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INTRODUCTION :

Y .
1. The Problem

-

-

The purposes of this study are (é) to ‘present a systematic conceptual

approach by which to analyze the present state and ‘future potentials of

instrucqionai.Eechnoloéy; (b). to identify. priority argas for research %ﬁ

" . . \ ) B ‘ ’ .
and-development of instructional technologies in less developed countriesg;, |
and (c) to formulate.26 high priority research or development’ projects

which should be undertaken'in the next several years.

Chapter I of this report summarizes the general systems conceptual
system which we use thfoughout this docdument. Chapter II describes the

living systems involved in the educational process. Chapter III discusses
problems related to the use of instfuctional‘technologies in educational 3

B

systems. Chapter IV presents in chart form a research and'dévelbpment map

" -

-

. . . T . . ' .
employing the systems concepts discussed previously, to show the relationships

betweeﬁ 26 high priority research and;develbpment projects. Chapter \

outlines in detail the research and development projects désigﬁed to
. ’ ’:‘ ?’ i - : ~
answer these questions.

a

.In recent years much interegt‘has'afiSen in the potential use of *

instructional technology for solving major educational problems. Initially

the interest focused on education in espablisheduéountries. More recently,

: . ) . ‘ . . ] ‘
 however, less deve}oped countries have been incluyded. Indeed/their obvious

) .

negdsé apparently incapable of being met by traditional means,‘make them -

¥, L




more likely than some wealth1er nations with less demanding problems to

use the instructional technologies. UNESCO, the World Bank, the Agency '

1
for Internatlonal Development, and the Ford Foundatlon are among the -

- 13 . ’

many organizaticens investing money and effort in research and'deyglop;
. ney an or’ » r 61

ment in Communications technolagies., | _ . : . -
The appeal of instructional technologies applied - to educational

problems in developing countries islnnderstandable._ The vast scale of

their educational problems tends to:compel them to explore solutions

which are capable of dealing with problems of such magnitude, * The urgency

-

. of the problems makés them reluctant to accept gradual, incremental changes,

v

Instructional technologies-seem to promise,approachesrthat can cope with
the scale and.urge;cz\of the problems. The studies'proposed in this report
are directed toward tbe achievement.of useful results within a time frame
‘of five. to .ten years. -"

But those who try to use instructional technologles face many problems

2

like the follow1ng (a) Technology in and of itself cannot solve any

educatlonal problem. (b) No major improvement in educatian can come about
S P PR . .
withoqt,reform of the human institutions and procedures involved.,
. T ¢ oy, * qav X
(¢) Technology brings with it new and poorly understdod problems-of its

own, Andtﬁi) technology in both estab11shed and less developed countries

-

poses political, social,’ and cultural issues that make it-less than 1deal
: 9

- o i

‘as 'a solution, /- o v i

/ i Legislationowhich;bas made'funds available for research and develop-.
; o , ) : .
ment in instruetional/technologies ln less developed nations is included
under the Foreign Assistance‘Act,of 1976;_‘Under Section 220 of this act
" the Presi&ent ot theFUnited States is authorlzed to;“cafry but programs -

'
PR

«- o | 12 . -
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of peaceful communication," Section 220 specifically emphasizes the

importance of assisting less'deueloped countrieélto make use ofbcomﬁuni-
catione technologiee for educ;tiona1,~hea1th, agricultural, and community'
development purp‘os,.es‘.~ dIhe Agencylfor international Development has been
encouraged to’pefticipate iﬁ directing these efforts in the'hope that the

Un1ted Stagés® can contribute to the appllcatlon of avallable technologles

"/
to meet human needs. . The' &gnds_of'programs which have been.foreseen range

A _
3 from providing less developed ‘countries with assistance in research, - |,
-~ . training, and planrning to designing pilot projects in the use of technologies

for development purposes. - -

2. The Scope of the Study T ' k;

,The’déterminants of the scopetof this study deserve attention. It has

been conducted under contractual constralnts and terms of reference wh1ch
. : o ~

‘should be recognlzed by - the reader,

s : ' .t

2.1 "NontechnicaI"SoIUtions to'educetionei problems excluded.

The,éubjEct'of'this study was specifically designated as, "the uses
D  of modern tonmunicationsvtechnﬁlogy in education.” Communications tech-

- e L.
5" e

nology was defined as the means by which messages are communicated; pre~

sunably'incfuding their pre

and delivery'or broadcast.

[

sentation, transmission, recording or -storing,

e

The charge to ue,excluded.coneideration.of'
the"technoiogy of -education” which‘includes "the‘systématic'a;nlicetion
‘of the resources'o%‘ecientific knowledge to the processithat“each-indi- T

. “ / .
'v1dua1 has to go through in order to acqulre and use‘knowledge. 1“ The a

restrlcted def1n1tlon of our task spec1f1ed in our contract has 1ed us to

-




negléctkorgahizafional technoiqu, which is-an aspect of the technology

of. education. Organizationéi technology, the systematic analysis o
- : | T .

the organization of human resources aimed at maximizing the realization

: o T - ' : . //

of their potential, holds enormous promise for educationallsystedé in

developing countries.a We believe that research on this in less dlyeloped
countries is as appropriateﬂas study of communications technologies. It

deserves sepérate detailed attention in some other study.

o

A.good case can be made for restricting this report to the commﬁni—

cations technologies. Fundamentally it rests on the argument that, if’

dneiis looking for'major, fépid‘improvements in terms of costeeffective—

‘ness, communications technologies hold muchlmore promise for educational
systems thanforgani;ational technologies which require more graduél T
implgmentation‘offchange., Yet we cannot today be at all sure that the . ..

" cost-effectiveness of any,ihstructional technology is even close to .

being competitive:with-reformed huﬁap—based teaching sYstems;. Séme,of..

< .the propbsed pfoiécts in this reporf are désigngd'to'thfow‘light on this

-
4,

incentive to attempt new eduéational épproaches and questioh some of?_

the‘inStituﬁipnaiized educational practices of the established.WéSterd

Pl . kg

:nations:. -, ¢ .
) . ~ . Y 2

2.2 Country-specified solutions excluded. .

A secbnd.contractualiy'detérminéd aspect of this study mayiaiso‘hg,

¥ perceived as a.strength, namely its‘Broéh scope, The findings of the

-

proposed projects are not expected - to be'countryﬁépécificaujaﬁé‘ S

perspective of4the study is that of an international agency. It assumes

’

®

issue."ﬂhe less developed countries have an opportunity and aﬁple - L o
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iy

_ Jfficial -institutions of learning. It has always been so everywhere.. »

'and priVileged ever. raceive any formal education. A

of the situation. "The best strategy for less developed countries is

that the educational problems of less developed countries are sufficiently
general to permit examination of solutions on a cross-country basis.

Before the conclusions of anyeproject we propose can be applied to a

specific country, however, they must obviously be reviewed in the light' e

o

of the'particular conditions existing there. For each project, however,

we suggest a few countries where AID might appropriately conduct it. ' o

\\w

2.3 Emphasis‘on both formal and nonformal education.
The contract also specifies°that the proposed projects shouldvdeal
with both formal and nonformal education. Under the term "education"

we include training in everything from'voting and citizenship to family

planning to agricultural training to traditional primary and secondary

;education.r Throughout this report we dispute the fallacy oI assuming . -

e

that most learning goes_on in schools, colleges, and univerSities. Quite

thekcontrary. Most of -it goes on in nonformal situations, outside the

"

Indeed, before 1800 in~nolcountry did any but the children of the rich

-~ . ¢ . s -

)/ . N R's

it is fash:onable today tc look to nonformal . education ‘as the way

to compensate for failu ‘ewof the tradltional school sysLem tQ meet the’

~“r

needs of the developing countries. “This is an’ inadequate appraisal

«

not creation-of a second mode of'education hut rather reform‘of the

entire system. Less de@eloped countries cannot afford to maintdin

R

two educational systems simultaneously. The formal system of education

L ) b‘v . . . N




o_absorbs:a large'part of all such countries' budgets:“It is”bad
' management“to continue using that money lnefficlently while;spending
further.money to develop an alternative system. All;modes of education
- should be viewec as one?entity'and planning for them'shOuld'be integratedJ
The major shortcomlng of nonﬁormal education is that usually lt
prov1des inadequate motlvatlon for many to take advantage of 1t.}
Currently the formal educatlonal system in less developed countries has’

almost a mqnopoly on incentives to learn, 1.e.,,the social status, jobs, .

~and upward mobility itvprovides. Unless the nonformal system of education

a150 1ncorporates such 1ncent1ves nonformal education‘will probably never .

achieve its goals. The 1nstruct10na1 technologles which we have selected

for part1cu1ar attentlon in thlS study are prom1s1ng for both nonformal

~S~

and formal educatlon.-

2.4 Ba31c educatlonal research excluded.

-~

G1ven the max1mum five~ to ten-year time- span over whlch it is’ de51red
that the proposed proJects make the1r 1mpact most ba31c educatlonal

research is essent1ally ruled out of cons1derat10n. A mult1tude of ba31c

researchesmapplicable to less developed’nationsihave_already been carried'

‘out. Most of these investigative efforts are waiting to be applied. If

o

certa1n specific ba31c studies” relevant to partlcular cultures or countries

ey

'-need to. be carrled out as part of a project that can, of course, be done.

Such researches may,‘however, delay app11catlon beyond,the spec1f1ed time
limits. '

8 " N . ' - Y

The’ literature on research about educatlonal technelogy clearly

demonstrates the extreme complexity of the interactions of technologlcal

systems and human educational systems. Most.research in educatlon attempts:

to 1dent1fy, isolate,: and evaluate var1ables that 1nfluence teach1ng and

:
<




" logical systéms. He requires.some. information oh the processes he aust

apply it. ~Before we proceed to the mai:. task of our study, thefefére,

}earning. However, in the study of instructional techhology,_to quote

-

‘Klapper, "the'vafiablés (have) emerged in such a cataract that (the

' reseafcbers) have almost drowned."%;“Thg flood of additional Qariables

o

which mdst,be‘considered“does,not seem to be subsiding. This means that,

if instfuqtional technology'is to be applied in the next decade,  practical

o

" projecgts must be undertaken before all the relevant basic researches are

completed. : ' .
In our review of the literature and our discussions with persons

experiénced in the field of iﬂstructional'techhology, we discovered

few investigations that were immediately policy-relevant. The research o
I - . s . o

&

projects we are pr@posing“in this report are designed to- be policy—
relevant. . An educational planner needs to have information on the
effectivehess_of differenﬁ technologies in solving different problems,

information hé”can-trust._ He needs to know the costs of various techno- -

go through.to‘make good decisions about technologies. He héeds to know

 the implications of using a specific sort of instructional techn®logy

not only on.thé;éducationél system, but on the -social, cultural, and

- S :
political aspects of his- country. B C . : ' a

o

2This repOrt‘has a-general sYstems orientation throughout. iToday .
X 2 . & - N

'many educators give their support to such an approach to iﬁstructibnal‘

'technblogy. ‘Often, however, those who advocate it are unclear as to

s

. what this conceptualization impiies and are impfecisé in the way théy

-

we shall, in Chqbters I.and II, outline the releyaﬁt concepts of general
' . ’ o, o . ) .1 ' L; .
systems theory ‘and ‘indicate how they can-be applied to educational systems.

o

°
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\ ' CHAPTER I

\ L S

. '\ THE NATURE OF LIVING SYSTEMS*
General éyétem; kheory is a set of related definitions, assumptions,

and propusitions»which deal with reality as an integrated ﬁierafbhy of

organizationé of matkter and energy. Genefal systems behavior theory is

concetned with a spfcial'subset of all_systems, the living ones.

g

- ——— o i e e i o v S

. i ) .
Milier, J. G. Living |systems: basic concepts.

Sez, also Living systems: - structure and process.
Sci., 1075, 0, 337-379; Living systems: crqss-level\ﬁypotheses,

. ﬁgba&.ASci., 1965, lO;_380:§il; Living systems: the cell.  Currents in
N . . S : - . . ) " ) ) -

MHod. Biol.; 1971, 4, 78—206; ;iving systems: - the organ. Currehts in Mod.

Biol., 1971, 4, 207-256; Living systems: the group. Behav. Sci., 1971,

. 16, 302-398; Living'éystem;:é the ofééﬁization: Behav. Sci., 1972, 17, K

-
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- : T 1. Matter and Energy

Matter is anything which has mass (g).énd occupies physical ééace.
Energy (g) is defined in physics as the ability- to do work. The principle
of the conservation of energy states that energy can be neither created

nor destroyed in the universe, but it may be converted from one form to

a

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) potential energy, becausé .of its position in a gravitational field;
or () rest?@aég‘energy, which is the energy ﬁh?f would be released if

i

mass were 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 known relationship between matter and energy,

~

throughout the report the joint term matter-cnergy is used ekcept.where

™~

one or the other iS.SPécifically intended. Livi&é sysﬁems require matter-

. energy, needing specific types of it, in adequate amounts{~-Héat,'1ight,

water, minerals, vitamins, foeds, fuels, and raw materials of various
‘ kinds,‘ﬁor instance, may be required. Any. change of state of matter-
. . ) ) .

energy or its movement over space, from one point to another, is action.

r

. It is one form of process. -
o - ' N g

2. Information

“
® -

E . Throughout this presentation information (1) will be used, in the

technical sense first suggested by ‘Hartley <n’ 1928. Later it was developed -
i . ' , ' . .l:', 2 i 2 A . ?f
by Shannon in his mathematical. theory of communication. L1t is not the

.

-

~same thing as meaning or ‘guite. the same as information as we usually

s : L : . §
, , . S S ol
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understand it.j Méaning is the significance of information®' to a system

L]

‘which prbcesseé it: it ;onstitutes ahchange in that systém's processes
elicited by the information, often resultihg from associations made Eo

it on previous éxperience with it. Information is a simpler cohcep?:

the degrees of ffcedﬁm»that exist in a given. situation to choose among
signals, symbols, messageé, or pattérns to be transmitfed., The total of
S ail these possible categorieé (tﬁé alphabef) is.called the enseﬁblg. The

~ amount of information is measured by the binary digit, or bit of infor-

mation. It ﬁslfhe amount of information which relieves the uncertainty
when the ;utcomé of a situétionvwith two equally likely alternatives is
_known. Legend says the Américan Revolutioh was begun By a.signal'to
Paul Reve;eifrom Oid North Church sﬁéeﬁle. It coulé Have been either

_one ‘er two lights "one if by land or two if by sea." If.the alternatives

were equally probable, the signal conveyed only one bit of informatioﬁ,

v N
i

o : resolving :the uncertainty in a binary choice. But-it carried a vast

i -

amount of meaning, meaning which must be measured by other sorts of

units than bits. — . . | )

The .term marker refers to tHose observable bundles, units, or chariges
. © N . R
~of matter-cnergy whose pattern}ng bears or convéyé the informational symbols

. 3 . L :
i y from the ensemble or repertoire. These might be the stones of Hﬁmmurabi's,
W Cr . "
‘ ) ) #
day which boré cuneiform writing, parchments, writing paper, Indians' smoke

. “
signals, a door key with notches, punched cards, paper or magnetic tape,
a computer's magnetized ferrite corefmemory, an arrargement of nucleqtides

Y ’ [N . .
in a DNA molecule, the molecular structure of a hormone, pulses on a

(VA

>
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telegraph wire, or waves emanating from a radio station. The marker -
may be static, as in a° book or .in a computer's memory Communication
of any sort, however, requ1res that the marker move in space, from the
m—— ©

transmitting system to the receivingrsystem, and»this movement follows

the .same phys1cal laws as the movement of any other sort of matter-energy.

1he advance of communlcatlon technology over thebyears has been in the
direction of decreasing the matter-energy costs of'storing and transm}tting
the marhers which bear information. .The efficiency of information:pro—
cessing can be,increased by‘lessening thejmass of the markers; making'
them smaller so they can be stored more compactly and transnltted more “
rapidly and cheaply Over the centuries englneerlng progress hasbaltered
the~modc'in markers from stones bearing cuneiform to magnetic tape bearing

s

'electrons, and clcarly some limit is. be1ng approached o ~

1

7

— In recent years systems theorists have been fasclnated by the new s
ways Lo study and mcasure lnformatlon flows, but matter energy flows are

equally 1mportant. Systems thcory deals both w1th 1nformatlon theory and

.with encrgetlcs——such matters as the- muscular movements of people, the flOW‘

of rawamaterials through societies, or the utilizatlon of energy by “brain

cells.

4

It was noted above that the movement of matter-cnergy over space,

[
-

- action, is one form of process. Another form of process is information

\ -

& . (A N .
state to anotheﬁ o1 iﬁs\movement from onc point to another over space.

- B

Communications, while befing processed, are often shifted from one matter-

energy state to another, from one sort of marker to another. If the form or

4,

x

[ A28
o~

vy



pattern of the signal remains relatively constant during .these changes,

the information isjnot lost. For instauce, it'is now possible to take

' o

a chest X ray, stor1ng the 1nformatlon on photographlc £film; then a

photoqcanncr can pass over thc f11m line by line, from top to bottom,

4

convertlng the signals to pulses in ‘an- electr1ca1 current wh1ch represent
bits; then those bits can be stored in the core memory of a computer, 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

4+

patterns can be printed out on a cathode ray tube and photographed. The

. pattern of the chest structures, the information, modified for easier

» —

interpretation, has remained largely invariant throughout all this pro-~
cessing from oné sort of marker to another. - Similar transformations go

on in living systems. ’ o .

One basic reason why communication is of fundamental importance is

that 1nformat10n patterne can be proceosed over space and ‘the local matter-

1
[

energy at the rece1v1ng p01nt ‘can be organlzed to conform to, or comply
with, this information. As already stated if the information is’conveyed
.on a relatlvely small llght, “and compact marker, 11tt1ﬂ energy ia required
4.+ for this process. Thus it is a much moxe ef£1c1cnt way to accomplish ‘the

" result than to move the entire amount of matter—energy, organlzed as de81red

w
™ &

from the location of ‘the‘transmitter to that of the receiver. This is the *

secret of success of the delivéry 6f "flowers by telegraph." It takes much

k)

less time and human effort to send a Lelegram from one Clty to anothex:

< 27

requesting a florret in the latter place to deliver flowers locally, than
it would to drive or'fly:with the flowers from-the formcr city to the latter.

Also it may turn out to be the secret of successful education at a distance.

O
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_must stand out recognizably above the background noise.

Shannon was concerned with mathematical statements. describing the
transmission of information in the form of signals or messages from a

transmitter or a receiver over a channel such as a. telephone wire or a
. 4 . . - L B

. . ) » . : X . .
radio band. These channels always contain a certain amount of noise.

In order to convey a message, signals in.channels must be patterned and

K

~ Matter-energy and information always flow together. Information is ;.
always Lorne on a marker. Conversely there is no regular movement in a

‘system unless there is a difference in potential between two points, which
is negative entropy or information. Which aspect of the ttansmissibn is. .

most‘impdrtant’depenis upouvhow it is handled by the receiver. If the’~

.

receiver responds primarily to the material or energic‘aspect,,{t is a - -
‘matter—energy transmission; if the response is primarily to the informa- '~

tion, it is an ipformation transmission. For example, the banana eaten
. . ‘.c“ - T .

—— - -

by a monkey is a nonrandom,afrangéﬁént of specific molecules, and thus *

has its infor&étibnal aspect, but its use to the monkey is chiefly to -
S . ’ B — ‘

increase the energy available to him. o it- is an encrgy transmission.,

Vi

A The energic character of the signai Light‘that tells. - him to depress.the

level which will give him a banana is less important than the faét that

the light is part.of a nonrandom, pétterned organization which conveys -

r .
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 example, some speciles

of animals. do not dcvﬁlop-normg;ly unlcss they hqve'apprqbriateiinforma—

> fn .

tion inputs in infancy. As Harlow showed, for instance, monkeys cannot’
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make proﬁer‘social‘adjustments unless they interact with other monkeys

duf%ng a'petiod betweer® the third and sixth months of their lives.
i . 3. System

The tgrﬁ system has a2 number of meanings. There are systems of

.

numbers and of.equations, systems of value and of thouvght,. systems. of

law, solar systems, organic systems, management systems, command and con-
trol systems, electronic systems, even the Amtrak railroad system. The

” 14 .

. meanings of "system" are often confused. :The most general, however, is:

. . : . 6 )
A system is a set of interacting units with relationships among them. The

~word "set'" implies that the units have some common properties, which is
essential if- they are to interact or have relationships. The state of

each unit is cohstrained by, conditioned by, or dependent on the state of .

. ) o L
“ other units, The units are coupled.

“

S I § Conceptual system. : ‘ - . N -

" 3.1.1 ‘Units. Units of a conceptual system are terms, such as words

e

» . . , . ’ . v 4
(commonly nouns, pronouns, and their modifiers), numbers; or othar symbols,
% : . B : o ;

A includin% those in computer simulations and programs. M

. . . -

3.1.2 ,Relationships. A relationship of a conceptual sysfem is a set
i T , B ¢ s . : .

W

b ‘s ' * ‘. . . . ’- . . d
~ of pairs of units, each pair being orderéd in a similar way. E.g., the set
- : R . .n‘ V . ’ . ) ' . ‘ ‘
of all pai¥s consisting of a number and its cube is the cubing relationship..

: telationships are expressed by words (commonly verbs and their modifiers),

or .by logical or. mathematical symbols, including those in computer simula-
¢ P N . . . b} .

tions and programs, which represent operations, e.g., inclusiod, e;glusion?
identity, dwplication, vquivalence, addition, subtraction, multiplication,

¢
-

N . . +

O i ' P
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or d1V1s1on. The language, symbols, or cowputer programs are all concepts

i

and always ex1st n one or more concrete systems,. living or nonllving,

like a scientist, a textbook, or a computer. .

3,2 Concrete system. A. concrete system is a nonrandom accumulation
) ]

of matter—energy 1 a region in physicalvspace—time, which is organized '

~into interactlng interrelated subsystems or components.

S 3.2.1 Units. The units (subsyStems, components, parts, or members)
) . ! 8 .

of these systems are also concrete systems.

N

3.2.2 Relatlonshlps. Relationships in concrete systems are of various

-

ey

sorts, 1nc1uding those that are structural, temporal spatiotemporal, and
meanlngful

Both units and relatlonshlps in concrete systems are emplrically

. 3
determinable by Gbmé operation carried out<by an observer. In theoretical

.

verbal statement" “about concrcte systems, nouns, pronouns, and their modi-

\»
-

flers typlcally refer to concrete systems, subsystems, or . components;‘verbs

-

and the1r modlflers usually refer to the;relatlonshlps among them.‘ Theré

are numerous examples, however, in which this usage is reversed and nouns

. .o r .

.

refer to patterns of relationships or processes,isuch'as "nerve impulse,"

repairing systen components that break down and’ replacing energy that is ’

-"
"reflex," "action,' 'vote," or’ annexatlon‘"

P - -

3.2.3 Open'systeml' Most,Concrete systems have boundaries which are

at‘least,partially permeable, permitting sizeable magnitudes of 'at least

.

certain sorts..of matter—cnergy or information transmissions to cross them.

Such a system i$ an opcn system. The Efunctions of such inputs include

o

usedasup, - - A - z

~ »
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. 3,2.4 Closed system, A concrete system with impermeable boundaries

through which no matter-energy or information transmission of.any.sort.

can occur is a closed .ystem. No actual concrete system-is.completely5

closed, so concrete systems are either relatively open or relatively closed

R

Whatever matter~energy happens to be within a.relatively closed system is
essentially'all there is going to be. The energy gradually is used up and

the matter gradually becomes disorganized : A.body in a hermetically sealed

-

asket for instance, slowly crumbles- and its component molecules become

. intermingled. Separate layers of liquid or gas in a container move toward

o % o ®

random distribution. GraVity may prevent entirely random'arrangement.

*

. 3.2.5 Nonliv1ng system. Every concrete system which does not have
o 24

o

the characteristics of a living systcm is a ncnliVing system.

e V . 3.2.6 Living systems. The livingmsystems are a special subset of the
'  set of all possible»concrete systems, composed of the plants and the animals.

¢

They all have.the'folloWing characteristics:
(@) They are open systems..
foo(b) They use inputs of foods or fuels to restore their own .

energy and repair breakdowns in their own organized structure.
: . ’ iy . X * . .A . . w

(c) They have more than a certain minimum degree of complexity.

ug; @ Thcy contain‘genetic maLerial composed of deoxyribonucleic acid

(DNA), presumably descended from some primordial DNA common to all life,

[h1 .

- or have a charter, or both. One or. both_of these is the templatehmthe
‘original "blueprint" or "program'--of their structure and process from the

[

moment of their origin, S “

s

. . b
e e P ST, DVIIVAXTER MY MEAN W ekt gt o« wons Sahal
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areert

o .

" thelir environment of such variables as temperature, air pressure, hydratlon,

-controls the’ ent1re system, caus1ng 1ts subsystems and components to

_goals.

oxygen

(e) They are largely'composed of protoplasm including proteins and

other character1st1c organic . compounds.

k)

(f) They have a dec1der, the essent1a1 critical subsystem which"

~‘.. "

‘ o

interact. : ' -

(g) They also. have certaln other spec1f1c ‘eritical subsystems or

they have symbiotlc or par351t1c relatlonshlps with other 11v1ng or non-

-11v1ng systems which carry out the processes of any such subsystem they

»1ack.

