne-
tized ferritfe core memory, an arrangement of nucleotides in a DNA
molecule, the molecular structure of a hormone, pulses on a tele-
graph wire, or waves emanating from a radic siation. Thé marker
may be static, as in a book or in a comruter's memory. Communica-
tionh -of any sort, however, required *anat the marker move in space,

. from the transmlttlnv system to t%e receiving system, and this
N - movement follows the same phyeical laws as the movement of any sort
: of matter-energy. - The advemuce of communication technology over the.
years has béen in the direction of decreasing the matter-energy. costs
of storing and trans.iitting the markers which bear information. The
efficiency of inTormation processing can be increased by lessening
the mass of the markers, making them smaller so they can be stored
more compactly and transmitted more rapidly and cheaply. Over the
centuries engineering prog¥ess has altered the mode in, markers from
stones bearing cuneiform to magnetic tape bearing electrons, and
. _ +.clearly some 11mi ims being approached.

In recent years systems theorists have been fascinated by the
new ways to study and measure information flows, but matter-energy
flows are equally important. Systems theory deals both with infor-

‘mation theory and with energetics —- such matters as.the muscular
movements of people, the flow of raw materials through societies, or
the utilization of energy by brain cells. o d EE

It was noted above. that the mbvement of matter-energy over
space, action, is one form of process. Another form of process is
information- processing or ggggglcatlon, which is the change of
information from one state to another or its movement from one point
to another over space. Communicatlons while being processed, are

- often shifted from one matter—energy state to another, from one sort
of marker to another. If the form of pattern of the signal remains
elatively constant during these changes, the information is not
lost., PFor instance, it is now possible. to make a chest X ray, stor-
ing the information on photographic film; then a photo-scanner can
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pass over the f:le line by hne, from top to bottom, converting the
signals to pulses in an electrical current which represent bits; then
thoge bits can be stored in the core memory of a coaputer; then those
bits can be processed by the computer so that contrasts in the pic—

“ture pattern can be systematically increased; then the resultant

altered patterns can be printed out on a cathode ray tube and photo-
graphed. The pattern of the chest structures, the information, modi-
fied for easier interpretation, has remained largely invarisat through—
out all this processing from one sort of marker +to another. Similar
transformations go on in living systems.

One basic 1eason why communication is of fundamental importance
is that informational patterns can be processed over space and the
local matter-ecnergy at the receiving point can be organized to con-
form to, or comply with, this information. As already stated, if the
information is conveyed on a relatively small, 1ight, and ‘compact
marker, little energy is required for this procegss. Thus it is a
much more efficient way to accomplish the result than to move the
entire amount of matter-energy, organized as desired, from the locatio:
of- the transmitter to that of the receiver. This is the secret of
success of the delivery of "flowers by telegraph." It takes much less
time and human effort to send a telegram from one c¢ity to another
requesting a florist in the latter place to deliver flowers locally, -
than it would to drive or fly with Ehe flowers from the former cjty to
the latter.

Shannon was concerned with mathematical gtatements describing
the transmission of information in the form of signals or messages
from a sender to a receiver over a channel such as a telephone wire
or a radio band, These chamnnels always contain a certain amount of
noise. In order to convey a message, signal in channels must be
patterned and must stand out recogn:LZably above +he background noise.

) IIatter-energy and information always f.Low together. Information
is always borne on a marker, Conversely there is no regular movement

‘in a system unless there is a difference in potential between two points,

wnich is negative entropy or information. Which aspect of the trans-
mission is most important depends upon how it is handled by the recei-
ver., If the ‘receiver responds primarily to the material of energic
aspect, it is a matter-energy transmission; if the response is ‘primarily
to the information, it is an information transmission. For;example,
the banana eaten by a monkey is a non-random arrangement of specific
molecules, and thus has its informational ésPect but its use to the
monkey is chiefly to increase the energy available to him. So it is

an energy transmissicn. The energic character of the signal light that
tells him to depress the lever which will give him a. banana is less

,1“’
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important than the fact that the light is part of a nonrandon, pat-
terned organization which conveys information to him. So it is an
information transmission. Moreover, just as living systems must
have specific forms of matter-energy, So they must have specific
patterns of information. For examnle, some species of animals do
not develop normally unless they have appropriate information inputs
in infancy. Harlow showed, for inst-nce, that monkeys cannot make
proper social adjustment unless they interact with other monkeys
during a period between the third and sixth months of their lives.

4. System

The term gystem has a number of meanings. There are syvstems
of numbers and of equations, systems of value and of thousht, systens
of law, solar systems, organic systems, management systems, command
and control systens, electronic systems, even the Union Pacific
Railroad system. The meanings of "systen" are often confused. The
nost general, however, is: A svsten is a set of “nteracting units
with relationships among them. The word "set" . ies that the vnits
have some conmon nrorertiecs, which is essential i1f they are to inter-
act or have réiaulorghlps. The stzote of each unit is constrained by,
conditioned by, or depcndent on the state of other units.

4,1 Conceptual system.

%,1,1 Units. Units of a conceptual system are terms, such as
words (commonly nouns, pronouns, and their modlflers) numbers, or

other symbols, including those in computer simulations and programs.

44102 Relationships, A relationship of a conceptual system
is & set of pairs of units, each pair being ordered in a similar way.
E.g., the set of all pairs' consisting of a number and its cube is the
cubing relationship. Relationships are expressed by words (commonly
verbs and their modifiers), or by logical or mathematical symbols,
including those in computer simulations and programs, which repre-—
sent operations, e.g., inclusion, exclusion, identity, implication,
equival ence, addition, subtraction, multiplication, or division. The
language, symbols, or computer programs are all concepts and always
exist in one or more concrete systems, living or non11v1ng, like a
scientist, a textbook, or a computer.

4,2 Cogcrete system. A concrete system is a nonrandem accumu-
lation of matter-energy, in a region in physical space-time, which is
organized into interacting interrelated subsystems or components.

| 452.1 Units. The units (subsystems, components, parts, or
members) of these systems are also concret: systems.



Cu L

4.,2.2 Relationghips. Relationships in concrete systems are
of various sorts, ineluding spatial;--temporal, spatiotemporal, and
causal.

Both units and relationships in concrete systems are empiri-
cally determinable by some operation carried out by an observer. In
theoretical verbal statéments about concrete systems, nouns, pronouns,
and their modifiers typically refer to concrete systems, subsystems,
or components; verbs and their modifiers usually refer to the rela-
tionships among therm, There are numerous examples, however, in which
this usage is reversed and nouns refer to patterns of relationships
or processes, such as "nerve impulse," *reflex," "action," "vote,"
or "annexation." g '

4.2.3 Open system. Most concrete systems have boundaries
vhich are at least partially permeable, vermitting sizeable magni-
tudes of at least certain sorts of matter-energy or information
transmisaions to cross them. Such a system 1s an open system, Such
inputs can repair system components that break down and replace
energv that is used um. '

4.2.4 Closed system, A concrete system with impermeable boun~
.daries through which no matter-energy or information transmissions of
any zort can occur is 2 closed system. Mo actual concrete systen is
completely closed, so concrete systems are either relatively open or
relatively closed. Whatever matter-energy happens to be within the
system is all there is going to be. The energy gradually is used up
and the matter gradually becomes disorganized. A body in a hermeti-~-
cally sealed casket, for instance, slowly crumbles and its component
molecules become intermingled. Separate layers of liquid or gas in
a container move toward random distribution. Gravity may nrevent
entirely random arrangement.

4.2,5 Nonliving system. Every concrete system which does not
have the characteristics of a living system is a nonliving system.

4.2.6 Living gystems. The living systems are a special subset
of the get of all possible concrete systems, composed of the plants
and the animals. They all have the following characteristics:

(g) Phey are open gystems.

(p) They use inputs of foods or fuels to restore their owh
organized structure. -

(c) They have more than a certéin minimum degree of comn’”



(g) They contain genetic material composed of deoxyribonucleic
acid (DNA), presumably descended from some primordial DNA common to
all life, or have a charter, or both. One or both of these is the
template = the original "blueprint" or "program” — of their struc-
ture and process from the moment of their origin.

(g) They are largely composed of protoplasm including proteins
and other characteristic organic compounds.

(£) They have a decider, the essential critical subsystem which
controls the entire system, causing its subsystems and components to
interact.

(g) The, also have certain other specific critical subsystems
or they have symbiotic or parasitic relationships with other living
or nonliving systems which carry out the processes of any such sub-
system they lack.

(g) Their subsystems are integrated together to form actively
self-regulating, developing, reproducing unitary systems, with pt§;
poses and goals.

(i) They can exist only in a certain environment. Any.change
in their environment of such variables as temperature, air pressure,
hydration, oxygen content of the atmosphere, or intensity or radiation
ouvside a relatively narrow range which occurs on the surface of the
earth, produces stresses to which they cannot adjust. Under such
stresses they cannot survive.

4.3 Abstracted system.

4,3,1 TUnitg, The units of abstracted systems are relationships
abstracted or selected by an observer in the light of his interests,
theoretical viewpoint, or philosophical bias. Some relationships may
be empirically determinable by some operation carried out by the
observer, but others are not, being only his concepts.

4,3.,2 Relationships. The relationships mentioned above are
observed to inhere and interact in concrete, usually living, systems.
In a sense, then, these concrete gystems are the relationships of
abgtracted systems. .The verbal usages of theoretical statements con-
cerning abstracted systems,are often the reverse of those concerning
concrete systems: the nouns and their modifiers typically refer to
relation-hips and the verbs and their modifiers (including predicates)
to ti.e concrete systems in which these relationships inhere and inter-
act. These concrete systems are empirically determinable by some



- 10 -

... operation carried out by the observer. A theoretical staticment
~oriented to concrete systems typically would say "ILincoln was
Prasident,” but one oriented to abstracted svstems, concentrating
on relationships or roles, would very likely be phrased "The
Presidency was occupied by Lincoln."

An abstracted system differs from an gbstraction, which is a
concept (1ike those that make up conceptual systemss representing
a class of phenomena all of which are considered to have some simi-
lar "class characteristic.” The members of such a class are not
thought to interact or be interrelated, as are the relationships in
an abstracted system.

Abstracted systems are much more common in social science
theory than in natural seience.

Parsons has attempted to develop general behavior theory using
abstracted systems. To some a social system is something concrete
in space~time, observable and presumably measurable by techniques

- like those of natural science. To Parsons the system is abstracted
from this, being the set of relationships which are the form of
organization, To him the important units are classes of input-
output relationships of subsystems rather than the subsystems them-
selves.

4.4 Abstracted vs, concrete svstems. One fundamental distinc-

tion between abstracted and concrete systems is that the boundaries
of abstracted gystems may at times be conceptually established at
regions which cut through the units and relationships in the physical
space occupied by concrete systems, but the boundaries of these lat-~
ter Systems are always set at regions which include within them all
the units and internal relationships of each systems.

A science of abstracted systems certainly is possible and under
some conditions may be useful. When Buclid was developing geometry,
with its practical applications to the arrangement of Egyptian real
estate, it is probable that the golid lines in his figures were
originally conceived to represent the borders of land areas or objects.

Sometimes, as in Figure 1, he would use dotted "construction lines"

B
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to help conceptualine a geometric proof. Th~ dotted line did not
correspond to any actual border in space, Triangle ABD would be
shown to be congruent to Triangle CBD, and therefore the angle BAD
was equal to the angle BCD. After the vroof wes completed, the
dotted line might well be erased, since it did not correspond to
anything real and was useful only for the proof. Such construction
lines, representing relationships among real lines, were used in the
creation of early forms of abstracted systems.

If the diverse fields of science are to be unified, it would
help if all disciplines were oriented either to eoncrete or to abs-
tracted systems. It is of paramount importance for scientists to
distinguish clearly between them. To use both kinds of systems in
theory leads to unnecessary problems. It would be best if one type
of system or the other were generally vsed in all disciplines.

A1l three meanings of "system" are useful in science, but
confusion results when they are not differentiated. A scientific
endeavor may eppropriately begin with a conceptual system and eva-
luate it by collecting data on a concrete or on an abstracted system,
or it may equally well first collect the data and then determine what
conceptual system it fits. Throughout this paper the single word
"gystem," for brevity, will always mean "concrete system." The other
sorts of systems will always be explicitly distinguished as either
"conceptual system" or "abstracted system,"

&

Se Structure

The gtructure of a system ig the arrangement of its subsystems
and components in three-dimensional space at a given moment of time.
This always changes over time. It may remain relatively fixed for a
long period or it may change from moment to moment, depending upon
the characteristics of the process in the system. This process halted
at any given moment, as when motion is frozen by a high-specd photo=-
graph, Treveals tia three-dimensional spatial arrangement of the-
systen's components as of that instant,

6, Process

All change over time of matter-energy or information in a sys-
tem is process. If the equation describing a process is the same no
matter whether the temporal variable is positive or negative, it is
a reversible process; otherwise it is irrevergible. Process includes
the on=going function of a system, reversible actions succeedins each
dther from moment to moment. Proceas also includes history, less
readily reversed changes liko mutations, birth, growth, development,
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'tine. It involves also ﬂccumvlaulon in the system of residues or
_effects of past evenits (structural Changes, memories, and Yearned - -
habits). A living systen carries its historir with it in the form of
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aging, and desth; changes which commonly follow trauma or disease; ,—- ..
and the changes resultlnw from learnins which are not later forgotten.
Historical processes alter both the structure and the function of

the syustem. The stntement "less recdily reversed" has been used

instead of "irreversible" (althouch many such changes are in fact
irreversible) because structural changes gometines can be reversed:

a corponent which has developed and functioned nay atrophy and

finally disappear with disuse; a funCulonlng nart may be chopped

off a hydre and regrov. Wistorw, then, is more than the passage of

altered structurc, and consequently of altered function 2lso. So
there io a,01rcnlar relation among-the three vrimary aspects of svs-
tems =~ structure chanres momentarllv with functioning? but when syeh
change is so great that it is essentially irreversible, a hl.atorlc:'11
vrocess nng occurred, siving rise to a now sthucture,

.n7.—7gzpe

If a number of individual living systems are obzerved to have
similar characteristics, they often are classed together as a type.
Types are abstractions. Hature presents an apparently endless
variety of living things which man, from his earliest dayrs, has
observed and class1_1ed - first, nroh«h‘f, on the hasis of their
threat to him, their suocentlbllwtv to ‘capture, or their edibility,
but eventually according to categorues which are scve°t1Flcallv more
useful. Classifi cation by species is apnlied to organigms, plants 5

- or animals, or to free-living cello, beeause of their obvions relo-

tionships by renroductlon. These systens are clossified together by
taxonomists on the bnsis o7 likeness of structure and prosess, genetic
similaritr =nd ability to interbreed, and local interacticn, often ~ ~ —
including, in animals, ability-fo respond appraprlﬂtely to each other's
siems. -

. There are various iynes of sratems at other levels of the hier-
archy of living systems bosides the cell and orgenism levels, each e
classed according to ZAifferent structural and process taxonomic dif-—-——-
ferentia, There are, for instance, primitive -societies,: agricultural
sociefies, and industrial societies. ' There are epithelial cells, .
fibroblasts, red blood. cells, and wnlte blood cells, as vell as free-
living cells.

~ ar
v
. Fo v e~



-13-

- 8. Ievel

* The universe contains a hierarchy of.systems, each higher
level of system being composed of systems of lowdr levels.. Aioms
are composed of particles; molecules, of-atoms; crvstals and orszan-
elleg, of molecules. About at the level of crystallizing viruses, -
like the tobacco mosaie virus, the subset of living systems begins.
Viruses are necessarily parasitic on cells, so cells are the lowest
level of living systems. Cells are composed of atoms, molecules, ar’
multi-molecular organelles; organs are composed of cells aggregated
into tissues; organismg, of organs; ggoups-(e.g., herds, flocks,
families, teams, tribes), of organisms; organizations, of groups
(and sometimes single individual 6rganismss; gocieties of organiza-
tions, groups, and individuals; and supranational systems, of socie-
ties and orgaiizations. Higher levels of systems may be of mixed
composition, living and non-living. They include planets, solar
systems, galaxies, and so forth. It is beyond the scope of this
paper to deal with the characteristics —- whatever they may be —- of
systems below and .above those levels which include the various forms
of life, although others have doné so. The subset of living systems
includes cells, organs, organisms, groups, organizations, societies,

and supranational systems. . ]

It would be convenient for theorists if the hierarchial levels
of living systems fitted neatly into each other like Chinese boxes.
The facts are more complicated., No one can argue that there are
— exactly these seven levels, no more.and no less, For example, one
might conceivably separate tissue and organ into two separate levels,
Or one might maintain that the organ is' not a level, since no organ
exists that can exist independent of other organs.

, What aTe the criteria f&gfaﬁstinguiéhing‘pny one level from
the others? They are derived from a long scientific tradition of
empirical observation of the entire gamut of living systems. This
extensive experience of the community of scientific observers has
led to a consensus that there are certain fundamental forms of organi-
zation of living matter-energy. Indeed the classical division of
gubject-matter among the various disciplines of the life or behavio-
ral sciences is implicitly or explicitly based upon this consensus.

It is important to follow one procedural rule in systems theory,
in~order to avoid confusion. BEvery discussion should begin with an
identi¥ication of the level of reference, and the discourse should
not change to another level without a specific statement that this
is occurring. Systems at the indicated level are called systems.
[ERJ!:« Those at the level above are suprasystems, and at the next higher
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level, suprasuprasystems., Below the level of reference are subsys-~
tems, and beloﬁ?%hegkfubsubsystems. For example, if one is studying
a cell, its organelles are the subsystems, and the tissue or organ
is its suprasystem, unless it is a free-living cell whose suprasys-
tem includes other living systems with which it interacts.-

8.1 Intersystem generalization. A fundamental procedure in

science is to make generalizations from one system to another on the

basis of some similarity between the systems, which the observer sees
and vhich permits him to class them together. TFor example, since

the Nineteenth Century, the field of "individual differences" has =
been expanded, following the tradition of scientists like Galton in
anthropometry and Binet in psychometrics, In Figure 2, states of
geparate specific individual systems on a specific structural or
process variable are represented hy I to In. For differences among
guch individuals to be observed and measured, of course, a variable
common to the type, along which there are individual variations, must -
be recognized (Tl)' Physiology depends heavily, for instance, upon
the fact that individuals of the type (or species) of living.organisms
called cats are fundamentally alike, even though minor variations from
one individual to the next are well recognized.

Fioure 2, Individual, Type, Level.

Scientists may also generalize from one type to another
(T1 to Ty). MAn example is cross-species generalization, which has
beén commonly accepted only since Darwin. It-is the justification
for the labors of the white rat in the cause of man's understanding
of himself. Rats and cats, cats and chimpanzees, chimpanZees and
human beings are similar in structure, as comparative agé%omists

-
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knaw, and in function, as comparative physiologists and psychologists
demonstrate.