- (h) Their subsystems are-integrated together to form actIVely selfw

.regulatlng, developd ng, reproduc1ng un1tary systems, with purposes and

r
;
N . B -

(1) They cin ex1st only in a certa1n enV1ronment. 'Any‘change'inv
¢

Cae

tent:of the atmosphere, or 1ntens1ty of radiation, outs1de a
relatively narrow range whlch occurs om\ the surfact of the earth produces
stresses, to which they cannot adjust. Under such stresses they ‘cannot

survive.

3.3 Abstracted system.

“

3. 3.1 Un1Ls. The un1ts of abstracted systems are relatlonshlps

-

'_abstracLed or selected by an observer in the light of his 1nterests,

theoretical viewpoint, or phllosophlcal-blas. Some ‘felationships may be

I’

empirically determinable by some operation carried out by the observer,

. 28 | . ) ' .o N

but others ‘are not, being only his concepts. . o ~ "%§§§\-R¥ :
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3.3.2 Relationships. The relationships mentioned above are.observed .

to‘ihhere and interact in concrete}'usually living, systems. In a sense,
then, these'concrete systems are the relationships of,ahstracted systems.
~ The verbal usages of theorctical statements coneerning)abstraetedlsystems

are often~theireverse'of those concerningfcoﬁcréte systems: the nouns

L2 - %

ahd the1r modlflers typlcally refer to relatlonshlps and the verbs and vl

thelr modlflers (1nclud1ng predlcates) to the concrete systems 1n wh1ch

g . these- relatlonshlps inhere and 1nteract. ihese concrete systems ‘are . |

“

empirically determinable,byvsomekoperatioh’carried out by the observer. R

A.theoretical statemeht;priented to concrete systems typically would-say

"incoln was President," but‘ohe’ofiented to abstracted systems, concen-
trating.on‘felationships or rbles,'wodld very'likely{be phrased "The . '’

o
v ’ &

- Pre31dency ‘'was occupled by L1ncoln. _ ' .

-

.

An abstracted system dlffers from an abqtractlon, wh1ch is a concept

(like those that make’up conceptual“systems) repgesenting a class of

. ,4’ "‘ ) . e v ) . “

phenomena a11 of whlch are cons1dered to have some s1m11ar class charac- "

v

terxstlc. The members of such a class are not thought to. interact: or be

. -

v interfelated, as are the,relatipnships in anjabstracted system.

i V ' B . . . . 3
Abstracted systems ‘are much more common in social science theory
“than in natural science. e -

.
-

. .

Parsons has attempted to develop general behavior theory using o ,
. . - 10 L N R
» - abstracted systems. To some a social system is something concrete in S :

space-time,'obsenyahle and ﬁresumably measurable by techniques like those

3 . . . ;

of natural science. To Parsons the system is abstracted from this, being

erlc | 29 |
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the. set of felationéhipslwhich‘are the form of orgaqization. To him the
important units‘'are classes of inpdt—output relationships of subsystems
.-rather than the subsystems themselves. )

3.4 Abstracted vs. concrete systems. One fuﬁdamental'diétinction :

> - betwéen abstracted and concrete systems is that the boundaries of abstracted *

systéms may at times be conceptually established'at;regionsfhhichfcut through
the units and relationships in the physical space occupiéd by'coﬁcrete éyé;

tems, but the boundarées of these  latter systems are dalways set at regions

which include within them all the units and internal relationships of, each-

" system. - . S ’ R R .T%
o A science of abstracted systems certainly-is possible and undér some

conditions may be useful. When Euclid was developing ‘geometry, with its -
LT @ '_ . ’ - - . ’ ":'{ - ’
practical applicatibnslgo the arrangement of Egvptian real estate, it is -

possible that the solid linés in his figures were originally conceived to.

represent the borders of land areas or objects., Sometimes, as in Figure 1,
. . ' . C : ) ' n

he would use dotted "construction lines" to help conceptualize -a geometric

prbof.thhe dotted. line-did not cofrespond;to any actual border in space,

4 Triangle ABDAwould be shown to be congruent to Triangle CBD, and therefore
the angle BAD was equal to the angle BCD. After the proof was completed,
the dptted»liné might well be Frased,'sincc it did not corfespond:to any-

thiﬁg real and was useful only for the proof. Such construction lines,

. 'f;‘ . . .
reprcésenting.relationships among real lines, were used in the creatiaqn of

I N
P SR ", .
early forms-of abstracted systems.
' sl : ‘ ) '

(5
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If the diverse fields of science'are to be unified, it would help if
_“all'disciplines yere oriented either to concrete or to abstracted systems. -
It is of péramount'imbortance for scientists to distinguish clearly between
them. To uée both kinds of systems in theory leads to unnécEesary problems.

It would be best if one type of system or the other were generally used in

et

511 éisciplines. | . o T : N

All three meanings of "system' are useful in science, but confusion

1 . ‘ ~

results when they are not dlfferentlated A scientﬁfic endeavor may

. o approprlately begln with a conceptual system and evaluate 1t by collectlng
- data on a coricrete or on an abstracted system or it may equally well first
.collectrthe data and then‘detegmihe whet coneept;%1>systemiit fits.' Through- u':
eut~this feport.the single word ﬁsystem," for bEeVity, will alweys.mean "concrete: :
system."i Tﬁe other sorts of systems w111 always be expllcatly d1st1ngu1shed

o ¥

as either ' cqnceptual system' or. abstracted system."

»
L

4, Structure

" The structure of a system is thc arrangement of its subsystems and

o ‘ ‘ . . . B ’ . . &
components in .three-dimensional space at a given moment of time. ‘This .«

« 11 o :
always changes over time. - It may remain relatively fixed for a long

period or it may change from moment to moment,'depending_upoh‘the eharae-

teristics of the process in the system. This process halted at any given

moment, as when motion is frozen by a high-speed photograph, reveals the

T

threc~dimengional. spatial arrangement of the system's components as of that
g omp 8 :

. i
ingtant. = - : ' v
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5. Process -

All change over time of matter-energy or information in a.system‘is

B .

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; otherwisefit”is irreversible. - Process includes the on—going_func-

tion of a system,_reversible actlons'succeeding each other from moment to
moment. Process also includes history, less readlly reversed changes 1ike‘
mutations,, birth, growth development, ag1ng;'and death changes which

o commonly follow ttrauma or d1sease, and the changes resulting from 1earn1ng

which are not later forgotten. iis tor1cal processes alter both the struc-

. . : ;
V- L. v

o ture and the’ function of the system. Thewstatement "less readily reversed"

" has been tised instead of "irréversible" (although many such changes are in
25 ¢

fact irreVersible) because structural changes sometimes‘can be reversed. E.g.,
a component which has developed and functloned may atrophy ‘and finally dis-
appear w1th disuse; a functlonlng part may be cut off and regrow. ﬂlstory,

then, is more‘than the passage of time. It involves also accumulation in

N

. X s . R
the system of residues or effects of past events (structural changes,

memorles, and learned habits). A living system ‘carries its history with
it in the form of altered structure, and consequently of altered function
also. So there is a circular relation among the three'prlmary'aspects of

systems--structure changes momentarily with functioning, but when such 7
— change is so great that it is essentially irreversible, a historical
. . ’ iy, .
process has occurred, giving rise to a new structure.

[
n

1

-ERIC o . L | “

Aruitoxt provided by Eic:




LT

ERIC

B A v 7ot Provided by ERIC

- first, probably; on the basié of their threat to him, their susceptibility

a

6. Type

If a.number of individual living systems are observed to have similar
characteristics, they often are classed together as a txge;- Types are

abstractions. Nature presents an apparently endless variety of living .

“~

things which man, from his earliest days, has observed and classified-—

s

*

to éaptdre, or their edibility, but.eventually according to categories

which are scientifically more useful. Classification. by species is applied.

%

‘to organisms, plants.or animals, or to ffee—living cells, because of their

obvious relationships by reproduction. These systems are classified together

by taxonomists on the basis of likeness of‘struéture and process, genetic'
similarity and ability to interbreed, and local interaction, often -

inclﬁding, in animals;, ability-to respond apbropriatély to each other's

’” . . "

signs. - . EE

There are various types of systems'at other levels of the hierarchy
of living systems besides the cell and organism levels, each classed

-

x oo ( ' } -
according to different structural and process. taxonomic differentia. There °

: 4 : NPT . ‘ o
are, for instance, the less developed primitive or agricultural societies,

and there are industrial societies,

5

7.: Level '

~ . -

The universe contains a hierarchy of systems, cach higher lecvel of

) : : 12 X _
system beiny composed of systems of lower .levels. ~ Atoms are composed

s

of particles; molecules, of atoms; crystals and organclles,“of molécules.

31
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About at the level of crystalizing viruses, like the tobacco mosaic virus,

the subset of living systems begins. Viruses are necessarlly paras1t1c

Ca

'on cells, so cells are _the lowest level of’liviﬁg systeﬁs. " Cells are

-composed of' atoms, molecules, and multlmolecular organellcs, organs are

gt

composed of cells aggregated 1nto t1ssues, organlsms, of organs; groups

(e,g., herds, flocks, famllles, teams, tribes), of organlsms, organlzatlons,

i\v

“of groups (and sometimes single 1nd1V1dual organlsms), soc1et1es, of

organlzatlons, groups, and individual organlsms or persons; and supra—

“this consensus. : o

national systems, of societies'and organizatlons. ngher levels of sy tems .

may be of mixed cdomposition, living and nonliving:‘ They include plauets,

. solar systems. gelaxies, and so forth. It is beyond the scope of our con-

cern in.tbis report to deal with all the levels of.systems, We shall be

concerned only with five levels of liVlng systems: organisms, groups,

organlzatlons, socletlcs, and supranaﬁlonal sy EEms.v -

' What are the criteria for distlngulshlng any one level from the others?

,

They are defived from_aflohg scientific tradition of empirical observation

»

of the entire gamut of living systems. This‘éxtensive experience of the
community of sclcntlflc observers has led to a consensus that there aré

certain fundanental forms of organlzatlon of iving matter—energy. Indeed

the classical divisjion of~subject-matter among the various disciplines of
the life or behavioral scicnces is.implicitly or explicitly based upon
5, ¢ . . ‘ . |

-~

It is impOrtaﬁt to follow one procedural'rule in systems theory, in

_order to avoid confusion. Every discussion should begin with an idemtifi-

.cation of the level of refercnce, and the discourse should not change to

- »
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. . . 13 goliems
another level without a specific statement’ that-this is occurring. Systems

at the indiéated level are called systems. Thoéevat'the level above are

supfasystems, and at the next higher level, suprasuprasystems. Bglow_thet
= , =

“

level of reference ‘are subsystems, and below them subsubsystems; For

:
v

example, if one is‘studying a‘group; its member’organisms.make up its

,subsystems, and an organization of which the group is a part is its supra--

3

'system.

v

7.1 Intersystem generalization. A fundaméntal procedure in science ¥

ié to make generalizatiohs from one system to another on the Basis of some:
. B - : -t . ’

sihilarity between the gysfems, which the obéerver sees and wﬁich permitsfi
him to élasé’them together. For example, since the Nineteenth Centufy,

the field of "individual differences” hasnbeeh expanded, ﬁdllowing the
traé;tion of scientists like Galfon in anthropohetry and Binet in psycho-
metrics. In Figure 2, states of separate specific:individualtsystems.én

a specific strudtura;‘or process variable are fepresenﬁed by I1 to Iﬁf.

For differences among such individuals to be observed and measured, of

course, a,variable common to the typé, along which there are indi”iéhal

' »

T.. . . .T >
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Figure 2. Individual, Type, Level.
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varlatlons, must be recognlzed (T ) Phy81ology depends heavily, for
'1nstance, upon the fact that 1nd1v1duals of the type (or species) of 1iv1ng

organisms called cats are fundamentally alike,-even though minor varlatlons

" from one individual to the next are well recognized. v -

e
.

Scienfists @é& also geperalize from one type to anéfher‘(Tl to Tn).
An example is cross-species generalization, which. has been‘cémmonly accepted
only since Dar&ip. ‘It is the juspificétion for the labors of the white rat
- in the qauéé of man'svu;defstandihg<pf himself. .Rat; and cats, cats and
chimpanzees, chimpanZees.and human beings are‘similar in stfucture, as
”comparétive anatomist; know, and in function: as comparative physiologists
and psychoiogistsJdé%pns;:ate. o
The amoﬁnt of varignce"ambng species is'éieatef than among individpals_v
within a_spec1es va the 1earning‘behavior of‘cat Felix is compéred with,‘
‘that of mouse Mlckey, we would expect not only the 'sort.of 1ndLV1dua1

- differcnces which are found between Mlckey and Minnie Mouse, but also

t '~

greater spedies diffcrences. Cross~species generqiizations are common,
and many have good scientific a;ceptaﬁility, but in makinglthem? inter-
indiyidﬁal'and iﬂterséecies differences must be kept in mind. The 1éarning
rate of men is not identical to that df white rats, and no single maﬁ "
learns at exactly thegsame'rate as any other.

The third type of, scientific géneﬁglizagibn indicatéd in Figure 2
is from one level to anothé;; The bqsis for such gener;lization:is-the
assumption thdt eacﬁ of thévlevelsﬁof life, from céll'to éociety, is
coﬁposed.of éyﬁtems.of the previous lower 1éve1. These crosé—level‘ﬁ

- peneralizations will, ordinarily, have greater variance than the other
. B ~ N Al

3
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sorts ‘of generalizations, since théy include variance among types and among

individuals. But they'Eén be made; and they can have gueat conceptual

g

" significance,
3, i? o o - - R
That there are important uniformities, which canzbe.generalized about,

across all levels of living systems is nof surprising. All are composed of

Lomparable carbon—hydrogen—nltrogen constituents, most 1mportant1y a score .

of amino aC1dS organized intg 51m11ar protelns, which are produced in nature

.

only in 1iving systems. All are equipped to live in a water-oxygen world

n

rather than, for example, on the methane and ammonia planets so dear to

science fiction. Also they are all adapted only to environments in which

the physical variables, like temperature, hydration, pressure, and radia-

| : : 15 : :
tion, remain within relatively narrow ranges. Moreover, they all pre-

‘ . : 53 B B & - a

sumably have arisen from the same primordial genes or template, diversified

4 ) .
by evolutionary'dhange. Perhaps the most convincing argument for the

plau51b111ty of cross-level generalization derlves from analy51s of this

evolutionary development of living systems. Although - 1ncrea51ngly complex

&

<

types of living systems have evolved atba given level, followed By higher
Zlevels with even greatef éomplexity, certain Basic‘necessities‘did ndt’
change. All thesé systems, if th;y were,to'éurVivg in their environment)
had, bx some means or othér, to cartry out the saﬁe,vital subsyg&ém processes.,
While free-living cells, like protozoans, carry these out with relative

simplicity, the corresponding prccesses are more camplex in multiccllular

) . . S .
organisms like mamials, and even more complex in ergafizations, socidties,

> ‘ - . . . : -
znd suprandtlonal systems, The same processes are, "shredded outY. tos

e
&

[

. . B . o
rultiple componunt in a more comp]cx system, by the sort of division of

;1‘ . | .38 : ' '
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labor which Parkinson has made famous as a law.

identities across levels of systems, more complex subsystens at higher

. tions which apply to all living syst€ms at ‘all levels.

"which carry out Slmllal proccvses, may well turn out to carry ouf acts

'formal model,

294 . . . IO - ’ 'u

«

. This results in formal 4

levels carrying out the same fundamental processes as simpler subsystems

at lower levels. Co ) A /
. - @ . - 3

A formal identity among concrete systems is demonstrated by a

procedure composed of three logically 1ndependent steps.

& .

(a), recdgnizing

v

an aspect of two. or moré systems which has comparable status in those

systems; (b) hypothes121ng a quant1tat1ve 1dent1ty between them, and i/r

(c) demonstrating that 1dent1ty w1th1n a certain range of error by

collecting data on a 51m11ar aspecf of each of the two or more systems T
S . . .
It may be possible to formulate some useful generaliza— ﬂi v
. . , . |

A comparision of:

being compared.

: . ! .
'systems is complzte only when statements of their formal identitlies are

associated with specific statements of their interlevel,‘intertype} and '

2 ! 2 . +

| - ) .

interindividual disidentities. The confirmation of formal identfties’

and disidentities’is done by research.

What makes interindividual, intertype, or interlevel formal =~ . . -
1 . . H . b

identities among systems important and of absorbing interest, is|that--

if they can be conclusively demonstrated--very different structﬂLes,

f

so much alike that they can be quitc prec1se1y described by the samt.

[y

Conversely, it may perhaps be shown as a general principle

: : : ) , .
that subsystems with comparable structures but quite differeut processes
. . . Ay

may have quantitative similarities as well. R

i

| N
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-~"their lower-level subsystems and components. . s
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7.2 Emergents. The more complex systemSzat higher levels manifest
characteristics, more than the sum of,the characteristics-of the units,

“

not observed at lower levels. These character1st1cs have b en called

emergents., Slgnlflcant aspects of 11v1ng systems at higher levels wlll
be'neglected if_they are descrlbed only in terms and dimensions used for

z

.
~

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

of three;electronic‘systems. One of these--wire connecting the poles of

.

a battery—-can only conduct electrieity,:which-heats the wire;; Add several

‘tubes, condensers, res1stors, and controls, and the new system can become

a radio, capable of receiving sound messages. Add dozens of othet com-

ponents, 1nclud1ng a p1cture tube and several more controls, and the sys-
o4
. tem becomes a television set which can receive sound and a picture. And

.this is not Just more of the same. The third system has'emergent capabi-

‘o

lities the first system did not have, emergent flom its spec1al design of
much greater complexity, just as the second has capahilities the first
lacked. But there is nothing mystical about the colored merry-go-round and

racing chlldren on the TV screen—-lt is the ouLput of a system wh1ch can

be completely explalned by a compllcated set of dlfferentlal equatlons such

as ?lcctrlcal engincers wrlte, 1nc1ud1ng tcrms representing the character—

»

istics of each of the set's components.

‘8. Echelon .
4

This‘concept‘may seem superficially similar to the concept of level,

but is dlstlnctly dlffvrent. Many complex living Systems” at various levels,

are organlztd into two or more echo]ons (1n the miliraxy sense of a step in

- i
¢
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the "chain of command," nmot in the other military sense of arrangement of
. R -
troops in ‘rows . in phys1cal space) In liVing systems Wlth echelons the

components of the decider, the decis10n—making Subsystem, are hierarchically ,

o

arranged so that usually certain types of decisions are made by one component

of that subsystem and others by another. Each is an eche%on.< All echélons

are within the boundary of the decider subsystem. abrdina:ily each echelon

.

is made up of components of the same'1evel as thoseAwhich'make'up every

otherechelon in that system. Characteristically the decider component at '%;L

& T , . . .
w“ - . Y

one echelon gets information from a ‘source or sourceés which process infor- -

mation primarily or exclusively to and from.that echelon;i‘ é
After a decision is made at-one echelon on the bfsis~6f the information

received, it is transmitted, often through'a singlej ubcomponent.which may

.o E

“or may not be the same as .the decider, but possib%y through more than one

' subcomponent, upward to the ne mt.higher echelon, Which goes through a

.

similarvprocess, and so .on ‘to the toprechelon. ‘Here a f@nal decision is

~

made and then command information is transmitted downward to lower echelons.
Characteristically informdfion is abstracted or made more general as. it

v ~ . . R ; - PO
procceds upward from echelon to echelon and it is made more specific or

detailed as ‘it proceeds downward.  If a given component does not decide

3

but only passes on ‘information, it is pot functioning as an echelon. In

A

o . — s . o f e .
some cases of dacentralized decision making, certain types of decisions
are made at lower cchelons and not transmitted to higher echelons in any
formq-whilc information relevant to other types of décisions is transmitte

[

upward. If there are muTtip]e parallel decidcrs, without a hierarchy that

-
1
o

has suhordinatc and superordinhtc decidcrs, there,is not one system but
multiple ones.

-

<
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-_system is”differentiated from the environment. The immediete environment

'tne'suprasystem‘of an organism is the group it is in at the fime.‘uPre—.

. o . . . 9. Suprasystem

3

. %1 Suprasystem and environment. ' The suprasystem of any living .
¢

sysfem is the next higher system in which it is a component or subsystem.

.'qu example,ithe‘suprasystem of a cell or tissue is the organ it is in; |

-

'spmablf everylsjstem has a suprasystem except the "universe." The supra-
ﬂ ,,. ) L3 - *

PP
RN

ca @

is the suprasystem minus the _system itself The entire environment includes \

this plus the suprasuprasyqtem and, ‘the systems at. all higher levels which |

“contain it. In order to survive the system must interaét with and adjust

to its eﬁvironment, the other partS‘of the suppasystem. ‘These processes

alter both the system and its env1ronment. Living systems adapt to their

'emvironment, and“in return mold it. The requlL is that, after sote period

of interaction, each in some sense becomcs'a mirror of the otaer.

v

9.2 Territorv..'The'region of physieal space occupied By a living =
system, and .frequently protected by it from anainvade;, is its terripory;
Examples are a howerbipdfs'stage, a dog's yard, a family's property; a -

nation's land. - ; ] .
)

‘ \ . 10. Subsystem and Component = R .

t

3

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,discfete, éeparate structure. The totality of

*oall the structures in a system whieh carry out a particular process is a

. . . N
[ o -
7
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thus; is identified by the process it carries out.

T mesmay

o
o

subsystem, ' A subsystem,

members or parts. 'Reference has been made to, thesé.componénts'in the -

It*exists in one or more_identifiable structural ‘units of the system. Thes
-specific, local, distinguishable structural ‘units are called'comgbnents or

x

] . . - o . . L

"definition of a ¢oncrete -system as "a nonrandom accumulation of matter-

energy, in a region in physical space~time, which is organized into inter-
. : . < :
There is no one-to—one

acting, interrelated subsystems or components."
relgtionsﬁip between pr0cess and structure. One or more processes may be

cérried out by two or,more'components. Every system is a component, but
‘not necessarily ‘a  subsystem of its suprasystem. Every pomponentﬁthét has
its own decider .is a system. at the next lower leval, but many subsystems

are nof.systems at'the next lower level, being dispersed to several com-
' /

' /.

The concept of subsystem process is related to the concept of role

ponents.
Organithion theory usually emphasizes the func-
her

%

‘used in social science.
tional requirements of the system"wh;ch the subsystem fulfills, rat

than the specific characteristics of the component or components that
that an organization specifies

.make_up'the Subsystem.. The typicél view i§
cle;fly'defiuéd roles (or cbmponent prdcessés) and human beings "fillh
But it'is a:aigtake not toqrecognizé that chafaéferistics«of the
) i : . : 4 . . . '
it the roler—aléo influence :
i vqsitipn.“ It involbes_ |

them."
component-—-in this‘case the persomn carrying ot
gsocial p

what .occurs. A role’is more than simple
‘interaction, adjustments between the component and the system. It is a |

:system, to the internal adjustment processes of tlie component, and to’

-

multiple concept, re¢ferring to the demands upon the component by the
N . B »!’" 5 3 DN )

s e
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how the component functions in meetlng the system ] reqUirements. The

(!

adjustments it makes are frequently compromrses between the requ1rements

of the component and the requirements of the system. “

The way iiving systems develop,does‘not.almays result‘in a neat .’
distr1but1on 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 overlapt

are congruent.- Sometimes they are not congruent.' There can be (a) a single
[

subsystem in a s1ng1e component, (_) multiple subsystems in a slngle com—

ponent; (c) a single subsystem in. multiple components, or (d) mu1t1p1e

4

subsystems inhmultiple components."

. Systems® differ markedly from level to level type to type, and even

«

from individual to individual,‘in their-patterns of allocation of various

subsystem processes to different structures. - Such process may. be (a) 1oca1-

ized in a Single component; (b) comb1ned w1th others in a Single component'

e

CoNRL -

(g)tdispexsed laterally to other components in the system; (d) dispersed

upwardly to the suprasystem or above; (é) dispersed downwardly to subsub~
systems or below; or (f) dispersed outwardly to other Systems external to
the hicrarchy it is in. Which'allocation pattern is employed is a funda-

mental aspect of anyugiven system.: For a specific subsystem‘function in
a specific system one strategy rQSUlts in morc efficient process than

i another.v Qne canube better than another in maximizing'effectiyeness.and
winimizing costs. Valuable studies can be made at_each.level on optimal

patterns of allocation of processes to structures: In all probability

- .o ) . o




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 transmitted are
the most efficient. (b) If multiple components carry out 4 process, the*

process is more difficult to control aﬁd.less efficient than-if a single. :

component'does it. (g¢) If one or more components which carry out a’
. . N # .
process are outside the system, the process is more difficult to integrate -

than 1f they are all in the system. (d) or.if there are uplicate com- ‘

) : K : _;.‘.‘ ®

ponents capable of performirg the same process, the syste is less vulner- ‘ -

RS

_able to stress and. therefore is more likely to survive ;o‘ er, because if-

one component'is_inactivated, the other can carry out t process alone.
. . oo

10.1 Cr1t1ca1 subsystem. -Certain processes are A

. and must Qe carried out by all 11v1ng systems . urvive or be performed,

- " for them by some other System. Thev<are carried out by the fOIIOW1ng ‘ #

V.

.crltlcal subsystems 11stcd in Table 1.

3

S The definitions.of the ‘critical Subsystems are as follows:

-

10.1.1 Subsystens which process both matter—energy and _information.

R _ 'ggproducer, the shbsystem which is'capable'of.giving rise to other:

systems similar to the one it is in.

- . . @

Boundery; the subsystem'at the perimeter of.a system-that holds

. . . ,
. © . . together the components which make up the system, protects them from
. envirommental stresses, and excludes or.permits entry-to various sorts
? N . < X
i . ‘ A : .
of matter-encrgy and information.

o

10.1.2 Matter-energy processing. subsystems.

Ingestor, the subsystem which brings matter-energy across the system

- . boundary frorm the -edvironment. |

B . . C N

.. R .
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Matter—-Energy Proeessing Subsystems Which Process Information Processing
- Subsystems S Both Matter-Energy and Subsystems . '
i . Information . . - . "
Reproducer
® - . /
o Boundary ) ~/
Ihgestor ' Input Transdhcer
Internal Tranéducer
Distributor 'x_;: 1 = Channel and Net .
o Converter *  Decoder
Producer ) _Associator
Matter-Energy Storage i i g . Memory
) ' ' [
- ) Decider
Encoder »
el

. Output Transducer

Extruder -
Motor .
2]
Supporter :
.$ . ) B . v ' N 4
, Table 1. The Critical Subsystems. e

i
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Distributor, the subsystem which carries inputs from outside the

‘system or outputs from its subsystéms around the system to each component.
. - Converter, the‘snbéystem which chianges certain inputs to the system.

into forms more uSeful for the special processes of that particular system.

»

" . .
Producer, the subsystem which forms stable associations that endure

“for Significant periods among matter-enetgy inputs tb'the system or outputs
rftom_its convertgr;,the'materials éyntheéi;ed being fn; growth, namage : ff.i
rénair, or replacement of components of the system;'or for proviaing energy

. fnr moviné or constituting the-syst;m‘é putputs of products or information

markers to its suprasystem.

Mattereénergy storage, the. subsystem which retains in the system,

for different: periods of time, deposits of varipus sorts of matter-energy.

o "Extruder, the subsystem w ich transmits matter—-energy out of the

.
»

system in the forms of pifoduc s‘and wastes.

Motor, the subsystem which moves the systém or parts of-it in
- P id
relation to part or all of its gnvifonmentsor moves components of its

environment in relation to each other.

2 . Supporter, the subsystem which maintains the proper spatial relation-
ships amang compgnents of the system, so that tliey can interact without

weighting cach other down or crowding each other. *

10.1.3 Information processing subgyétems.

*
o

Tnput transdycer, the sensory subsystem which brings markers bearing =

information into the system, changing them to other matter-energy forms [/ ___

C ]
-

P suitable for tramsmission within it. d ' ’ 7
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Internal transducer, the sensory'sﬁbsystem which receives, from.all .
subsystems or components within the system, markers bearing information
about sighificant alterations in those subsystems or components, changing

them to other matter-energy forms of a sort which can be transmitted within
i, | _ . ' S .

Channel and net, the.subsystem composed of a éingle foufe'in physical

space, or @ultiplé_interconnected‘routes, by which markers béaring inforf'
mation are transmitted to alltpartS'of the system.
| ‘ Décoder,ﬁthe subsyétem which alters the ché ofvinformétion input~'
to'it_througﬁ the input transducer or the‘internél transducer into a
“ﬁrivate" code that éan be used internally b;-the sySteﬁ.

Associa;or, the,subsystem wh%ch cérries out thé'firét stage-ofkthe

learning process, forming enduring associations among items of information

in the systém. (The main topic of this report is the,assopiator subsystem

’

.

or educational sector of a society.) . o . o,

-~
~ .

Memory, the subsystem which carries out the second stage of the-learn- -

ing process, storing various sorts aqf information in the system for different

periods of time. RN

.

!"
» . , . . N
Decider, the executive subsystem which receives 1ﬂermat10n~inputs
from all other subsystems and transmits to them information outputs that
control the entire system.

- Encoder, the subsystem which alters the code of information irfputs

to it from other information processing subsystems, from a "private"

code used internally by the.system into a "publié" code which can be

. . ‘ ) L . ‘ ) ‘
interpreted by other systems in its environment. K

48
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Output transducer, the subsystem whieh puts out mérkers bearing

’informAtion\f;om the system, changing markers within the system into other
matter-energy forms which can be transmitted over channels in the system's

environment, ' T o

e -

Of these critical subsystems only the decider is essential, in the

sense that a system cannot be dependent on another system for its deciding. -

There is no liv}ng system if the decider.is'dispersed upwardly,vdownwardly,
or‘butwagdly. - . o o | .* - ;h //.
Since all iiving systems are genetically related; have similar
K ' constituents, live' in eiosely comparable environmer.ts, -and proeess matter-

energy and information; it is not surprising fhat’they~should~have com-

parable subsystems and relationships among them. All systems do‘not‘have \
all possible kinds of subsystéms. They dlffer 1nd1V1dually, among types,

.

and aeross levels, as to which’ subsystems they haVe and the structures of
_tﬁose‘sdbsystems. But all living systems either have ; complete.complement
of the above liseef critical subsystems carry;ng out the‘functions‘essential
‘to life or are intimatg;y'sssociated'Qith apd effectively interacting with &
systems wﬁich carry out the missing life'fsnceions for them.

10.2 Inclusion. Sometimes a paft of the ernvironment is surrounded

by a sysLem and totally 1ncluded within 1ts boundary Any such thing not

a part of the system s own llvrng structuré is an Jncluslon. ~Any living

system at any level may’include living or nonliving components. To" the

ﬁw07memEer group of one.dog and one cat, for instance, an important plant
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" component is often added--one tree. An airline firm may have as an
integfal component a computerized mechanical system for making reservations
which extends into all its offices. A nation includes many sorts of L

vegetables, minerals; buildings, and machines, as well as its iand.
o & N .

-The inclusion is a compbnent or subsystem of the system if it carries
“out or helps in carrying out a critical proces§ 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 isnpotentially 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 Larmleés'or walled off or extruded from the

.. system or killed. Because it moves with the system in a way the rest of

the environment do;s not, it constitutes.a spééial'problem., B;ing.inside
the system it may be a more serioﬁé széore immediate stress than it would
be‘;utside the system's protective boundary. But also; the syStem that
nvsurroun&s it can control its physical actions and all routeq of accéss' - s
to it. for this reason international law haé developed the concept of

extraterritoriality to provide freedom of action to_ambassadors and

<]

embassies, nations' inclusions within foreign countries.

10.3 Artifact. An artifact is an inclusion in some sysfem, made by
" animals o1\ man. vSpider webé, birdinestg, beaver dams, houses, boogg,
' machines, music, paintings, and'laﬁguage*are artifa;ts. They may.or may ]
: . v N ‘
not be Qrosthcseb, inveutioﬁs wﬁ?cu carry out some ¢ritical process esﬁential

o .
- e X .
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to a living system. An ait al pacemaker for a human heart is an
'example of an artifact which can replace a patholoﬁlcal process with a

healthy one. Instructional technologies are artifacts which function as

prostheses in educational systems at the level of the individual student %

or organism and at higher levels. Chemical, mechanical, or electronic.

artifacts have been constructed which carry out some functions at all

Peag

levels of living systems,
Living systems create and lives among their artifacts. Beginning

presumably with the hut and the arrowhead, the pot and the vase, the -

4

“plow and the wheel, mankind has‘consgiucted tools and devised machines.
The Industrial Revolution of the Nineteenth Centuryi capped by the.recent

harnessing of atomic energy, represents the extension of man's matter-

energy process1ng abillty, h1s muscles. A new Industrial Revolution,
of even greater potentlal is just beginning in the Twentieth Century,
with the development of 1nformationland logic-process1ng‘machines, adJuncts‘
to man's brain. These artifacts are’inCreasingly becoming prostheses,

" relicd on to carry out critical subsystem processes. A chimpanzee may

extend hiS'reach with a stick; a man may extend his cognitive skills

S . - o

'~ with a computer. Today's prostheses include input transducers which

sense the type of blood cells Lhat pass before them and 1dent1fy miss1les
that approach a nation's shores, photOgraphic, mcchanical,-and electron1c‘
memoriés which cnn‘store masses of'information over.time;-computers'which

can solve problems, carry out logical and mathematical calculations, make

: - . . -, .’ o e g . ) i e . -
decisions, and centrol other machines; clectric typewriters, high speed

1

X
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printers, cathode ra tubes, and photographic equipment which can output
information. An analysi$ 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 infarmation—processing

20 5 o .." : X )
artifact. So are the ‘other arts and cognitive systems which people share.

~3

So is languagé. Whether it bewa’natural‘langﬁage or the machine language

of some computer system, it is essential to information processing. Often-

also

¢

stored only in huﬁan brains and expressed 6n1y by human lips, it can
:be reéorded.oq:noﬁliving artifacts like stoﬁes, books, andtmagnetic'tapeé.
It is not-of itSeif a concrete system. It changes only when man chahges
it. As long as -it is used ‘it’is iq flﬁx, becduse it must.remain comﬁafible

with the ever-changing living systems that use it. But the change emanates
from the uvsers, and without their impact the language is inert. The
o ,
A

*artifactual language :used in any information transmission in a system

. . ; ' : : 2
determines many essential aspects of that system's structure and process.

s . . ™~

- 11, Transmissions in Concrete Systems

All process involves some sort of transmission among subsystems within
a system, or among systems. There are inputs across the boundary into a’

system, internal proéesses within it, and outputs from it. Each of these

sorts of transmissions may consist of either (a) some particular form of
matter; (b) energy, in the form of light, radiant éhergy, heat, or chemical

energy; or (c¢) some particular pattern of information. ' «

ov
©d

O ‘ : ) ‘
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12, Steady State f < ;

/

"When opposing variables in a system are in balance, that/system is in

-
—.

'equ111br1um with regard to them. The equ111br1um may be stat;c and unchanging

or it may‘be maintained.in the-midst of dynamic change. Si#ce living sys-—

_tems.are open systems, with continually altefing fluxes ofi&mtter—energy and .

informatiqn, many of their equilibria are ‘dynamic and ere;ofteh refegred'to

as- flux equilibria Qf’steady states. .These may be unstable, in.which a

slight disturbance elicits progressive change from the equilibrium state——

 like a ball.standing on an inverted boﬁl; or stable,.in which aeslight

disturbance is counteractéd so as to restore the previous state--like a ball
in a cup; or neutral, in which a slight disturbénge makes a change, but

without cumulative effects of any sort--like a ball on a flat-surface with

friction.

All living s&étems tend to maintain steady states (or homeostesis)_of
many varlables, keeping an.orderly ‘balance among subsystems which process

matterwenergy or informatlon. Not only are subsystems ‘usually kept in

equilibrium, but systems slsd ordinarily maintain’ steady states w1th their

environments.and_suprasystems;’which have outputs to the systems and inputs

from them. This prevents variations in the ‘environment, from destroying

.. systems, The variables of living systems are constantly fluctuating,
: . * . v )

however, A -modceriate change in one variable may produce greater or -lcsser .

alterations in other related ones. . These alterations may or may not be

~r

reversible., ' ' .
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12.1 Stress, strain, apd threat. -There is a range of stability for -

each of numerous variables in all living systems. It is that range within - '
. ' - E . . . B . )

which the rate of correction of deviations is minimal or zero, and.beyond o
) : o : ST N . ‘ .

which correction occurs. An input or output'ofgeither matter—energy or
information, which by lack of ‘excess of some characteristic, forces the
variables ‘beyond the range of stability, constitutes a'stress and_ produces

a strain (or strains) within the system. Input lack and output excéss

5

both produce the same strain--diminished amounts in the ‘system. Input "
. ' - ' v, S

excess and Gutput lack both produce the opposite streinv-increaséd amounts.

..Strains may or may not be capable of being reduced, depending upon their
. . . “ Y \-.' . : . . .
' intensity and the‘resougce% of the system. The totality of the strains - -

»
. bs -~

. i . », .
within a system resulting from its template program and from variations

in the inputs-from its environment canﬁbevreferred to as its values. The

relative urgency of reducing each of these specific strains represents its
1- : M -

hierarchy of values.

Stress may be anticipated. Information that a stress is imminentl'

‘constitutes a jﬁgﬁy&& to the system. A thfeat‘can create a strain, _ﬁecogni_
~ tion of the meaning of the information o% such a “threat must be based';i

previously stored (usually learned) information about such situapions.

A pattern of iﬁput information is a threat when--like the odor of the hunter -

oﬁ the wind or a whirling cloud app}dghhing the city~-it is capable of'
“eliciting prbcesses which ¢an counteract the stress’ib presages. Prgcéssesf-w

actions or communications--occur in systems oqu when'a stress or a éhreatt

has ecreated a strain which pushes a variable beyond its range of'stability.

A system is a constantly changing cameo and its environment is a similarly

o o | i o : 'Ei’i ' : ‘ _ . ;
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. changing ihtaglib, and the two aﬁfgil times fit each other. -That-isy-~

outside stresses or threats are mirrored by inside strains. Matter-

energy storage and memory alsofmirrbr the past enviroﬁﬁent,_but with

12.1.1 Matter-encrgy stress. ,There are various ways for systems

to be stressed.” One class of stresses is the'matter-energy stresses,

[

including: (a) matter-energy input lack or underload--starvation or

inadequate fhei inphf; (h) input of an éxcess or overload Gfimatter—
energy; and (c) réséraint of the systém, binding it physicall&. [This may -

be the equivaléﬁt of (a) or (b).] : ) .

a -

- . ) \\:’; - ,. N
12.1.2 Information stress. Also there are “information stresses,
including; (a). information inﬁut lack or underlé;d,‘resulting from a

dearth of information in the environment or from improper function of
the external sense organs or,input transducers; (b) injection of noise

o
A

into the system, which has an effect of.information cut-off, much like

. e ' R ' :
the previous stress; and (c) information input excess or overload. -Infor-

e

. . y ' . e ot oL
mational stresses may involve changes in the rate of information input

4

or in its meaning. - ) ' v
. -/

-

12:2 Adjuétment:procesées. Those processes-of subsystems which
maintain steady states in systems, keeping variables within their

’ranges of stability despite -stresses, arefadjustment processes. In some

gsystems a.single variable may be influenced by multiple ad justment pro- .

cesses. As Ashby. has pointed out, a living system's adjustment processes
' ' .22 '

are so coupled that the system is ultrastable. ~ This gcharacteristic can

. ) y . . ) ] \ N . »
be-illustrated by the éxample of an army cot. .It is made of wires, each of
' 5 I v S . ' ’

v

.
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which would break under-a 300—pound weight, yet it can easily support a
2

. sleeper of that neight. The weight is applied to certain wires, and as
it beeomes 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
" of the component wires alone can be sustained. In a living system, if one -
v
component cannot handle a stress, more and more others are recruited to

help Eventually.the entire capacity of the 'system may be involved in

copidg with the situation.

ﬂIé'Z'l Feedbaeh. 'The term feedback means that_there exist two
channels, carrying information, such that Channel Btloops‘back from the.
-output to the input of Channeél A and transmits some portion of the signals *
emitted by Channel A (see Figuxe 3) J These are tell-tales or monitors ot -
the outputs of Channel A. The transmitter on Channel A is a device withi
two inputs, formally‘represented by a function yith.two independent vari-
- ables, one the signal to be transmitted on Channel A and the other a pre-
vionsly»transmitted signal fed backeon-Channel B. The new signal trans-—
mitted on Channel.Asis selected to-decrease the_strain?resulting from any
: Suﬁ'm}A'L_, lNPUT ' : . ,SIGNAI.» QUTPUT
) , O CHANNEL A - . o FROM CHANNEL 4 , .
- _ _ , , e

- ) T OMAIN GHANNEL A _ . .

_—— = ———— e -

B

FEEDEATR CRANNE ¥ * ‘ -

TRANSMITTER (rezponds to reverse or

o . S OMPARISON rg-cipmtal of signal fudd back on chonnel B)
T USIBNAL INPUT 2 '
. N >
E | ) Figure 3. hv"ative Icﬂdback
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error or deviation in the feedback signal from a criterion or comparison
reference signal indicating the state_of the output of Channel A wbich .
‘the system seeks to maintain steady. This provides control of theourpﬁf
of Channel A on the basis of actual rather than ekpected~perfotmance.

When the signals are fed back over the,feedback channel in such a

P

1’«

manner that -they increase the deviation of the output from a ‘steady stdte,

- . ’ -on ’
positive feedback exists. When the- signals .are reversed, so that they -

decrease the deviation of the output from a steady state, it is negative

a

-feedback. Positive feedback alters variables and destroys their steady
states. Thus it can initate syétém:changes;‘ Unless limited, it can alter

variables enough to destroy systems. At every level of living systems

1

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 system alter markedly--perhaps to the extent that the system does
not survive. Feedback control always exhibits some oscillation and always

a

“has some lag. When the organism maintains its balance in ‘space, this lag
PR . . . : N

. .

-is  caused by the slowness of transmissions in the neirvous system, but is

<

only of the order of hundredths of seconds. An.organization, 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 somctimes 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 socicty at periodic

elections. They can, however, get. faster [eedbacks from the press, other

mass media, picketers, or demonstrators. Public opinion surveys can

£

G X . -
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accelerate the social feedback process.’ The'speed and accnracy of feedback 4

have much to do with the effectiveness of the adjustment processes they -

*

- mobilize.

12.2;2 Power. In relation to energy process1ng, p wer is the rate
~at Wthh work i° performed work be1ng calculated as the product. of a force

and the distanee through which it acts. The term also has another quite .

different meaning. In relation to informationlprocessing, power .is control,

. the ahilfty.ofvone system to elioit‘compliance.from another, at the same or
a'different‘level. A system transmits a command signal or‘messagevto~a
given address with-a signature'identifying the'transmitter.as a legitimate

' source of command information. ‘The message~isvoften in the imperative

mode, specifying an action the receiver is expected to-carry out. It
elicits- compllance at the 1ower 1eve1s because the e1ectr1ca1 or chemical

form of the s1gna1 sets off a spec1f1c reactlon. At h1gher 1eve1s the

a

.receiving system is 11ke1y to comply because it has learned that the

.

e transmitter is capable of evoking rewards or punlshments from the
- - : : 1 A

supraSystem; depending on how the receiver responds. = . s

L]

12.2.3 Purpose and goal By the information input of its-éharter
. 'or genetie input, or by changes in behavior brought about by rewards and
punlshments from its suprasystem, a system develops a preferent1a1 h1erarch&
~ ' "of values that glves rlse to dcc1s1on ru1es whlch determine 1ts preferencei
_for one internal steady state Value rather~than another. This is its purpose.
It is the comparison valuelmhich it matches to information reeeivéd~by’
Zinegative'fcedback in order -to determine whether~the.variab1e is being main-
tained at‘the'appropriate’steady state‘value. In this “sense ft is normative. .
The systcm then taLes one altcrnative actlon rather than another because

it appears most ]rkely to malntaln the steady srate. When dlsturbed this
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state is restored by the éystem by successive approximations, in order to
relieve the strain of thefdisparity recognized internally between the feed-

' back signél andithe'comparisbnlsignal. Any.system mﬁy have multiple purposes’

i f
o

;imultaneously. | B ' v ) -
A‘Syétem may also have an gkternal goal, such as reaching a target in
“space,~or.developing a relati;nship with any other system in tﬁe environment.
Or it may.haye séveral goals at the saﬁé tiﬁe. VJusﬁ éslﬁhere is ﬁo question
that.a guided missile_ is. zeroing in onva.iérget, 86 £h;re is no qgestion‘
that a rat in a maze is searching fé; the goal of food at its end or that

the Gréek,peoplé under Alexander the Great were seeking the goal of world

conquest. As Aéhby notes, natural selection permits only those systems to

':éntinue which have goals that enable them to survive in their particular

envirdnments.24 The external goal may change éonstantly, as when a hunter

. chases a moving fox or a man searches for a wife by dating one girl after
N . . . - > -

" another, while the internal purpose remains the same.

S A systemvs‘hierarchy of values determines its purposes as well as its

goals, It is- not difficult to.distinguish pdrposes_ffom goals, as thé terms
haﬁe_bcen used:. a boy has the purpose of keeping his body tempefature in’

the proper range and so he has the goal of finding and putting on his sweater;

L] B ’

Poland had the phrpose in March 1939 of remaining uninvaded and autonomous )

and so she sought the goal of a poiitical alliance with Britain and France

" 4in .erder to have assistance in keeping both Germaﬂy and Russia from crossing.

her bhorders.

-

12.2.4. Costs and—efficiency. 411 adjustment processes have their
costs, in energy of nonliving or living systems, in materiql resourggs, in

"%, iInformation (including in socidl systems a special -form of informationm,®

moncy, - often conveyed on a metal of paper marker), or’'in time required for

an action. Any of these may be scafce. (Time is a scarcity for mortal
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Adiving systems.) Any of these is valyed if it is essential”for reducing..
strains. The costs of adjustment processes differ from oneigi:another_and

. - : . 8 : : ) P .
from time to time. They.may be immediate or delayed, snort-term or ‘long-

term. - e : ‘ STl
How successfully Systems acomplish their pﬁrposes_can,be determined if
those purposes are known. A system S efficiencz then,'can bewdeterminedfas

3

the ratio of the success of its performance to the costs involved A system

“n

. constantly makes economic deCislons directed toward increasing its efficiency -

by decreasing-eosts and improving performance'or effectiveness.’ Economic

analyses of cost-effectiveness are in recent years~frequently‘aided by’
i . . . s

program budgeting. Tnis 1nvolves keeping accoun-s separately for each

subsystem or compOnentwthat carries out a distinct program. The matter- -

energy, information, money, aud‘clme costs of the program arewin such

3 -

Bt

analyses compared with various measuves of the effectiveness or performance
of the program. How efficiently a system adjusts to its*environment is
v determined by what strategies it employs in selecting adJustment processes

and whethex they satisdetorily reduce strains w1thout being too. costly

e

*This decision process can be analyzed by game theory, a mathematical pproach
to economic aecisions.v This is a general theoryfconcerning the best strategies

“ for weighing "plays" against "pay-offs," for selecting, actions which will,
1ncrease profits while decreasing losses, increase rewards while dec¢reasing
. punishments, improve adjustments of variable’ to appropriate steady__stater

~
-

values, or attain goals while diminishing costs. Relevant information

. - o .
available to. the decider can improve such decisions, Consequently such
information-is valuable. But there are costs to obtaining such infoymation.

. @
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13. Conclusion

This analysis of living systems uses concepts of thermodynamics, S e
iﬁformatioh-theory, cybernetics, and‘sfétems engineering, as well as
< the;qlassicalgconceﬁts appropriate- to each level. The pd}pose is to

produée a description of living structure and proceés in terms of input.

LY

'an& output, flows throggh'systems, gteady_states;'and fee&backs, which
will élé;ify ;nd ﬁnify'thé.facég of iife. In th; subsequent chapters"
theéé syétems cgnéépts will be applieq to a pafticular ;lass_of living

systems--éducatioéal systems..T Eyphaéis will be Blaced.;n.the pogentiai
- of é partiéular/class of artifacts--ﬁhe new ipfotmagion processing |

- technologies-~for improving the Quafity and efficiency of educatibnal

i . . . . 4
AN : programs and cutting their costs. N T

v
-
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| CHAPTER II . -

" THE LIVING SYSTEMS INVOLVED IN THE EDUCATIONAL PROCESS

. ) <

‘1. The Léﬁéls oflEducatioﬁal Sﬁstems

I3

. . -
How can the concepts of general systems theory be applied to

increase our understanding of the educational process in less developed

nations and our ability to improﬁe it? A number of levels of living

systems ‘are involved in this process, carried out by the associator sub-

system, i.,e,, the educational séctor (see .pages 37 gﬁd439 ) of the particulér
soclety in ; gfven couﬁtry.v )

__At the organism level, there are séveral sbrts of pérsons:, the
; student, tﬁe parént, the teachér,.fhe.péraprofessional teacher, the

administrator, and other employees of educational institutions. At

the group level: the class in the clissroom, the teacher and student
.in a tutorial session, or the studio team in an educatiopal television

station. At the organization level: in primary and secondary education, .
. . :

the school, and in higher education, the college or univeréity; also

, o
- at a higherlechélonl the school systém or the statewide educatiQral
agency which coordinates formal'educa;ion and ‘at times a partibf the
more~inc1u§ive,§onfofmal education. At the society level: thé national
educational systain, wﬁich exercises littleAcentralized coﬁtrol in tBe
United Statcs_butlis much more centralized in the Soviet Union, ﬁréziL, T
. . , .