The amcunt of variance among species is greater than among ]
individuvals within a gpecies. If the learning behavior of cat Felix = «-
is compared with that of mouse Mickey, we would eXpect not only the
gort of individual differences which are found between Mickey and
Minnie Mouse, but algso greater species differences, Cross-species
generalization’s are common, and many have good scientific acceptabi-
lity, but in making them interindividual and interspecies differences
must be kept in mind. The learning rate of men is not identical to
that of white rats, and no man learns at exactly the same rate as
any others. '

The third type of scientific generalization indicated in Figure
2 is from one level to another, The basis for such generalization
is the assumption that each of the levels of life, from cell to socie-
ty, is composed of systems of the previous lower level, These cross-"""
level generalizations will, ordinarily, have. greater variance than the
other sorts of generallzatlons, gsince they include variance among types
and among individuals. But they can be made, and they can have great
conceptual significance.

That there are important uniformities, which can be generalized
about, across all levels of living systems is 1ot surprising. All are
composed of comparable carbon-hydrogen-nitrogen constituents, most
importantly a score of amino acids organized into similar proteins,

‘which arc produced in nature only in living systems. All are equiped

to live in a water-oxygen world rather than, for example, on the
methane and ammonia’ planets so dear to sciencé fiction. Also they are
all adapted only to environments in which the physical variables, like
temperature, hydration, pressure, and radiation, remsin within rela-
tively narrow ranges, Moreover, they all presumably have arisen from
the same primordial genes or template, diversified by .evolutionary
change, Perhaps the most convincing argument for the plausibiliTyof
cross-level generalization derives from analysis of this evolutionary
development of living syotens. - Although increasingly complex types-of
living systems have’evoived at a given level, followed by higher
levels with even greater complexity, certain basic necessities did
not changs. All these systems, if they were to survive in their envi-
ronment, had, by some means or other, to carry out the.same vital sub-
system processes. While free-living cells, like protozoans, éarry
these out with relative simplicity, the corresponding processes are
more complex in multicellular organisms like memmals, and even more
complex at higher levels. The same processes are "ghredded out" to
multiple components in a more complex system, by the sort of division

<]
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of labor which Parkinson has made famous as a law. This results in
formal identities across levels of gystems, more complex subsystems
at higher levels carrying out the same fundamental processes-as
simpler subsystems at lower levels.

A formal identity among concrete systems is demonstrated by
a procedure composed of three logically independent steps: (a)
recognizing an aspect of two or more systems which has comparable
status in those systems; (b) hypothesizing a quantitative identity
between them; and (c) demonstrating that identity within a certain
range of error by collecting data on a gimilar aspect of each of the
two or momge systems being compared. It may be possible to formulate
some useful generalizations which apprly to all living systems at all
levels. A comparison of systems is complete only when statements
of their formal identities are associated with spgeific statements

of their interlevel, "intertyve, and interindividual disidentities.

The confirmation of formal identities and disidentities is done by
regearch.

Yhat makes interindividual, intertyve, o interlevel formal
identities among systems important and of absorbing interest, is

"that —- if they can be conslusively demonstrated —- very different

structures, which carry out similar processzs, may well turn out to
carry out acts so much alike that they can be quite precisely des-
cribed by the same formal model. Conversely, it may perhaps be
shovn as a general principle that subsystems with comparable struc-
tures:but gquite different processes may have quantitative sinilari-
ties as well, . )

8.2 Emergents. .The more complex systems at higher levels
manifest characteristics, more than the sum of the characteristics

of_the_units, not observed at lower levels, These characteristics

have been called "emergents." Significant aspects of living systems
at higher levels will be neglected if they are described only in
terms and dimensions used for their lower-level subsystems and
components.

A clear-cut illustration of emergents can be found in a com-

-parison of three electronic systems. One of these —- wire conneet-

ing the poles of a battery —-- can only conduct electricity, which
heats the wire. Add several tubes, condensers, resistors, and con-
trols, and the new system can become a radio, capable of receiving
sound messages. Add.dogens of other components, ineluding a picture
tube and several more controls, and the system hecomes a television
set which can receive sound and a picture. . And this is not just more
of -the same. The third system has emergent capabilities the first
system did not have, emergent -from its special design of much greater
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complexity. But there is nothing mystical about the colored merry-
go-round and racing children on the TV screen — it is the output

of a system which can be completely explained by a complicated set

of differential equations such as electrical engineers write, includ-
ing terms representing the characteristics of each of the set's com—
ponents.

9. Echelon

This concept may seem superficidlly similar to the concept of
level, but is distinctly different. Many complex living systems, at
various levels, are organized into two or more echelons (in the mili-
tary sense of a step in the "chain of command," not in the other
military sense of arrangement of troops in rows in physical space).
In living systems wifh echelons the components of the decider, the
decision-making subsystem, ere hierarchical’y arranged so that usual-
ly certain types of decisions are made by one component of that sub-
gystem and others by another. Each is an echelon. 411 echelons are
within the boundary of the decider subsystem. Ordinarily each eche-
lon is made up“of components of the same level as those which make
up every other echelon in that system. Characteristically the deci-
der component at one echelon gets information from a source or sources
which process information primarily oxr exclusiwvely to and from that
echelon. It may be that at some levels of living systems — e.g.,
cells — there are no cases in which the decider is organized in
echelon structure, -

.After a decision is made at one echelon on the basis of the
information received, it is transmitted, often through a single sub-
component which may c¢r may not be the same as the decider, but possi-
bly through more than one subcomponent, upward to the next higher
echelon, which goes through a similar process, and so on to the top
echelon. Here a final decision is made and then command information
is transmitted downward to lower echelons. Characteristically infor-
mation is abstracted or made more general as it proceeds upward from
echelon to echelon and it is made more specific or detailed as it
proceeds downward. If a given component does not decide but only
passes on information, it is not.functioning as an echelon. In some
cases of decentralized.decision-making, certain types of decisions
are made at lower echelons and not transmitted to higher echelons in

s any form, while information relevant to other types of decisions is
transmitted upward. If there are multiple parallel deciders,  without
a hierarchy that has subordinate and superordinate deciders, there
O is not one eystem but multiple ones. o
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10, Suprasystem

10,1 Suprasystem and emnvironment. The suprasystem of any living
system is the next higher system in which it is a component or sub-

system. For example, the suprasystem of a cell or tissue is the
orgen i1t is in; the suprasystem of an organism is the group it is
in at the time. Presumably every system has a suprasystem except
the "universe." The guprasystem is differentiated from the environ-
ment, The immediate environment is the suprasystem minus the sys-
tem itself. The entire environment includes this plus the suprasu-
prasystem and the systems at all higher levels which contain it. - In
order to survive the system must interact with and adjust to its
environment, the other parts of the suprasystem. These processes
alter both the system and its environment. Living systems adapt to
their environment, and in return mold it. The result is that, after
some period of interaction, each in some Sense becomes a mirror of
the other,

Territory. The region of physical space occupied by a
-llvmg system, and frequently protected by it from an invader, is

its territory. Examples are a bowerbird's stage, a dog's yard, a
family's property, a nationt's land.

11. _Subsystem and component

In every system it is possible to identify one sort of unit,
each of which carries out a distinct and separate process, and another
‘sort of unit, each of which is a discrete, separate structure. The
totality of all the structures in a system which carry out a parti-
cular process is a gubgystem. —~A ‘subsystem, thus, is identified by
the process it carries out. It exists in one or more identifiable -
structural units of the system. These specific, local, distinguish-
able structural units are called components or members or parts.
Reference has been made to these components in the definition of a
concrete system a3 "a nonrandom accumulation of matter-energy, in a
region in physical space~time, which is organized into interacting,
interrelated.subsystems or components." There is no one-to-one
. relationship between process and structure. One or more processes
may be carried out by two or more compenents., Every system is a
component, but not necessarily a subsystem of its suprasystem. Every
system is a component, but bot necessarily a subsystem of :its supra-
system. . Every component that has ite own decider is a system at the
next lower level, but many subsystems are not systems at the next
lower level, ‘belng dispersed to several components.

EKC
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The concept of subsystem process is related to the concept of
role used in socdial science. Organization theory usually emphasizes
the functional requirements of the system which the subsystem ful-
fills, rather than the specific characteristics of the component or
components that make up the subsysten. The typical view is that an
organization specifies clearly defined roles (or. subsystem processes)
and human beings "fill them." But it is a mistake nolt to recognize
that characteristics of the component — in this case the person car-
rying out the role — also influence what occurs. 4 role is more
than simple "social position," a position in some social space which
is "occupied."™ It involves interaction, adjustments between the com-
ponent and the system. It is a multiple concept, referring to the
demands upon the component by the system, to the internal adjustment
processes of the component, and to kmow the component functions in
meeting the system's requirements. The adjustments it makes are
frequently compromises between the requirements of the component and
the requirements of the system.

The way living systems develop does not always result in a
neat distribution of exactly one subsystem to each component. The
natural arrangement would appear to be for a system to depend on
one structure for one process. But there is not always such a one~
to-one relationship. Sometimes the boundaries of a subsystem and a
component exactly overlap, are congruent. Sometimes they are not
congruent. There can be (&) a single subsystem in a single compo-
nent; (b) multiple subsystems in a single component; (c) a single
subsystem in multiple components; or (d) multiple subsystemsin multi-
ple components.

Systems differ markedly from level to level, type to type, and
perhaps somewhat even from individual to individuval, in their pgtterms
of allocation of various subsystem processes to different structures.
Such process may be (a) localiszei in a single component; (b) combined
with others in a single component; (c) dispersed lateral.y to other
components in the system; (d) dispersed upward to the suprasystem or
above; (e) dispersed downward to subsubsystems or balow; or (f) dis-
persed to other systems external to the hierarchy it is in. Which
allocation pattern is employed is a fundamental aspsact of any given
system. For a specific subsystem.function in a specific system ane
strategy results in more efficient process than anctker. Ome can be
better than another in maximising effectiveness and minimiging costs.
Valuable studies can be made at each level on optimal patterns of
allocation of processes to structures. In all probability there are
general systems principles which are relevant to such matters.
Possible examples are: (a) Structures which minimize the distance
over which matter-energy must be transported or information trans-
nitted are the most efficient. (b If multiple components carry
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out a process, the process is more difficult to control and less
efficient than if a single component does it. (¢) If one or more
components which carry out a process are outside the system, the
process is more difficult to integrate than if they are all in the
system, (d) or if there are duplicate components capable of per-
forming the same process, the system is less vulnerable to stress
and therefore is more likely to survive longer, because if one compo-
nent is inactivated, the other can carry out the process alone.
4

11.1 Critical subsystem. Certain processes are necessary
for life and must be carried out by all living systems that survive
or be performed from them by some other system. They are carried
out by the following critical subsystems listed in Table 1.

Matter-Energy ;rocessing Subsystemg Which Process | Information
Subsystems Both Matter-Energy and Processing
- Information Subsystems
Reproducer
’ ‘}Boundary e
Ingestor Input Transducer
Internal Transducer
Distributor “~ Channel and Net
Converter Decoder
| Producer Associator
Matter-Energy ' Memory
- Storage
Decider
Encoder
Extruder .
¥otor } Output Transducer
Supporter

Zable 1. The Critical Jubsypteps.
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The definitions of the critical subsystems are as follows:

11 {1 Subsystems which process both matte ergy and or—
t

mation.
. . &
w the subsystem which is capable of giving rise to

other systems similar to the one it is in.

the subsystem at the perimeter of a system that
holds together the components which make up the system, protects
them from environment stresses, and excludes or permits entry to
various sorts of matter-energy and information.

11 Matter-ener rocessing subsystems.

Ingegtor, the subsystem which brings matter-energy across the
system boundary from the environment.

Digtributor, the subsystem which carries inputs from outside
the system or outputs from its subsystems around the system to each
component,

Converter, the subsystem which changes certain inputs to the
system into forms more useful for the special processes of that purti-
cular system.

Producer, the subsystem whioh forms stable associations that
endure for significant periods among matter-energy inputs to the
system or outputs from its converter, the materials synthesiged being
for growth, damage repair, or replacement of components of the sys-
tem, or for providing energy for moving or constituting the systemt's
outputs of products or information markers to its suprasystem.

Matter—enorgy storage, the subsystem which retains in the system,
for different periods of tima, deposits of various sorts of matter-
enoergy.

the subsystem which transmits matter-energy out of the
systen in the forms of produots and wastes,

the subsystem whioh moves the asystem or parts of it im
relation to part or all of its enviromnment or moves components of
its environment in relation to each other.

Supporter, the subsystem which maintains the proper spatial
relationships among components of the system, so that they can inter-
O Ot without weighting each other down or crowding each other. .
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Uel.3 Information processing subsystems.

Input transducer, the sensory subsystem which brings markers
bearing information into the system, changing them to other matter-

energy forms suitable for transmission within it.

Internal transducer, the sensory subsystem which receives,
from all subsystems or components within the system, markers bearing
information about significant alterations in those subsystéms or
components, changing them to other matter-energy forms of a sort
which can be transmitted within it.

Channel and net. the subsystem composed of a single route in
physical space, or multiple interconnected routes, by which markers
bearing information are transmitted to all parts of the system.

Decoder, the subsystem which alters the code of information
input to it through the input transducer or the internal transducer
into a "private® code that can be used internally by the system.

Associator, the subgystem which carries out the first stage
of the learning process, forming enduring associations among items
of information in the system.

Memory, the subsystem which carries out the second stage of
the learning process, storing various sorts of information in the
system for different periods of time.

Decider, the executive subsystem which receives information
inputs from all other subsystems and transmits to them information
outputs that control the entire system,

Encoder, th system which alters the code of information
inputs to it from other information processing subsystems, from a
"private®” code used internally by the system into a "publie" code
which can be interpreted by other systems in its environment.

Output Transducer, the subgystem which puts out markers bearing
information from the system, cha.ng:l.ng markers within the system into
other matter-energy forms which can be transmitted over chamnels in
the system's environment.

Of these oritical subsystems only the decider is essential,
in the mense that a system cannot be dependent on another aystem
for ites deciding. 4 living system does not exist if the decider is
dispersed upwardly, downwardly, or outwardly.
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Since all living systems are genetically related, have similar
constituents, live in closely comparable environments, and process
matter-energy and information, it is not surprising that they should
have comparable subsystems and relationships agong them. All systems
do not have 2ll possible kinds of subsystems. They differ individual-
ly, among types, and across levels, as to vhich subsystems they have
and the structures of those subsystems.—But all living systems either
have a complement of the critical subsystems carrying out the func-
tions essential to life or are intimately associated with and effec-
tively interacting with systems which carry out the missing life func-
tions for them.

11.2 Inclusion. Sometimes a part of the environment is sur-

" rounded by a system and totally included within its boundary. Any

such thing not a part of the system's own living structure is an inclu-
sion. Any living system at any level mey include living or nonliving
conponents. The amoeba, for example, ingests both inorganic and or-
ganic matter and may retain particles of iron or dye in its cytoplasm
for many hours. A surgeon may replace an arteriosclerotic aorta with
a plastic one and that patient may live comfortably with it for years.
To the two-member group of one dog and one cat an important plant “w
component is often added -- one tree. An airline firm may have as an
integral component a computerized mechanical system for meking reser-
vations which extends into all its offices. A nation includes many
sorts of vegetables, minerals, buildings, and machines, as well as

its land.

The inclusion is a component or subsystem of the system if it
carries out or helps in carrying out a'critical process of the system;
otherwise it is part of the environment. Either way the system, to
survive, must adjust to its characteristics., If it is harmless or
inert it can often be left undisturbed. But if it is potentially
harmful — like a pathogenic bacterium in a dog or a Greek in the
giant gift horse within the gates of Troy —- it must be rendered harm-
less or walled off or extruded from the system or killed, Because it
moves with the system in a way the rest of the environment does not,
it constitutes a special problem, Being inside the system it may be
a more serious or more immediate stress than it would be outside the
systen's protective boundary. But also, the system that surrounds it
can control its physical actions and all routes of access to it. For
this reason international law haes developed the concept of extraterri-
toriality to provide freedom of action to ambassadors and embassies,
nations! inclusions within foreign countries.

11.3 Artifact. An antifact is an inclusion in some system,
made by animaels or man. Spider webs, bird nests, beaver dams, houses,
books, machines, music, peintings, and langusge are artifacts. They
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may or may not be progtheses, inventions which carry out some criti-
cal process essential to & living system. An artificial pacemaker
for a human heart is an example of an artifact which can replace a
pathological process with a healthy one., Insulin and thyroxine are
replacement drugs which are humen srtifacts. Chemical, mechanical,
or electronic artifacts have been constructed which carry out some-»
functions of all levels of living systems,

Living systems create and live among their artifacts. Begin-
ning presumably with the hut and the arrowhead, the pot and the vase,
the plow and the wheel, mankind has constructed tools and devised
machines. The. Industrial Revolution of the Nineteenth Century, ca.p-
ped by the recent harhessing of atomic energy, represents the exten-
sion of man's matter-energy processing ability, his muscles. A new
Industrial Revolution, of even greater potential, is just beginning
in the Twentieth Century, with the development of information and
logic-processing machines, adjuncts to man's brain, These artifacts
are increasingly becoming prostheses, relied on to carry out critical
subsystem processes. A chimpanzee may extend his reach with a stick;
a man may extend his cognitive skills with a computer. Today'®s pros-.
theses include input transducers which sense the type of blood cells
that pass before them and identify missiles that approach a nation's
shores; photographic, mechanical, and electronic memories which can
store masses of information over time; computers which can solve
problems, carry out logical and mathematical calculations, make deci-
siong, and control other machines; electric typewriters, high speed
printers, cathode ray tubes, and photographlc equipment which can
sutput information. An analysis of many modern systems must take
into account the novel problems which arise at man-machine interfaces.

Music is a special sort of human artifact, an information-
processing artifact. So are the other arts and cognitive systems
which people share. So is language. VWhether it be a natural lang-
uage or the machine language of some computer system, it is essential
to information processing. Often stored only in human brains and
expressed only by hunexn lips, it can also be recorded on nonliving
artifacts like stones, books, and magnetic tapes. It is not of it-
self a concrete system, It changes only when man changes it. A4s
long as it is used it is in flux, because it must remain compatible
with the ever-changing living systems that use it. But the change
emanates from the users, and without their impact the language is
inert. The artifactual language used in any information transmission
in a system determines many essential aspects of that system's struc-
ture and process.
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1 gsions concrete systens

All process involves some sort of transmission among subsystems
within & system, or among systems. There are inputs across the bound-
ary inio a system, internal processes within it, and outputs from it.
Each of these gorts of transmissions may consist of either ia) some
particular form of matter; (_b_) energy, in the form of light, radiant
energy, heat, or chemical energy; or (g) some particular pattern of
information.

13, .Steagz,gtate

When opposing variables in a system are in balance, that system
ig in équilibrivm with regard to them. The equilibrium may be static
and unchanging or it may be maintained in the midst of dynamie change.
Since living systems are open systems, with continuslly altering
fluxes of matier-energy and information, many of their equilibria are
dynamic and are often referred to as flux equilibria or gteady states.
These may be unstable, in which a slight disturbance elicits progres-
sive change from the equilibrium gstate — like a b2ll standing on an
inverted bowl; or gtable, in which a slight disturbance is counter—
acted so as to restore the previous state — like a ball in a cup;

or neutral, in which a slight disturbance makes a change, but without
cumilative effects of any sort —— like a ball on a flat surface with
friction.