. . ’ A X . L ,
and elsewhere. TFinally, at the supranational level: UNESCO, the

Economic and Social Council of theHUnited Nationsg iNNOTECH of ‘the

. 6'7 f
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eight Southeast Asian_nations, the Pan American Federation’ of Associations

of Schools of Medicine, and other such activities are producing the first
_ . A % R

>

glimmerings of intérnational coordination of education.
We shall now discuss in turn each of these levels of living systems
involved in education of less deVeloped countries; abplyiﬂg the concepts . - .,

outlined in Chapter I. ; R .vf

N
2. Level -of the Organism:.

I

The Persons in the Educational Process

AN

The central person in all of education is the student. During the

time he is studying, at school or:elsewhere, the needs of his matter-
energy processing subsystems must be provided for--food for his ingesfor;

" clothes and heat_éﬁ his boundary to warm all his subsystems; lavatories

.
.

for his éxtruder; walks, hallways, and exercige facilities for his motoy.

. . - Q
. There must be facilities for his information processing subsystems as

well——élassrobms for discussions, recitations, and lectures, and. to the
extent they can be afforded, artifacts such as books, television, o .

computerized prograuned instruction, and audiovisual aids for. his input
transducer, which sends information over his channel and net subsystem

-

to his associator; language teachers and language laboratories for his

decoder and encoder; academic advisers and counselors on’ personal problems

“
0

to transmit information over his input transducer and channel and net to

)
*

his decider;. classroows, auditoriums, and speech laberatories for his

. l

output transducer. - ' P . T
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Students are of different types—-males and females, children and
addlts,iETi-races;‘and many genetic strains. ‘Their different physical,

mental, emotional, and motivationalﬁcharacteristiCS mean that  they have

~ various needs which often are best met by individualized attention.

N o
-

‘Being human, stddents~havethigh1yicomplex nervous systems, decisions

being made at seyeral neural éqhelbns, from the local adjustment’ pro-

cesses of the spinal cord'up,td'the subtlest creative processes of the

cortex of the brain. As he matures each student must learn from’his .

[

parents and teachers how to govern or control (a) his subsystems and
components, his viscera and Other-drgans (Freud used the term "id" to
refer to such governance and the emotions and motivations related to

it); (b) his_éntire system (Freud's "ego")} and (c) his system Mn

relation to other persons in his suprasystem (Freud's "superego.") He
T A v : . )
must also’learn how to use the common as well as the new and sophisiicated

artifacts which are becoming more and more important in our modern tech-

nological society. No education deals with the whole student unless it

relates to.his mental, emotional, motivational, physical, social, cultural,

© L
o

and technologicalfadestmentsL:

Education is primarily an information processing activity of the

e

student,'inyolving many, and often'repeated, info;mation inputs to him

and outputs from him as we]l as much internal process1ng in h1s nervous

B
+

System. 1bus he learns Lo use 1anguage, thlnk, solve problems, make
~decisions, and adJust to the threats and stresscs of life. Education
invelves learnlng many facts but it is more 1mportant for the student

2

to discover where to find facts and how to make the adjustments required




O
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by a wide range of threats and stresses. One of Lhe things that every

E{educated person must learn, in one set of terms or another, is that -

adJusLments are more adaptive if they ‘are continually suchcted to checks

€

in order to discover whethér they QIE'Optlmally achieving their goals.

-This is accomplished by using negative feedbacks.q A soprano checks her

tones hyvplaying.back a tape recording she has just made. A student
checks his progress by the monthly grades on his report card "and, if
he is moLivated works harder in those classes ‘where he got the lowest

'

grades. An athlete considers his previous year s batting average in

-

deciding whether to try to make the baseball team again this year.

MR N

Even in early childhood students begin to learn about, power——how .

to influence others to do. what they want of them. This is a fundamental™
part of life.L:A person usually exercises power to accomplish‘his,own-

goals which are established in terms of his longirun bqrpoSes. . All of

this relates to the most intimate aspects of his personality,,his moti-

vations, and,his hierarchy of values. These‘are commonly learned more

»

“from informal and ettracurricular personal interactlons With parents, ‘

-teachers, and fe]low sLudents than in the class100m. There is no’

t ’ - . . . . s . .. o
: axraug,nunts makes such human contacts infrequent cannot accomplish

lndlcdtlon that LeleViSion or. the computcr or any other innovation of

k4 2

. cducdtional technology can in the foresecable fuLure substitute for

thlS pursonal touch., Any-edUcational system whose size or organizational

e -

one of its central missions. Anonymity is not the optimal climate for .

Co =
learning,. o

The individual student profits if, sometime in his education, he
becomes proficient in taking an economic approach to the plauning of his

; ' ' ushand s 5 C —={rié ‘help him
~life.  He must learn to husband scarce resources friends who can P 3

D
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his own time and money, and useful materials and services. He must learn

I

that for every benefit there is a cost and that it is to his advantage_to'i
optimize the trade-offs of costs and benefits:' This makes for efficiency

of personal decision making. Of course few human decisions are made.by

‘quantitative calculations. Often their bases

.

cannot even be stated. But

e &

B u

in actuality many personal decisions, especially qajdr-ones, involve cost-

1 : . - . . - .
effectiveness evaluations. Education can develop a student's skills in
making such ‘evaluations. b

S

.'thusva sﬁudgnt,maf be yiewed as a 1living system, as can h}s family,
his teachers énd friends, and the oﬁher éersonsAcoﬁéerned in_his;e6ucatiog;
Ordinarily, major_purposeé'and gdals-pf.all these are aitrgisfically centéréd

;on_helping‘the student in his léarning process. But they"éreiall hﬁmaﬁ
3 ' - . _ ] .
',Bgings intent also on.achieving their pérsoﬂal.purposésh Otherwise there
'woula néﬁ be tea;hers' unions; otherwisé some pérents would be more Qilling
] . . , -
than they-are to help their children with their homework. Anyone who wishes .
T to un&efsténq eduéation'éf any other social proéesé'must recogﬁiZe'that

. every human being tends €o optimizglfhé_achievémént qf his own p&f%oseé and

goals ,and ché§e caﬁn6t all be altruistic. Fortunately for sﬁudents; many ¥

of -them are.

3. ,Higher Levels of Educational sttems

i Table Z'identiﬁics.tﬁq~cﬁ3ticdl subsystems of educational systéms
~ (sce Table 1, page 37) at the levels of the grodp (a class), 6:ganization

(a2 school), society (a national formal and nonformal educational sx§tem),

and supranational system (an intcrnational system for sharing resources

-

. among countrics for formal and nonformal educatiom). .

CEEREm . : -
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65 Table 2
§
Level « . - Group " Organization ‘Society Supranational
. . e : System
(Class) (School) (National Formal (International System
‘ ‘- and ‘Nonformal for Sharing Resources
i ~ Educational System) | Among Countries for
- Critical . . | Formal and Nonformal -
Subsystem Education)
@\;&’\.,
Reproducer Parefits of students,]| City planning Writers of chartér ;| Persons, groups,
teacher, or’ para- committee for of 'national educa- | or organizations .
professional; neWw schools; tional system; from two or more e
teacher,- parapro- artifacts such persons Or groups countries who. )
fegsional, or stu- as writing who initiate non~ | devise charter for
dents who set up materials for formal educational | the international *
class organization writing plams, systems; artifacts | educational system;
and procedures; procedures, . such as writing artifacts such:as
artifacts such. regulations or printing . ‘writing or printing
. as vwriting materials for materials for
' materials for recording charter recording charter
writing these . .
uricing those AN
* - Boundary. Teacher that keeps’ 'éuards, janitors, '| Security guards, Security or nter-
out of class per~ | police; artifacts national police, national, system;
sons who do not like walls, gates, educators who - persons, groups, .
belong, admitting fences - travel abroad; or organizations
only class members; artifacts like who bring infor-
teacher who décides walls, gates, mation to it from
what the class shall fences nonmember countries;
- and shall not tead; artifacts like
. artifacts 1like walls, gates,
classroom walls, fences
doors ’ - -
'Ingestor Person who brings - Persons at infor- Persons, groups, or{ Persons, groups,
food or drink for mation desk; pr¥in- organiza;ions.chaf organizations, or
-class students; cipal or teachers; recelve supplies, societies that
person who brings admissions office; furniture, equip~- receive matter-
other supplies, ' personnel office; ment, or heat, energy or recruit
furniture, or electrical and light, or electric-| personnel to staff
appartus; person heating -engineers; ity for national the system or
who provides heat: receivings room educational system;; receive students;
or light; person - personnel; arti- persons that artifacts they use,
. who recruits facts like lobby recruit personnel ‘| like transportation |
students, of school, infor- and -students; arti-| facilities :
! teachers, or para- mation desk, facts they use,
professionals; receiving room ‘like vehicles .
artifacts like
area of classroom ° i
around door :
Distributor . Teacher, parapro- Buildings and Persons, groups, Persons’, groups, .-
: ‘fessional, or stu- grounds and main- or organizations or organizations
dent who passes | tenance depart- that distribute that distribute
out supplies, food, .| ments; electrical educational sup- educational sup-~ s
or drink to others -and heating plies and equip~ . | plies and equip-
in the class, engineers; busboys; ment, including ment, including
arranges furni- food -handlers; instructional aids,; instructional aids,
ture, Or seats artifacts like - as well as educa~ as well as educa-

new students;
artifacts like .
aisles in
classrooms

M

school hallways,
passageways,
stairs, elevators,
conveyor belts,
electrical wires
and fuse boxes,

‘steam pipes

r s
'

tors.and students
throughout''national
system; artifacts
like trucks,
railroads, air-
planes, and other
means of transpor-
tation 'used for

such purposes

tors and students
throughout the
international sys-
_tem; artifacts like
airplanes, ships,
and other transpor-
tation facilities
‘used for such
purposes

»
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(cont.)

Y ° . g o

' - Level - Group Organization Society . Supranational -
. l' . “ _ Systen
. (Class) (School) (National Formal (International Systeém
, . . and Nonformal for Sharing Resources
o 3 Educational System) fAmong Countries for

Critical {Formal and Nonformal

Subsystem Education)

" Conver ter Teacher or other” Cooks, electrical Persons, groups, Persons, groups,

* person who makes and heating or organizations or organizaticns
sandwiches for engineers; arti- _thdt generate that generdiz
students, prepares | facts like stoves, | electricity, electricity, r2fine

e ‘reagents for a cooking utensils, refine oil, or oil, or prepirz raw
chemistry demon- tools, heaters . . prepare raw materials for 2du-
stration, cuts wood . ' materials for cational equipment

N or metal for equip- educational equip- | and buildings to
ment, or cuts fire- ment and buildings | be used in the
' wood; artifacts - to be used in the system; tools,
such as tools used system; tools, machines, and other -
to do these things machines, and other | artifacts used in
' artifacts used in such converting
| -such converting .
Producer Teacher or other Cooks3 school Persons, groups, Persons, groups,

: person who makes nurses; main- or organizations or organizations'’
or repairs equip- . tenance personnel; that manufacture that manufacture’ —
ment, or who per- artifacts like or maintain edu- or’ maintain edu-
forms a chemistry stoves, cooking cational equipment | cational equipment -
experiment or cooks | utensils, tools and facilitiec for | and other“facili~-

. food for the class; - the system; nurses. | ties for the '

. teacher or para- and doctors in | system; artifacts
® professional who ‘system; artifacts such as manufac-
gives first aid to such as manufac- -turing machines,
student; artifacts . turing machines, tools,.or medical
used to do these h tools, or medical supplies used' for
things, such as supplies used for " | this :
tools, bandages , .- -’ this . =
. . : o . . -
“Matter-Energy || Person who stores, Storekeeper who Persons, groups, Persons, groups,
Storage .educational equip- stores supplies aqr organizations or organizations
ment, or supplies. and food; nyrse that store sup- that store sup-
of food, fuel, or who stores surgi- plies, equipment, plies, equipment,
first aid supplies; | cal equipment; fuels, electricity,| fuels, electricity,
artifacts such as maintenance” and and other essen- "and other essen=*
closets, cupboards, buildings and tials for the tials:-for the
- ) or bins for such grounds staffs - system; warehouses,| system; warehouses,
T . . storage Lo that store tools, storage- tools,'stotage
' general equip- rooms, batteries, rooms, batteries,
ment; artifacts .| and other storage and ether storage
1like closets, artifacts . artifacts
store rooms, ' L E
. / | shelves, con-
s B i tainers, park- . ()
ing lot . , ’
Low . -
] - N , 
Extruder Person who carries College officials Persons, groups, Persons, groups, )

ERI!

waste or trash out
of classroom j.per=-
son who directs

or forces a student
or someonc else in
classroom to léavey

- ,eacher who passes

or fails student
so he or she leaves
class; artifacts
like waste basket

who graduate or

- fail students;
" persons who put

out garbage or¥
trash; mairite-
nance men; arti-
facts like trash
or garbage canms,
brooms, damp
trucks

or organizations
that didpose of
wastes, trash,
sewage and gar-
bage of the system;

" that remove persons

from its buildings,
discharge employees;
that graduate or
fail students;arti-
facts 1like vehicles,
sewers, smolkestacks,
and other equipment
used for this’

or organizations *
that dispose of
wastes, trash,
sewage, and garbage
of the system;

that remove persons
from its buildings,
discharge employees;
" that graduate .or
fajl students; arti-
facts likc vehicles.
sewers, smokestacks,
and other equipment
used. for this .
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. R 69 . Table 2
. (cont.).
Level Group * Organization * Society - Supranational
. o - . . System
(Class) (School) (National Formal (International System
’ and Nonformal for Sharing Resources
. ¢ Educational System) | Among Countries for
~Critical Formal and Nonformal
Subsystem ’ Education) . -
) ' - E :
Motor Person who' trans- Drivers of college | Persons, groups, Persons, groups;
' ports class to or buses or trucks; or organizations | .or organizations.
from classroom or artifacts such as that operate - that operate
moves it to some " cars, buses, vehicles used by - vehicles used by
other location; trucks system to move system to move
- bus or other arti- facilities or facilities or
. | facts used to' con- components of components of . -
vey the class © " system; airplanes, | system; airplanes,
’ ships, trucks, ships, trucks,
“ railroads, or ‘railroads, or
other artifacts other artifacts
" ‘'used in such .uged in such
movements movements
)
"Supporter Persons who build . Construction Persons, groups, Persons, groups,
- and ‘maintain the workers who and organizations and organizations
classroom and its build or alter that build and ‘that build and
. furniture; arti- school buildings, maintain buildings,| maintain buildings,
facts such as the -or landscape its platforms, and platforms, and
room itself and grounds and build «ther facilicies . other facilities
its furniture its walks and as well as main-- as well as main-

. roads; artifacts tain its land; - tain its land;

B such as school - artifacts such | arctifacts such as
buildings and as tools, machines | tools, machines
grounds, walks, used in these . used in these
roads processes processes

‘Input ‘Teacher, para- Guards, telephone Persons, groups, "] Persons, groups,
professiomal, or operators, mail or organizations. and organizations

Transducer

at times student
who brings infor-
mation to class in

- spoken or written
form; artifacts

. such as books,
journals, radio,
TV, or equipment
of other media
that input
information

clerks, public
relations office;
board of trustees;
adminiscrators;
faculty members;
students; library

acquisition staffs;|

collectors of tui-
tion and fees;
artifacts such as
mail boxes, tele-
phone equipment,
TV and radio
receivers; cash
boxes, safes

that bring into
system educational
and curricular in-
formation, facts
about the nation
and the entire
world; artifacets
for conveying or
receiving such

1.

. information, such

as books, journals
TV and radio
receivers .

that bring into
system educational
and curricular in-
‘formation, facts
about the supra-’
national system and
the entire world;
artifacts for con-
_veying or receiving -
such information,
such as books,
journals, TV and .
radio receivers

R
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. . (cont.) -
- Bevel - Group Organization Society Supranational.
) System
(Class) (School) (National Formal (International System -
o . and Nonformal for Sharing Resources
Educational System) |Among Countries for
Critical ’ : Formal and Nonformal
Subsystem " Education)
- Internal One or more members Persons. or units Persons, groups, Persons, groups,
- . Transducer of class who are of school which and organizations and organizations
. spokesman for some ‘make reports to that make reports that make reports
or all students, supervisors; com- to superiors about to superiors about
reporting what mittees of stu- internal affairs internal affairs
they feel, think,: dents, ' teachers, of system; persons of the system; feed-
or are doing;: and . administrators;| .providing feedbacks| backs from students
artifacts like department heads; from students and and teachers on. the
. writing materials bookkeepers, con= teachers on system | system's operations;
used to make troller's office, operations; re- national delegates
‘ such reports payroll depart- gional delegates who vote on system
ment, accountants; who vote on system;| policies; computers
artifacts such as artifacts such as used ‘for compiling.
- computer used for computers used for | management infor-
. compiling manage- compiling manage- mation . Co
ment information, ment information,
. business machines, | business machines, -
¢ telephones, type- telephones, type-
writers, other writers, other
B writing materials, writing materials;
closed-circuit TV, - o
time clock, sug- R
gestion box
Channel Each group member Administrators; ‘'Persons, groups, Persons, groups,
and Net who communicates telephone oper- or organizations or organizations
with one or more ators; communi- that operate and that operate and N
, other members by cations main- act as nodes in act as.nodes in
- speech, gesture, tenance men; .- national communi- international tele-
or writing; arti- secretaries; cations facilities communications used
s | facts such as faculty and staff uged for educa- for educational
audiovisual aids, members; students; | tional purposes, purposes, such as
books, slide pro- artifacts like such as the mails, the mails, radio,
jectors, paper, books, slide pro- | radio, TV, tele- TV, telephone,
pencils, pens, jectors, paper, .phone, banks and telegraph, inter-
chalk, black- pencils, pens, financial institu- national moniﬁa?y ’
boards, used in chalk, black- tions; artifacts exchanges; arti-
{this communi- boards, tele- used in such pro- facts used in such
cation phones, closed- cesses, like processes, like
clrcuit TV wires, cables, wires, cables,
: . $ . satellites satellites
'Deéoder Person who trans-— Persons who pre- Persons, groups, Persons, groups, B
lates from one . pare reports on - or organizations or -organizations .
language to another, technical and that translate that translate
or from writtén to other difficult. educational ..educational
spoken speech or topics, putting materials and materials and =
vice versa, or their contents communications comnuriications from
explains meaning into simple terms from one language one language to
of words; arti- for students or to another, or another, or into
facts such as - others; persons into simple terms simple words for
dictionaries that who translate ' students or poorly
&) assist decoding from one language educated; artifacts
to another; arti- like writing equip~
facts such as ment used for this
° dictionaries purpose

«
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73 Table 2
{cont.) -
\ . ] i )
\\\ Level Group Organization Society Supranational
. System
v (Class) (School) (National Formal (International System
% N\ T ‘{ and Nonformal for Sharing Resources
. N Educational System) | Among Countries for
Critical ° o . . Formal and Nonformal
Subsystem Education)
Associator students who learn Administrators, Officials,. groups, | Officials, groups,
N : to combine bits of curriculum plan~ or organizations or organizations
information into ners, teachers who | ‘that leadrn from . that learn from
knowledge or. skills; assist students in | previous experi- previous experi~
teachers or para-’ learning or develop| ences of system ences of system
professionals who school procedures; | and feedbacks from| and feedbacks from
help them or who artifacts like its components and its components and
learn how best to books, journals, environment, and environment, and
arrange class projectors, teach- | consequently alter | consequently alter
prohedutes; arti- ing machines, TV its structure, its structure,
facts like books, sets, computers, policy, and policy, and
. -journals, projec- computer terminals | procedures . procedures
" tors, teaching used in such :

machines, TV sets, associating pro-

computers, computer cegses

) terminals used in
such associating T

. % || processes )

Memory - Teachers, parépro- File clerks, book- | Persons, groups, Persons, groups,
fessionals, students,| keepers; secre— or organizations or organizations
who remember infor- | taries, librarians;| that maintain for. that maintain for

> mation; artifacts computer experts; the system the system archives,
‘that store informa- artifacts that archives, files, files, libraries,
tion such as books, store information libraries, data’ data banks, sets
? journals, maps, such as. books, banks, sets of of instructional
pictures, charts, . journals, maps, instructional materials, or who
files - pictures, charts, materials, or remember facts
files, libraries, who remember relevant to the
data banks, com- facts relevant system; artifacts:.
puters to the systenm; they use, like
’ artifacts they files, books, -
‘use, like files, journals, book
books, journals, shelves, computers:
- book shelves, Ca - @
computers -

Decider . Teacher, parapro- Board of trustees; | System executives System executives
fessional, and in principal; depart- | and their staffs; and their staffs;
some classes, stu-. ment heads, some policy~making international
dent or students .students, secre- ‘boards and com- ~.represéntatives,

\ ‘who determine what taries, staff mittees; also may poliéy-making
the class does; members; artifacts be decentralized - | boards and com-
artifacts such as such as writing to teachers and _mittees; also may
.pencils, pens, materials, black- other personnel be decentralized
paper, chalk, - Mgggsgg,_chalk, in system through- to teachers and

’ blackboards used *1"computers, cal- out the country other personnel . _

| by teacher, para- " culators, abacuses in system in
professional, or different
students in - countries
decision-making )
processes

1

—
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N’*‘n; (cont.)
‘Level Group ..Organization Society Supranational
N\ ' . o System
(Class) . (School) - (National Formal (International System
. ' and Nonformal. for Sharing Resources
Educational System)| Among Countries for
Critical . Formal and Nonformal
Subsystem . Education)
Encoder Teacher, para- Chairman of board Persons, groups, Persons, groups,
professional, . of trustees, prin-| or ‘organizations. or organizations
student or students; cipal; department that prepare that prepare .
| artifacts such as heads; ‘some tea- of ficial publica- official publica-
dictionaries, .- | ‘chers; artifacts tions and reports tions and reports
1 pens, pencils, such as dictio- of the system, of the system, .
paper, other naries, paper, like catalogs; - like catalogs;
.writing pencils, pens, writers whoe writers who pre-
materials typewriters, prepare speeches pareAspeechesvfor~f
o duplicators. for spokesmen; spokesmen; spokes-
' spokesmen and men and public -
. : public informa- information
tion officers; officers; artifacts
artifacts they ' they use, like
use, like paper, - .papet, duplicators,
duplicators, typewriters
. typewriters
Output Teacher, para-. Educational Spokesman for Spokesmen for
professional, administrator, national system, intérnational

© Transducer

student or students
or graduates of

‘clase who make

written or oral
reports for or
about the class;
artifacts like
typewriters,
public address
system, paper,
pens, pencils

teacher, or other’
-spokesman who
speaks officially
for the school;
business ‘officer
that pays its
'b1lls; graduates
of school; arti-
facts such as’
typevwriters,

" microphones, radio

_or TV equipment,
public address
system, printing
presses, duplica-
tors, mailing
equipuent used”
in making or
issuing reports

such as Minister
of Education;
operators of edu-

* cational broadcast

smedia; typists and
printers who put
out reports from
system; graduates
_from system; arti-
facts like TV

" equipment, print-

ing press, micro-
phone, journals
used in making '
reports

system; operators
of international
educational broad-

cast media; typists.

and printers who

put out reports
from system; grad-
uates from system;

- artifacts like TV

equipment, printing -

.press, microphone,
journals used in
making reports

Kl

-

L]
%

Table 2.

The Educational System (

\.

.
i.e., Associator Subsystem)

of ' Each of Four Levels: dfoup (a Class); Organizacioﬁ (a School);

Society (a National Educational System); and Supranaticnal System

(an International Educational System). .

N




4. Level of the Group:

The Class or. Tutorial Sessdon

°

brdinarily the fundaﬁental'educational process is:face~to-fape-—the
simblesé‘form being the tutorial relationsbip of one #eachér or-cdhnselor
and one éupil, Mark Hopkins oﬁ one endvof a log and fhe'stu&ent on ;he
'othe;. More typically thgre'ié one teécher'and 20 to 30ﬂstﬁdents,‘al
classroom. Thé claﬁfréom is mgde.of:ﬁélls, floofs, and ceilings,rﬁaterial
artifacts which constitute the supporter sub§ystem éf‘the group wﬁo‘s;udy
in it. In aﬁd outAof'the classroom matter musﬁ flgwf—étudents,.teachers,.

~school books, the hardware of audiovisual aids, other supplies--and so

must energy--heat and lighé. These flows change over time. But.the most

“

- —important flows in a classrqom are information flowé—che_information in

the books, on the television sets, and in the interactions between the
students and the teacher.. These information transmissions are-integral
to the fundamental learhiﬂ% process. They also are the means whereby

14

tﬁe’teachér_méintains discipline and coordin;tes the students who are
cdmpéﬁents iﬁ the concrete }iy;hg system which is'tbe,CIaSS' ,
Tﬁé‘épafiél‘égructure of the class importangly'influences its
processes, .If students afé seated at desks»facing the blackboards or
teleVision'éef, their interactions are different than if they are
arranged in a circle or if they are stationed at laborafory benches.
The e}aésroom»proceés varies also with the content'of the information—
discﬁssed and fherteacher'g apprSach to ihterpe;soﬂal reactions, whichf

1

is often dictated by the teacher's philosophy .of education.

N
o,

78
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" help of the bell and the clock which signal the times for class periods,

78

-Ggaup"léarning situations differ in type: some are lecture » S
seétioﬁs, some discussions, somevlaboratéries, some -field trips, and
some are extfaEﬁ?iicular or nonformal groubs. The typical‘class*is a RS
face—to—fade éroﬁp and so it does not have echelons, but occasionéin
azlafgé class orgénizes into échelons. Th; suprasystem of the class
is‘an organization, the schoo;, and its subéystem is the individual

student or teacher.

Within the class there are'numerous sorts of transmissions. Matter-

energy sﬁch as laboratory equipment, experimental animals, or chemicals
may be distributed to all the students. .Information is processed when
the teacher aské 4uestions and the students reSponé, when the ;eachef
writes problems on the blackgoard and students solVg'them on their
?abers. )

Also various.softs of steady states are maintéined'by the ciass.

Ordinarily the teacher exerts the dominant control of these. With the

the teacher determines when the class begins and ends. The teacher

usually divides the time available to the class.more or less equally
among the students, recoghizing who is to speak, -keeping the entire
class in adjustment by urging some studentsto talk more and'quieting

¢ .

those students who speak too much or out of tu-n.
" Often the teacher varies the rate of information processing,
scnsitively reacting to signals in the spudents' cxpressions and

comments, which indicate how fast and well they are learning. A new

topic is mot taken up until most of the class have mastered the

previous one.
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Usuaiiy the teacher wields the primary pdwef in the,class; bﬁt:often,
as the studentsiﬁgt dlder and’enter the higher gradés, this po&er,is dimin-
ishéd. Sometimes students re;olve conflicts among themselves, but_oﬁten the
teache; must stép in aS the deﬁider in the group. The,peacherAiS trainéd'to
understand the overall purposes of tﬁe course being taught and tb.set day-to-
ddy and mpment—to;moment goals to.accompliéh thése pufposes‘

Of course there are significant costs in the functibning of any class.

» . v a3

First there are the origipai capital costs of building the classroom. There

.

are the operating costs of light, heat, supplies, and repairs. ‘There are also

the costs of recruiting, training, and equipping the teacher and of the infor-.

mation-processing media which bring,information to the class. There is the
salary of. the teacher and any paraprofessionals, administrators, or staff.

also costs in human time which is spert

Besides‘the money expended there are
at phe é;hool. Since it is possible to evéiuate, af least roughlyt the éffec-
tiveness>of a singlgvhogr in cldss or a singlekcogrse, cost—eféectivenéss

What are the critical subsystems éf thé;libing'system known as the ;laés?_
The student who hdlds opeh'the classtoém door so others can enter or goes
out to call in his fellow students at the beginning of class is papgtof the
iqgeétpr. The teachex or child who diétribdtes'fruit or milk in kindergarten

is part of'yhe distributor. The assistant fesponsible for the stock of

glgsswarc and cﬁemical reageﬁts in a high school laboratory is.parx bf thé
mattér4enéfgy storage subsjsﬁcm. The student who épens a wiédOW'or door whep
fhé clags gets Eoo hot is part of the exfruder.

The Lnformation,procgssing'subsystem$ arc more central to the main
pgcp@gos of aﬁy educationﬁl'gropp. The child who.cémes in and reports on

- I
his expericpecs over the weeKend in "Show and Tell" is a component of

80
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the input transducer. The girl who reports that the boy behind her is

~
N

sticking her with a pencil is part of the internal transducer. The

channel and net includes air through which the students talk as well as

the examination pépers they hand in to the teacher. Often the teacher
alone is the decider, but at times some or.all students may join with

the teacher in this group process. The report from the teacher to the
. . o M

principal on how the class did that week is an’ output transducer’ func-

tiomf. - . : -

'All the above concerns formalkedhcatidnal groups. More education
6 SR :
is nonformal than formal. In a few cases nonformal educatioa may occur
in groups, as in families, youth groups, or éommun{ty groﬁps in a village
. ' o ! .
square. Such groups make some sort of rough delegation of functionsvlike
those ovaradifioéal'glasses; but:théir structure is'md%e.éhéngeable’énd
looéer. Those with agéess to the information, ‘the older or mofe experiencedQ
in general éontror the group and inform the yoﬁnger or iess experiencgd.
Much‘nonformal education, of co;rse!”goes on inﬂindividual-persons‘work—
-ingjindependently. | :

5. Level of the Organization:

The School., Co,l'le:’gcgJ or UniVersity v o A .

©
e

5.1 The school. A school is a system whose components or subcomponents: -

are ‘classes in classrooms, administrators in offices, workers in storage
. v * ’ . . o
" areas, cooks and waitresses in cafeterias, and maintenance personnel through-
R ‘ . . . ’ '
. o,
out. It is usually part of a school system, which is 'its suprasystem. ..
. - ' .
Schools are open system$ into which resources and people~~studénts and

1%

' cmployces—--come and from which students graduate and the egployees leave

4 . »

after a period of time., The processes which a school purposes to bring

PR
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about are irreversible learning processes. A school is in some ways like

h,

a job shop in which students are processed from station to station, from
> M ) B L .
one learning experience to another. The experiences of various students

are similar but not- identical. Nor are their order and timing identical.

’

S

If é'sch061 succeeds in individualizing instruction, a student's behaQioral'
and éogﬁitiye changes are the key~determiher of the timing.

‘ Aischool is generally housed in a supporter subsystém.artifactf-a
building or a set of buildings‘op:soﬁé real estate, all tegether occupying
physical sﬁaca. This physical ‘'space id impor;ant becauée it limits expanéion
and restricts the'si?e of auxiliary facilities such as foétfall fiélds and

,= ' élaygrounds. Building afschpol a}ters arrangements in physical space, but
it also changeslfhe Spaécs of abstracted syste;; in which it is located, €8s
commuhiﬁy structure or relationships. It becSmes ﬁhe'lpcus of many, community
activities, such as the Pareﬁt—feachers Association which allow citizens to
cooperate for the purpose df‘helping thg school, It allows certain'membérs'

AofAﬁhe cémmdnity to exerc;se initiative and leadership and derive a variety

of'benbfité from that kind of pafticipation.ﬁ It also.becomes the center gf'
- aipolitiéai unit for those persons who are concerned with fiﬁancial and

oghér support of that school. It aﬁfécts real'estéte values in its immediate

_sur;oun&iﬁgs. | |
. . Time is a'fhndamenial dimenéiqn in schools. In some an established
. ' ’-prucvguze‘of rinéing bells divides timé into regular scgmentsland-indicates
Lyo'liﬁits’df.clnss periods. The class programs and majof activitics are
scheduled in terms of the days in a school year céjendqr. ‘One recent change -

fu many schools has Been flexible scheduling, basced on the developments in

ERIC SR N
| mmEes & : ’ :




individuai.classes;; The avaiiabiiigy,éf médiagwthe use of closed circuit"‘\\"'“

and broadcast educational telgyision“has.aaded mbré.fléxibiliti to’some\ %:f Q\\

'aspectE“Qf school processes but hoféyrigidity;t;fbthefs which are depend;ht {(
on‘tﬁe timing ofibroadcastg.“ The morekindi§idﬁalizedfinstrﬁction.with books) \QA
. . } . . . S

Lo cassettes, or dial-access tape laboratories that is available, the more flexible

e a® R - .
i ] ) .. C . - - .
Coa can the scheduling and operation of the school be. i
o . ' > -. . : i ..
. e " In common with most other organizations schools process matter-energy. .

ASY

As any‘schobi principél.kngws, planning’ about mattér—ehergy'strhctureé and -

procasses comes first whenever any new school is being constructed. The
. architect designs the walls, floors, rpbf, and other parts of the building
; _ Lo . ;

~ o ~

and the contractor, constructs it from chQSe plans. Fuel is commonly brought
i . 8 . - o

in to provide heat when it is cold and, in some parts of the world, electfiv
. . . g() .. M . . :'l . . .

city to provide light and power. ‘Thereﬁare a;so_often'iﬁputs!of water, food,
equipment, and chef supplies ard outputs of gérbége and se&agéﬁ " Over time
o . R . . + R ’_ - E ’ .

students.coﬁe and students go. : : '
Infbrmatidn ffanéactiops, however, are the main business of a school.
In addition to~§hg diféct inf;rmation iﬁteractiGnSjwbich Qqur between feacher
andjsthdént, the adﬁinistration and'ope#ation 6f_the scﬁdol a; a whale(require
« : : “* :
many types of informatibniklows; Operational information is neeéed to coor-
- . _dinatekand‘plan ;he éducagioﬁal process. ‘Inférmation isfcoliectea.qn éuch

mitters as pupil attendance. Such data are important as operdtional indices

and for fiscal and administrative purposes, since in many schools, the amount

: of revenue received depends on them. Payrnll'information must also be col- 4

‘. . '>;, N - - . [ '

- -+lected. Additional information is necessary fotr scheduling progrars of & . -

) . . } ». . . . ' » _. . . .
students, teachers, and, facilities. o e T .

-

e
. =
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All the variables in a school are never intsteady state. Adjustment
processes recacting to negative feedbacks are continuously active.-

occur within the SChool in many channels between the principal,

Numerous adjustment processes are-: requ1red to keep the school operatlng under .

"

-

¢ 4

and the students, as well as the parents and.the c1tlzens of .the communlty.:

these many forces. W : . L e

In onefroom-schools the teacher is' the chief decider. .

power and conflict are critical problems.

;. . v .
In larger schools

In many of them toda&, decision-"

o . P

makihg'pOWer is chiefly wielded by the teachers. The principals.or other

administrators are faced with the difficult position of being expected to‘

resolve confllcts and brlng about dec1s1ons to keep- the system 1ntegrated

4

which concern teachers, ove‘whom they have little control because of the1r

tenure,

teachers'

- b

unions, schoplwide curricular deoisions,fand a suprasystem

‘which makes the decisions'allocating,major'resources.” Often the principal -

feels that he is little more than the school's outpuit transducer--a public

relations man.

cipal or headmaster may be the key,poyer'fiéore. Confllcts also occur

Of course, in small .schools, or iﬁdependent.ones, the‘prin— o

between outside and inside groups .such as uhions‘and faculties;f Confliots

-

. . . . . 'lt'.'". 'v‘> .;'v
also occur inside schools between students and teachers. -Interpersonal

counflicts within the'staff have always existed.

The purposes and goals of a- glven school relate to the overall plan_ of

its suprasystem, ‘the school system.~

thdir résources to maxrmlze the educatlonal ObJ et

system.

RS

Typically these purpbsea and goals, of quite different sorts, may

Feedbacks,

_the teachers,'

Ind1v1dua1 s&hools are expected to apply

ives set forth by the school
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“be divided into: (g) educational objectives, such as preparing a student
for a vocational school, teaching vocational skills, preparing a student for

college; (b) social skills, such as good citizenship, developing good con-

sumers and respons1ble c1tlzens, (c) econom1c service obJectlves, vsuch as
keeplng the students oif the streets, babys1tt1ng for worklng mothers, and
other such actiVities, and (QX cgmmunity servi%es, such as_PTa.or nonformal’
euucational programs in the late afternoons orkevenings, and-meekends. The
physical plant is often used by the community also,'for recreation and‘enteré

. § - )
tainment, for sports, movies or plays. ' : - - N

Costs of a school 1nclude use or expendlture of scarce resources such
as materials~-foods, equipment,. supplies; energy——light, heat, fuel; infor-

mation——books, audiovisual and other "instructional aids; budgeted funds;

. human time of all personnel in the school and many in the community. When

these inputs are measured and compared with output measures of achievement
_ oL , . ) _
hf purposes and goals, cost-effectiveness evaluation of.a given school is

-«

at leaot roughly posslble‘ Effectiveness can be measured in terms of the
number of students who graduate, the.number who go to college, the number
Who drop out, how well.students do‘ln COmpetitive e%aminations, how well
they do;in»getting and holding‘jobs, measure of changed attituﬂes and -~
behavior,'crime'rates.among students‘and:graduates, and other lndices ofi

undesired social,con&itions among-them, such as narcotics addiction, ill

health, or poor houSLng.. \

The cr1t1cal subsysLems of a school may include guards who protect

and maintain_the boundary; the'admissions office whose personnel register

®

new students and so are components of the ingestor; workmen who cart

equipment to various rooms in the school, parts of the-distributor; the
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cooks in the cafeteria, gomponénts ?f the converter and the produdef;
- . N ' . ‘
,t . the bookstore clerk, part of the matter-energy storaéb subsystem; ‘and the

janitor, a component of the extruder. As to ths information processing .
subsystems, the student, teacher, or the technician who operates the

educational television controls is a unit of fhe’input transducer; the

<

teachers, paraprofessionals, administrators, and students all partidipaté“
~ din the channel and net; the librarian is part of the memory; the ptincipal

and teachers jointly constitute tihe decider, with the principal more in
- control in some cases and the teachers more in control in others; and the

S

principal and often the teachers are major components of the output trans-

ducer.’

5.2 The college. A college is a concrete living system wi@b a
8. ’ i : : . : 4 . '{_. .
 structure usually clearly picturell in maps of the college. The process
in that structure is often vigorous and always complex.

There are various types of cdlleges; classed by'the content they -
study——é.g., general education, engineering,‘br law--by number of components,
. and by form of orgahization. The suprasystem of some colleges is a university.

For independent colleges it is the communify of which they’are a part; The

components are'aepgrtments, usually representing ‘separate academic disciplines,

- t . ; M le ] ) ." o’ . I3 ‘
and othéer units such as student unions, fraternities, dormitories; and field:

i “

stations.

' ’ ‘
P & B

.~ ° A college has as.its territory the campus. Within its boufidary are

arranged clusters of matter which are its buildings. Into this campus
enter many forms of nonliving and living matter--bricks and mortar, furniture,

.
a

‘equipment, supplies, food, automobiles, bicycles. Also animals and human
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for neariy three.

:to all parts of the world.

" or clgdtly outlined.

eRic

B beings enter. Aﬂd-there are outputs of such things as well; some, like the" :

graduates, are the products of the system. Others ‘are wastes. All the

structural .configurations and processes of input and output change over e

time. This change may be slow, for many colleges are traditional. They

often-endure a long time. S6me European colleges are éenturies old. Even

in America Harvard CoJ{ége has lasted more than three centuries and Yale’

- . -

As at allzother levels of educational systems, the types of.processeé

which are most important and characteristic and which chiefly accomplish

. the pdrposes and goals of the system are the information'processes. Infor-

mation flows into a college from all over the world--by scholarly jcdrhals,. -

\

books, radib,:television, the mails, but alsd by visitingfscholars, students,

and.othcfs who come .there fof vérying lengths of time. Thefe are many .
'patternS'bf info;nwtion conmunication gnd storage_&ithi; the system. These
include interactions‘améng stddents and fadulty, lgarning by faculty and
studenfs, storage of memories in ﬁuman beinfs and libraries, and'ﬁublication
of.gnowlcdge through-bobks, br%adcas;é, ahdyﬁravel of professors and gréduates

Some colleges, like a Jesuit seminary or a- school of agriculture and ‘

mining, are quite clear about their purposes. - Qhers, particulafly those

N

~concérned with general education and the humanities, are less certain. Never-

_?theless,\;héy appear to set goals_whibh lead toward certain purpdses;_vaguely

I3 .

- -~

1
. .

Any faculty member or administrator of a collég& who has ever made a
. . N ~T N

budget knows that all the college's processes involve costs in matter-energy,

7

intormation, and time of the human beings involved. Consequently it is possible

87T ..
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.putposes and goals are shbtle."Much'thought has been given to this problem

to ‘make cdét—efféctiveness'evaidations;of how well the system is achieving

"ifs longZrange pdrpdSes and itsvshort—rangé goals. The measuremenﬁfof

2

effectiveness of such a system is by nd means easy because the organization's

. N o ’ ‘ . i
of evaluation, however, and this effort has resulted.in some progress.
It is not hard to identi%y the critiéal subsystems of a college. The
police who guard.it are involved in its boundary'subsysteml Those who bring

»

in the necésséry books, sﬁpplies, fuel, and food are parts of its ingestor,
and the drivers of the délivery trucks and pdrters wﬁo take such things'to
all parté of its campus are»components'of its_distributor. In ciosefs,
pantries, and bookstores it h;s mat?er—energf storage. The coqks, heating
engineers; and Carpenters are components of its converter ;nd producer. The
driversvofvthe trucks fhat ;;mové the_wgstes are pai;s of the extruder.

In thé informa%ion‘processing'subsystehs the~Dean‘of Admissions and
‘the mail clerks are parts of éhe inpuE tranqﬁuéerffThe Dean pf Student Affairs
does much of the interu;l tranédugiﬂé,.learuing how the students fgel‘ébout
various aspects of their college life.' Both'students‘and teachers gre‘
involved in.leafniﬁg>and are:components of‘the associatof. Tﬁe scholars and
librarians-are parts’of‘the memory. The department chairmén,ldeans,'and
presidents help to‘muke up the decider. ihe,aAministfation'of tbc college
useé its power to maiugain'the appropriaté adjustﬁents bgtween Ehevstudcnqs'
.demands’for power and accdmplishmcut,*the fuculty!s.demandé, and tﬁé demands

~

of the other components in the total system. The officers of administration

“constitute a major component of the decider, which may often be dispersed

to include others as well. They make their decisions in the light of many

~
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feedbacks wﬁich they receive from all parts of the system and its environ-
9 o . ) . .
ment. - Often they find. themselves involved in the resplutions’ofwinter-

Y

-personal and intergfoup conflicts.

The administration also is a chief componedt of the output transducer. ’

- With cooperation of many other compohehts, it maintains a steady state

o

relatidonship between the- system and the suprasystém; throughnpubliq state-

-

ments and press releases, and various interacﬁions with the alumni and citi-
zens of the community. The facdulty who publish and go forth»to lecture, as
¢~ : : ;

well as the trustees, are also components «f the output transducer.
¢ .

Nonformal:higher educationbby cofresppndence courses, home étudy, and
' tgievision has expanded as the concgét of lifetime 1earnipg'has fﬂceived
incréased curreﬁcy in both estaElished and less deVeloped countries. .fhis
is conducted in a more flexible sfructure than that ofoa typical college-

described above. Students of all ages aré accepted; prerequisites .are

often waived; examinations sometimes replace courses; students do not follow

" fixed time schedules. But the processes of the system are in other ways

.o . . Y.
Cw -

usually much the same.-

5.3 The university. Obviously é.universit& is not fuh&amentally
different from.akcoliegc ds a living system.. If ié'usually~larger, more
variegated, more sophisticated. Becagéc Sf fhe{r size and variety, as
universitiesvhave grown from colleges they ha&e developed,more and more
~echelons. 'Somc collegésﬁhave only depértmcnt chairmen and a president.

. : , . ’
But long ago deans intervened over department chairmen, and in the last

20 to 30 years provosts, chancellors, vice chancellors, and vice presidents

X




EN

Q

ERIC

PAFullToxt Provided by ERIC

89

°

have also flourished. Academic structures have become much more complex -

~ with componénts, subcomponentsy and SubsubcomponehtS‘hcolleggs, departments,

and units of departments, asvwellkas institutes, centers, andgintercollege

programs,

* .

. : ‘ . -
As the systems have grown in size and complexity, decision processes

have been decentralized and the systems have demonstrated less integration.

L ..

The major programs or components usually represent content areas or disci-

plines—-categories of information processedéiinstead of functions, which

components almost always represent in large industrial or governmental
organizations., Although the boundaries of university departments at first

are often sétvby subtle academic logic, and so surround abstracted sys*:ems,

eventually the different components so separated grow into semi-autonomous

concrete syutems--groups of people.

Management information systeﬁs are being used'for the fifst time in
recent years’to;evéluate the cost and efféctiveness oprrogréms of higher
education, 'The costs afe easier to determ;ne than the effectivenéss, but
to some exteh§ arbitrary criteria have been set up, like . the hatipnal
ratings of the.quality of gradﬁate'departmépts, the number of their publica-
tionigbor‘the pumber of°their graduates who pass'prdfessional examinatioﬁs.
These measures,.though subject to criticism and'cleafiy unsophisticateg,
are first steps toward more réligﬁle effgctiveneés evalua&ion.

Thg ?;itical subsystems. of universities aré siﬁilar‘to gﬁose éf

colleges. The main difference is that the decider subsystem is much more
! ]

decentralized.

90
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Nonformal education is beginning to flourish around the world in
universities as well as colleges. The British Open University,.imitated

in several othér countries is the paradigm.

6. Level of the, Organization (Higher Echelons) :

.

The School-Syétem or Statewide E&ucationalvAgénqy”

L
.

The structure of a school system or statewide educational system is
much mnfe complex than that of a §chbol, coilege, or some universities.

Some decisions are centralized and others are decentralized. Some very

large systems have several hierarchical echelons. The proceipés involved ~
o= : A ~
" are those of plannlng, control -training, logistics, acquisition'of educa-

tional matcrials, and development of common services to serve all components

- of the system. B

The suprasystem is the community or the state. Altogether these higher
- . . . ’ ’
echelon educational organizations constitute -a major part of the associator

“

. subsystem of the community or state--at least the formal part of it.

The matter and energy of a school system or statewide educational agency .
include all matter-energy in the organizations which are its components and
their'artifacts. In addition there are school’ bus transportation facilities,

warehousing and shipping facilities,ﬁand other services which uﬁzrthe roads

of the community or state, which-is the suprasystem of the s&steml Time

o ’ L

takes a new perspectlve as compared with the school' tlme units of hours,
weeks, and the schnol year. A school system works in terms of scveral years.
A bond issue or a governmcntal appropllﬂllon and a consoquent comm*ument to

-~ buy ]qnd and build on 4t 1is a mulLiplc year act1v1Ly Planning-programming-

budgeting (PPB) for school systems always requ1rcs a multiple-yecar plan.
s . \ . B 4 .

e 01




'EK

Aruitoxt provided by Eric

"effect ‘of the press, and public sentiments about'the educational system.

91

Information processing alSo is essential if persoﬁnel, fgcilities? and
allocated resources are to be kept under coﬁtrol and coérdinated. Resource
allocation and ;on£rol are major functions df é-school ;yStem or sfatewide
educationai égency, Individual insfituﬁions in-the system need monetary
inputs and generate the flows oé aqministrative information that ieéd to T

more such inputs. The school board, state secretariat of educztion or

regents, with their ability to propose bond issues,and to reQuest or helﬁ

“determine tax levies, gets involved in many political processes in the

decider subsystem of the community or state. "All these rrocesses must be

coordinated,by information flows into and out of the system.

. . ¢

There are matter—énérgy flows of supplies and equipment- and of persons

among components of school systems or statewide educational systems. Infor-

mation flows, usually over the community channel.and net subsystem, are

muEh more fundamental. They provide feedbacks and control signals whiéh

-

maintain the adjustment processes that keep components of the system in’ o
steady states in relation to each other and to the rest of the community or

state. Information is. processed about votes and bond issues, levies, the > .

-
9 -

Many‘schaol systems have shown great interest in developing instruments to

measure how they are viewed by the public (input transducér activity) and -
in public relations (output transducer activity).

I3
7

Power and confliét’problemé are ﬁuch greater‘in'the géhool sfstemg (of e
.statewidc agencies) level thnn.in schools. Internal.diséuséions about; such
syﬁtems'a]so intimately involve issues 6f p6wcr iﬁ thc éﬁprasystem of which they
are g pnrt;~community'énd stntc-governmqnts; citiéens' égouﬁs;.roal estate

L

interests, dnd political organizations, among others.

92 . :
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The purposes and goals of a higher echelon education system are
N :

ordinarily expected to be achieved over a longer éime span than purposes
of a school. Five years is the minimal planning period for the education’

"of a cohort ofvstudents in estabiished or less developed nations. Offen.

!
-

it is ten years or more. A time span of seven years is minimal for such

e
e

planning as the decision to buy buses, because seven years is the average

o

life -of school buses. Land buying commitments involye plannihg'many years
ahead, since bond issues or public financing may take 20;:30, or 50 years

to retire. : S ‘

-

The purposes of such educational systems include giving qUality
education to all citizens through programs which meet their individuél needs,
including special groups like illiterates, children with.physical disabilities

or learning disabilities, adults who have drépped.but of %chool or who have

‘not learned an occupation. ' These purposes nay be’ach}eﬁed by accomplishing

specific goals like operating special education classes, an sducatioual

,

television station, a vocational school, or a nonformal education program

for illiterate adults.’ '
Cpst—effectivﬁness.evaluations are of great potential value to higher

.* echelon ecducational organizations because a maximal possible level of expen-.

"diture existg at any given’time, and the system should try to achieve. the
, . _ L B o
. optimal ratio of costs.and benefits for that level of resources. It is

s

difficult to_fiuancc outstanding programs when inflation, increasing salaries,

’ .

aﬂd»péhe%»pregﬁﬂrcs_p;ert continuing financial pressures on the. system,

sometimes even in spite of additional revenues. These problems may lead
‘o - ' 3' ¢ * '
- ! . N . v . . ! 1Y LN
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the systeﬁ-to develoﬁ a PPB accougting,systém. ,This.cén faciliﬁate pre-
senting pfogram aiternative Qith meéningful coét projec£s to the officials
respdnsible for makiﬁg,decigipns about fhe best allocation of resources to
accomplish their gqals.