All living systems tend to maintain steady states (or homeo-
stasis) of many variables, keeping an orderly balance among subsys-
tems which process matter-energy or information. Kot only are sub~
systems usually kept in equilibrium, but systems also ordinarily
maintain steady states with their environments and suprasystems,
vwhich have outputs to the systems and inputs from them. This pre-
vents variations in the environment from destroying systems. The
variahles of living systems are constantly fluctuating, however. A
moderate change in one variable may produce greater or lesser alter-
ations in other related ones. These alterations may or may not be

reversible.
13,1 Stress, strain, and threat. There is a rapge of stability

for each of the numerous variables in all living systems. It is that
range within which the rate of correction of deviations is minimal
or zero, and beyond which correction occurs. An!input or output of
either matter-energy or informetion, which by laék or excess of some
characteristic, forces the variables beyond the range of stability,
constitutes stress and produces a strain (or strains) within the
system. Input lack and output excess both produce the same strain —
diminished amounts in the system. Input excess and output lack both
produce the opposite strain = incieased amounts. Strains may or may
[:R\j: not be capable of being reduced, depending upor. thair intens ty and




the resources of the system. The totality of the strains within a
system resulting from its template program and from variations in
the inputs from its environment can be referred to as its values.
The relative urgency of reducing each of these SpelelC strains
represents its hierarchy of wvalues,

Stress may be—anticipated. Information that a stress is immi-
nent constitutes a threat to the system. A threat can create a
strain. Recognition of the meaning of the information of such a
threat must be based on previously stored (uSL 211y learned) infor--
mation about such situations. A pattern or input information is a
threat when -- like the odor of the hunter on the wind; a change in
the acidity of fluids around a cell; a whirling cloud approaching
the city «= it is capable of eliciting processes which can counter-
act the stress it presages. Processes -- actions or communications
-~ occur in systems only when a stress or a threat has created =
strain which pushes a variable beyond its range of stability. A
system is a constantly changing cameo and its envirorment is a .
similarly changing bas-relief,~and the two at all times fit each”
other. That is, outside stresses or threats are mirrored by inside
strains. Matter-energy storage and memory also mirror the past
environment, but with certain alterations.

13.1.1 Matter-energy stress. There are various ways for sys-
tems to be stressed. One class of stresses is the matter-energy
stresses, including: (g) matter-snergy input lcek or underload —
starvation or inadequate fuel input; (b) input of an excess of over-
load of matter-energy; and (g) restraint of the system, binding it
physically. (This may be the equivalent of (a) or (b).)

13.1.2 Information stress. Also there are information stresses,
including: ias information input lack or underload, resultlng from a
dearth of information in the envirorment or from improper function
of the external sense organs or input transducers; b) injection of
neise into the system, which has an effect of information cut-off,
much like the previous siress; (c) information input excess. or over-
load. Informational stresses may involve chznges in the —ate of
information input or in its meaning.

13,2 Adjusiment vnrocesses. Those proceszes of subsystems vhich

maintain steady states in systems, keeping vaPiables within their
ranges of stability despite stresses, are adjustment processes. 1In
some systems a single variable may be influenced by multiple adjust-
ment processes. As Ashby has pointed out, a living system's adjvst-
ment processes are so coupled that the system is ulirastable. This
characteristic can be illustrated by the example of an army cot. It




- 27 -

is made of wires, each of which would break under o 300-pownd weight,
yet it can easily support a sleeper of that weight. The weight is
applied to certain wires, and as it becomes greater, first nearby
links and then those farther and farther away, take up part of the
load. Thus a heavy weight which would break any oi the componen¥
wires alone can be sustained. In a living sysitem, if one component
cannot handle a stress, more and more others are recruited to help.
Eventually the entire capacity of the system may be involved in
coping with thke situation.

13.2¢1 Teedback. The term feedback means that there exist
two channels, carrying information, such that Channel B loops back
from the output to the input of Channel A and transmits some portion
of the signals emitted by Channel A (see Figure 3} . These are tell-
tales or monitors of the outputs of Chamnel A. *he transmitter on
Channel A is a device with two inputs, formally represented by a
function with two indevendent variables, one the sisnel to be trans-
mitted on Channel A and the other a previously transmitted sismal
fed back on Channel B, The new signal transmitted on Channel A is
selected to decrease the strain resulting from any error or deviation
in the fecdback signal from a criterion rr comparison reference signal
indicating the state of the output of Channel A which the system seeks
to maintain steady. This provides control of the output of Channel
A on the basis of actngl rather than expected performance.

SIGNAL INPUT SIGNAL OUTPUT
TO0 CHANNEL A FROM CHANNEL A
MAIN CHANNEL 4
——->
COMPARISON TRANSMITTER (responds to reverse or
SIGNAL INPUT recipracal of signal fed back on cheannel B)

Figure 3. Negative Feedback

When the sirmals are fed back over the fesdback channel in
such a manner that they increase the desviction of the output from a
steady state, positive feedback exists. “hen *hec sirmals are reversed,
so that they decrease the deviation of the outnut from a steady state,
it is negative fecdbaclz, Tositive fe-db:ck alters variable and des-
troys their steady states. Thus it can initinte system changes.
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Unless limited, it can alter variables enough to destroy systenms.
At every level of living systems numerous variables are kept in a
steady state, within a range of stability, by negative feedback®
controls. When these fail, the structure and process of the sys-
tems does not survive. TFeedback control always cxhibits some
oscillation and always has some lag. When the organism maintains
its balance in space, this lag is caused by *he slowness of trans-
missions in the nervous system, but is only of the order of hun-
dredths of seconds. A social institution, like a corporation, may
take hours to correct a breakdown in an assembly line, days or
‘weeks to correct a bad management decision. In a society the lag
can sometimes be so great that, in effect, it comes too late.
General staffs often plan for the last war rather than the next.
Governments receive rather slow official feedbacks from the society
at periodic elections. They can, however, get faster feedbacks from
the press, other mass media, picketers, or demonstrators. Public
opinion surveys can accelerate the social feedback process. The
speed and accuracy of fecdback have much to do with the effective-
ness of the adjustment processes they mobilize.

13.2.2 Power. In relation to energy processing, power is
the rate at which work is performed, work being calculated as the
product of a force and the distance through which it acts. The
term also has another quite different meaning. In relation to infor-
mation processing, power is control, the ability of one "master" sys-
tem to influéhce in & specific direction the decision of a "slave"
system at the same or another level, to elicit conpliance from it.
The system influenced may be the system itself -- a man may be his
own master;-it may be some subsystem or component of it; it may be
its suprasystem; or it may be some external system at any level.
Characteristically, in hierarchies of living systems, each level has
a certnin autonomy and to a degree is controllecd by levels above and
below it. A mutval "working agreement" thus is essential.

13.2.3 Purpose and goal. By the information input of its
charter or genetic input, or by chenges in behavior brought about by
revards and punishments from its suprasystem, a system develops a
preferential hierarchy of values that gives rise to decision rules
which determine its preference for one internal steady state value
rather than another. This is its purpose. It is the comparison value
which it matches to information received by negative fecdback in order
to determine whether the variable is heing maintained at the appro-
priate steady state value. In this sense it is normative. The sys-
tem then takes one alternative action rather than another because it
appears nmost likely to maintain the steady state. Wrhen distrrbed,

O his state is restored by the system by successive approximations,
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in order to relieve the strain of the disparity recognized inter-
nally between the feedback signal and the comparison signal. Any
gystem may have multiple purposes simultaneocusly.

A system may also have an external goal, such as reaching a
target in space, or developing a relationship with any other system
in the environment. Or it may have several goals at the same time,
Just as there is no question that a rat in a maze is searching for
the goal of food at its end or that the Greek people under Alexander
the Great were seeking the goal of world conquest. As Ashby notes,
natural selection permits only those systems to continue which have
goals that enable them to survive in their particular environments.
The external goal may change constantly, as when a hunter chases a
moving fox or a man searches for a wife by dating one girl after
another, while the internal purpose remaing the same.

A system's hierarchy of values determines its purposes as well
as its goals. It is not difficult to distinguish purposes from goals,
as the terms have been used: an amoeba has the purpose of maintaining
adequate energy levels and therefore it has the goal of ingesting a
bacterium; a boy has the purpose of keeping his body temperature in
the proper range and so he has the goal of finding and putting on his
sweater; Switzerland had the purpose in 1938 of remalnlng uninvaded
and autonomous and so she sought the goal of a militery organization
which could keep all combatants outside her borders or disarm them
if they crossed them.

13,2.4 Costs and efficiency. All adjustment processes have
their ¢ sts, in energy of nonliving or living systems, in material

resources, in information (including in social Systems a special
form of information often conveyed on a marker of metal or paper
money), or in time required for an action. Any of these may be
scarce. (Time is a scarcity for mortal living systems.) Any of
these is valued if it is essential for reducing strains. The costs
of adjustment processes differ from one to another and from time to
time. They may be immediate or delayed, short-term or long-term.

How successfully systems accomplish their purpose can be deter-
mined if those purposes are known. A System's efficiency, then, can
be determined as the r¢*tio of the success of its performance to the
costs involved. A system constantly makes economic decisions directed
toward increasing its efficiency by improving performance and decreas-
ing costs. Economic analyses of cost-effectiveness are in recent
years frequently zided by program budgeting. This involves keeping
accounts geparately for each subsystem or component that carries out
a distinct program. The matter-ener.y, ir “>mation, money and time




- 30 -

costs of the program sre in such analyses compared with various
measures of the efficiency of performance of the program, How
efficiently a system adjusts to its environment.is determined by

what strategies it employs in selecting adjustment processes and
whether they satisfactorily reduge strains without being too costly.
This decision process can be analyzéd by a mathematical approach to
economic decisions, game theory. This general theory concerning

the best strategies for weighing "plays" against "pay-offs,"

selecting actions which will increase profits while decreasing losses,
increase rewards while decreasing punishments, improve adjustments

of variables to appropriate steady state values, or attain goals
while diminishing costs. Relevant information available to the
decider can improve such decisions. Consequently such information is
valuable, But there are costs to obtaining such information. Hurley
hes developed a mathematical theory on how to calculate the value of
relevant information in such decisions. This depends on such conside-
rations as whether it is tactical (about a specific act),or strategic
(about a poliey for action); whether it is reliable or unreliable,
overtly or secretly obteined, accurate, distorted, o¥ erroneous.

14. Conclusion #

This analysis of living systems uses concepts of thermo-
dynamics, informetion theory, cybernetics, and systems engineering,
as well as the classical concepts appropriate to each™evel. The
purpose is t0 produce a description of living structure and process
in terms of input and output, flows through systems, steady states,
and feedbacks, which will clarify and unify the facts of life. Future
papers will indicate how these systems concepts can be zpplied to a
particular class of living systems -~ educational systems. Farticular
attention will be devoted to the application of program budgeting and
cost-efficiency analysis to educational planning and administration.
Emphasis will also be placed on the potential of a particuler class of
artifacts -~ the new information processing technologies -~ for
improving the quality and efficiency of educational prograns and
cutting their costs.

The following is an outline of the rest of Dr. MNiller's
presentation:

The first industrial revolution, which began to develop inten~
sively about 1800 and continues until today has been a development -of
artifacts to help individual man or societies at large to process .
matter and energy more effectively. The second industrial revolution,
which began about 25 years ago is the application of new information
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processing artifacts to help an individual or the society at large
process information nore effectively. Automobiles, alrplgneg, and
guns are some of the products of the first industrial revolution.
Computers for computer data instruction and televisioa are some of
the artifacts of the second industrial revolution. It is important
that educators give serious consideration as to the potential appli-
cation to education of-the products both of the first and of the
sécond industrial revolution. In doing this the emphasis should be
on the individual student and the creating of the environment about
him necessary for optimal learning. This can be done either by
human beings -exclusively or by information processing artifacts, or
by some combination of the two.

, Cost effectivoness or cost beinefits rust be uaLeA into con~-
sideration at all times. One should not throw up his hends ond
give no consideration to the possibility of u51ng the inforuation
processing technology just because the costs’seem to be too great.
Rather?careful analysis should be made of costs and benefits of
alternative. teclmologies in the given situation., Then recormendation
should be made in terms of a.realistic appraisal of the funds avail-
able:. This may require some increase in the percentepe of the ;ross
natioml product of the nation devoted to education, vhich may mean
a decrease to some ciitent of the amount devoted to other purposes.
"Because of the great employments of education and™créating e bese
for national development, however, this may be JuSulf;ed.

. All nations today are suffering from the fact that research
in the field of education throughout the world has been ireak as
compared with other aspects of the natural behavioral sciences.
Bducators have found it hord to agree upon the objectives of training
programs. They have found it difficult to develop reliable and
objective measures of the educational process which con be used for
evaluation, They have not set up the educational experiments using
scientific control methods with evaluation methods which have been
planned and arranged in advance. They have not used a method of

* - comparing objectively alternative systems, considering all the media.

A very primitive chart anslysing some of the aspects of the various
media which may moke them effective and estimating very roughly the
ranges of costs appears below:

')
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Education throughout the world, both in de%éloping and
established nation3, is labor intensive. Teachers, like all other
workers, will ficht change if it means, or if they think it means,
that they are going to lose their jobs, This is a problem of the
introduction of all forms of technological advances which involve
automation of functions that were previously carried out by human
beings. It is importopt to deal with this form of resistance by
planning over a period of five or ten years, how to take advantage -~
of persomnel turnover or the growth of demond for education to phase
in new technological gpproaches without causing any present employees
to lose their jobs. Nesistance to such changes will be grectly
diminished if' all current employees kncw that none of them will be
caused to lose their jobs as a result of the innovations.

Sharing of resources should be a mzjor emphasis. SEAMEO is
an excellent example of such sharing among several nations. Sharing
of resources may reguire translation of software from one language
to another, but affer the software is prepared, translation is
usually relatively cheap. In addition to software, hardware resources
may be shared among developing nations. ¥or ezample, a factory for
making hardwvare micht be built in one of the eilht Southecst Asian
nations of SEAMEO, or it might be possible for a satellite to be
deployed which would cover all of those countries. Also, os INHOTECH
demonstrates, planning resources among nations in a given region can
be coordinated.

It is also important to include in the education of 21l teachers
inforration both about systems theory end the systens approach of
evaluating alternztive educational strategy should be emphasised as
central to education. It should not be looked on as a relatively
unimportant peripheral aspect, which is the frequent aittitude.

There are many resistances to any form of change, and parti-
cularly in education there are strong resistances to the introduction
of instructional ftechmology. These have been discussed in the
‘conference. It is important to recognize explictly that they exaist
and analyse strategies for dealing with them.

Maintenance problems of instructional technology should not be
under-emphasized. Jor example, if a large number of television sets
are ordered, parts for those sets should be.ordered at the same tire,
and training progzrams for technicians should be set up if adequate
numbers of technicians are not available. This is ecqually ioportant
"if computers or other types of hardware are going to be usecd in
instruction.
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Computers are rapidly becoming morc sophisiicated cnd less
expensive. They are available to some degree in all of the
Southeast Asian nations. They can significantly improve information
processing in education, and also, trrough management information
systems, can cut costs and improve effectiveness of manogement. 4
mjor way for developing nations to cut the costs of. education is
to apply computerised management information systems to their
operations.

In most cases when instructional technology hos been employed,
it is simply a part of a total educational reform. “his is as it
should be. Xumerous eramples can be pointed to where cducational
technology is clearly bringing about important educational innovations,
~even though in some of them it is still unclear wvhat thelr effect on
“ cost feffectiveness really is. ¥

&
°

As educators interested in educational innovetion with instruc-
tional technology, we have a responsibility in our own country to try
to change national priorities. ¥e must continually emphasize to
policy makers that improving the education of the population ss a
whole is an essential priority which must underly other forms of
development. If practical and political considerations present us
from undertsking immediately large scale applications of instructional
technology to hisher education, it is important for educators interes-
ted in these approaches at least to try to find enough funds to set
up & well designed, limited sxperiment. There are many approaches to
limitation of an experiment to a relatively small population which
will 3till make it possible to initiate a small program. Once such a

thing is started, history has shown that, if it appears effective,
adequate support will be found fo permit it to. ‘expend.
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NEW DEVELOPMENTS IN EDUCATIONAL TECHNOLOGY
IN THE URTTED STATES(L)

v by Dr. Sidney G. Tickton S

liy assessment at the moment was to make some comments on new
developments of educational technology and I thought I would do it
rather broadly, bring to you such information as we know is available
in the United States and around the world. One of the things that
bothers me about conferences such as this is that we sometimes forget
to bring to the conference the information, the background, and the
discussions that have occurred in previous conferences. A few months
ago, the Agency for International Development (AID) called together
at a meeting of the Centre outside Washington D.C. a group of 40 or
50 people from around the world, to talk about the latest developments
in educational technologies, and I thought I would make a quick
summary of what happened at that meeting.

In that particular meeting, the objective was to direct attention
0 the major policy questicns that were facing AID and other inter-
nationzl funding agencies on the .usk of educational technology. And
the questions that were raised for that meeting were what ATID and the

‘other agencies ought to be doing to expand the use of educational

technology, and how they could get a better pay—off from the programmes
that they were finmancing, and what they could do to make the prosrannes
they now have more effective. These kinds of questions are always
raised by funding agencies, whether they are international agencies
such as the World Bank and the isian Development Bank, or whether they
are government groups like AID, or whether they are private foundations
such as the Ford Foundation. I heard the same questions when I was at
the Ford Foundation. ’ : -

In developing the background for that conference, it was pointed

out that much of the experimentation in educational technology has been

the repeating of small scale efforts previously made by other

regearchers, teachers and administrators. Some of the repetitions have
bez2n due to lack of information concerning what has gone on previously,
some of them due to the fact that people refused to use other people's

- experiences, some of them due to the fact that educational experimenta-

tion is costly, breaking new grounds is costly and time consuming and

(1) This presentation was made extemporaneously by Dr. Tickton. It is
reproduced here from the recorded tapes, with slight editing by the
INNOTECH staff.



- 35 =

5

if you are working in this field no one can give you any assuramnce.
that you are going to be successful. F¥or the most part, as you all
know, the efforts to apply modern educational technology and media

to educational problems have resulted in reports that there have

" been no significant differences because we sre not sure whether it

is because of the programmes or whether it is because of our measure-
ment devices. I would argue, for example, in the El Salvador project,
that in order to determine whether you have achieved anything you
would start with a subject such as English as a second language. If
you wanted to have a base line to start from, you would start a year
before you introduce the programme; at that point you would find that
the achievements of the pupils were zero, because nobody was teaching
English as a second language, so that out of a country of a couple of
million people, there were only a dozen of places where you could
find people who were speaking English as a second language. So that
is the way the base line ought to be established. From the research
point of view, that is biasing the results too much in favour of
getting great big results. Thus, Dr. Wilbur Schramm in doing his
testing would not use such a base line for his consideration, for his
research, for his scientific approach; but from the approach of the
people of a country the nett result was a substantial increase in the
number of people who spoke English as a second language. Let's say
at the end of two years, they have two thousand people and previously
only had 50 people. So, as a result, there was a great achievement,
but it doesn't show up in the achievement, The main thing that the
experiments have been able to show, the small scale experiments,is
that people do le~rn with modern communications media, that sometimes
technology can make learning fun; and the one thing that has been
true is that technology can permit changes t0 occur that had not
otherwise been possible.