The critical subsystemé of a higﬁer echelon educational system includ;:
Guards and communiqy police tha£ protect the boﬁndariés of its properties.
_Warchou;e peréonnél that Feaeive-shiﬁments of fugls, furniture, and eqpip-.
ment, components pf‘ﬁis ingestor. Truckers wﬂo deliver éuch;supplies.to
éomponenf institﬁtions; parts of its distributor. Persons who build or
manufacture suppliés, part of its cdnverter and produqerf‘ Warehouse iaborers,

-

parts of its matter-energy storage. And bus drivers, components of its motor.

Closer to the s}stem's primary pnrposes are the subsystems that process

informhtjon, including administrators who bring back from national or inter-

national conventions reports onwhat other similar systems are doing, com- &
.ponents of -the input transducer. Administrators who receive periodic reports

from each institution in the system, part of the internal transducer. Telephone

o
-

operators, parts of the channel and net. Filing clerks, parts of the memory.

. The board and top administrators, parts of the'décidet; Aﬁd the chairman éf

L3

..the board or the chicf administrator or public relations officer, parts of

the output transducer. ° : - - C .

c

7. Level of the Society: - , .

~ o

. ' ) The Nation's Educatiopal System ' S

Y . ’ .'
Countrics vary greatly in the structures of their associator subsystem,

w

made up of the components responsible for cducation. Formal education in must
. - M 4 R ¢ . .
other nations, as we have noted, ig much more centralized than in the ‘
M . . o ’ . e
v

El{llC | - L B |

s R : )
o , _ . .
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United States. The components of the elementary, secondary, and higher

4

- education of the United States have been described above. The national
educational system is simply the sum total of these plus' the admini-

strators who determine policy for it, like;the Office of Education, ' .

acting as interfaces between it and the total nation.
. . . 4

The national educational system of the United States has few operating

.

: . units beyond those mentioned above. Consequently the main emphasis in dis-

cussing this level of national educational system-will concern how decisions

- @ 4

&N

are made in it. Day-to-day decisions in individual schools of “‘course are
made by its principal and teachers. - Superintendents in schools and boards

. of education are probably the most autonomous decision—making units in
. ”

elementary and secondary education, Just as college and un1vers1ty adm1n1—-

K 3

strators ard boards of trustees are autonomous dec1s1on—mak1ng units in

highetseducation. State superintendents of education have been relatively.:

impotent so fat, and nntii°the.last few years_statewidekcontroiling bonrds
of higher education have not been powerful deciders, but the balance of ' s
, : - . v s .
power is rapidly changing from the colleges and.universities to the —
‘ administratots of statewide systens, inclnding the EOVernof.and the legis-
lature. | | ) |

The United States Office oijducationkhas been relatively impotent

until this decade,, but its,ﬂccision—making power has grown in’the Kenncdy,

Johnson, dnd Nixon administrations. . lt 1s Stlll much’ lcss 1nfluent1al in

clcmenLary nnd secondary cducntlon thanbln higher education,'ulthough the

e

. balance is shifting. “The fundamental influence in thc Offlce“of Education
’ : . o . ~ 1 .
_is through the funds it admanisters for building constructinn, oducntlonnl

ERIC L » | 93
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subsidies,” student loans and  grants, .educational research, and educational

technologies. As it gained this financial power the prestige and decision-

:making power of the national educétipnal org%piiation has increased dramat-
ica%l&."Through the networks of offiéiai cdmmunicatiohs'channels and gﬁrbﬁgh‘
brofessional'cenvent}ons, local school boards and college bq?fds of ﬁrdftee;’
are dffected by nétioﬁal decision-makers. The grqnti;g processes of'feaeral

agencies and foundations have also become importaﬂt aspects of the deéision—
B T . . o - ». .

making proceés; Now, for the first time,-it bégins to be possible to plan
. ) . ¢ . a : .
- : - s
" such- institutions as national resource centers to provide curricular materials
- - ) ~ ’ : ’

" for various media, as well as national electronic networks for educational

.  “purposes. When thése~hegin-to-function, not only decision makihg'but also
' the education process itself islljkqu to become more centralized nationally.
.The organization structure of most of the less developed nations is

s B " .- ..

' | quite different. Ihe‘Minis;er of Education usually has much more power to

f
-
. N X .

.'.' make policy'and.budgetar&QdeCisions,than any federal official in the United .

. L . . . T P p . b"‘
States. The Secretaries of Education in the various states or regions are

permitted some discretion,under broad directives, and tiley, in turn permit

- . . ) . 3 . . . .
- more- restricted discretion to administrators at lower echelons of -the national

¢

system. In some couniries educational programs emphasizé regional and local
languages, customs, and cultures. In others.such regionalism is muted by a '

. . Ry

strong cmphasis ‘on nationalistic educational themes.
" - ~ i
o . .
In many less decveloped nations it is apparent that the formal educational

-

vsystem‘cannpt in the near future begin to mect the educational needs of the

v

children or the adults. Nonformal mass education, probably using the infor-

mation processing technologies, appears to be the only feasible approach to

‘. .a solution, o ' o o ’ ] o

-
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8. Level of thelsupranationai System:

The—InternationaluEducational_§ystem
: Except for the.interchange of publications among nations for Eulbright,'
-, LT ,

-~ —~— -
.

‘ systems of the world's nations have been almost entirely independent of each

other and still are. With the establishment of ‘the League of Nations and

~

more recently of the United Nations-—and particularly/w1th UNESCO related to

» o

* " the United: Nations—-there is some worldw1de planning and mutual ‘assistance

l

for education.' Several major nations and multinational agencies are pro-

_ o o . ) v . o )
viding financial aid and technical advice in this field to less developed

-

nations.

-

-with a multinational dec1de1, but we are far from.it at present. Educators

.

are communicating regularly by publications, international congresses, and

[y

" international cohsultation. The educational "leaders of nations know each,

- . . 3

- other: and interconmunicate to a degree.'*The first steps have been taken

toward the development of international textbooks and te1evision Iectures,

“and- the setting up by satellites of international channels and networks

interconnecting ‘the national educational systems of the world There ~mdy

well be rapid developmcnt of these. Lechnologies and consequently of the

k4

decision—making process required'to coordinatehthem, As of.now, hewever,

the 1nte1nat10na1 cducational system is not ‘a true system, since there is

10 effcctive central decider. ‘There are only vestiges,which may sometime

. .
?é © T . . -~

- Guégenheim, and.other:uisiiigg feilouships andfschoiarships5 the educationalb¢f

<

Ty

Someday there may be an 1nternationa1 or supranational educational system

grow into a potent means for teaching the citizens of thc world and hopefully

aiding them to live together in harmony.

-
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CHAPTER III-

¢ - ',,

THE RANGE OF INSTRUOTIONAL TECHNOLOGIES AND PRIORITY RESEARCH

AREAS RELATING TO THEIR POTENTIAL CONTRIBUTION TO EDUCATION 41

-

IN LESS DEVELOPED COUNTRIES

-

i

,,;' :L’ KWhat do. we- mean by«1nstruct10na1 technology? In its broadest'sense
this phrase may fefer. to ~any form of learning 51tuat10n pLanfully estab- " ‘:';

11shed by -an educat10na1 system, 1nc1ud1ng a tutorlal se551on,‘a group

conference, a school class, or aﬁlarge unlverslty 1ecture, as well as
. —

.the ‘use of a wide range of man—made artlfhcts. ' Its more .common usage

Eincludes all 5rtifacts that aid in the 1earning prOcess-;from-cheIk_tc.
computers.. The communicatio; channels an& nets which,maRerbssible wide—-
spread use oflrhese technologies also should be included in’eﬁy_considereﬁ
tion cf educational technoiogy—éwordbcf—moufhgtransﬁission in-huﬁan.

A

‘interaction situations, transmission by courier, by the mails, or by

telegraph, teletype, telephone, or television lines, micrgrave, laser,

national or international communications satellite.

s . . ; . . "

I o : : " 1. ComparativeA?valuatibn of the Media

,L\ o All evaluation of instructional technylogies should focus on their.
e . . ~ * . :
’ . L ¥ . ‘ .
2 v service to the learner, their functions in the provision of'a'learning" ® ‘
. . ' : . .ot
environment. The.emghasié should not be onfthe teacher or the hardware.

®With this orientation we must evaluate all these'technologies.in terms of




,‘-. .o B . L . .ﬂ

their comparative cost-effectiveness. Each of the technologies which have

s . - . )

flourished.so suddenly. in recent years should be investigated as an available _ '

artifact that can ‘serve as a'prosthesiS'to aid the learning process {(see pages

i

4l"and 42) It 1s 1ncumbent upon educators, with thls'new—found wealth of

1 . ' -

resources, not to continue trad1t10na1 forms of instruction unless such evalu-
..\(

ations of the1r cost- effectlveness demonstrate them to be more useful and de-

- . \

sirable than other aVailable’methods; We must ask what each method'can qéh-v
g tribute to improve education, or cut’ its costs, or both. AUnder:ﬁhatdg;;cumstances

- ) ; N 9 . v
should one#technology be employed rather than another. How does each serve L
to accomplish the long-range purposes or*shorterange goals of the system?

7 ~

Which contributes most to the}individual organism in the -educational system,
;to the group in the classroom, to the school or university as an organiza—
tion, to the soCiety's educational system,.or to international educational

activities? |

Instructional»technoloéies should’ generally be vieued only. as

<

adjuncts to human beings, rather than as substitutes for them. Over the

centuries that man has used scrollsiand books he has become'accustomed to
the idea that, at least in formal education,.the book is an aid to.the

teacher or the professor, usually not a replacement, Apprehension about -

automation--replacement of the worker by the machine-—which exists in

) many trades and profess1ons today, appears to prevent educators generally

. ‘ : from understandlng that all the other 1nstrucL10nal technqlogles should be
] Lo @
used as books are. They are aids to the human belngs,lnvolved in the

i . . o . . N N

s N

L . . . ) . g
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& ‘Q ] " . - < ] . . o ™
educational prdcess,-primarily*the.studentsland seCondarily_their teachers.

-
& . . S . .

Radio, television,'or computerized-programmed instruction, for instance,

L

fhay be able to prov1de or assist in some standard learning actiVities,:
or transmlt information more rap1dly and gheaply and to more people than

- - . [

e ‘}“human-beings cans ’Thlb should lighten the burden of the available educa—“

. ) N .
<, tors so that they can then devote themselves to. dealing With such matters

3

as their,students motivation to learn; problem solv1ng, us1ng ptlﬂClplES~

the students have learned in relation to real tasks in their own ‘1lives;
) N .
students' manual dexterities, their attitudes. and feellngs about what

.

they learn; ethical"moral and religious issues, ph110soph1cal 1nter—
pretations of the'meaning of the knowledge, and other such concerns in
which artifacts Will quite poss1bly never replace human beings. Certainly

such gifted hardware and,or software are nowhere on the horizon nov.
) , N\ . g
Any educational innovation ideally should be employed at first, ‘in ¢ .

'

-

a situation which perm1ts comparative,{controlled and hopefully continuing
!

. cost-effectiveness evaluations. Such evaluations should take into account
I

- . " 5 0
various sorts of costs: in scarce fo s of matterhenergy including land,

bu1ld1ngé\_and hardware; in forms of nformation, including books;’documeﬁts,

’programmed instruction, and other learn1ng materials which are€ in short supply, )
2 . "

in short-range and long—range expenditures of funds ayailable forgeither

capital construction or operations; and in the time ofwstudents, teachers,

faculty, administrators,'and_service.personnel'(see pages 50 and - 51). *The -

costs of other related and essential activities must also be calculated,

-
a

includipng research on the learning process, procedures for evaluating new

K

£
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technologies .and instruction of teachers and other personnel on how to use

the teChnolOOies. The fact thatﬁseveral quite different sorts of costs are

. 1nvolved complicates any cost- effectiveness.

Even more difficult is the p;oblem of evaluatlng edUcational effec= "
tiveness. K number of_criteria of effectiveness of instructional technologies
have been suggested by the Subcommittee on Efficiency and Innovation in

Education of the Committee for Economic Development 1 . - . e

"Can the proposed technique be effectively employed in cultivation of -
an open, 1nqu1r1ngvmind? Or does it tend to produce conformity, dogmatism,,.
and regimentation of thought?

TIs it capable of communicating and facilitating an Understanding of
. . . . N . 'y ) . :

‘complex concepts? Or is its usefulness limited to the management and

manipulation of simple ideas?.

"Is it capable of cultivating sensitive insight, originality, analytical
facility, and creative intellectual skills°
"Can itbe employed to induce and deepen artistic and moral sensitivity

and appreciation?

“"Do the benefits gained justify ‘the costs incurred? Is the initial

cost affordable?"

- Evaluatidn of educational benefits or etfectiveness is unsophisticated
and superficial unless it§takes into_aCcount considerations like those above.
. But eduoitional_psycholoéy and~tne other behayioral sciences have supplied
us with

ew effective, reliable, and va}id instruments to measure such

. [ : . .
subtle aspects of human behavior, persodality, and social interactions.
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' We are, therefore, in danger of neglecting important variables in the
"educational systems we are evaluating because we do not have adequate ‘.

= W v ‘ et . s
Ly ways to measure them. . - it S

o

2. Resistance to Change in Educational Methods

? ’ 0
7 4

Any new instnuctibnal ;eﬁhqqlogy aléo?should-Be evaluated in the
. light of a realistic qppraisal of tﬁe éociological facts about man's
fesistance to;cﬁange, AlmaétteVery importantyinpovation in educétion,
b . or any ofherrfield fof‘ghat matter, has been resisted by peoble who are. .° °

éntirely satisfieq hith thé burfent‘étate'of things or who have enfrenched

interest inng%ggaining,thelpresent'state because they wouldzlose>certainl‘

%
benefits, tomforts, or sources of support if change occurred. When the

hofsa&gss carrjage appeared, the voices in the streetcried, "Get a horse."
When the Wright brothers first flew their blane;'the voices proclaimed,

-

"IE God had meant mah to fly he wopld‘have provided him with wings." Tﬁe
§'modern version of theilast cbmplaint is, "If God Hadjmeanﬁ,us to fly

withéut pfopeiié}s, planes would have been &esigned:withzjets." Comparable

wattitudeé toward new educational inventions are very‘comﬁon in ail.nations,

established or less develoééd, among parents, teachers, professors, academic
\ administratofs, politicians, and policy—makers?—evéﬁfstgdents Fhemseivés.
Anyone who does not consider this social.phenomehon in_his-attemézs to - |

\ ’ employ and evaluate educational Uschnology is neglecting a major factor.

, Strategieés for introducing innovations must include plans for countering .
N ) N .

" opposition to them.
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3. -TheiCentral Soci@l Issues About Education

.

: - . S N ‘
L ev' Préssing social considerations deménd»thathaur gbnéefn for instructional
,technqlogy be more than pe;fungtory. The-;ising_cdsts per student of;educ;;
tion and the incréasing demand féf itlby thg people of all nations faée
many less developed\couptriesrwiﬁh neérly insolvable ﬁiécal~pr6blems: The =~ " -
money required for the traditional modes of formal eLémentafy, secqndar?,Ja;d i
higher education'is moreathan.the society can afford to pay. Furthermone;‘
the quality of much present instrqction is devastatingly low by 'any standards.
Often provided'by'feachers who are themselves almost untrained and barely
literate, it is limited, parochial, superficial, and'fre@uently irrelevant

to :heylife'of the community.' Inequalities of access to education throughout

the population are directly related to social .class, race, sex, and age

.

differences. The dropout raﬁe is so high that in»sdme regions a majority
of students do not go beyond firsﬁ gradé;vin others most drop out after. the
_third grade. _Furthefmore, nonformal education for adults is much less
extensive than it migﬁt be;' Yet,'despiﬁe its great costs’ and its many q

problems, education is almost universally recognized as a necessity, the

'
<

.brimary fashioner of a society's future. To the solution of many of today's

3

overwhelmingly ‘difficult national and international problems, it appears,
more and better education is the prime prerequisite. This fact gives it :

. its high.priorityvamong all of man's activities. . .

4. The Strengths, Weaknesses, and.dosts oE\Vafious

_Inétructionai-Technologies

'

Instructional technologies have\beén grouped by different writers in

‘ .

the field quording.to various rubrics. Three of these are:

e

ERIC .- I -
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(a) From the earliest to the most recent, beginning with purely
human interactions such as tfitorial sessions, discussions, ahddélass;' ;o

. : ‘lectures, and going on to use of simple artifacts such as placards with

1ettering or blackboards, and éending with computers, satellite transmitters,

and v1deotape recorders.

R : - Pl = .

(b). Accordlng to hardware and software propertles of machlne-based

v S

and nonmachine based technologies. . - : . _ o

(c) By function-4i.e., laboratories for language %tudies, computers

« . for mathematical studies, TV and radio for mass instruction at a.-distance.

v ~ For our purposes,lthe‘first classification scheme seems to be.
particularly advantageous. A—developmental analysis of instruotional
technologies-SeemS intuitively relefant for’application to 1eSS‘develoged

~countries, as‘1t suggests a sequence of events in estab11shed nations which

\ s

may be qu1te fallac1ous——after all, parts of the world have gone d1rectly

from oxcart to helicopters. A developmental taxonomy, however, aids in
posing this interesting issue clearly,
The list of instructional technologies which follows has béen compiled

from a search of the literature, ordered according to a taxonomy outlined

by,Schramm,2 He classifies the media by generations.

First generation media. The'earliest and most widely-used instructional

devices, whlch cont1nue to domlnate education, are 1nc1uded in this category:

tutorial sess1on or small d1scuss1on group -l
class lectures '
lettering’

writing on blackboards
charts
diagrams
graphs’
maps

s
e

ok
<
R

3
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o . o stage:scenery sets )
I written papers - . .. . .o° 0 : Ts
T demgnstrations ' R J
dramat.zatjons .~ . o -
“exhibits ' SR o
field tr%ps . _ R o o o

- »_Ségaﬁaiééneratidn media.” Included underthis rubric are instructional

e

technologies which make literacy and universal public education a reality,
as consequences of the invention of the printing press and the resulting
ease of dissemination and lowered production costsj.

. : books

journals

newspapers

workbooks

comic books

tests ‘ o
‘programmed textbooks

o “~  Third generation media. This group of instructional media encompasses

the varied technologies which ave arisen during the Nineteenth énd Twentieth -
Centuries intfoducing machines into the communication proceés; As Schramm
has'noted,:"For'codﬁtfies &hicﬁ are Short o§ well-trained teachers and which
face a need for wideépread.technical ﬁréining, these third ge?efa;ion media,
.are, the:efore, of obvioqé importaﬁce;"3 The use 6f TV and ra&io for instruc-
tional pgfpoé%S'cﬁafacterizes this generation as the area of telepedagogy.
Kényé, Niger, Nigeria, IQory Coast,‘Samoa, Th;iland, Indig, Peru,'Colombia,
Algefia,&Togp, El Salvador, .New Zealand,. and Honduras are most“oftgn'cited

as the less developed countrie¢s -who have made the largest investments in

\ .
\n
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educational equipment of this géﬁération. This generation of:- instructional
‘téchnology, along with the'fourth,genefatidn, are still so new that their
full potential is as yet-uﬁbértain. The third generation list includ§s:

& .
s . '

C o s .. . photographs. - . Ca ST
teaching machines S ' -
silent motion pictures : : ' )
filmstrips with audio tapes o , : -

e : " slides with audio tapes '
L . - sound motion pictures
telephone , . . o
broadcast live 1nstructlona1 radio - . ‘ '
- telewriting, telewritevision
L audio tapes
’ (a)  reel-to-reel
(b) cassettes
() caggrldges
(d) records

dial-access audio tapes

. ' teletype

: telegraph

‘closed-circuit audio lectures

telelecture,,fadiovision ' )

slow scan TV ) _ »

1ive instructional TV o o .

(a) broadcast ' : o ‘ .
(b) closed circuit
tape recorded instructional IV
(a) broadcast
*(b) closed circuit
facsimile transmission

-

Fourth generation'media. This final group ;epresents‘the mos£,

recent and.sophisticated instructional technology available: The media

Y

Jdn thlS category are dlStlﬂgUlShed from the previous generatlons by the

fact that they rely on- interactive communlcatlon beéw en man and Too-

A

i

machine:

ERIC BT U1
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audio p01nter, sound film, phone vision = *
on-line computer aids to learning and scholarshlp
_ instructional  computerized games and simulations
. computerized. programmed instruction S
T (a) by _network from large computer
(b) - by minicomputer.
o ;v1deo tape or disc recorders :
N video language laboratories, statlonary and- portable o
- o computers presenting visual words and numbers, -
' " moving and still pictures; and audio language
TV information storage ) :
holographic information storage
1nstruct10na1 interactive TV L : _
(g) broadcast . - _ o
. (b) cable . o x
. .. _ (c) "satellite B L P
. " (d) dial access ' ' A T

' *

3
R
-

A different taxonomy of instructional technologies has.been proposed

v
‘

by Bretz.4 Slightly modified this schéma includes three hierarchial YXevels
. v : . ’ "S- . - 1

of technological syétems:'

11

. . ; o -
(a) Recordings/storage/reproduction .(prostheses for the memoty-

N Y

vsubsystem of the educational system).
(b) Telecommunications systems (prostheses fér thé/qhannel and net :
i ) . . . : N : £ . . -
) . PR O . . :
subsystem of the educational system). T - .

- o . &

o
.

(g) Learning aid systems (prostheses for the associator subsystem
. 4 < 2 . .. ' .. 7 . )
of the educational system). . ’ , : o .
. : ¥, N h ! : L+

Tables 3, 4, and 5 c1a331fy the range of hardwaxe accordlng to this

PN o=’
.
. .

taxonomy and Table'6 cla881fles the software.. .
Obviously many alternate taxonomies bfiinstructibnal media can be

conceived, but the above two are sufficient to give an organized view.

‘ - o . - o )
. An additional essential point must be emphasized: the educational‘?unetion ) .

. . - A | .
of the medium must be analyzed primarily iq"tefms of what it Eontributes to:
the individual student's learning environment. Engineering considerations.

o g

¥ v

]:MC : o | . o : 1%? . ‘ . (Text Continued on-Page 115) .
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Software

'Graphicé

charts
diagrams . -
graphs
maps .

Sound = -
.| words
speech
music ;
~aud10 tape programs

,stage scenery sets
‘exhibits

Still Picture

" symbols

illustrations
drawings -~
cartoons

Picthre/Soond' i

-sound 'filmstrip programs ]
talking books = R
_sound pages e

slides

exhibits

phonovid disc programs .

Print or K¢

corded Symbois,’

lettering _ . ~
written papers

documents , ' -
books

‘workbooks

tests i
programmed textbooks

other pr1nted educatlonal materlals _

journals and magazines

. newspapers
.computer print-outs

writings in Braille
punched. paper~tapes’

Motion .

sign language ,
. finger spelling :
31lent motlon p1cture programs

- R

&

StiIlyPictdre Print

filmstrips

" mictofiche

microfiinm

Motiori/Sound

- lectures - -
discussions
demonstrations

Table

dranatizations

field trips

video tape programs

sound .motion p1cture programs
videodisc programs

7

6 Software . , L v
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are important but secondary. 'Another way to put this is that it ‘is the S
characteristics of the information processing which determines its impact
on learning, not. the marker that conveys it, theychannel that carries it,

or the artifactual memory that stores it (see pages 11,to 14). In addition

e

_it is useful to distinguish the pluralistic media from the simple:onesn"
- TV, motion"pictures, videotape and yideo disc are pluralistic'since they
carry images of many types and sound of many varieties. Also it is impor;
tant to recognize that more than printed and computerized programmed instruc-
'tion and teaching machines’ can be programmed So can radio and teleViSion.
" Mass media like multichannel and radio and special effects teleViSion, when
_ integrated~with new m%thods-for pacing programs for averages of learners,
or withtfeedback from the student, can take advantage-of‘book—machihe-computer

prOgramming teohniques. -Clearly»when-this'is dorie, the number of students

.us1ng such improved programs can be mult1plied manyfold

. .

1.

- Table 7 lists most of the instructional med1a available today, and states.
. ” - P

-« )3
v

“strengths, Weaknesses, and costs of each.
. - [ .

The terms which describe the media in this:table make clear what they
are, with perhaps a few exceptions; Telewriting is remote control of a.

stylus for writing oveg an electronic narrow-band channel like a telephone

line, audio channel or alternating current power line. This writing can o

i "'~ w -

" be displayed to a class by a prOJector, as 1t 1s"be1ng done. An audio,signal
accompanies it, " and can be two-way. Telewritevision in addition‘uses the

same prOJector and screen to show Visual materials provided locally.

N ’ [3

\:"‘
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Telelecturé is a lecture by,telephohe coordinated with visual materials
vdisplayédA10ca11y. Radiovision is the same thing with sound by radio
instead of telephone. Slow-scan television is transmigsion of TV still .
pictures over a medium of narrow-~band width like radio or felephone
channels. Only one picturé can be transmitted every few seconds. Audio
pointer is little known. It is é medium based on an audiq caSsette which
. has a sound track and a second signal ﬁrack that controls the movement of
a épot of light over a trénslucent sheet on which ﬁictures or designs can
appear. 'Thus;vthe light can point t& various pparts of the display in
coordination with the sound track. '"On-line computer aids to iéarning and
scholarship' refers to s;ch technologies as Projegé ﬁAC at MIT. An indi-
' vidual user of Project MAC can get access, by ayremote terminal onfline to
? lérge time-sharing computer, to a widé range of programs that can helﬁ

Ed

him solve mathematical, scientific, and engineering problems, "routines for
. : }

students' content

displaying the results of such problem-solutions, tests of

’
i~
~

~

knowledge in differeﬁt‘fields, pgychélogical and bébavioral testé, and
references or abstracts of ért§CIes relevant to many academic taské. - All -
of these materials are almostbznstantanGOusly avéilablelfor thevuser to
interaét with in a "céﬁvegsational""mode that requires 1ittle or no under-
standing of matﬁématics or computer pfogrammipg. "Ihstfuctiongl"éomputerizéd
games' refers to various softs‘df'warugames, business ménagémgnt ga@es,‘and
siﬁilar exercises invwhich players rcpresenting.competing interests interact

. with a computer and so learn how to deal with competitors or opponents like

those in real life. "Simulations" are models of real systcms programmed o

in computers which enable a person irnteracting with them to learn®

.

<

st
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how such e;stems act. TV informetion storage is-uee ef TV tape to store
symbols and still and‘moying pictures. Holographic.ihformetion storage
uses the reélatively newly developed hologram, a three-dimensional4picture‘
stored on a two;dimengibnal plane surface, to store a large amount of -
information in a relatively ;mell area. Also highly advanced, largely in
the future, are interactive and time-shared TV, which are among the novel
" forms of v whlch Licklider has called "t;elev1st:as.'"5 These include
‘Spec1allzed transmissions to indivldual users wh1ch he calls "narrowcasting"
and techniques which permit the receiver to respond act1vely to telev1sion
transmissions as well as employ television channels to use a.variety of
other instructional media. A number of other media and combinations might
be listed, but Table 7 is suf}1c1ent to give a panoramlc v1ew°of the
alternative medja avadlable to educational systems today. |
. / .
Many persons concerned with the field of"educatiqnvare scarcely aware

~

that there are as many alternative forms of instructional technolagy, or
daL leabt they have not had direct personal experlence w1th them. One : .
reaeon for this is that the number of med1a haslrlsenvdramatlcally-because‘
of technological developments in the lest deeade or two. When the educators-
were themselves in schoo] or collegc, some media d1d not yet exist.

These technologles are fundamentally products of the Sec0nd Industr1a1
Revolution——the_informationrprocessing revolution--which burgeoned.about
:20 years‘ago,~a1thoughnit began in theilast century with the telegrnph, i

the telephone,'and radio. The First Industrial Rcvolution flourished

around lbOO, being characterized by buch mAJor developments as. therinvcn—,
{

Y

tion of the.cotton gin, the « tcamboat, the steam ennlne, the electric




|

L

B T Y 2

motor, electric lighrs, the automobile, and the airplane. And it.
,cogtinues‘vigerously up entil today:;ith the developments in missiles,
séace trarel,.asd atomic energy.‘ Of course, the earliesﬁ_such inventions
occurred far back in history or brehistory, with the dpmesticatios of
‘ ani;als and the construction of dams and wheeled vehicles. This first
o revolution prdduced artifacts which operate as prostheses to living
iy : ,
‘ - systems at various levels to carry out metter-energy subsystem processes.
These machines can perform these processes faster or more‘efficiently
of with less cost in human energy (although thaere may be more over-all
expenditure'of energy) than human beings can themselves,
Now, with the appearance of the coﬁputer, wirh its rapid %mprovement
in capacity and sophistication, with the perfection of new commpunications
rechnologies, and with thevgeheral increase in efficiency, speed, and
dompectness of the machinery which processes idfqrmation, the second
“revolutioniis well underwvay. We see in operation prostheses to aid living
systems in the activities of the entlre range of their 1nformation-process1ng
° subsystems. ,Ihese_rnc}ude 1qput transducers--microphones, sonar, radar--

which can receive signals that cannot be detected by any.unaided living

,systenw; channels and nets which can- transmit information at the speed of .’
E 1

o -

‘lighr and for great,distances; cdﬁpurer aids to learning, to memory, to
management decision’ maklng, and output transducers like slide prOJectors,
*publlc address systéms, radio, and telev1s1on Lhat can transmlt messages
rapidly, accurate}y,“over greater distances, aqd to more people than can’

any living system. , - ‘ '

Y
=




-

128 , ' : \

Any educational system that is conscientiously intent upon raising
s : 6 .. . . .
the quality and lowering the costs of its functions would do well to

undertake cost-benefit or cost-effectiveness analyses, studying the

- trade-offs among these alternative technologies, attempting to determine

. ‘
which will provide the greatest excellence under what circumstances,

-

and which will be cheapest.

‘Any sﬁch énalysis will reveal that it is not enough simply to add
these teéhnologies to procedures already in use. .This will increase costs
and will, in all probability, not permit optimal use of the new’methods.
Rather both étructhre and process of the system mu;tvusually be altered, '»n_f
often quite fundamentaliy. People must change their Ways.' Budgets must
be adjustéd.

A brief inspection of Table 7 indicates  a number of things about the

-

various instructional media available today. First of all, it is apparent
thdt there are a good many ofyfhem, t! 2 number varying according to how they

are classified, but one does not need to extend one's self to list 40, as =

in this table. ‘The first two .listed involve.oniy living systems and do |

not require any artifacts as prostheses. For this reason they are'éepafated
)'by a doublé line %rdm the othé%'media'below thém. fhe first twot;re the
"tradi;ional media which have.been used for ggnerétions, and the choiée'
Betwecntﬁhém has classically faced educatdrs-—whether‘to use largé class

lectures or small discussion groups (including .individual tutorial sessions).

1f one looks across the columhs on the chart, it is apparent that the

-
P

b v s - ) .
media differ widely in their c¢haracteristics and costs. This fact makes -,
evaluation of their cost-effectiveness in different learning situations and |

with dilferent sorts of students essential.

~ -

w3
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A large body of research on 1edfning, in~gcneral psycﬁoloéy.and
e A : . &’ s

educational psychology, gives us some idea of what constltutes an optlmal
learning environment. One cannot say that this knowledge is yet definitive,

and it clearly differs from individual to individual, since each one's

Y . >
»

- genetic characteristics and past experiences result in differences in

" school or college and at home; (d) determine in terms ofﬁhis owll needs

.

behavior, -personality, and temperamcnt; Nevértheless, we can say with

o

some confidence that aids to learning are most useful if the studeqt can
< o o :
(a) carry them around, for then they are available whenever needed;

(b) use them individually rather than.having to coordinate his activities

with class groups or other students; (c) use the aids amywhere, both at

a

and schedule when to use the materials; (e) control thé.rate of flow of

‘informatipn inputs and outputs in the 1earning,proc¢s§; and repeat inputs

e

at will if they are not understood; (f) interact activély with the aids,

"

t

. since active learning is generally recognized as being better than passive;

.

(g) be able to have outputs frem him influence the next input coming to

him. This "branching" arran emcnt‘assures that, if he knows ene fact in
. L g
l

thc progression of the learnlng process, he 1s.not glven spec1al tralnlng
on it but goes-on to the next one and so.forth tntll he comes to a fact
which he doescﬁotvknow or a problem which he panhot‘solve properly, after
which he.is given‘special trainiﬁg on that, his time being_used for‘.

.

practlce only on those facts or problcms which he does not undcrstand

-

(h) receive 1nputb in more than one sensory modallty, since multlple

thaory modalltlts represent multlple ‘channels of 1nput which reinforce

By

"

- ‘ »121




instructor involved

'11sted are truly portable. None of the other'media, in their present form,

' advances may make some'of them much more portable 1n'the near future.

~radiovision, slow scan.TV, the audio pointer, and closed-circuit lectures

Q

indicates, is that>the student must fit his schedule and convenience to

= N ¢

each other. Learningvaids are more useful if they can'be transmitted over
electronic networks so that they'can reach the student at-anv placé he:

-
-

happens to be, coming rapidly and accurately from any other geographlcal

- 3

1ocation. It is also deslrable for their costs to be minimal i dollars

. ' <

per user hour, as well as in the time they consume of the student or . -

- ..

a

None of the media listed in Table 7 is optimal in all these ways.
Some are better than others, and some are more approprlate than others%for

certain situations or when certain.amounts of funds are available to the *

educational system. These.differences among the media make careful analysis

2 »

of the trade-offs among them mandatory.

For 1nstance, the £1rst column shows th\i less than half of the med1a

%

are truly portable so far as the average student is concernéd.’ Technical

a
Thefseoond column in Table 7 shows that students working alope at

o . ) . v . N
school or college can proﬁit-from most of the media, the exceptions being
the class lectures, tutorial sessions or small group  discussions, stage

sceney sets,'dramatizatfons, field trips;‘telewr}ting, telewriteJ@sion, '

4 . n 4
on public-address systems. Students can use slightly more than half of ,

the #edia at home. TeChnical.improvements in a number of others could

render them, readily available for home study.
"y s - . '

A major.constraint upor’ several of the media, as the fourth column

.

’

that of a group, which *liniits the most effective use of his time.’

. S a
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—. This is true ofsclass lectures; small group discussions; all broadcast

- ) 'and closed—c1rcu1t programs;. stage scedery sets;'dramatizations; ‘and

} ’
xlEld trips. Probably any form of"® radlo or television which requlres
. ,-5‘-‘. .
large numbers of students to use the medlum s1mu1taneously reglments
S

B them-undesirably., This may be a major reason why instructional radio

“and television have not been ‘more effective. The custom of herding

students.into classes at certain hours is so ingrained.in the wo;ld's

educational systems that it is hard to breaé Many teachers forget or
actually do not belleve that usually the optimal learnlng s1tuat10n
.is pr~bab1y one 1n which each student sets his own schedule and .
studles 1ndependent1y at h1s own pace.

If the 1nd1v1dua1 student can control the rate of 1nformat10n flow '
A .

durlng learnlng, he is. not llkely to fall behind in understandlng the

content'or be bored,waiting for new concepts to come to him. -Many of the

. media, aS'thg.fi%th column of Table ‘7 shows, gzive the:student'this sort

of control, but some do not. -Students rarely exert any influence on

e L
e

the rate of progress of class lectures, @hich is one of the primary = . - l .

reasons why lectures are far from perfect learning situations. More

often students can exert sqch.influence in small group discussions,
. ’ and in“tutorial sessions they usually do. "If a teaching group is very

, - large, however, some of the students are likely to be too passive or
too shy to request a change when the rate of information flow is not.
. ) - @ ’ : . )

optimal fou. them. Tradition dictates that the experienced, senior

]

) : ’ e st . .
person—~the teacher--~determines information flew rates. Broadeast and

closed-circuit lecturcs on any media; live or recorded, have these
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‘.

shortcominés as well. Exceptions'are dial-access.TV systems or TV'or/“

audio tape players wh1ch permit a student to stop a lecture at will,
reverse it, and listen to it again. Many other media are self—pacing.
Most of the med1a do not’ perm1t the user to interact actively with
the input. This ls one of the great advantages'o£~the small‘discussionh
gcoup and a major point in favor of compnteriaed programmed instruction _ .
and of on-line computer'aidstto learning and'scholarship. “Under some

circumstances, dial-access audio tape recordings make such interaction

pdssible. For instance, a language laboratory tape may present a sfudent

with-a word or sentence in a foreign language ‘and give him an opportunity

" to repeat the word or sentence, which is then tape-recorded and later

listened to by a teacher who corrects his pronunciation. Similar pro-"

&

+ cedures are possible with dial-access instructional television. Under

. -
/,"

some circumstances a student or professor can 1nteract with. automated.

o

data banks for information storage -and w1th some of the standard audio-

visual aids. Feedback circuits used with media which employ cOmmunlcatlon

u

oﬁervdistance er educational pnrposes can enable students'to interact

' . ; N 8 '
with a live teacher. This is possible with two-way telegraph, telephone,~
rad10 v, telewritlng; slom scan TV; or combinations‘of such'media; : : ‘.’{
__1b, IV from teachor to student with radio or telephone responses.
Also telegraph telephone, radlo, or TV responses from students can be

used with tclewritevision, telelecture, and radiovision. Such feedback

circuits can also enable a student to interact at a distance,w1th com-

N .

putcrized programmed instructional materials which can be transmitted

to him by audio circuits, TV, or slow scan TV. C ¥

L4
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A major potential of programmed 1nstruct10n and on—llne use of
computers is individualized 1nst£uct;ont Wlth them a student does not
need to rehearse repeatedlyfmaterial he already knows. He employs the
time saved from_avoiding unnecessary»repetition,linstead, in further

. L J
practice on what he does not know. This can enable the student. to save

-

time, or at least allocate it better, in the learning process. Lectures
and broadcasts do not usually have such a potential, although on occasion

-

very small d1scuss1on groups or 1nd1V1dual tutor1al -sessions do. The

' programmlng technlque whereby each student is glven pract1ce only on what r

he does not know is called "branchlng. Such branchlng is less personallzed,

flexible, and sophisticated in the best printed programmed instruction

-

than in the best computerized programmed instruction ahd on-line computer"

aids tollearnlnp and scholarship. Various autohated storage and retrieval
" technologies also perm1t a close tallorlng of the process to the needs of
the individual user. |

As the eighth columnlof Table 7 indicates;rthe face—toeface human

situation in class‘lectures, tutorial sessions, and small group discussions

-

has the distinct advantage of permitting use of both vision and audition;

as wcll as some of the other semsory modalities on .occasion. Books,
. . » N .
journals, printed programmed instruction, closed-circuit lectures on audio

systems, - educational radio, fascimile transmission of documents by electronic

e

" circuits, and certain other media do not use both sensory modalities. Other

media do use both, such as. sound mOV1ng=p1ctures, and in more l1m1ted ways,

Lclclccture, radiovision, and audio p01nter. So do the different forms of

1o
. , [
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television. This is one reason why television is prcbably superior in -
. : : : . 3 R

. . ) oL .
conveying ‘a sense of intimate and direct human relationships to.books,

computer terminals, or radio.

If educational materials can be transmitted over electronic channels
)

and networks, they can, in pr1nc1ple, be 1n1t1ated at any- geographlcal

l point and be used at any- other p01nt. This facilitates.diffusion of

knowledge and makes possible democracy of access to educatlonal information.
The face-to-face relationshlps ‘of tutor1al sess1ons, small group d1scus51ons,‘
‘and class lectures do not have this potential nor do many ocher media like
documents, books, Journals, printed programmed 1nstruction, ot the standard

audiovisual aids., As the next~ to—last column of Table 7 shows, most of the

[

electronic media do. .In‘the last few years_educators have,been presented

£ . .. -

with a challenge they never faced before: How can one best choose among

the ney network media most profitably and creatlvely use thert for education?
Now‘me come to the‘ouestion of costs., The last column of Table 7

lists only roughly‘estimated dollar costs in various sorts of matter-energy

and information,,although, of. course, costs in student, teacher, admini-

e

strative, and other staff time are also important. The dollar estimates

t

include both operatlng funds and an appropriate portlon of capital construc-

tion funds. FOr each of the media a-wide range in costs is shown., This
{ ' ' )

e

, is because costs differ from one situation to another and because it is

1Y

difficult to make even rough cost estimates with our present understanding

= -,

of the media. Many variables 1nf1uence the dollar cost per user hour of
these different media. Among these are: ‘the number of students using the

medium at a given location and a given timej the ratio-between the number
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of students and the numtcr of instructors; the amount of hardware employed

‘in the part1cu1ar system under study, the number of hours the hardware is

used on the average by each student; the original costs of the hardware

Pl

(which over the years have been rap1dly decreasing); whether the hardware

1

is bought in large quant1t1es, ‘and whether the software needs to be written

g

for the local system or has already been prepared for another system.

A few general observations about costs' cgn be_made. (a) Large class

v

‘lectures are less expensive than small group discussions. (b) Even*though

2
-

none of the. electronic media has all the advantages of direct human

-t

contact, some of them appear to be, at least potent1a11y, as cheap or

cheaper than tradltlonal methods of teaching by. d1rect human contact.

(c) Books,'journais; and other[prdnted materials are, in general, cheaper

than most of the electronrc_technologies,‘though this is not necessarily

true when the latter are used with large numbers qf'students. '(é)_Electronic
-technologiesainvolving both vision and audition are more expensive than those
that involve audition‘aloner (e) Those media which inrolve on-line acceS§ T

to~ computers are, in general, significantly more-expensive:than the other

media, at least at their present stage of development. °

5. Selecting Priorities for Research on

Instructional Technologies in Less Developed Countries ' =

» -

5.1 Introduction. The use of instructional technologies in "less-

developed countries is proliforating. In The New Media: -Memo to

. . ‘ ' . ' . !
Educational Planncrs Schramm, Coombs, Kahmert, and Lyle list nine developing

countries that are using television and five using radio for various educa-
3 ‘ . o

-

tional activities.6 Since this report was published in 1967, two satellite

127
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. projects have entered the planning stages in Brazil and India; television

" has béen adopted as the basié'ingredient of major educationai reforms in

El Salvador, Colombia, the Ivory Cdast, and probably Tunisia; educational

radiOvhas.demonstrated success in Kénya énd'Nigéria, both with and without
correspondence materials; and” educational television has started in Brazil,

Ethiopia, and Zaire.  Also a major investigation of the potential for

educational broadcasting in Indonesia'has been proposed by UNESCO&andAan '
inexpensive local television system is being tried in-the Philippines.s'

(A

To some exXtent the-experiences-pf past and current projects using

communicétionéAtechnologies for solving educational problems in developing

countries have been digested and analyzed. However, no systematic attempt

has been made to set in priority order the most important areas for future

research on the use of instructional technologies in less developed countries.

hre - . ek
There are at least four ways to look for research priorities in a
field such as this.

~(a) Review the’pgssible solutions to the problem and look for a

problem that goes with what seems to be.a good solution. This approach

has been fairly common in the field of communications technologies applied
- to education. .A product is developed to meet a parficular need, fthen problems

“in other fields are identified to which it can also be applied. Because

» .

the market for commuriications technology is contiﬂually being manipulated
by Supplieré in established countries who often pay inadqﬂuate attention
to the needs of the -less developed countries, this kind of approach is

particularly cohmon.- -d

.
b
*
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(b) ﬁove from the problems tohpotential solutions. Different

) problem areas can be defined and put in priority order according to their

urgency and the expected impact. of an acceptable solution to them. William

- \\

~Platt's summary of research needs 1n educational planning, Research for

Educational Planning: Notes.on~Emer2ent Needs, is an example of this kind

of approach.? Philips Coombs's book The, World Educational Crisis: A

Systems Analysis is another example of a cataloguing of the problems.’10

» weakness of thlS approach is that often the people who know about the \

“problem statement such as "low performance on cognitive tests"

- of possible research projects.

T

It proceeds from an assessment of needs to a1ternat1ve solutions. The

N
roblems are not knowledgeable about the range of solutions and are 1ncapable\\i

of communicating with those who do.

when technology is involved, to translate problems into statements which can

>

then be examined for their susceptibility to solution. ForkeXample, a

does not

contain info-mation useful in selecting one technology as opposed to another.

(c) Catalogue and evaluate different characteristics of the problem

and determine how a given solution copes with each of them. Allen has done

N

this. ‘He outlined.factors‘that determine ‘the effectiue.use,of instructional
technology.11 de discussed'media—related factors such as types of instruc-
tional -materials, form'and'organization of the material, student,resﬁonse
patterns, attributes of thekcontent, attributes of the learners, and
instructional uses to which the media are.put. .
"(d) Develop an‘integrative conceptual .system to describe the field.

Then outline the major problems in terms of thié scheme, setting up a map

Then determine the priority order for

120

17

It is extremely difficult, espe&ially :\ b

.
N
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“

‘carrying out these investigations in terms of their a priori probabi;ity

of improving instructional cost-effectivenessa= Finélly detefmine'the'

‘most appropfiate one of the less devéloped countries and the best situé;

t%on in'fhat natioﬁ to do the 'study.. The appgoagh &hich we use in ﬁhié
- study borrows from_all;the above approacnes but follows: the 1ast most

~

I " closely. - o .

5.2 Metho? of proceduré. A seven-step approach to ‘identifying
research.priorities-in instructional technologiés for application tq\\,

eﬂucational problems in less developed couptrieé is employed in.our

study. We define research broadly to include éxperiments, field studies,

 Ee

\

controlled observations,_haggware and software development activities,

‘

and any other projects whéseﬁburppse is to provide information USefdlt
. in imbroving the cost-effectiveness of education in lesg developed
countfies. Such a question might'}nvoive.changing the organization or
'péocesses curréntly'in effect in an gduéatioqsl sySteﬁ, or defer;ining
- the feasibility of using one or more instructional téchnologiés'in it,
to improve its cost-effectivénessq'. R
. : Determining research priorities nécessitates'(é)-forecésting future
problems and their relative importaﬁce; (b) evalﬁating the potentiél
applicability of solutions éb those pfoblems; (gs estimating the feési-
bility of the problem-solqtipn métch in terms both of‘the poiitgcal and’
- social acceptability of tRe solution and of its econoﬁic feasibility.

‘'The seven basic steps of our approach are:

1. Establish interest in instructional technologies

2. Identify educational problems, diagnosing existing organizational

pathologies S . : ) %

| - 130




139

'3, Formulate researeh'questions'to answer in eValuatihg alternative

human and/or technological solutions to the problems -

4. Specify research designs

5. Afrange projects in priority order

6. Carry out’ research

5.3 Procedural details

Steps ‘ .

1. Establish interest in instruc-
tional techpnologies.  Discuss with
educational decision makers the
1likelihood of solving some educa-
tion problems by means of changes
in structure or processes of the

. huiman educational system or the
use of instructional technologies;
assess their perceptions of "the
feasibility of introducing com=-
munications technoldgies.

- . PR : . . (

7. Evaluate research findings for operational implicationé

s e

B -

-services available to the society -

‘Comments and/or alternatives’

1. Interest in.using instruc-
tional technologies in an educa-

tional system arises from a
~ desire to increase the quality

or quantity of instructional

or to cut their costs. It should
be recognized from the beginning,
however, that use of instructional
tethnologies will require adapta-

tions, in the educational system '~V‘

if they are to be employed effec-
tively. It is wise to prepare for
educational reform as well as educa-
tional eéxpansion when considering

‘educational technology. Ity is desir-

able to maintain both optimism about
what technology can potentially do -
and hardnosed skepticism about what

- it costs and can-currently do. Concern

. for these issues by the Agency for

International Development was formally.
established by the Foreign Assistance
Act of 1970, under Section 220.. AID
has established an office under the
direction of Dr. Clifford H. Block,

in the Technical Assistance Bureau

to implement the implications of the
legislation. AID's interest is rein-
forced by the growing number of
requests for technical guidance ‘and

- financial assistance in communications

technologies from its clientele in"

. the developing countries. Nevertheless, -
. many less developed countries ‘and many )
" of the AID desk dfficers for such S

countries are as yet unconvinced about

the potential of instructional

technologies.

a
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] : Steps - 4 . Comments and/o¥ alternatives
2.. Identify educational 2. " §tatements of problems will
problems, diagnosingrexisting be expressed in a variety of ways,’
organizational pathologies. sometimes in reference to per-
This can be done by means of ~ formance standards that are not
a literature séarch, inter- . being attained, sometimes in terms
views with educators about ' of the scarcity of resources available
their current activities, a to undertake the process of education, -
‘ -survey of those who benefit and sometimes in terms of vagaries and
; : from education (parents, - inefficiencies of the society that uses
T students, employers, etc.) education. Often a statement of a’
: or analyses of management problem is at the same time a state-
information about the - ; ment of the causes of:the problem.
educational system. It is.dimportant to obtain and distin-
' " guish these two sorts of 1nformation.

I . A

¢ Because of the perspective of this
- report this task was almost immediately
perceived as finding a way to organize
! information about problems. It could not
" be hoped within the confines of . this work
. to arrive at a new understanding’ of the -
educational problems being faced by devel-
-oping countries. We could not even hope
- . to be able to prioritize them in a way
that would reflect anything other than
our own opinions.
» . The educational literature was also
’ ' examined by us.in order to identify
important problems. Coombs' schema
of the major components of an educa=-

. tional system came closest to pro-
viding this. Acc¢ording to Coombs,
all educational problems seem to

4 fall into four areas. These four

. areas include the two output cate-
gories of learner performance and
the integration of education with
society and the two process problems
of learner-input interaction and

. ediucational management (all inter-
- actions in educational systems, that
do not include the learner.)
Ultimatély, the problems classified
’ : ' according to process and output
- depend on the quantity and quality
‘ " of the inputs to the’ educat10na1
% ' . 4 . ; system.

©
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' Steps i

)

W

Comments and/or alternatives (2 cont.)