In the case of Bl Salvador, Korea, Samoa, Ivory Coast, there
are dramatic changes in the content of the curriculum, and the people
who were involved felt that this could not have happened without
something dramatic to act as a lever. This was the price of getting
change. Something had to happen. Nobody would have put in the time,
effort and money if you did not have something dramatic to.work. with.
After a period of 10 or 15 years working with educational television,
educational radio, programmed instruction, computers and the simpler
audio-visual devices, & considerable number of people have bscome
interested in what is now commonly called the systems approach to
educational improvement. The systems approach in education consists
of six steps, of which the first is the pre~planning step, .the second
is the market research to find out who it is you are going to try to
educate. The third step is teacher training, the fourth is curriculun
development and the producing of the programmes. The fifth is evalua-

L
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tion, and the sixth is changing 't‘:l\‘le programmes as a result of the
evaluation. This kind of systematic approach to educational improve-

.ment has not been tried in a signifisant way in any place in the

United States. We are frank to admit this, and we are also frank to
say that many of the early experiments that were financed by the

Ford Foundation failed to carry on. They achieved their immediate
results, but they failed to carry on over a ten—- or fifteen-year
period, because the systematic approach to problems was not adopted.
lioreover, there has been a heavy resistence to this type of a pro-
gramme in the United States, becaise of the attitude of teachers who
have felt that these kinds of steps, these kinds of educational
technology would displace existing teachers, and they have succeeded
over the years in refusing to adopt significant educational technology
approaches :s pari of the educational programme. So, in this report
that I gave you yesterday, that was prepered for the President's
Commission on Instructional Technology, I felt very confident in
saying (which I did two and a half years ago, and nobody has criticized
it since) that educational technology represents a drop in the bucket,
not more than 5% of the oyerall educational expenditures ingthe United
States, that if in that country we had 16 million students going to
school five days a week, and going to class five hours a day, for a
total of a billion, two hundred and fifty million student class-hours,
obviously not more than five or ten or fifteen million such hours were
involved  in any kind of situation other than the classroom and the
teacher snd the pupils, and there was no television, no films, no

‘audio-visuals, nothing that represented either the use of modern

comnunications media or any kind of programmed instruction beyond the
teacher in the classroom.

Now, against this background of effort and experimentation and
demonstration, the U.S. Congress has instructed AID to see whether
communications technology could be used in any way to improve educa-
tion, nutrition, family planning, agriculture in wvarious countries,
and this has been the basis upon vhich there have been many discus-
sions during the past year. AID and many international organizations
are lookihg for opportunities to combine all of the factors in the =~ e
systems approach to produce useful learning experiences among students
at a level of cost that developing countries can afford. This is a
difficult point, because there is no.question &hat’ things can be pro-
duced at a level of cost that you can't afford, how to do it at a
level and a cost that people’ can afford in various parts of the world,
is the unknown fact. But there is no doubt  that over the next ten,
fifteen, twenty years, there will be a considerable number of people
working on these kinds of approaches, and there will be new combina-
tions of hardware and software, and physical facilities and students, .
#eachers, and financing, and maybe in some places some people will
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learn how to do things that work. But one way that obviously has
got to be adopted, as Dr. Miller said; is much more sharing of
resources, much more ‘learning from other people's mistakes, and much
more doing what it is possible to do with the resources at our hand.

On the other hand, no one could minimize the large essential
costs, particularly on full scale projects, and the difficulty of
transition from existing systems, and the difficulty of adding large
numbers of people to an educational programme. In El1 Salvador, we
are talking about increasing the number of people in the third and
fourth and fifth grades, from maybe forty or fifty thousand to three
or four hundred thousand, and we are thinking of doing the same thing
in the Ivory Coast, andyeven more in Korea. Nobody has really paid
attention to this kind of large scale problem, the physical problem
of handling that many people, or the amount of time that is required
to complete such a project with the transition which may be from five
to ten years, And one of the problems is that many Ministries of
Education have terms that last from one to three years, and they are
not really in a position to underteke five to ten~year projects.

This is also true of international agencies, AID and other government
agencies. We are talking about the long terms., #e are talking about
difficult problems, and many of the people who are going to be involved
have short-term objectives, short-term attitudes and this makes it
more and more difficult, .

At the Airlfie House Conference, the participants wanted to know
if we could list some of the characteristics that might merit joint
efforts in the investment of the various agencies that are providing
funds for educational technology experiments and so a number of these
characteristics were listed. I thought you might find them interesting.
One would be school systems using television, which rely less upon
classroom teachers, provide more opportunity for rapid student progress,
and substantially reduce the unit costs, not by reducing the number of
teachers but by increasing the number of students substantially. This
is the hope for an approach in the Ivory Coast and Korea, The number
of students is expected to go up, say ten times, in countries that
- would be hard-put to double the number of teachers, just because there
are not trained people available and they could not afford if théy had
the trained people available.,. But the objective here is to have a.
system that can have many more young people going through-it with only
a small increase in personnel and a great'increase in the use ¢f
technology to help that personnel. In other: wor,d..,, this is Jjust as
you move in industrial societies by creating a factory end providing
machinery and capital equipment, and a given number of ,personnel in
the factory can turn out ten times as much product. This is &n over-
simplified example, but if many lesser developed countries are going
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to increase the number of people going to school without unduly"
burdening the budget, some ways have to be learned how to do this .
by using far less proportionate increase in personnel compared to
increase in the number of students.

The second thing that was suggested is expanding the use of
media other than television. The various combinations of media that
hold some promise: educational radio, audio cassettes, micro fiches,
" various forms of programmed instruction, probably combined with
television. People have not done to6 much with the various combina-
tions, but possibilities are {tremendous. There are, as you know,
new types of hardware being produced: video discs and video tape
recordings. The people who produced hardware say that there will be
equipment that provides great opportunities in the future at rela-
tively lower costs. We hope that this will work out.

The thing that you heard about last fall and has gained much
popular attention in the past year, is the possibility of the other
school learning activities. When I was at the Ford Foundation ten
years ago, my associates were concerned about other school leaming
activities and independent study, but they got a deaf ear, nobody
was paying attention. But the moment this is a wide possibility,
lots of people are paying attention, As you know, Philip Coombs,
who was at the Internationsl Institute of Educational Planning, is
doing a report for the World Bank which is due in' the next couple of
months, and which will say, here are the.various opportunities for
the World Bank to invest in other school learning opportunities, and
the World Bank hopes that much will occur as a result of his report.
The one thing that is missing, and I say missing in much of the
discussion about other school learning opportunities, is the fact
that non-formal education does not necessarily mean inexpensive
education, if one is expecting to have quality-type results. There
is no reason to believe that it  will necessarily work out, that if
you want to teach, let's say/Bhglish as a second language to a
thousand people outside of the formal classroom, you could do it
cheaper by radio or television at homes or offices or wvarious places,
rather than in some kind of classroom situation. There are people
who talked casually about this, but it has not been proved; so I
want to caution you in your discussion, to note that there are many
possibilities, but that it is not necessarily true that they are
going to be cheaper or better. One has to investigate and look very
carefully.
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Referring again to the Airlie House Conference in Washington,
I am thinking about the other kinds of uew developments in educa-

tional technology that are occurring in the United States and other—- . o

parts of the world. There is a much greater willingness nowadays
than there was three or four or five years ago to rigk large amcunts
of money, time, energy and capital on new systems of education that
can provide a given quality of education with fewer teachers per
student, fewer buildings, greater -leaming in a shorter period of
time, and learning new materials and techniques that have not been
learned previously. As I mentior~d several times yesterday, it is
difficult to arrive at cost-benefit conclusions on educational ,
technology that says this costs less than something else. However,
if it could be shown that you could teach people the equivalent of
what they would otherwise learn in threée or four years or five years
of schooling in, say, two years' time, using whatever combination
that is possible,' then one could argue that one has achieved a sub-
stantial cost-benefit result. In other words, you use the same
quality of learning. There are few p'eople who have tried this
approachy but I think it is one that will develop much more sub~
stantially in the next few years, because there are people who have
a pretty good idea of what they woulu like to- have, and if the - .
schooling period could be compressed so that it could be done quicker,
thi 3 wonld be & great benefit to many countries. In some countries,.
ii{ "arrangements could be made by the use of technology to reduce the
number of buildings that is required by the use of technology, much
could be gained, . But an even more important area is the learning of
subjects that would not otherwise be possible: the learming of
languages, the learning of vocational skills, the learning of various
new items like the new biology, the new chemisit?y and the new math.
Things would not be possible by the use of the people on hand. This
could be a great benefit to the country, and there are many people
working on these possibilities.

One other item with respect to the non~formal education idea
..is the extension of the approach at the college or university level
in the United States... Within the past two years, a great deal of
attention has been paid to off-campus programmes. Something along
the line of what the University of London has been doing for many
yeaxrs, but which had not really besn given much attention to in the
United States, has suddenly blown up as an important educational
possibility. It is not necessary for students at college age to
spend sO many weeks sitting in classrooms, doing such and such
assignments and there are many ways of learning, and the college:
end university should pay attention to these possibilities, Within
the pest two years, dozens of university programmes have been
created which allow for off-campus study, dozen: of programmes have
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been created which will give credit for learning experiences
achieved in ways other than going to college. Opportunities for
people in foreign countries to receive US degreesbased on some other
experiences in very much less time than otherwise is required are
being considered, and these are weys that would have been unconcei-
vable as recently as four or five years ago. I mention this as an
important development because in the definitions I used in the
President's Commission, we are talking about educational technology
as a process as well as hardware and software. There are, many people
interested in changing the process. How well it will work and how
well it will turn out in the results, and what the test will show,
remains yét-to be seen. But an importent development in the past
24 months is that educators .who previously would not consider these
possibilities are now giving them their endorsement and treatlng
them very seriously.

Another new ‘development which you keep hearing about and on
which progress has been made, is the use of satellites for trans-

- mission of educational programmes. Clearly, the 1974 experiment with

India and the 1975 experiment with Brazil would be important landmarks.
Meantime, a big satellite project may develop in the United States
which will involve the in-service training of teachers over hundreds
of square miles. But people workipg on such programmes have dis~
covered, as have people who have worked on television, computers and
programmed instruction before, that it is reasonably early to get the
satellite up as compared to providing a programme, that has got to go

on the satellite. In the case of Brazil, for example, it is expected

that there will be three hundred thousand separate receiving units;.

that there will be TV sets in the classrooms, or’Aut in the community

centres, or_ out in the individual teachers' houses, or out in the
country si e But nobody knows how to handle educational programmes
for three hundred thousand receiving centres, many of which have
nothing in common except that they belong to the same country; and

the country is thousands of miles square, thousands of miles across, -
and the people in the country side have no relationship at all with 5
the people in the cities., What you put on the programmes that will

be useful o all these various kinds of people certainly has not been

-worked out. Moreover, in a country such as India, this is an even

greater problem where there are language barriers. At least in
Brazil, it is all in Portuguese. In Irdia, there are various lang-
uage ‘differences that complicate the problem. In any event, there
are people working on this problem in great detail and it is an
important new development in the past couple of years.
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There are two other points that I would comment on. One is the
use of educational technology, television on tapes, particularly video
tapes, in industrial training in the United States. Corporations have
found that they can take young people out of school, and start training
them in their own companies to do the jobs that need to be done, whether
they are technical engineering jobs or technician jobs or just secre-
tarial jobs; that an important way of doing this is to develop tapes
and programmed instruction materials and micro~teaching mechanisms, and
so forth, which are efficient on a cost-benefit basis. . For example, it
has been found that by using tapes, one can teach a young lady to become
a good typist in two weeks. She goes to the library, checks out the
tapes that are scheduled for her twice a day, once in the morning and
once in the afternoon. The tapes tell her precisely what to do. No
teacher is involved. - By the end of two weeks, she is a reasonably good
typist. TFor a secretary, this takes maybe two months. But it is all
done by audio tapes, maybe a little visual work, but mostly audio tapes.
Industrial firms find these useful to them, so they proceed in this
mamer without going through a school system, but in many cases they
represent some of the most dramatic advances, because from their point
of view, this solves an important problem. /

The last development that 1 wanted to mention is the attention
being placed in the United States on the necessity for basic research
in development education. As a result of the Commission of Instruc-
tional Technology's report in which we recommended a National
Institute of Education, we were able to spring the idea, which was an
old idea, from the backrooms Of the colleges and universities to the
desk of the President of the United States, at the time when he was
looking for a useful idea. He submitted it to Congress, and Congress
held hearings, and the bill has been passed by both-houses of the
Congress. It is expected that in = year or two, a new National
Institute of Education will be establ:l.shed in Washington which will be
concerned wi.th research and development and education, with the use of
technology and new devices, and with the methods for achieving change.
It will be something much more substantial than has ever been attempted
in the past. ' o

17

In the Tnited States, as you lcnow, there has been & large amount
of research and development money that has gone into industry, gone into
agriculture, and gone into the health fields and the health sciences.
In 1954, as a result. of the discovery of the SALK vaccine, the amount
of money that went into health research was multiplied ten times in.,a

' couple of years, something like from a hundred million to a billion

dollars from, say, 1951 to 1956 or 1957. This was all done by some-
thing called the Natiomal Institute of Health. As the National
Institute of Bducation is patterned upon the same line, many hoped
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that similar types of funding will occur. We are not sure it will
happen, but we hope it will occur sometime in the future. In any
event, this is an important new development that bears watching.
It wil). take some time to produce results, but anyway there is
something that is being done.

I run into these things just because I thought they will be
interesting to you. One of the problems in education throughout the
world is communication; we need seminars and meetings such as this to
bring people up-to-date 23 to what it is that we know that is going on
and what you know that is going on and in the discussion and exchange
of views at least we find out with each other those things we should
be knowing, but the communication system is not as good as it should
be. Thank you very much.
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THE INDIVIDUAL AS AN EDUCATIONAL INNOVATOR AND CHANGE AGENTl

Jerry Short
University of Virginia

What can one individual do to change the educational system of his
coun ? :

Graduates of iﬁﬁbiﬁCH, and craduates of other centers of
educational innovation ard technology, face a difficult problem when

sthey return home. The problem is this: how can they, as individuals.

bring about educational innovation in their own countries?

During their training programs, these educators have learned
about radical alternatives to traditional schooling, worked on
larce-scale projects, studied large-scale systems, and mastered many
specific skills. But after training, most of the graduates return
to Jjobs where they feel they cannot apply what they have learned. The
These educators do not return home to become Prime Ministers or
Ministers of Education, or even depariment chiefs who might have the
power to initiate a systems study or finance a major innovation.
Instead, they return to middle level jobs as school princivals,
teachers, supervisors, college lecturers, and officers in Ministries
of Education.

Their frustration is summed up in this statement made by one
eraduate: :

"J've learned a lot of important things, but I am going
back to my old Job and my boss is a traditionalist. He
is not going to let me try anything new. T am going to
be unhappy doing things in the old way when I have
learned some better ways of doing them. But I cannot
do anything about it. I will not have any opportunity
to innovate." “ ‘

Even when graduates are more optimistic about their future, their
plans are likely to be vague. For example, another graduate, when
asked about what he would do after training, could only give this
general answer: . N ‘ .

A paper given at a seminar on Bducational Technology held in
Singapore, April 10-13, 1972. Thé se-inar was sponsored by the
Academy for Educational Development and the Southeast Asian Regional
Center for Educationel Innovation and Technology (INNOTECH).

o oa
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"T'11 try tg)) do my best to help improve the standard of.
education in my country by using a8ll the means in my
power. It's very hard to say right now what I'1ll do
la.ter on." )

What can one person do if he is the only immovator in a whole
school district? What specific actions cun one person perform by
himself to bring about educational change? This article is about
what he micht do. It describes three objectives he could set for.
himself, and which he could use to evaluate his own progress as an

innovator. V

Objective 1. Become an important, w ell—homeemQQert on
~ educational :Lnnovatlon and technology.

The newly graduated 1nnovator should work to get other people
to want his help. If he is successful in achieving this first
_ objective, people in his country should say things like this abount
him:

"Before we 2o any further with this project, let's call
him in. He has lots of informztion, good ideas, and he
always thinks things can be done in better ways."

If the innovator overheard someone say this about him, he would know
he had achieved the first objective.

But how does he become an important expert? The hardest thing
about becoming an expert is getting started.  Portunately, he will
have started already by participating in a special training progran
like the one at INNOTECH. And, when he returns home, peovle are
going to ask him what he learned and what he did.”

He should have two answers ready. One would be a formal talk
prepared for groups. In it, he would define educational innovation
and technology and show examples of how they can be used. He could .. .
prepare this while he was in training and use as many techmological -
devices as possible: for example, behavioral objectives, 111ustrat10ns,
amd tryouts. He could revise the talk until he could give it easily
and naturally and until it achieved its desired effect.

The formal talk is one type of presentation the innovator should
develop while he is in training. The other type is a conversaticnal .
answer to a question & colleague might ask. For example:

EKC
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" Crileague: What did you do while you were in training?

Innovator: I got a lot of ideas about new approaches tn
education. I would like to use -some of then.
But first I have to identify our most important
problems and needs. What do you think are our
most important needs in education?

The innovator's answer attempts to do two things. First, it
shows that the innovator has learned new concepts that he feels are
important. Second, it shows that he is eager to listen to his
colleague. By listening attentivelwv, the innovator may learn a
great deal, and he will convince his colleague that he is important.
Probably, the best way to hecome an expert in someorie else' S eyes
is to listen attentively to his ideas.

There are many other ways that the innovator can establlsh
himself as an expert. Here are a few ideas:

—— Translate or write articles about innovations in locai
languages. ,

— Volunteer to give a formal talk to any class or grouvp that
will listen.

—— Search out people and listen to them as thev talk about
educational and national probleums.

—— Loan books, programs, and articles to interested people.

- Write reports for committees and work groups.

At this point in the presentation, the author stopped and asked

the members of the audience to describe other ways that they could
increase their own importance as educational experts in their own
countrles They added these ideas:

- == Volunteer to partlclpate in in-service - tralnln programs to

“learn new ideas and share your own ideas.

— Meet periodically with other 1nnovators, e.8+.y fellow

graduates, board members, etc. fa

= Help others with their problems. -

— Write papers on your own work and give them to others to
read ‘and make suggestions for improving them. )

- Write articles analysing existing problems fgom a total
systems point of view.

- Write a model lesson and publish it in an’ educatlonal
magazine.

-- Read as much as possible about innovation and write about
those innovations that it would be possible to implement in
a particular country.
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— Keep in touch with innovative centers and kwvep up-to-date on
innovation and technolugy in education,

— DBncourage others to attend courses on educational innovation
and techuology.

— Learn how %o yse and overate sophisticated educational media
and equipment.

— Have the right questions to ask anyvone who is advocating a
particular reform or plan for education.

Let us now assume thet by doing some of these things, the new
innovator has aclizved some importance end prestige as an expert.
He must 20w begin to use his prestime tc encourage innovation and
change. This is not easy to do. Many peopla who have gained prestige
and importance do not know how to use them to accomplish their goals.
To do so, the innovator should establish a second objective for
himself.

Objective 2. BEncourage innovators; irnore those who do not want to
change .

The new innovator should use his growing importance to encourage
and reward those people who want to innovate and change. He can do
this by paying attention to them, spending time with them, giving them
ideas and suvpport. At the same time, he should ignore those people
who do not want to innovate and change. It is tempting to devote a
lot of time to people who do not want to change by trying to conwvince
them to change. But the immovator probably will not convince them by
arguing with them, and he will find that he has no time left to help
those people who want to change.

Some exampies may make the secord objective more explicit.

1. Which teacher should an innovator spend more time with?

a. A poor teacher who b. A good teacher who
resists his nelp. asks for help with
a problem.

2. Which subordinate should the innovuator spend more time with?

a. One who says, "The new b. One vho says, "I can
way will never work. . Bee the advaniage of
The old way is better the new way. Can you
because we are all halp me get started
familiar with it." with it?"

In both exemples, the inmncrator would make best use of his time
* working with the second person (b) and iemoring the first (a).

ERIC
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Objective 2 summarizes a general strategy for spreading
successful innovation. The strategy was used last year in Singapore
when an innovative primary curriculum was developed. The curriculum
was made available on an optional basis, and teachers who wanted to
use it were encouraged to do so. They were given training, assistance
and encouragement. The other teachers who did not want to try the
innovation were left aloile. It appears that a successful innovation
~ will spread quickly with little opposition when it is introduced in
this way.

.

An authoritarian country can perhaps spread innovation in other
ways. For example, Jerold L. Schuter reported in an article about
China in Time (April 10, 1972, p.36) that when 'asked what career
aspirations they held for.their sons, thesChinese invariably answered
that the choice is up to the States "Whatéver will serve the state
will be good for my child.'" This innovation in career planning can
‘be spread by authoritarian‘ degree in China, but in other countries
career olanning for national growth can probably be introduced with
more tuccess by the”otner strategy. For example, the same goal
could be achieved'uy introducing new additional opportunities in
techrical caieers;*and then encouraging and rewarding those students
who choose the desir@d career paths.

The new inncvator who has successfully accomplished Objectives 1
and 2 must still be aware of the danger of talking about innovation .
ingtead of doing it. The innovator, if he is to remain important,
must produce something. Unfortunately, he will probably find it
much easier to "talk" than to "do". He will meet many pessimists in
education who will be anxious to discuss the impossibility of change.
He should avoid these people or he may start imitating them. Instead
he should choose action people as his models and associates. Working
with them will challenge him to take action too. Thus, the third
objective: '

Objective 3. Take action; don't just talk.

Two examples will illustrgté this objective.

1. Which is the better person for an innovator to work with?

A. who says "We cannot begin B. who says '"Let's visit.
until we analyze the problem- the staff of the Family
for a year and consider the Planning Board today and
question of whether it is see if we can draft
possible to write behavioral behavioral objectives
objectives for family - for family planning."

planning."
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The innovator should take a positive approach towards those who
try to innovate, even when they do not succeed. The innovator
cannot expect perfect projects and products so he should encourage
anyone who makes an attempt to change, even if the attempt is quite
small and apparently insignificant. If the change is an improvement,
no matter how small, the innovator should encourage it. Some more
examples may illustrate this technique.

1. The members of a project staff have prepared some educational
objectives..< The innovator feels the objectives are better
than the old “ones, but he knows they are not as good as they
could be. What should he say?

a. '"Your objectives need much b. "These objectives are a
more work. They are not great improvement over the
stated in clear, behavioral o0ld ones because they are
terms. They are too vague. clearer and more specific.
You have to be specific when What do you plan to do with
you write objectives." them next? Can I help?”

2. The innovator has been called in to evaluate a school. He
finds that the teachers are using a new approach, but that
they  have no way of evaluating its success or failure. What
should he sdy?

a. Your innovation is useless b. "I am very pleased to see

because you have no way to how well all the teachers
measure its effact. Unless are using the new approach.
you have an evaluation plan, It is unusual to find

you cannot tell if you are everyone so enthusiastic
succeeding or failing." about trying something new.

Can I help you develop some
ways of evaluating the
effectiveness of these new
approaches?"

In the first answers (a), the innovacor criticizes the obvious
faults he has detected. In the second answers (b), he encourages
those who have tried to change, and attempts to help them improve.
It seems likely that the second approach will be more successful
' in maintaining interest in innovation, encouraging those who are
_trying to change, and making ideas for improving the innovation process
" more acceptable. :
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2. Which person is the better innovator?

A. who argues with his B. who prepares a game called

colleagues about the best "Our Spaceship Earth" to
? version of the systems teach ecological concepts

approach to use in planning and evaluates the fame

and implementing innovation. with a group of students

In both examples, Person B seems to be accomplishing the th;rd
objective by taking action rather than just talking.

One difficulty with the advice to ''take action" is that the
problems to act on are oftcn overwhelming. How can an individual
innovator take action to solve the large important problems that are
critical in most educational systems? He cannot. But he can work
with a part of a problem and design an individual action project of
his own to solve part of the problem. Here are some possibilities.

Individual Action Projects

New curriculum areas, such as population control, -sex education,
ecology;'Ereétive thinking, tutoring, career planning, moral
development, managing money, etc., are good areas in which an

~ innovator can create models to demonstrate applications of educational
technology. For example, could an innovator sell a local newspaper
on publishing a children's column with materials for readers to tutor
non-readers? Or an educational comic strip? Or a column written by
students?* (Could he sell a local radio or TV station on the idea of
short messages for students, each teaching themr some simple but

* An example was published in a Singapore newspaper during the seminar,

¢ In a letter to the editor of the Singapore Straits Times a student
wrote: "I am a Secondary Four student and will be taking my
Cambridge examination this year. Our foundation for mathematics is
poor. Recently our mathematics teacher_ got_into the habit of doing
problems on the board without explanation and expected us to copy
everything down into our exerc'se book. Although" she gave us home-
work, she never checks our wo? .. This means we will never know our
mistakes. We have already used more than half of our exercise books,
but haven't even checked a page of it. Although we know that she
has to go for her lectures at the teachers" training college, but

' this doesn't mean that' she can neglect her students.” Probably
several math teachers in Singapore revised their teaching methods .
after reading the letter.

EKC
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important objectives? Could he prepare a short model lesson and
show people how it works? Could the innovator prepare a simulation
game, a role playing case, unit of programmed instruction, a film,

a tape? Could he do something like an engineer in the U.S. did in
his spare time when he developed a set of environmental projects
for primary students to teach them the importance and fun of
conserving the enviromment? Could the innovator write a test and
give it to some students to find out if they are learning to think
scientifically. and rationally about their world? Could he get one
teacher to try an- organizational innovation in her classroom such
as having students tutor other students in-each-one-teach-one style?

At this point in the talk, the author stopped again and asked
the audience to describe other individual action projects which
they might undertake. These projects were mentioned:

-- Observe the behavior of children in different situations in
the street to find out what they are learning and how we
could take more advantage of natural learning situations. '

-~ Form an action group to revise our college syllabus, write

~ objectives, and evaluate our work. '

.-= Tryout programs with my own children during my spare time,
The next step, if the programs succeed, is to go to some
school under my supervision and get them to try them.

-~ Apply a systems approach to planning my own wcrk.

-—- Work out the costs and benefits of a plan to solve the
problem of crowded schools by using alternate days of schools,
e.g., half the students might attend school on Monday-
Wednesday~Friday and the other half on Tuesday-Thursday—
Saturday.

~— Conduct workshops in programmed instruction, systems approach,
and writing behavioral objectives.

—-- Teach a demonstration lesson before my colleagues in which I
apply the systems approach by using objectives, pretests, and
posttests, '

= 7 =— Design a small project to discover what secondary students

' find most difficult to accomplish: problem solving, studying,

listening, personal adjustment, etc.

-= Conduct studies to find ways of improving my own lectures and
teaching,

== Comstruct quiz sessions about various subject matters for TV
or radio for groups of.school children.

-- Prepare a restatement of instructional objectives now in use
so that they are presented in measurable, life-use terms.

-- Use critical incidents from teachers as a resource for
preparing role playing case studies for teacher training.
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~- Conduct a simulation game with associates to help them
apply a systems approach to a particular problem they are
trying to solve.
~- Develop tests to identify specific weaknesses students have
in some of my country's :schools.
-~ Hold week-end discussions with teachers within my province
to ‘get new ideas about innovations which they have \tried.
-~ Create a set of psychological experiments to teach principles
of behavior to grade school students. ,
Summary \J
Three objectives for individual innovators have been described.
These are the objectives that an individual innovator could work
toward regardlessAof his job assignment. ‘
) .
1. Become a useful expeért in educational innovation and
technology.

2. Encourage innovators; ignore others who do not want to change.
3.%Take action by starting your own individual action project.

There are many other objectives that an innovator could set as
goals for himself. But these three alone should assure his success.
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THE SUB~SYSTEMS OF A NATIONAL EDUCATIONAL SYSTEM AND
A LIST OF A FEW CURRENT MAJOR EDUCATIONAL EXPEREMENTS
USING INSTRUCTIONAL TECHNOLOGY*

Dr. James G. Miller
- Vice President,
Academy for Educational Development - Washington, D.C.

According to general systems theory, there are seven levels of
living system.' In my first talk I emphasized the importance of the
Individual student which is the organism level. 1In this talk I ,
shall be talking about higher levels, educational organizations and
the total national educational system. I should discuss these in
terms of the list of matter, energy and information processing systems
such as I presented to you in a chart during my first talk,

The reproducer sub-system of a society includes organizations
which act to charter new organization of various sorts. INNOTECH is
an example of this, since its effort is to reproduce modern
educational systems of innovative types in the eight participating
nations. Such reproductions Is essential if new patterns of education
are to be used widely. ' :

Boundary. This sub~ -system frequently serves harmful as well as
helpful functions. Among the harmful functions are those which prevent
one school from cooperating with another and sharing resources. One
~nation, particularly nationalistic countries with languages aud -
cultures differing from their neighbours, frequently do not coopérate
effectively across their boundaries for comparable reasons. Conferences
and joint programs involving interaction across boundaries tend to
lessen these problems. So do language translation or the use of a
common -international language.

Distributor. When one is looking at a total natiomnal educational
system, many other things besides information processing are important.

The effectiveness of transportation ‘overroads, and by ship and
other means within the country are important if hardware is to be
. employed, since all hardware needs servicing and these roads are
critical for such purposes. For this reason: the establishment of
national programs using electronic instructional technology such as
computers, television and radio are greatly facilitated if the road

system is good. Similarly, the distribution of electricity throughout- -

the czuntry is important. If the country is entirely electrified, it
is easy to operate electronic equipment. Otharwise battery sets must
be used, there must be facilities for generating electricity to re=-
charge these batteries in some way.

* An elaboration of this paper is reproduced on page 56 £f.
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Supporter. Consideration should be given as whether funds should
be devoted primarily to the building of new supporters for the
educational system -- new school and college buildings, or whether
instead of this skeleton of the educational system funding could better
be applied to the internal nervous system -- the human or electromic
channels and nets which carry the information which is the essence of
education,

Input transducer. Living systems are more effective if they
have significant free flow of information in and out of them. It is

.important that the educational system of onme country be opened to the

world as a whole, rather than turning in primarily on itself, paying
attention primarily to information within the system.

Internal transducer. Systems operate more effectively 1f there
is free flow of information not only downward from management or the
decider. sub-system, but also upwards from students, their parents,
and their teachers, to tell management how well the system 1s
operating and what improvements can be made.

Channel and net. Alternative channels and nets should be
analysed from a costs-effectiveness basis. That is, human word-of-
mouth communication should be compared with the use of books to
transmit information, versus cassettes, both audio and video, versus
radio, versus television, versus computer net works, versus satellites.

Decoder. If materials are not available in one language, the
language spoken within the system,, translation is necessary. Docing
this make possible the sharing of resources over much wider areas,
and is relatively inexpensive in time and money compared to thie cost
of developing materials entirely independently in each area where a
new language 1s spoken.

Assoclator. This sub-~system 18 the essence of education, which
is based fundamentally on the learning process. There are many
alternative ways to plan curriculum, phase in instruction, schedule
it, arrange to test for it, and so on. Alternative plans should be
studied systematically using careful evaluation methods and
sclentific controls.

Memory. 1In addition to ithe memotry of individual students and
teachers, there is society. in memory of libraries. Important new
developments in library methods* “which will greatly improve their
effectiveness and ultimately cut costs, are now being developed and-
will be considered below.

-
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Encoder. This sub-system is the reverse of the decoder, and it
is clear that nations have responsibilities not only to translate the
materials of others for their own use but to help others by translating
materials produced within that country and for transmission to other
nations. '

Qutput transducer. Nations which have produced effective 1éérning
materials and hardware should tell the rest of the world about it, and
this informing of the other nations can greatly contribute to this
sharing of resources and the improvement of aducation on a worldwide
basis. ‘

A number of specific projects were then outlined illustrating,
complex applications of instructional technology currently going on
in the United States. These include:

The Pilot Medical School of Ohio State University, provides,
through computer managed instruction, the first two years of Medical
School to a selected group of Ohio State Médical students. It covers
the entire basic medical science or pre-clinical curriculum.

At least 30 full courses are being given by the faculty of the
university at Illinois living in Urbana by closed circuit television
to the Chicago Circle campus of the same university, more than 100

. miles away in Chicago.

Also at the Urbana campus of the University of Illinois Project
PLATO ic giving at least 200 full courses by computer aided instruction
to a large number of students. A very large computer, the Illiac,
is being used. Other campuses are becoming interested in connecting
to the computer to use these matérials. '

EDUNET., Thie educational network idea was developed in 1966 and
approved by the United States Congree, but funds have never been
provided-for it. Efforts, however, are being made to intercomnect
universities and colleges in the United States by a multi-media network
for all the electronic media including libraries.

The Ohio College Library Council has developed an electronic
system with remote terminals including a cathode ray tube and typewriter
to more than 50 colleges and universities throughout the State of Ohio.
The librarians of these colleges can use the terminal to converse with
O a computer in Columbus, Ohio, which tells them whether or not it has
ERIC 1ibrary catalogue cards prepared for any new book ordered by any library

IText Provided by ERIC
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in the system. If so, the computer automatically prints out those
cards and they are sent through the mail to that library so they can
save the money required to make their own catalogue cards. Also
the computer is developing a central catalogue of all books held in
all participating libraries and eventually it will keep a record of
all books that are in the libraries and those which are circulating
so that if any other library wishes to borrow one, it can quickly
identify the nearest library which has a copy of the desired book.
These steps are being taken to expand this system throughout the
country through the Inter-University Communication Council (EDUCOM).

Numerous audio and video cassette courses are now available and
can be sent by mail anywhere in the world.

International University. Plans are under way to establish an
international university so that a studernt in any country can
receive instructional materials to take courses in other colleges
and-universities throughout the world. The International University
arrangées “for him to receive these materials, provides counseling
in his home country concerning its own educational progress, and also
provides examinations which he can take in his own language and in
his own country. If he passes these examinations he can receive
through the International University a degree from a foreign university
of his choice without leaving his own country.

Experiments by Dr. Patrick Suppes at Stanford University are now
underway using computer aided instruction for school children by
satiellite between Stanford University and Brazil. Students in Brazil
can use computer terminals and over the satellite can interact with
the computer which is located in Stanford, California.

Experiments are also underway for providing-the highly repetitive
instruction necessary to permit feebleminded children to learn. This
can in many ways be done better by computers than human beings,
because computers do not tire with many repetitions as human
instructors do, even though those instructors are very sympathetic
to the problems and needs of their feebleminded students.: ”
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APPROACHES TO USE OF TECHNOLOGY FOR SPECIFIC DIFFICULT PROBLEMS
SUCH AS MEDICAL EDUCATION*

Teachers now seem to be able to work more and more with
instructional technology. They are making their classroome into
more open systems rather than the closed system of the past in which
the teacher knew all and dispensed all.

In the current more-open system, teachers must learn to develop

a degree of emotional stability and internal security, that is often
not needed in the more-traditional situation. One of the reasons

that teachers become authoritarien in closed systems 1s because they
are aware of their own limitations in knowleige. They naturally tend
to stop conversations or prevent discussions in the classroom from
going beyond the limits of what they already know, fearing being shown

.up as ignorant.

One of the most interesting results of the English Language
Television project in El Salvador was the impact that it had upon
teacher behavior. The teachers were aware that they themselves did
not speak English as well as did the teacher.on television, and they
thus accepted the fact that they themselves were not accurate all the
time. There was someone on TV who knew more about this particular
subject than they did. One of the teachers in El Salvador said to
me that if this phenomenon is true in English, think of.the problems
I have teaching 9th Grade Science. His 9th Grade Science even’
included References to Nuclear Physics, and as he said, "I just don't

know enough in this area of science."

What teachers are forced to do in a situation such as tnis,

‘therefore, is to develop a sense of humility that has not been

truditional among teachers. Alcng with this humility must come an
ability to manage information as parttof the system rather than to
dictgte the information and -to declare in an absolute sense what is
right and wrong. Thus, one of the most fundamental shifts that is
necessary among teachers when employing modern instructional

. technology is an emotional adjustmentiin addition to intellectual

adjustment. It is a form of maturity when a teacher can achieve
such-an adjustment, and it is a great advance for the educational
process if he can do so.

* Reproduced from the recorded tapes with slight editing by the
INNOTECH staff. . i

Rl
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The traditional teacher's absolute sense of what is right and
wrong can be illustrated by a personal and very dramatic experience
of my own 1life. When I was in medical school, I was visiting in a
foreign country where they had a highly didactic form of teaching.

I was visiting with a physician who had a group of students who

were working with him on a clinical case of a patient that had died”
of chest disease. The diagnosis before death was that the patieat
had tuberculosis. During the au.opsy the pathologist was looking at
the lungs, and the moment he brought out the lungs, it was obvious
that is was cancer of the lungs, not tuberculosis. He, being a
junior rather than a senior pathologist and knowing that the diagnosis
of deabh had been tuberculosis, said nothing. He simply exposed the
lungs for examination, and at that moment as the clinician was
explaining that this was obviously a case of tuberculosis, the

Senior Pathologist came in. The senior man was with his students,

and without knowing what had been said by the junior pathologist,
indicated to his students that this was an obvious case of cancer.

It was clear to all of us who were there that it was a very difficult
and emotional time for the clinical professor to accept the situation.

I would like to switch now in my talk and explore some of the
more complex applications of instructional technology and to
introduce them by looking at what I am calling the "Total Society'.
There are a number of sub-systems within a society or a nation.

First of all, there is a '"Reproducer Sub-system'. To reproduce means
to charter or to begin a new form of a component of a society, a new
organisational system which is different from the one that went
before. I think INNOTECH, itself, is an example of an organisation
which has devoted itself toward the rep:oduction of a new educational
system. The idea of reproduction as a social system is not the same
as biological reproduction; social systems do not reproduce
biologically, the component individuals do. Social systems reproduce
by new charges, such as new constitutions, and they also reproduce by
persons acting as change agents, much as can happen as persons go from
INNOTECH as change agents back to their own countries.

There is also what I am calling a 'Boundary Sub-system'. We have
talked earlier about the difficulty of having information cross over
boundaries, such as the difficulty of having one teacher learn from
another teacher. If a teacher ig in a traditional closed classroom
in which he is the "authority", then it is difficult for another
teacher to appear to criticise him because he is in no position to
receive such criticism. The same thing is true from one school to
another or from one nation to another. For example, in El Salvador
there are no diplomatic relations with their next door neighbour,
Honduras. A Mexican can travel through bnt* countries by the
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Inter-American Highway, but no one in El Salvador can go through
the Hondurian part and no one from Honduras can go through that
part of the Inter-American Highway which traverses El Salvador.
Think then how difficult it might be for the transfer of
edvcational change from one of these countries to another.

Another noticeable boundary is the "Language boundary". . Iv is
true that national boundaries often correspond to language
boundaries, particularly in South East Asia. Language differences
are profound boundaries, and we have two choices to diminish the
strain of such boundaries. One choice is to find some international
language and the other is to translate. Translation, by itself,
means using the decoder sub- gzstem at this langugge boundary in such
a way that the boundary can be breached. One example would be the
translation of Sesame Street from American English to the language
of a Southeast Asian country. .

Another important sub-system is the "Distributor Sub-system'.
Referring to E1 Salvador again, we found that one of the reasons
why the Programme in “that country worked so well was because the
roads were good and because the road distances were relatively
short. Among other things this efficient distributor sub-system
meant that it would be easier to repair television sets when they
broke down because they could be taken quite simply to a central
location. If the distributor sub-system were such as existing in
Brazil or India with their difficult transportation problems, the
maintenance of any form of electronic equipment would become much
more difficult.

El Salvador also has electricity in every part of the country,
and costs can be held -down, and” there is no need to consider the
use of battery-operated sets. In Brazil, on the other hand, the plans
from the beginning have been to provide television sets that will be
battery operated. There is a need for electricity, however, and
there will be a problem in distribution in installing the generators,
in providing fuel for them and in providing channels for the
distribution of electricity.

Another sub-system is called the "Supporter Sub-system!. The
relevant question concerning the Supporter Sub~system is whether
there is a need for large.skeletons of schools, much brick, and
money for buildings for educational systems -- or whether it is more .
important to concentrate your money on what 1s the essence: the
information processing sub-system. I personally think that a careful
look should be given to emphasizing the information processing sub-
system over what T am calling the skeleton of the educational systeom,

le"
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i.e., bui%g;ngs,etc. One difficulty on doing so is in overcoming
the trad@tional skeleton that is wanted by the traditionalists and
the old n who want their memories continued to represent what

is sometimeg referred to as "tombstone complex'. They want something
with their name on it to represent them, and they thus fawour
buildings, especially if those buildings will someday be named after
them -- and the sooner the better. It is this background to some
extent that promotes the conviction that a building must come first
before education can start. I don't doubt that there are many such
situations, particularly in cold climates, where this is utterly
essential, but it would be a mistake to spend a great deal of money
on the relatively and unimportant support sub-system and neglecting
the essential information processing sub-systems.

One of the important components of the information processing
sub-system is the "Input Transducer" that brings information into
the system. There are closed classrooms, closed nations and
closed input transducers. One example of such a closed input
transducer comes from a discussion I had with a friend of mine who
is a professor at a French University. He asked me one day: "Do
you know that there arz only two Professors in France who are not
born in France? I am gne, and I was born only three miles inside
Switzerland from the French Border.” I agree that the French are a
brilliant nation, but are there no other ideas that are worth
teaching in France except French ideas? The French are not alcne.
The notion of being cpen to textbooks from ahroad and to instruction
of all sorts from abroad is one that is qQuite new in many countries.
The new instructional technologies will-very rapidly accelerate the
introduction of ideas of one country to another, especially if we
are to start having things like satellites which bring instructional
materials across national borders.

The "Internal Transducer" is something like an organ of a human
body that transmits information from inside the system. Does an
educational system have feedback from the students.themselves, or
from the parents or from the others who care about the future and
about what students learn and whether they are satisfied with their
learning experiences. This form of internal feedback is extremely-
important for the development of a healthy national educational
system.

Most of our discussion actually has dealt with the Channel-and-
net Sub-system. The earliest example of such a sub-system is the.
spread of information by word of mouth from one person to another.
This spread was limited by the rate with which a human being can
move around and by.the effectiveness of the mail or other means of
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information disseminaticn. Later, of course, thege has been the
spread of information by books and journals and magazines and
newspapers and so on. But there are other ways that now operate

as channels and nets. For example, it is now possible in any
country in the world to send or receive cassettes which can be
recorded or played any place. This is an electronic channel and
also a net of a sort. There is also radio and television, and-there
are satellites. The question that should be asked is whether these
channels are any better than those used previously. In other words,
are they faster in a way that is important? Does the audio or visual
of television give you better education than the audio alone? Are
the satellites going to be more useful? Another question: Are such
sub-systems better, are they worth the tremendous cost?

There are other questions worth asking about channels and nets.
For example, one of the arguments being used in Brazil in favour of
the satellite is that it eliminates the need for cables or even
microwaves for television in the Amazon jungle. Again, in other parts
of the world, where there are several disruptions occasionally and

. where there are robbers and various forms of violence that cannot be

wh011§¥56ﬁtro11ed by the authorities, the satellite would avoid
interruptions from these sources. The base problem disappears when
you use the satellite.

The "Dispersed Sub-system” is where learning go=s on in a society.
Learning goes on in each individual component. Even though learning

- goes on in integrated groups to some degree, in the sense that one

goes to school where all are learning together, learning still is an
individual matter of the individual component. And this is the
essence of what we are talking about in education. It is also here
that many questions come up. These questions concern innovations and
curriculum, the number of times that something should be repeated for
it to be remembered best, the form ¢& presentation and whether it
should be both visual and auditory i ofder to be remembered best,
the part of active participation of students in order to learn best,
the many forms of organisation and alternativé content that would be
most--effective, etc.

The society memory represents not only the memories stored in
each individual but also common memories like libraries and so on.
Libraries which are utterly unavailable in many parts of the world
could easily be made available through international communications.
Already experiments are being done from the National Library in
Washington over satellites, to other countries, particularly in
South America. The abstracts of general articles, scientific
articles in the field of biology and medicine which are stored in
computers in the national library of medicine in Washington, can be
obtained over satellite at a terminal located in ancther cnuntry.
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You will simply type in a list of terms, called the medical standard
terminology. Xerox copies of the articles you need will then be
sent to you by airmail. Now this access to the memory of the world,
you might say, to the memory of the society, is a thing that must be
considered as a real potential in the very near future and is a
fundamental part of the total process of education in the society.

Finally, there is the output transducer sub-system. This deals
-with what one nation does for another nation, and the question of
whether or not there should be international plans for education
that would share these resources across national borders. They can
be shared by satellite, by television cables, by sending video
cassettes or audio cassettes around the world. There are many ways
in which this can be donme. ‘

Let me give an example. One of the things I was to speak about
concerns the applications of technologies in the field of medical
education. There are a number of these now. For instance, it is now
possible for a ship at sea with no doctor on. it, to broadcast to a
satellite and have a doctor examine the patient on the ship.
Television cameras show the patient's tongue, or chest, or broken
arm. The doctor gives his diagnose and treats the patient over the
satellite. It is even possible for a doctor to listen to the heart
over a stethoscope, or to have an electric cardiograph: These
things are being experimented now.

Another thing is to have a patient sit down and answer questions
on a television, like "Do you have a cough?" "No". "Do you have a
temperature?" '"Yes', and so on. He then gets a blood test and a
urine test done by automated equipment, and then it goes to a
computer, all of it automatically. The doctor gets a summary of it
plus the computer's suggestions in order of probability of. what the
diagnoses are, and then the doctor sees the patient for the first
time.

Part of education in medicine today is learning to live with a
computer. This is not only for the physicians, but- for the live
healthy personnel as well. “Department of Health Education and
Welfare gave about half a mi¥Pon dollars for the development of the
Ohio State Medical School of what is known as the Pilot Medical School

- programme. This is fundamentally computer-aided instruction. It

operates 22 hours a day and the students can come in and study when
he wante to, at his own rate. .He continues recording his answers and
responses by typing them in, and so actually no examinations are
needed. After all, examinations are simply samples of your total
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knowledge, but this computer knows everything that every student
has learned, and it can point out reports for the teacher about the
student, what percentage of his answers is correct and how he is
progressing.

Undoubtedly, there are a lot of problems, but this is an example
of how it has been possible in a mcdern medical school to put a very
complex advanced field on the computer. The entire programme is on
a disc pack, that is about 12 large phonograph records which are all
put in a big plastic holder and you can carry it by a handle. It
weighs about 40 pounds. The AED plans to have it.translated into
Spanish. Once it is translated (this will cost probably half a
million American dollars), a disc pack would cost only a thousand or
two thousand dollars. And  then instead of having rather poor basic
medical science training, which is the case in many of the Latin
American nations, you have quite an advanced, modern training

available in the language of the individuals who want it.

Ancther example is the use of television. An extensive
programme is going on at the University of Illinois. . Urbana, Illinois,
which is c¢he main campus of the University of Illinois, is 11C miles
away from another campus of the same university, the Chicago Circle
Campus. The two campuses are connected by a television link. I heard
that last year 30 complete courses were given by the faculty at Urbana.
The teaching was done at Urbana and picked up by television. The
students take them in classrooms at Chicago. This is a large programme -
of the application of educational television in a large university for
advanced instruction. This university has also Programme PLATO which
is even more complicated. The television screen is different from the
ordinary one. It is a very thin waver, actually a piece of plastic
about less than an inch thick, about 11 by 11 inches. It stands in a
little frame, almost like a mirror and it has wires coming into it
from the computer. It can produce in colour pictures, animated
pictures controlled by the computer coming from the television tape.
It can also produce pictures, drawn, or letters drawn by the computer

: on the screen. The number of lines is 1100 which is much finer,

giving a much sharper picture than you would get in an American TV.
The student can sit at the typexwriter and the responses of the
computer in either still or moving pictures in black and white or in
colour, can appear on the screen. At present 200 courses are being
given in this way at Urbana. Obviously once the information is
stored, it will be relatively cheap to send it over wires to nearly

‘all universities, like the University of lndiana.
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It is interesting to know that the Ohio State Medical programme
has been used for one year by the University of Virginia, and for next
year the University of Wisconsin Medical School has asked for eleven
or twelve terminals. This 1s a way of spreading a T.V. programme
from one place to another across boundaries.

I have a book called "Eduned" that I wrote in 1966 together with
two others, as a result of a federally sponsored programme to plan a
national educational network to inter-comnect the colleges and the
universities in the ‘country, and I will leave this book to INNOTECH.
This programme was fundamentally meant to create a medium network
throughout the whole country by micro-wave length. But it was not
done yet.

A related idea is the Ohio College Library Council system. This
is a system from Columbus, Ohio. It is operating in the following
way: each library that participates has a television and a typewriter,
a terminal of this sort, and when they get a new book they type in
the name of the author and the book, and that goes to the computer
in Columbus, Ohio, and the computer sends back a message which is
put on the screen. It says "we do not have the book in our computer
memory', or "here is the catalogue card", and if you want it, you
push the key "y", which means '"yes". You then get a complete set of
catalogue cards, all typed out the way your library does it. Plans
are also underway to have a system whereby a person who wants a book
will know that the book is out, and when it will be back. And when
another library wants a book they will type in the name of the
author and the name of the book and the computer will find in which
of the 70 libraries the book is and send a message to them asking
them to send the book by mail to another library. This programme is
being extended by an organisation called Educom and it is a
programme whichk could operate perfectly well over the satellite on
an international basis because nothing is needed in addition to an

- ordinary telephone line.

Another plan 18 to develop an International University with all
levels of instruction, beginning with the lowest grade in pre-collegiate
and collegiate levels to the graduate level and the professional level
with the hope that these media can be exchanged from one part of the
world to another. And that someone from your country, for example,
who might want to study as the participant at the University of Tokyo,
at the University of Cincinati or the Sorbonne, or wherever, could go
to a local office of the international universities and could take
examinations in order to find what level he wgs at and then decide
with a councellor there, that he was qualified to take a certain course
Q*n one of these other universities. He could then enrol through the
ERIC

IToxt Provided by ERI
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International University and he could receive syllabuses and course
materials, textbooks, cassettes, video tapes, even satellites
instruction perhaps, at home and study that way. When he was ready,
he could come back to the Center and take an examinat;on written by
the university where he was studying, and if he passed the
examination he would receive a degree from that university at home
with the seal of that university and underneath the seal of. the
International University. Now this is a dream that some of us have.
But *‘the Technology is available and it is an extreme example of how
we might some day before too long be able to share our resources.

Well, these are a few of the more difficult and more complex
and advance ‘applications. Some of them are going on now, some of
them are just dreams, but technically all of them are possible.
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PREFACE
For Sy 02 )

The purpose of this paper -- which was originally presented
to attendees at an Agency for International Development interna-
tional seminar on educational technology in November of 1971 =-- is
to examine educational technology, its current applications, and its
potential for improving education in the developing countries.

The ideas in this paper do not represent a “poliey" of AID. _
Indeed, the only stated policy of AID in this area is one of assist-
ing the developing countries in "exploring the potential"” of the edu-
cational and communications technologies for development. The means
of such assistance can take many forms, all appropriate to partlcular
situations. We do, however, as most large institutions, agree on a
Wlde array of working assumptions which shape many of our act1v1t1es

in this field. '

An overriding purpose of this paper, therefore, is to share our
assumptions and our limited knowledge and experience, to identify some
of the problems and issuves which we believe to be~ ‘important, and to
seek counsel and the contlnulng association of e%perts and ract1t10n—;¥
ers in utilizing educational technology as a major instrument of so-
cial and economic advancement. T '

— g AEAN T
- b i

In our discussion we w111 1nclude two elements vhen we use the
term "educational technology":

Devices for deli;erlng 1nfonmat10nel and cducatlonal materlals

television, fllms, radlo, computers, and others, together with
the older technologles such as textbooks. ’

L

A set of methodologies for organizing the content of the educa-
tional process. By this we mean "a systematic way of designing,

carrying out, and evaluating the total process:of learning and

teaching in terms of specific objectives, based on research in

humen lea¥ning and commurication, and employing a combination

of human and nonhuman resources to bring about more effectlve
* instruction.” 1/

o %al. A fundamental and universal challenge is that of delivering
[:R\K)rning opportunltles to more people with less dependence on direct

wll Toxt Provided by ERIC
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" contact with highly trained purveyors to information -- teachers,
extension workers, and trainers. The sheer lack of adequate numbers
of such people in the near future, the long time required to nrepare
skilled teachers or trainers, and the prohibitively high cost of
paying for adequate numbers of such teachers afd " trainers makes this
search for new delivery methods almost mandatory.

In addition, it is our conviction that present instructional
methods are'inadequate,ﬁ%hat the cost effectiveness of traditional
education is extremely low, and that mass education of high quality,
can be achieved only through the use of learning methodologies more
effectively than those in eommon use teday,

Clifford H. Block )
. 0ffice of Edugation and Human Resources
- o , ‘ Bureau for Technical Assistance
' Agency for International Development

_ .\ o _
: i/ Repert, Commission on Instructigial Tethnology, Committee on
Education and Labor, House, GPQ%%thhington, March, 1970. Page 5
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I. Applications of Educational ond Cormunications
Technologies in Developins Countries :

The potential applications of educational and communications
technologies are almost limitless and encompass almost all of the
arecas where human learaning (of skills, of information, and of atti-
tudes) is imnortant. These medin s;’stems can be used for everything
from the upgradines of the specialized {rnining of physicians, scholars
or industrial managers to the providing of basic education and infor-
mation to the nonliterate rural fagilies of the world.

Although the potential applicalions in lesser doveloped country
situations are almost limitless, resources are not. Development assis-
tance agencies must selec' a few important creas where their Jimited
professional and financial resourccs can ve efficiontly concentrated
so that they have the best effect. C(uviously, +he selection of such
priority areas must accord with, and largel:” be generated by, the over-
all objectives of the developing nations vho utilize these newer tech-
nglogies. : Co

The Agency for International Development is primerily concentra-
ting its activities in educational technolosy on two major areas: (1)
the expansion and improvement of formal schooling, particularly that
offered in grades oné through nine: and (2) the development of nonformal
(out of school) programs of informetion ~nd basic education that are
more accessible to rural families amd the urban poor. '

The poprulations represented in these two areas are of crucial
importance to social, economic, ond politiczl -development. At the
same  time, progress in both areas is now criticelly impeded either by
the inadequacy of vresent systems -~ lack of qualified teachers, suit-
able curriculum, materials, and methodology -~ or by -the totel absence
of such soystems.

For education offered within sc] ; of

technology rests in achieving systems vhich:

« Guarantee lower unit costs than conventional systems,

. Encourage efficiency in learning, resulting in faster average
progression through the school systen. .

+ Reduce requiremante'for'trained teachers and administrators.

. Doliver‘education fo a greater number of learners.
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o Achieve nore relevant educatic-nal erxnerience both for the indivi-
dual and for the good of naiionzl development.

o < Build into tie’ educatmnai gysten some mechanisms foi' continu-
ing im»rovenment, by relafing eduv gational practices more closely
to learning effect:weness. .

o Effect edvc"tional change far more ranidly than. -is m08sible
through conventaonn* s,,rstems.

L d “

Inn effecting learning outside of schools, tt thé communications'
- technolofies are nerhavs even more imnres..we in the:Lr otenti ility

to genersnte vrograms which:

- Se
s

L3

. Regch nonliternte or semiliternte vopulntions with-useful infor-
mation and cducation.

,_1, Enable ley institutions in e country to communicate directly with

the majority of the population =nd thereby increase theest! ective~

"Tness of many kinds of development pro-rans., e
. Enable people in-.one part of a coumniry to learn about other seg—
nents of their nation and to encour"ge a greater sense of natio-

'nal identity.
. o~ d -
. Extend the effective reach of developnent ﬁeld agents in agri-
cul ture, _:Eamily planninsy, health, and other areas. .
e \ - . N

.~ Provide governments.with & means to receive more useful fecdback

on—their programs from the popula ion that they serve.

. héﬂiﬁte‘ﬁhﬂﬂmm vf:l.rt‘:_zlly overy developnent sector
within a country.

—4q

. Accelera{:e, thrbugh the availability of a mass of infomation, )
the modernization process in ruml and_ptherwise isolated communi-
ties. . - .

R o % n.'g State of the Art

An assessment of activities aimed ot o.chieving these goals in -
both_in-sghool and aut=of-school situations nmust start with a review -
of tho current state of the art, which is bost erplained in a discus-
-fmn of rosedrch and uperimntal and opor: tional projecis.,

——-

-
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Research

Pundamental research could well produce breakthroughs in educa-
tion during the next decade, but it would be pure folly to attempt to
predi-t exactly what such developments will be and when they will occur.
fmong the many fields where such brealthroughs could occur are the study
of: cognitive styles; the conditions of learming and problem solving
(both enviromentel and physiolog 1ﬂﬂ1) intellectual development in early
childhood; bio-feedback effects on individualy intellectual and emotional
control; attitude formation; the extension sf behavioral studies on the
conditions of reinforcement; and several areas of brain research.

It is likely that new knowledge from one or more of these fields
will revolutionize educational practice in the near future. However,
the implications for policy are not precise because current systems
cannot be designed to accommodate as yet unmade discoveries. We can,
hovever, strive to ensure that systems remain open to experimentaticn
with radically new practices. In that way, the next waves of innovat. on
will encounter less institutional resistance than is the case at present.

There is a vast body of on-going applied research, primarily from
the industrialized countries, which is applicable in such areas as media
effectiveness, feedback systems, methods for individualizing instruc-
tional pace and content, ways of definimg objectives behaviorally, and
many other elements involved in the choosing and designing of an instruc-
tional technology system. Those studies dealing with the media are Summa-
rized in the meny workd of Wilbur Schramm and his colleagues, particularly
in his study, in collaboration with Chuw, Learnine from Television: Vhat
the Regearch Says, which summarizes the key generalizations on the use
of the media in education from several hundred studies.

Another stream of applied reserch of high significance is asso-
ciated with progremmed instruction and its descendants, computer-assigted
and computer-menaged instruction. The application of principles of learn=
ing to educational practice in this research is of profound importance.
&l though we would not endeavor to summarize such findings, we do believe
that a working knowledge of how %o precisely control the conditions of
learning, in order to achieve & maximum rate of individual growth, is
proceeding rapidly. The conditions of stimwlus presentation, reinforce-

- ment, feedback, and practice, are all now beiter understood. In fact,
meny of these techniques have been developed in opsrational form and
used for training purposes.

Finally, applied research in adapting systems analysis ‘5 educa-
tion mey heve a major future payoff, 1In cur.view, the forma' techniquus
[:R\f: " this method~"ogy still require modificafion t. fit the crmplax,

wll Toxt Provided by ERIC
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difficult-to-quantify, aspects of education. However, even now the
basic systems approach is useful in analyzing problems and the differ—
ent functions of educational systems, investigating alternatiye solu~
tions, and deriving systems which take into account inputs, ikterac—
tions among system components, and outputs.

From this great array of research on learning processes and on
media effects, two fundamental conclusions stand out:

« We can teach almost anyone effectively — by television or by
other media —- if content is appropriately programmed in rela-
tion to individual abilities and motivations.

. There are a substantial number of specific principles and
methodologies which can serve as guides for such effective
programming, whether by mass rnedia, individual media, or
combination thereofs”

In short. even though there ar® obvious differences among the media, we
can use virtually all of them effectively in instruction.

The next questicn, then, for ovr purpose, is whether or not reason-
- able effectiveness can be achieved in actual systems —- in situations
where educators are forced to cope with problems of delivering a whole
series of learning experience to a wide range of learners under less than
optimal conditions.

Experimental and Operational Projiects

The translation of reseapch findings and innovative ideas into
actual practice is, of course, the key step in tapping the potential of
educational technology. 4And AID has been a major catalyst ii the eva-
luation of many of these experiments.

A number of key experimental and operational projects all over
~the world influence our thinking about the practical poteatial of various
technological approaches. In brief, such projects indicate the following
about the current state of affairs:

For Within-School Education

[ERJ}:‘ Several projects are showing that, when television is used

IToxt Provided by ERI
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intencively as part of an integrated new system of educational inputs,
change and improvement can be implemented quickly as in Bl Salvador

and Niger, particularly. We do not yet know the extent of improvement

in learning effectiveness. However, it appears to be very substantial.
Earlier field trials had demonstrated the ineffectiveness of small-

scale additive uses of educational technologies; being designed to make
little difference, they, in fact, do not affect learning in any great

way. Further, they do not stimulate the changes in basgic teacher and
studentibehavior that are essential for improving education signitficauiiy.

wd

‘hImplementation of an intensive, integrated model has only occurred
on & small scale to date (30,000 students in Ei Salvador). However,
one such system has just begun in the Ivory Coast on a larger scale —
15,000 first grade students in the first year -- and will ultimately
encompass several hundred thousand students. This experiment is aimed
at major reduction in the unit cost of education by reducing the repea-
ter and drop-out rates.

These new systems are the precursors of other efforts to use a
variety of instructional technologies in integrated, new, learning sys-
tems that are carefully designed to achieve reforms, efficiencies, and
cost reductions and, in some cases, to expand educational opportunities
significantly (particularly in Korea and Brazil, among others).

One major research and development effort is beginming in India
which utilizes a very low-cost technology, programmed instruction, for
upgrading primary schools. At the other end of the cost spectrum,
computer-aided instruction is being useéd for teacher upgrading in Spain.

For Out-of-School Edugation and Information

The experience in the use of the educational technologies for
nonformal education and social development is slight, exoept for radio
literacy prograns and qui*~ specialized uses in family planning, agri-
culture, etc. (India's Rt "o Rural Forum for example). At least two
major projects are being planned, however, both aimed at usiag the
instructional technologies to make a significant difference in the lives
of village people. (India's satellite experiment; Guatemala).

L

On the basis of current evidence and experiemce, we are encouraged
. in our basic operating assumption that educational systems, utilizing
the newer communications media aﬂu‘th econcepts of instructional tech-
nology, can be developed which will haye very significant advantages
Q ‘ .
ERIC
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over present educational and human resource development systems. We

assume, furthermore, that the establishment of such systems will ini-
tiate a process of continuing innovation, bLased on a linkage between

educational practice and the scientific study of"the effects of such

practice on learning and behavior. ‘

If our assumptions are tenable, the use of the educational tech-
nologies holds promise for alleviating some of the problems of develop-
ment -- the lack of educational opportunity and access to useful infor-
mation for most people, the great inefficiency and irrelevance of much
of the eduvcation that does exist, and the prohibitively high unit cost
of all edvcational systems.

ITI. Strategic Directions

- 1]

.~ At this point, however, there are no operational systems of
sufficiently broad scope and low enough cost to serve as models for
developing countries. We are thus engaged in searching for a strategy
which will. lead to the expeditious development of such systems with
wide and reliable applicability to the problems faced by many develop-
ing countries. This search is at uifferent stages for both in-school
and out-of-school learning systems.

In-School Applications

There geems t0 be a general strategy for effective in-school
applications of the educational technologies -- namely, to use their
introduction as a catalyst for echieving brozd, systematic changes in
the content, organization, methods, and results of education and to
use them a¥ core jinstruments for delivering a major, integrated part
of the instructional load. However, we are still at an early stage of
practical experience with such systems, and major barriers must still
be ovefcome if the premised potentizls are to be attained. Among the
key barriers are the following: .

. Inadequate experience witi planning and administering large
systems.

. Inadequate experience in designing systems aimed at reducing
_ cost (by ueing less-trained teachers, increasing the number
I A of students reached by one teacher, or increasing the rate of
L student progress through the systen).

- -+ 'Inadequate methodologies for producing really effective instruc-
- tional radio or television programs “or use.
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e Too little exggrience with tailoring educational content to
differences among groups, regions, and individuals.

. Too few trained plamners, both in the developing world amd
' elsewhere, who are largely scattered and apart from an ade-
quate institutional base.‘

. Problems of electrical power, reliability, and cost of elec-
tronic components.

. Reluctance on the part of many countries to adopt the whole-
sale changes required to make mew educational systems most.
productive,“ o

Mmong the key activities of any riogram that is designed to
overcome these and related barriers are the following:

. New ideas must be produced — for new kinds of systems and/
or ways to make the components of current systems work better.

Such ideas can come from exXperimental research, from evaluating ~

the way thing~ are done in various countries, from systematic
analysis, and: (perhaps most productlvely) from the insights of
individual creative people.

o Xey ideas must be communicated among those who make decisions
that affect educational programs. Today, the discredited
supplementary approaches to instructional media are still
practiced; mardware is still acquired before its use is: under—
stood.

. Plans that incorporate the best of the new ideas must then be
developed to solve specific problems in specific countries.

. Plans must be tested in the developing countries — in pilot
projects and in research and development eftorts.

. Careful cvaluations must be made of the costs, effects, and
operational feasibility of these trials.

. Full-scale operationél‘projects must be undertaken to put the
’ whole process to its final test. This will demand commitment

from the highest levels of each developing nation.

Ths above process>néed not be sequehtial. Indeed, whether 6r not
it-should follow this sequence is one of the first strategic choices to
be considered. Most sciertific researchers and rational planners believe

e
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that the process should follow arproximately the seguence outlined
above — essentially, research and analysis, experimentation, small-

.scale trials, a pilct project,  evaluation, and, only then, implemen-

tation through a large-scale operating system.

Another school of thought holds that an effective administrator
should be given the power and resources to put a system into operation
(with the implied high level of national commitment required to do so)
and that a system should become operational as quickly as possible,
with "fine-tuning" improvements left as & second stage. The contrast
with the prior strategy presents perhaps the most fundamental strate-
gie choice that a nation interested in utilizing educational techno-
logy must face.

ATD is currently supporting both of these approaches — the former
in Korea and the latter in El1 Salvador. The common principle of both is
that high commitment must be cbtained if either approach is to achieve’
its desired ends. In the more "scientific" development option, commit-
ment to use the end result for an operational program must be maintained
over a long period and, if the R&D is to be adequate, must be supported ;
throughout by substantial funding —— i.e., the development period can-~
not be viewed as an alternative to decision, but rather as a step in
implementing a decision to create a major operational system, if the
development succeeds.

The slternative approach, of course, has the risk of creating an
inadequate system into which a country may be locked because of the heavy
investment required. To date, however, it is this approach which has
been instrumental to progress in this field.

No matter the approach, we reiterate our conviction that further
progress within schools is basically dependent on ‘an increase in the
number of pilot and/or operational systems designed to achieve the major
changes in education that were discussed earlier. Such actual operating
projects are essential both for learning how to effectlvely create such
systems and for serving as models for other countries.

Out—of-Sggool Apv}ications.

 Thers is the hope that, just as the,systematic and intensive use
of the instructional techmnologies for reform may produce breskthroughs

fin formal education, new applications in the use of communications for
other development purposes will yield high payoff. However, these new

strategies have yet to be developed and tested.
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Almost everyahe recognizes the fundamental role that communica-
tions play in creating a climate for change, in providing new ideas,
and in producing some of the information needed to effect changes in
all communities. On the other hand, the use of communications has
been sporadic, largely uninformed by analyses of effectiveness, uninte-
grated with development efforts, and without a strategy. It is our
assumption that, as in formal educatlon, these methods can serve both
as a catalyst for basic change and as an instrument for affecting some
of those changes. Yet, ¢t this point in time, we have only very gene-
ral notions about how thet might come about.

At this stege, the most significant barriers to progress are very
general and fundamental:

-

. Our concepts are not fully formulated or tesfed;‘

. Peyw countries feel they can commit sufficient resources needed
to test new approaches for mass education and information out-
side of the formal school.

There are only a few examples of programs. yhere modern communi-
cations are used to make a real difference in current 5001a1 develop-

-ment. This area will therefore require a great deal of new invention.

The implementation of these inventions will, at first, appear to be

_ high risk in character. However, the potential and probable pay offs

are so great that we believe such risks con legitimately be undertaken.

As a first effort, we are exploring the implications of a some-
what different concept of the use of these technologies in education,
namely to develop the broad goal of increasing "access to information"
rather than of simply providing education. Such a concept, of course,
implies both development of the skills needed to ‘seek out relevant
information and the continuing availability. of a bank of information
at the local level. The basic end result of activities in these fislds
is to test prototype systems which provide their target audience with
the information they need at a time they need it, at reasonable cost,
and at-a place convenient to them.

Ir order to do this, prototype systems must be created over the
next few years. In many cases, these systems will be new. 'in conception.,

Among the quesulons guiding the de81gn of those projects will be the
following:
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.. Cen programning be integrated among development act1v1t1es,
so that messages in agricultural practice reinforCe those
in nutrition, basic education, ete.

« Can the behavioral definitlon of objectives, so. much at the
core of individuvalized _Systems of edycational technology,
yield similar gains in these other areas?

. Can the illiteracy barrier be leaped?

. Jhet should the messages be? Ve know very little about
what. information can be valuable to large developing country o
populations and even less about how to effectively communi-
cate that information. "~ .

. How can learning be facilitated with a minimum of local inter- .
personal assistance? In most countries, it is simply not '
feasible to have & large structure of local monitors, even
though communications theorists constantly cite their value.
Much :of the job will have to.be done without the kind of organi-
zation and training that a system’of:local monitors would re-
quire. New methdds must be developed for fulfilling the func-
tions of such monitors, such as stimulating discussion of what ”
has been learned, providing feedback to the producers of programs
and ensurlng organization at the point of. reception.

» Where local monitors or development workers do exist, how can
they be provided with the tools necded to enhance their work
— and increase their reach?

+» To what degree can personnel and facllltles of . exlst‘ng schools
be used to affect cost savings?

In summary, the potentials of educat;onal technology have not yet Z
been at all demonstrated for out-of-school applications. Conceptually '”/ ‘

..and logically, they hold equal or greater promise for the many learning

requirements outside of school than for those within formal schools.

However, sensible, sustained experimentation, research, and evaluation .

will be required to produce models which demonstrate’ that this potential--

can, in fact, be achieved. For most developing countries, however, the

basic motivation for such contlnuing effort is that there is no avail=-

able alternative. R
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IV. The Future of Educational Technology in the Developing -

The foregoing pages have suggested that use of the newer
educational media offers the best potential for quantitative expan-
sion and qualitative improvement of education, at acceptable cost,
among the options now available. However, there are .many difficult
problems that must be overcome if these potentials are to be realized.

Consequently, there are certain fundamental issues confronting
both developing countries and development assistance agencies. These
include: '

The Einds of policy and resource commitmeﬁts the developing
countries are prepared to make.

The kinds of policy and resource commitments the development
assistance agencies are prepared to make.
: . . ‘ .

. The overall array of activities required over the next few
years‘to realize the potentianls of educational technology.

/ . ,
The special educational problems, interests, resources, and
objectives of each developing country. e
The special interests, resources, and competence of each °
development assistance agency.

Effective ways and means of coordinating the joint efforts of .
developing countries and development agsistance agencies in
research, development, experimentation, and appllcatlons of
educatlonal technology . . g . .

The’ reallzataon of the potential of e icational technology will
require the combined resources of the developing countries and develop-
" ment assistance agencies for at least another decade. Unless this is
“done, education in developing countries Wlll probably be worse ten years
from now than it is today

-

cti i"es7

Wlthln this contract, we w111 now discuss some of the more impor-
tant act1v1t1es in whieh AID is now involved and which we expect to
engage in the future, subject to review.
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Project Planning Assistance

Q

Teess developad countries continue to need expert assistance in
planning projects. We do not necessarily mean "educational planning"
which involves large allocation of resources. Instead, we refer to
the planning necessary to decide the kind of system a country could
reasonably accept and how to go about implementing such & system.

Project planning is an area in which no country, including the
Unlted States, con claim any large measure of ‘competence at present.
Such experlence can only be acquired and applied by 1earn1ng from
activities in cooperation with the developing countries and other de-
velopment assistance agencies.

We propose to help provide the best talent available to develop-
ing nations, explore ways to further increase the numbers of people
with such skills, and to work toward creating more institutional centers
to foster such expertise. Substantively, we will continue to emphasize
the importance of those individuals sophisticated in the methodological
aspects of instructional technology, rather than those well-versed in
the hardware aspects. We have and will continue to assemble planning
teams which combine such competencies as educational technology plan-
ning, instructional systems design, economics, systems analysis,,teacher
training, and instructional media kmowledge. Accordingly, we no longer
entrust initial planning to "television teams," "programmed instruction
teans," etc.

Given the above, we nonetheless are willing to concede that un-
biased, objective evaluation of alternative sys%ems rarely seems possible.
The development of formal planning methodologies that clearly relate the
special needs of developing countrles to a wide range of options would
represent a major breakthrough.

Iinformation Development and Dissemination

AID will continue to place & high priority on providing informa-
tion to developing country planners that facilitates their use o instruc
tional technologics., Thus, the AID-funded program which has produced a-
film and handbook on educational technology and an information and ‘refer-
ence center, both at the Academy for Educational Development, will be
continued at least through mid-1973. The further continuance of this
activity will depend on the support of othe» sponsors and users. Mean-
while, the information needs of the developing countries will be furthe.
assessed. A series of seminars centering on “e film and handbooi. wil’
yccur throughout the developing world over 1 ~:' eighteer mor

[:R\!:rlll assist us in this definition of meeds.
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Networks of available information should be created. The sharing
.of Anformation ameng developing‘countries working with.similar systems
may be the most important link in such a network. We hope over the.next
year to develop a plan, in cooperation with the United Nations, other
multilateral agencies, and other bilateral donors, to facilitate the
establishment of this kind of network.

L4

Institutional Development

- AID-has attempted to increase the potential of U.S. institutions
to agsist the developing countries in the educational technology field.
& recent $1 million grant to Florida State University is the most sig-
nificant effort to date and provides the F.S.U. Center for Educational
Technology with a greater perspective in its work with developing coun-
tries. A similar 1970 grant, to U.C.L.A., provides-resources for examin-
ing innovation in Latin American ‘education, including the use of instruc-
tional technologies. Finally, the array of study contracts in this and
related fields have provided for significantly greater institutional capa-
cities at the Academy for Educational Development, Stanford University
(in the area of non-formal education), and, to a lesser extent, at several
other institutions. For instance, in the field of population communica-
tiong, the Bast-West Center is rapidly becoming a mzjor resource as a
result of AID funding.

«©

- In spite of these efforts, the institutional framework for pro-
‘fessional activity is still grossly inadequate. We can identify three _
areas where we would hope, by working with other assistance agencies,
te ~trengthen the institutional base over the next five years: First,
the. .5 a2 need for a center similar to that at Florida State but with
a greater focus on the use of mass communications and on communications
‘theory. Second, there is a . need for still another center which would
concentrate on the practical problems associated with the production of
educational materials for the new media; i.e., the production of quality
institutional television programs, the strengthening of the institutional
power of radio, and the development of mechanisms for making programmed
instruction more effective for application in developing country situa-
tions. Third, there is &n urgent need for the creation of greater insti-
tutional capacities within the developing world. At this point in time,

. the smell Center for Educational Innovation and Technology (sponsored by
the Southeast Asia Ministers of Education Orga.niZation) and the 0.A.S.
Centers in BEducation broadcasting in Latin America-are the only.organized
attempts to improve the institutional capacities within the developing
countries for planning, research, and technical .assistance in the educa-
tional technologies. While linkages between the various U.S..and European

o
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centers and developing country institutions in this field are con-
ciously being sought, the time will soon come when mechanisms will

_have to exist that provide d1rect support to the developing country '’
institutions.

We do not-wish to encourage a proliferation of institutional
capacities in this field until the need for such is more apparent.
Our emphasis in this area is first, therefore, on the development of
project plans, with institutional development occurring later in
relation to specific projects, planned or underway. We hope thereby
to increase the usefulness of 1ngt1tut10ns as they develop.

.

Evaluation

e

AID has historically placed heavy emnhasis on the imnortance of
evaluating key field projects in educational technology. Thus, We have
made a major investment in supporting evaluation of the El Salvador
project, one of the most comprehensive-evaluation programs ever under-
taken of an educational innovation. Earlier, we funded the four volume
series of case studies of the new media in education conducted by the
International Institute for Educational Planning and published by UNESCO.

_ We feel that policy and practice in the use of educational technology
should be guided by objective evaluation of the effects of those prac-
tices. Such an evaluation should attempt to maintain a focus on what

-..and how efficiently the individual student is learning and, at the same.
time, what the costs of the system are and will be. :

We Wlll contlnue to make evaluatlon an integral part of every edu-
cational system which we support. We will also continue to assess the
relative costs and effects of other systems when countries themselves
wish to make such determinations. Stanford University, for example,
with AID support has just bégun a study that will encompass at least
six national systems using the new media and will specially empha51ze
two factors: first, comparisons between systems utilizing different
media for the same educatlonal objectives; and second, evaluation of
the utility of lower cost, lower complexity techno;ogles such as radio.

The kind of evaluation just described is the global variety, focus-
ing on overall educational effects, attitudes, costs, and other results
of introducing an innovative system. Iately, we have become increasingly
.aware of the need for a more detailed kind of assessment of the'educa-
- tional effectiveness of particular elements of an educational system.
- For example, at one level, it would be important to ascertain the
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relative contribution to learning in a system by the classroom teacher,
by the television or radio lesson, or by the printed materials. With
such knowledge, investments of effort and resources in one or the other
element could be made with some awareness of the effect.

At an even more Specifio-level, it wouldApe useful for operators
of projects to be able to identify those elements in a television or

radio program which were contrlbut to its effectiveness or lack of
such, This degree of precision in [feedback, however, is almost never
experienced except perhaps in such Well controlled progects as "Sesame
Street."

o

Or. the- whole, it does not appear that there are adequate evalua-
tive instruments available for making the kinds of diseriminations® that
are needed in these kinds of detailed, feedback-related assessments.

We hope to explore methods for improving these assessments more fully
over the next several years.

@

Our evaluation program does not include detailed comparisons be-
tween one mediur and another in delivering a certain kind of instruc—
tion to a particular audience. We are not yet convinced of the utility
of the severel hundred experiments of this sort, which have been con-
ducted largily’in the U.S. and Europe, mainly bccause of the basic in-
ability to'control the skill level of the producers of the various media
that are being compared. Thus, a charismatic teacher on television may
produce effective learning, while anotheér teaching the same curriculum
may be utterly 1neffect1ve. Therefore, comparisons.between television
teaching, for example, and programmed . instruction are likely to be quite
misleading unless repeated under a large number. of c¢dnditions.

We also do not plan to launch major evaluative efforts of small
supplementary uses of the media.- Our present interest is only in uses
of technology that are aimed at making a very major dlfference in edu~-
cational effectlveness, cost, or relevance.

While our evaluation program has utilized terms such as "cost
effectiveness," we are not yet sure how far such analyses can proceed.
‘We do believe, however, that providing objective data on both costs and
..on educational effects. to decisicn makers will enable-them to make judge-
ments about the utility of various kinds of systems. We anticipate that
five years from now, when such data is available from El Salvador, the
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Ivory Coast, Korea, India, Brazil, and a few other countries, we will -
be in a fairly strong position to suggest what kinds of educational

.effects and economies can be expected through current educatlonal tech~

nology systems, given a certain level of 1nvestment
Research

Apart from evaluation, we will support a related class or pro-
jects in experimental research. The overall aim of these projects is

‘to develop new or improved ways of utilizing the instructional tech-
- nologies for developing country,purposes. These activities will. range

from quite specific research on a particular technique to small-scale
pilot projects which will test out new systems. To date, there has
been very little of such research directed toward educational techno-
logy systems appropriate to developing countries. ¥

We believe increased investments in such applied research are
likely to produce a-high payoff and that increased investments are
therefore worthwhile. At the same time, we are aware that the design .
of such projects has been inappropriately related to useful results
for educational practitioners and that new approaches necd to be deve-
loped. 1In a study just being ccmpleted (4cademy for Educational Deve-
lopment, AbtﬂAssociates), we are attempting to define priority areas
of research in this field. This project hos thereby built on a number
of prior contributions, including UNESCC's 1970 Volume on Educational
Research Priorities. -Accordingly, during the next six months, AID '
will circulate,. throughout the professional community in the developing
and developed world, a draft statement on research priorities based on
the Abt study and other analyses.

AID's owvn funding for research of a generalizeable nature will
continue to be severely limited. The role of other donor agencies
will therefore be particularly critical in experimental research al-
though there does not appear to be a surfeit of research funding avail-

: able anywhere.

" The most productlve kinds of exper“mental research Wlll probably

“be that closely related to a planned or ongoing operational project.

Here, where immediate reliance of proaect payoff is apparent, funds

. are likely to be more readily avail@ble. For example, AID is supplying:

a certain percentage (usually 5 percent) of its sector loan funding in

" education for research and development- activities, particularly in



- 19a -

—~

Latin America. Brazil and Colombia have already reCelved a substan-
tial allotment of such funding and have committed ‘themselves to match
it with equal funding. They are also committed to developing a program
for undertaking the appropriate research. In these countries, and in
Korea and others where major commitments to develop alternative systems
through educational technology will be made, major opportunities will
surface for advancing the state of kmowledge about and actual practice
of effective application of educational technology systems.

There is no place where significant tryouts of new educational
pra.tices can occur on a fairly routine basis. This lack has retarded
the development and improvement of such systems because it compels
them to remain at a theoretical stage vntil some institution mekes a
commitment to actvally use the technology. The equivalent of the agri-
cultural "test bed" or "experimental farn" that Wilbur Schramm has so
long urged upon eduvcation is still not available. Ve do not have a
practical plan for establishing such a set of institutions, “Parhaps
this gap will catch the atténtion of a number of development assist~
ance agencies and developing countries, '

We do not have situations which permit ready establishment of
pilot projects of a moderate scale. These are needed for the same
reasons as the more limited "experimental farms" -- to try out new
techniques “that-can be developed further.

What may be needed is a source of funding that clearly recognizes
the high risk inherent in the first year or two of operation of a pilot
project. At present, this represents a risk that most donor agencies
cannot take nor recommend to recipient countries, Thus, those-pilot
projects, or first stages of operational orojects, that are launched
tend to be comparatively conservative adaptations of technigues in use
elsewhere, rather than genuinely innovative systems.

The intellectual planning and the necessary hardware for nore
innovative systems do exist and are being further generated by new

studles ‘Ehat we and others are undertaklng The basm lack of research'

project that may fail because 4t is u.ntrled, but that, if it succeeds,

- may yield large benefits. If we assume Success to be possible, we may

ettempt to develop mecheénisms for supplying this kind of funding.

. (/’-

M
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Studies of Stirategies and New Options

Since July 1970, AID has sponsored a series of stud. 's, under
the overall direction of the Academy for Educational Development,
.aimed at analyzing some of the questions which underlie AID decisions
on strategy and program policy in the educational technology field.
By September 1973, most of these studies'will be completed.

In brief they include:

. An analysis of research prlorntles in educatlonal technology
(w1th Abt A53001ates)

« A review of policy issues surroundlng the use of satellites
‘ for educatlon and 1nformat10n in the developing countries.
. A study of the educet10na1«1mollcatlons of choices among
various. kinds of national broadcast systems (e.g., satellite/
microwave; telev1qlon/radwo, etc.)

. An analysis of the techno-economic implications of satellites 
‘ and other kinds of national broadcast systems (by Massachusetts
¥ ~ Institute of Technology). ~

. An analysis of activities tha+* might be undertaken, prior to
satellite deployment, as a country prepares for an educatlonal
..—.. satellite experiment or- operating system.
]
. A series of studies aimed at suvggesting new strategies for the
effective use of communications for reaching the rural family
a ard the urban poor in developing countries. This.study focuses
on methods for producing changes in maternal and child health
. care, nutritional practices, basic intellectual skills, family
— plannihg practices, and agricultural techniques (W1th George
: ‘Washington University and others).

During 1972, as these studies near completion, our major concen-

- tration will be on transforming the ideas developed therein into a form
——— . likely~to affect programs, practices, and policies. We are not yet cer-
~ tain how we will achieve this goal. A first step, however, will be to
try out tnese ideas with those likely to use them -- developing. -country
professionals and decision-makers, as well as other experts from the
developed world. Mechanism< for thls dialogue w1ll have to be develoPed.

S
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We hope to bring together diverse groups of specialists -- social
scientists, advertising men, creative broadcasters, educators, -
policy makers and others -~ to work with these ideas in the hope
that some operationally viable nroject plans will emerge.

We are already convinced that at least some of the strategic
ideas which will emerge will be worth testing in pilot experiments
or field projects.” By mid-1972, there*ore, we hope to begin plan-
ning some projects with a few develonlnc countries that will carry
into practice the most relevant of the 1deas +that have been produced.

In general, we think that our own resources for studies of the
sort described in this section may in tiie future be used largely for
helping field tests get underway. It may be, however, that follow-up

. or nev studies will emerge during the next year with higher priorities

than are now apparent. Subjects for’ such studies will be defined large-
1y by the developing country users and partlJ by changeo in the state-
of-tha-art.

Coordinatién of Agencies . Concerned with Development

AID is prepared to cooperate fully in a systematic effort to
coordinate research planning, and action bv the many developing
countries and assistance agencies -~ multilateral, bilateral, and na-
tional ~- ¢oncerned with the application’ of educational technology.

- Of course, a considerable degree of inter-professional communi-
cation already exists, particularly encouraged when teams- have come
together to work on planning or evaluation projects. Undoubtedly, this
will remain & highly useful form of coordination. However, a greater .
avareness of the strdtegies, plans, and projects ci other agencies is
also needed. . :

We are not now proposing that a formal mechanism or a detailed
common strategy be developed among the various development assistance
agencies. However, the greater impact on the state-of-the-art of such
close coordination argues in its favor. On the other hand, some diver-
sity of concepts, funding. criteria, and objectives may in the long rua
be more useful. : S e i
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Satellite Policy Studies

As yet, there have been no operating educational experiments
with satellites. Many countries are exploring their potential, how-
ever. In addition to the aforementio'ied Indian experiment, the U.S. -
will utilize the sume satellite in ilaska and in the Rocky Mountain
States. 1In addition, serious planning is underway for possible in-
school projects in Brazil and in a consortium of other Latin America
countries,

The great potential of satellite broadcasting is of great inter-
est to those countries or regional groupings of countries where popu-
lation densities and geographic size may warrant its use. There is
agreement that its major potential lies in the technology of the mid-
1970's and later which will permit broadcasts to commmity and home
television receivers with low cost augmentation and antenna equipment
—— perhaps a total cost of as low as 3200 per set required for the
NASA ATS-F and ATS-6 series of experimental satellites by 1973 - 75.

With this "direct" broadcast potential, satellites offer several
advantages: immediate potential coverage of very large areas -- one
or more countries in many cases; the ability to reach economically
remote mountain or jungle areas just as well as more developed areas:
and the ability teo reach, with relevanti rrogranc, specialized groups
scattered over a vhole country. Uliim~tels, the capacily to carry
a large number cf television chrnuels os well as nan radic frenucicies
may further add to the attractiveness of satellites to some countries.

We will not here deal with the many questions of saotellite vs.
microwave transmission, allocation of rodio frequencies, legal agrec-
ments, et al, which make decisions ir this area unusually complex.

ATD is preparing, under contract, a background study of some of these
issues, That study will be circulated for general information by early
1972. However, at this juncture we might note that:

« AID is — Ty Congressional directive and by long convietion --
dedicated to seeing that the social development applica “ions
of satellites for ‘the developing nations are fully explored.

+« We have taken the position in this, as in all of our educa-
tional technology efforts, that the matier of program content
is one of ° r:al national control and that project planning
initiati.. and responsibility rests with the developing nations.

. We believe, with others, that successful use of educational
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satellites for development will be a demanding task., All of
the nroblems of conventional broadcasting remain -- producing
‘effective prOgrdmmlng that is integrated with other educational
and information elemeats, providing feedback to kecp  programs
meaningful, organizing and training utilization experts for
classrooms or village groups, reducing receiver cost and main-
tenance, administering, large systems, maintenance and reliabi-
lity 'of power sources and reception equipment, etc.

With satelliﬁes,-hOWever, some of these problems are compounded
by size. In particular, the management of a centralized system involv-
ing mary people spread over a large arca will require new forms of edu-
cational administration. The heterogeneity of audiences will also de-
mand either radically more creative programming which can leap cultural,

.national individual, anf linguistic differences or, alternatively, meth-

ods for vroviding a sizeable proportion of ‘more local programming.

These and other differences are probably surmountable. However,
successful use of satellites will require a great innovative effort.
It will take concentrated planning, research and development, creative

programming, flexible experiments, and candid evaluation by those nations

attempting to use these powerful systems,

5

Two other matters must be noted. First, the concern about recep-
tion of unwanted transmissions from one covntry to ancther is, as every-
one recognizes, a matter of serious concern. Second, there has been
too little analysis to date of methods of financing educational and so-
cial development broadcasting by combining costs with uses of other sec-

tors -~ telecommunications in pzrticular,
[y

AID's fole to date has been limited to some studies, described
elsewhere, designed to spell out the potentinls, problems, and prepara-
tory stagég relating to satellite broadcasting for education. We have
also participated with the U.S. Govermment policy bodies in this area.
.The -UN agencies have recently made a much more serious commitment to
satellite development through UNDP support of a detailed feasibility
study for the Andean countries. The French government too, has ex-
pressed a long-term interest in the potential use of educational satel-
lites in Africa. Both India and Brazil are making serious commltments
for the potential creatlon of national sgstems.-

AID's future role will be signifiéantly determined by whether or

.not there is sufficient developing country interest in any U.S. involve-

ment, We will, in any case, probably continue to conduct studies that

»
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illuminate options, problems, and potential solutions. ‘e will dis-
tribute our current studles by late 1972; they. may provide some help-
ful guldance on planning, research, and policy questions.

We will also attempt to facilitate joint efforts during the
early phases "of development, associating projects dlsewhere with simi-
lar efforts in the U.S. In 1973, for example, the ATS-F satellite is
to be used for a U.S. educational experiment that will necessitate the
investigation of many of the same Questions that will be faced by India,
Brazil, and the Andean countries. This first trial is an importans
opportunity for creating a process whereby we can-all learn together.
We hope to arrange a meeting of planners from these projects in 1972,
Should there be interest in such a meeting, we will also, of course,-

" continue to participate in the variouws forums, natlonal and internationzl,

that address key policy issues in this area.

- V. CONCLUDING NOTE

Within the next 2 -~ 5 years, there will be a substantial increase
in the number of countries which will wish to engage seriously in demons-
tration and pilot projects in educational technology. A lesser number
will wish to undertake full-scale operational projects as major national
efforts at educational reform. .

As has Dbeen noted, real progress in educational technology can only
occur when there is an increasing number of projects in both of these
categories. However, the problems ‘inherent in demonstration and pilot
projects should not be minimized. They must be confronted by both ths
developing countries and the prospective asulstance agen01es

girst, initial dinvestments in such proaects (partlcularly full-
scale applicat tions) are highi transition from an existing system to a
radically different system causes instability and controversy; the time
required for execution of this .transition is relatively long ~- perhaps
five years is a minimum.

These problems demand on the part of the developing country a very.
high level of substential resources for a number of years., If this is
not forthcoming, it is questionable whether the project should be ini- ,

. tlated at all.

“Even if these conditlons are met, the problems facing interested |
development assistancs agencies are formidable. . No such agency has
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unlimited Tresources and, in many instances, its resources of people
properly qualilied to assist such an enterprise are more unlimited
~ than its funds.

These circumstances suggest consideration of some of the charac-—
terigtics of projects that might merit the joint efforts and invest-
ments of development assistnace agencies,

. - For applications within the school system, continued experi-
mentation with television will be important as systems are developed
which are less reliant ppon trained classroom teachers, which provide
more opportunity for rapid.student progress through the system, and
in which operating costs can be reduced. Of greatest promise are
systems like those planned in Korea, -where television will be effec~
tively tied-into instructional modules keyed to the achievement of
specific behavioral objectives.

Concurrently, we believe there should be expanded efforts to

utilize other technologies, in appropriate combingtion, as the core

© of instructional systems,. particularly technologiesN\yhich are lower
in both cost and operating complexity than television.~Prime candi-
dates at this time include radio, audio cassettes, microfiche, and
printed formg of programmed instruction. To .date, applications of
these technologies have solely consisted of supplements to instruc-
tion. While there is question whether these technologies are dramatic
enough and instructionally powerful enough to fulfill the role that ~
television is playing in countries like EL Salvador and Niger, a
reagonable working hypothesis is that such a Tole is possible, At
the same time, it is necessary that they be-used with a clear focus
on the educational outcomes that are expected. This hypothesis may
be of Somewhat gréater credibility if ope considers the option of
combining these technologies with some use of television or other
equally motivating forms of communication.

For-ine-scheol applications, again, some trials should tenta-
tively be planned near the end of this five-year period for the new
video disc technologies or related video recording techniques which
hold promise or providing relatively inexpensive television lesson
material with a greater degree of flexibility than is provided by
conventional broadcasts, which must be broadcast at a certain time,
and which are constrained by limited television chamnel capacities.

23 a secondary priority, a fuller investigation should be made

Q o
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of the ‘prospect of demonstrating systems which can provide high qua~
lity, specielized instruction through whole courses or through more
limited instruction modules distributed by~ various ways through the
instructional technologies =-- video recording, programmed instruc-
tion, audio cassettes, or computer-assisted instruction. The compa-
ratively high present cost of instruction at these levels, together
with the commonality of much professional subject matter throughout
the world, suggests that such systems may be cost competitive with
present expenditures and may also provide major improvements in qua-
lity, and a major expansion in Opportunities for advanced training.

For out-of-school appllcatlons, the definition of projects is
not yet clear., It is likely that they will encompass experlmentatlon
and demonstration involving many of the lower cost, lower complexity
technologies, as well as some significant eXperimentation with tele-
vision. Of greatest promise, at this-point, is the possibility of -
providing a bank of information to communities in developing countries
for both radio and video cassettes and a variety of programmed instruc~
tion materigals in printed form. It is probably desirable that such
projects attempt to integrate behavioral and social development pro-
grams -across fields of functional activity -- maternal and child health
care, agriculture, etc. — through a concentration on the entire fam-
ily group as the target auvdience. It is also 1ikely that two kinds
of projects will be attempted —- first, an effort to greatly expand
the reach and impact ol extension workers and other inter-personnel
"change agents," and second, an effort to préss . the capacities of ths
*instructional technologies to directly teach mass audlences, with a.
-minimum or negllble amount of change-agent support.

. \

In all these matters,gthe ‘basic respon51b111ty for policy -and
resources obviously must rest with the developing country. -In most
cases, however, external technical assistance and capital assistance
will be required. This suggésts the need for very close collabora-
tion of the developing country and the assistance agencies in order
that the right mix of resources are available — in appropriate mag-

-nitude and at the right time,