_ All four of these areas cover .a
multitude of problems.- First, the
conventionally defined academic '
learning performance of most learn-.
ers in developing countries is Llow.
Performance on cognitive tests is
often low; illiteracy levels are
usually high, even where substantial
literacy programs have been tried;’
and training in family planning,
hygiene, agriculture, and technical
trades has not been overly success=
ful. # Second, those learners who
finish their education have dif~
ficulty integrating themselves into ’
the society.\ They often have unreal-
‘stic expectations of development,
elitist attitudes toward society,
‘and levels of training which are
less than satisfactory to fit them -
for JObS. Also, the educational
systelm as a whole has not been
adequately integrated into society.
Present educational systems tend to.

o reslst the innovation needed
for development

° ;enhance the urban-rural
. "dichotomy of most developing
- countries‘

e provide unequal access to
education )

e maintain a gap between what
is taught in school and
what the society considers
important; and . ¢ .

] perperuate the mismatch
‘between manpower needs and
the demand for education

' The two frocess problems--learner-
input interaction and educational

management--are similarly compllcated.v
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Steps . \ -

%

Formulate research questions

_— 3.
' .. to answer in evaluating alterra-

. tive human and/or téchnological
- solutions to the problems. The
questions to be answered should
be as specific as possible and
be practically relevant to the -
educational problems in the less
developed coun;ry or countries
in which the investigation is
conducted. In some cases the
question may be whether a
specific procedure is fea31b1e.
In others it may be whether it
- is more cost-effective than an
alternative procedure. Some
alternatives may involve only
changes in structure or pro-
cesses of the human educational
system, with no hardware or
software involved ; others may
. concern introduction of both
hardware and software. ‘

134"

Comments_and/or alternatives (2 cont.)
First, few definite statements can

be made about the process by which

a person learns. This is an especially
pressing problem in the application of
media to education, one which is made
worse in less developed countries by
the diversity of cultural, social,

and psychological conditions that exist.
Also, in such countries the manage-= ..
ment of education needs improvement.
There is often no coherent relationship
between decision-making, planning, and -
research. Many educational managers
(supervisors, education officers, etc. )

~ lack knowledge of basic management

principles and there is a "shortage of
well prepared teachers, good educa- .
tional administrators, and suitable
- facilities at the school or Jlocal
level.

3. Research questions should be
stated, if possible, as hypotheses and
in operational form so that, when
answered by research, they reduce the
* untertainity of educational planning
and provide a rational basis for more
efficient allocation of resources.

(:.-’
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Steps

4. Specify research designs. .-
Research specifications ‘include

a statement of-objectives,-i.e.,.
what the final product of the
research is supposed to be; a
statement of relevant research,
reviewing the literature related
to the question at hand; a Sec-

. tion describing the researgh;

program which specifies the
tasks to be undertaken; a sec-
tion .on staffing and schedul-
ing which estimates the -
phasing of the tasks, the
skills required to undertake
the research, and the number .
of man/months to complete.the
research. The research
specifications should insti-
tute a work statement that
could be given'to an "

. investigator who decides o,

to undertake the effort.

. Precision of design is

important, but many"issues

inevitably must and should
be left to the researcher's
discretion.

5. Arrange projects in priority
order. Oiice research specifica-
tions have been developed for
each project, their relative
priorities must be established
‘on the basis of several consid-
erations. In some cases it is -
obvious that certain questions
have to be answered hefore other
researches can be undertaken.
Methods of cost-effectivéness
evaluation, for ingtance, must
be developed and fested before
they can be reliéd on. Effec-
tiveness of a procedure must
be proved before the way.it is
employed in a particular, system
can be considered. Priorities -

_ Comments and/or alternatiﬁes

o

K -

4. In most cases the research pro-
posed will be applied research and
developmental work. Applied research
Ppresumes that basic research has been
completed. It builds on basic research.
,Much basic educational research, how-

- ever, has not been successfully com-~
pleted. There is little to build on.

. Attempting to measure educational

effectiveness raises many difficult

" 1issues for behavioral scientists. Yet

it is of major practical importance
that instructional media be compared
- for educational cost-effectiveness.

In Chapters IV and V of  this Teport,
29 reseéarch projects of importance
to.the use of instructional technology
in less developed nations are mapped
out in order to demonstrate their
interrelationships and‘ then their
désign§ are specified in some detail.

k

5. Edutational research- involving
media is quite expensive. Pilot
projects can cost $500,000 and more.
Since. a really reliable cost-benefit
"analysis of a research project cannot
be made until it is completed, how-:
ever, decisions about how to allocate
research resources must be based on a
highly subjective. analysis of the oppor-
tunity costs of doing or not doing a
certain research project as compared

to similar costs for alternative,

studies. The understanding of .the
project developed in Steps 1 through 4 -
gives some sense of the benefits not
of the research, but of the successful
implementation of organizational change
or neiw use of technology should the

-
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Stegs (5 cont.) . ' ~%

can be set by a crude, subje%-;
tive cost-benefit analysis. '
The generalizability and appli-
.cability of a project must be
estimated in determining its
potential benefits. -The '

costs in human effort and

money of all the research
and development required
before the findings can
be made operational are
measures of its costs..
By using such rough cri-
teria the projects that
should be undertaken first -
can be selected.

R

. & L. 7
: ‘

26.;iéarny out research:: If
“the staff does not exist with
“the capability to undertake the

research the personnel must be
recruited. The speciﬁic Ysite
for the study must be selected
.as well as the educational sys-
tems which will be investigated:
and the controls to be employed.
A detailed research plan and.a
schedule must be agreed upon and
rigorously adhered to. ‘ Data must
be carefully collected and ana- -
lyzed.

Comments and/or alternatives (5 cont, )

.is feasible.

"4s made.

i .

research indicate that this is feasi-
‘ble and/or cost-effective.
- " tion we include in our analysis some
| estimates off probable benefits from
“any technology employed in the project,

In addi-

based on its record of prior perfor-
mance. We also have some idea of the
research costs to arrive at an ‘answer
to the question of whether.that match
We do not have any. clear
information-as to the probability that
the research findings will be positive
in terms of the féasibility and useful-
ness of the procedures inveﬁtigated.
We also have no  information on the
practical problems of implementing
findings of the reséarch. Neverthe-
_less it is advisable,'and indeed
necessary if priorities are to be set
to attempt such analyses even though
the level of confidence that can be
placed in the calculations is low.

In Chapter IV the 28 projects are
grouped into three priority classes,
A, B, -and C, “and within each class

a rough rank ordering of priorities
These rankings.are based

on the procedure outlined abcove.

6. In most of the less developed
nations there are few if any scien-
tists capable -of independently con-
ducting sophisticated research to

, evaluate the structure and processes
" of educational systems and the poten-

‘tial contributions to them of instruc--

tiqnal technologies. This means thex
will in most tases need consultation
and perhaps major assistance from per-

.sons from other countries who have

the necessary background for this
relatively new sort of research for
which procedures are still far from
standarized.

*
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e

7. Evaluate research ?indings
for operational implications:
Several possible sorts of prac-
tical implications may arise
from research findings:’ '

(a) The findings are incon-

clusive and further -
study is required

or (b) The findings are conclu-
sive and (i) other

researches' on other com-.

ponents .of the system
are now required before
action is taken to

implement new procedures;  all these considerations.

...

Comments and/or alternatives

7. Even though the findings from .
a study may provide clear and

- rational evidence that a certain .

educational .procedure should be.
carried out, many other consider-
ations must be reviewed to see if

it is feasible. There. -may- be over-

riding political reasons why it
cannot be implemented. Or it may

‘be socially or culturally unaccept-

able. Or it may be so costly that
the nation cannot afford it. The

“final decision about implementation
‘must be made by governmental author-

ities rather than scientists, for
only they are in a position to weigh

)

-
i
i}
(
]
i
L
i
|
'
¢
f

e . - (ii) no further research _ A .
" should be undertaken .- . S e .’
because no ¢hanges are ' ’
indicated; or (iii)
implementation of the
new procedures should
began forthwith, -

Lo

6. Determining the Practical Feasibility of

_Implementing a New Educational Procedure

¢ . X . i

- . i

Once the:operational implications of the research have been revieWed, the =

procedures outlined in the above section are concluded.. Before the findings

<

can be implemented however, One=other major phase of'analysis must'be‘carried-

out. When a procedure or instructional ‘technology has been selected which

i

appears most likely to make improvements over the traditional uses of .scarce
educational resources, this choice must be evaluated as to the feas1bility of

its use in a particular one of the less developed count:ies. If it appears

infeasible it mustvbekdrppped.frdmlconsideration.

v
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‘Let us deal with each of these in turn. .
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7
7

This does nat ﬁean that the research conducted on it has been fruitless,

-

6h1y that for the particular country under consideration it is at that’momenp

arid in that situation impractical. )

. 'Y -

Feasibility dépénds on two major considerations: The range'of the new -

procedure's financial cost and its écceptability to the particular country..

N

. . b - . : -
6.1, Costs. Three major categories of monetary and nonmonetary costs
deserve consideration: developmeﬁt, implementatioﬁ, and maintenance costé.

<

First, the development costs must be estimated. Thié can be done by

analyzing carefully and in detail the state of the art now and.comparihg it

* B

'with‘the'state required before it is feady forYregularaapﬁlication.‘ Then

the time and manpower needed to reach the latter state can be worked out.

Second, once the dévelopment'cgsts have been determined, implementation

7

costs must be worked out. These willidepend on which instructionﬁi hardware,

if any, is to be émployed, the number of persons likely to use_{i, the probable .

hardware/user ratio, the.maﬁufacturing and distribution costs, the costs of

o

« . 8 0 R . .
software production, and the more difficult to calculate, education of persons

ln:the system to accebt and use it. Such education is essential if the sys-

tem is to -accept the proposed new procedure. To deal with the social, cul-

tural, and politi¢a1 aspeéts of educational change takes human effort, money,

and time. For instance, the introduction of an educational television system

into a less devéloped country may require creation of a formal, politically
and socially acceptéble, institutiqn to operate the program. . The nucleus for

this méy~a1féady exist in an edﬁcat;dnal radio system or public television
service. 1If it does not, the implementation costs will include significant

institutional development costs.

- R ¢
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In the paét the most ignored costs have been maintenance costs. Only
Ed ' . . .

a

L3

recently have international funding agencies and donor countries begun to

consider adequately the maintenance costs and'how they will be funded when

“ deciding on development projects in educatlon.' The introduction of language

. la&oratories in less developed countries in the tropics ﬁks provided glaring

examples of neglect of maintenance.costs. The demand for second- and “third-
language traifiing ‘led to the 1ntroduction of tape recorder units that had
been des1gned for cooler climates. Not only was the electricity often inade-

quate,~but humidity and heat caused the equipment to deteriorate rapidly and

. no maintenance men or spare parts were provided Extensive periods of down-

time for the equipment resulted and cousequently administrators became

AP
PR

unW1lling to inmest in more language laboratories. o :

The major problem is that theﬁless developed country cannot or does not
budget operating funds for maintenance costs. The donor agency is'often glad
to pr0V1de as much as 90 or 100 percent of the money required to introduce an
~innovation in 1nstructional technology. Then they leave it to the 'country to °
;fdch it is given tovfinance allvfuture'hardware and software costs. The |

budgets of the less developed countries are often too low to do this. Long-

range financial planning, therefore, is an essential part of the systems

"approach to the use of instguctional technology.-

6.2 Acceptability. If an ‘educational technique is to be accepted, it

R ™

must not be culturally biased against the country where it is to be used. N
For an innovation to be'accepted it may be best:to use a medium familiar
to a recipient. Thus, if a country has a large radio audience but no TV,

innovations in radio may prove to be the most feasible. This assumes that
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the content presented on the two media are comparably effective, If the

—

TV materiale are clearly superior, their impact may Bersupérior.'

A minimum of gggpitiée dissonance if the student should be elicited
by the instruction if it is to succeed;. "Cognitive diséonénce"parises
in a person when he is giveﬁ‘re@son.to belieQe or acceSE two dbpésing
vie&s simultaneoﬁsly. Introdﬁping the instrqctionallinnovatiOn either
as anfadjunCt.tovexisting aﬁcepﬁable resources br as a.completely new,
dissociatéd alternativé may present such dissoﬁance, Kenya has foilowed
fhe first coursé'in.introduéing educational radio as a supplemeﬂt to
existing;texfbooks. "The latter alternative is more daring, but though
risky, itcﬁay_;chieve the most dramatic changes. Acceptance will,‘howeYer,'
be i??pardizéd.if_téchnolbgies aré introducéd that the usefs see.as

contradicting géod educational practice, for example, the substitution

of téaching machines fqi teachers. Teachers, students, and parents,may

~all resist this.

. In add{ition to being acceptable.to individuals in the societies for -

whiéh they are designed, novel teacﬁing procedures must also be-amendable_

to institutionalization in their development,~d}ffusion, and maintenance. .

Esman and his associates have.carefully studied this aspect of acceptability.

 They list the following requirements for institutional acceptability of

. . ?1 3 ’ v %
new technologies: ‘ * )

. " ™

- (a) Leadership is required in technological transfer of any sort
. & ' : ' : ' .
because modern technology is complex; leadership’must point the
., way to integrated operations in the institutions acceﬁting the -

innovations.

-
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t . - . . ,
o {b) Doctrine about the organizétién;s policy must be s;elled out as
| a.basis for decentralized #s well as centralized deciéions,‘
; o ' T i 1) ﬁrovid@ng eﬁfectiv?_sygtem intégr;tion.and providing for
; S _ cénsistehcy of performaﬁge by all units. - R !
L) . {c) The program must be planned in terms of the prioritie; egpeéted
| of. the ou;puts of the organization.

. - (d) - Standards of egéellenc; muét”be establisﬁéd in terms of which the
| - performance of‘;ﬁe teéhnélogical innovation can be evaluated. -
(é) Linkages must exist within the educational.organization to

guarantee integration and consisténcy of';erformance, and Vith'x
otﬁer orgaﬁizations tovguarantee relevance and5$Ome ﬁeasure of

L influendé-inlthe:s&ciety. | %
and (f) Resources ﬁuét be a@eqhate to dévelqp and use the technolggies

inﬁfoduced. | |
All this means th#t the feasibility of a technélogical innovation

&epgnds on the;establishment 6f, or identificatioﬁ with, institutions that
‘have the attributes listed above and that see the diffusion of fhg proposed
'innovation as oné of their major ré;pongibilitiés. For. example, the intro-
duction of‘anything so complex as cbmmunicétions satelliteéiégf educ#tion
demandé thgt-informed leadershig be’available.tb design a prégygm tha; offers
solutions‘to the multitude of educatiénal probleuns, - Vérious educﬁlor; are
taiking of using theseyéatgllites for edgcational administratioﬂ, teacher

training, classroom instructiOﬁ,:;nd extracurricular activities. Any program *
o .

that.assigns priorities to these alternatives must also depend on an institu-

tion with a doctrine which makes educafioﬂal goals explicit, standards of -

-

-




"excellence related to those goals, and linkages‘with other organizations

tional medium for education‘in a less developed country, Its influence

150

?

-

in the society'interested in education. This institution must also be

amply supplied with resources to'mount and sustain such an ambitious

project. | _ . ) | . .
An.éstablished nation which has provided technical assistance has

often been cbiefly responsible for the decisiontto adopt a certain instruc- -

resulted not only from its ﬁinancial supporthbut also from its technical

superiority and enthusiasm for educational technologv. While the less

developed nation often has-had great interest in the new technologies its
. 3

lack of expertise has led it to accept an educational system currently in

the spotlight of attention without considering an adequate range of alter—

natives. A good case in point is the current,discussion on the uses of a‘

comnunication satellite for educational purposes. Almost all work centers

on instructional television using the satellite, yet cther media can employ

o
.

satellite transmissions. Consideration is nOW'slovly turning to the possible
use of the satellite for radto and for“facsimile.]'4 - |

A sign that the weight of decision making may be shifting from supplier-
determined selection to a demand—based selection is the Indonesian Central
Planning Office's recent refusal to accept UNESCO funds for a series of
feasibility and planning -studies for educational broadcasting until some
consideration is given to other alternatives. The initial draft of the
report by the UNESCO mission to Indonesia that outlined studies to be underr'

taken in order to develop educational broadcasting did not include any sug-

gestion that broadcasting should,be compared with any other possible means

3
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of educational reform. In less developed nations generally, however, a
demand-based system of technology transfer does not exist. More needs %o
be done to ensure that locally selected, designed, and implemented educa-

tional systems using technology are possible.

>

The last aspect of acc tability'with which we muétﬁdeal céﬁcé;ns e
the perceived possibilities of diffusion éf the technologies . throughout R N
the nations once they are developed. Oﬁ ;he.basis of his studies,lMoit |
‘has cg;cluded that on the”avegage an;educational innovation in the United
4 Stétes takes 25 years before it'begiﬁs to be e’).ccept:ecl.l'6 Total acceptaﬁce‘
takes About_SO years. This is a disturbing statistic. We must try to
minimize the oﬁpositioﬁ to new techﬁologies.; Oné'WAy to do this is to
4seleét those thét seeﬁ to be most readily acceptable. Besides'deaiiﬂg
Ny with the social, cultgral, and ins;itutiogal constraints discussed above
we ﬁustialsorselect for use technologies which:the éotenéial users per;eive ‘
as desirable. |
To be desirable a medium must, first, be perceived,as proﬁidi;g more
benefits than other alternatives. The most obvious benefitslare potential
gains in student achievement. But they may alsé’include redustion of pre~-
4 paration time for the teacher,'enhancemenc of the teacher's proféssional

)

skills, and improvemént of the learning environment.

A desirable medium akso is characterized by simplicity. The more .
cdmplex an-innovation is the more sophisticaféd its users must be in order
to take full advantage of it. The teacher must be able to understand and

operate the teéhnology and the students must find it convenient and rewarding. |

|
1 .
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For instance, a computer console in a school in the mountains of Bolivia
; 56 ) .

might easily at first produce cultural shock and be beyond the conceptual

capabilities of both teacher and student. Administrative simplicity is
also essential. Tn rémote rural areas whiéﬁ lack electrification the .

management of education by transitorized viéeo tape players and”; tape.
librery'might be'beyondv;he capabilities of some less déveloped countries.
The technical requirements of maintenance alone could make a .new eechr
nology impracéicai if adequately skilled technicians were not available.

Also a desirable medium must be communicable, easy to describe and

demoenstrate to potential users:. Those innovations whose educational
relevance is most apparent and demonstrable will spread most rapidly.
Finally, a desirable medium is onelop which an integrative program

of research is possible. That is,fresearch and development must clearly

be capable of be1ng applied and a workable plan for mean1ngfu1 application

must exist. Many pilot prOJects and demonstratlons are concerned only with
short- term, ‘temporary efforts that, although judged superficially successful
may have few if any long—range.effectsa Reseatch projects in instrucbional
technology should include strategies fo? epplicaeionﬁthat have the endorance

and pervasiveness of various United States "agricultural models" of research.

That is, the research leads-to the setting up of experimental stations,
and they iead to exgerimental farms, ano they to model farmers along with °

a network  of change agents such as county agents and home economics demon-

strators. Each research, if successful, should produce a growth point which

is sustained unt¥l desired and significant change result.
> S ‘
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‘the societies at large. The ultimate question is whether the study will be
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6 3 SelectinggeducationalAprocedures by;estimating their costs _and

acceptability. The final selection of an instructional procedure or
technology for researchland development must befingterms of‘a'subjective
evaluation of the feasibility of employing it in éVf;ss developed country.
In order to make such an evaluation each proposed area of research will be
examlned in terms of each of the criteria discussed above. F1rst the mone-
tary costs will be estimated, including the expected costs of development,

implementation, and maintenance. Then ‘each area of research will be examined

for its acceptability to various'actors in the educational'processf-the

_ students, the teachers, the educational and political~administrato}s, and

more than a pilotlproject, leading from’research and development to
application to enduring change of a desixable sort. | o ©
characteristics are important as well as their<objectively defined character-
istics. The perceptions-ofwthe persons who will be involved with them will
decide whether they will actually ever supplement or. replace the present |
procedures that are currently failing to provide adequate education for the
citizens of the less developed countries.

Based on the foregoing analysis, each potential area,of research will

be’either eliminated from consideration or included as feasible: The analysis

will also help to determine the priorities of the ‘feasible studies. A proposed

research topic with medium- monetary costs but low percedived relative advantage,

for instance, would either be eliminated or given low priority.

In determining feasibility of new educational procedures their perceivedf;”l




7. Facts about Various Alternative Educational Procedures and

5 Instructional Technologies Relevant to the;Settingfof

" Priorities Among Them

7.1 Nontechnological alternatives involving;only changes in'the

human system. Inadequate‘attention has been paid to the nontechnological
alternatives‘in‘educational reform, types of personnel employed, and sorts
of instructional procedures used. Educational planners have concentrated
on deciding what investments in research are needed to use more effectively
the modern information processing technologies in education. AThis concen~-

-

tration avoids two issues: What nontechnological changes in educational

practices are possible? And how can one combine changes in human components '

of the system with the introduction of new technologies to produce more
~

effective educational systems? As .an unpublished AID paper has pointed out,
"there are not, yet extant complete systems which are of sufficiently broad
scope and low enough 'in cost to serve as’ models for developing countries."

It is therefore essential that research into nontechnological 1nnovatlons 1n
education be'pursued'hoth independently of and in concert with research into
the applications of technology. Not enough is known in less developed coun-
tries about the impact of teachers' education levels, student/teacher ratios,
and the - length of the school day on learner performance. A number of alter-.

nat1ve comb1nat10ns of teachers, paraprofe331onals, students as teachers, and

media should be considered for their comparative cost~-effectiveness.

It is particularly important in less developed countries that suffer from

a great shortage of fully trained teachers, to review the role of the teacher

+ .

and to discover whether a good learning environment can be provided inexpen-

sively'by some combination of media and paraprofessionals. Traditionally the
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instructor has been expected to be the possessor of broad knowledge and to

be able to answer any question one of his students might ask. He is also’

expected .to be a model of the upstanding and educated man whom his students

r

can emulate, the enforge; of.justice in all intraschool disputes, and a
_paragon of virtue and good judgment. He is for the most part the sole judge
of each student's'worth and is vested with the power to transform that judg-

ment into recognition and status for the capable or favored and into shame and

1

possibly punishment for those who do not measure up. The teacher is-tradi-
tionally responsible for the organizing, structuring,and provision of activ-

ities for up to six hours of the#?tudent's_day. To some extent he may also

-

be a counselor, parent surrogate, and governmental official.

r The role of the instructor, however, is not static. Modern eduoational

fphilosophy has shifted from the teacher-centered classroom to the student—

- § . -

centered'classroom. The teacher's function has been transformed in many
instances from the bearer of all knowledge to an organizer/administrator

who provides the materials from which the students can 1earn what they need

to know—-a trend particularly outstanding in mathematics and science, the

s

:

so called ''discovery sciences," in which the instructional materials are,
- or have within them when properly manipulated, the message. In modern mathe-
mhtics; for instance, manipulating concrete objects, rather than listening to

the voice and watching the writing of the teacher, ma§ be the best way for the

i

student to perceive the nature of mathematical operations. Another change in

g
L ]

— philosophy has been the reorientation from learning facts to learning to think.
With this shift in objectives the teacher talks far less and the students much

more.

ERIC - . 1
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Such changes make it perhaps more'iikely that the media can provide
more of the content to be learned while the teacher or a paraprofessional

~

acts more to facilitate .the learning process and apply an understanding of .
group dynamics to manage the learning environment. Replacing the instruc- '

tor with media, or taking the'primary responsibilit§ for instructing away

from the person who is physically present in the classroom may have effects’

on education which we cannot now foresee. Among other things it may be

that these will be major strategies for cutting the costs of mass education.

7.2 Instructional technologies. The first two modes of teaching 1listed A
“  in Tahle 7 on.pageA117 tutorial sessions or small group discussions and ¢lass
lectures, depend exclus1vely on local talent. In many of the less developed
countries the teachers in many of the schools are untrained or only partly
trained. The‘quality of instruction can neuer-exceed their capabilities.
All the. other media have the potential of improv1ng educational excellence ’
by importing information and.instructional procedures from experienced and
: perhaps outstanding teachers outside the school. This possibility of rapid
improvement.-in quality is perhaps the greatest argument for the use.of the
héw technologies, although the possihilities of greater individualization
of instruction and of lower costs arevalso potent arguments. Let us now
review the arguments for‘and against each of the 40 technologies listed‘in
Table 7, identifying'those with major promise and those which at present

seem less satisfactory.

®

'7.2.1 Relative promise of the technologies. Commenting in turn on each 5

. , : : . -
of the media in Table 7, we can briefly summarize their apparent jresentprom-

ise for education in less developed countries:
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: 1. Tutorial sessions or small group discussions are very expensive
comparéd with traditional classroom teaching, and to be at all effective
they, require trained teachers. ~

2. Class lectures are expensive, though less.so than tutorial sessions

'

or small group discussions. If class instruction is to be reasonably good,

~

»

the teachers must be trained. -
‘3, . Lettering, writing on blackboard, charts, diagrams, graphs, maps,

and such media usually require trained teachers for qualitf:instruction.
o o i } , ' »
Some, however, have built into them enough instruction that they can provide

3

learning opportunities with less qualified instructors. Their costs afe
relatively low.

4. Stage scenery sets are of limited value in education as a whole

because they are used primarily in dramatic arts. Their costs are

relétively great. L -

. > P

5. Written papers, documents, books, workbooks, tests, programmed
textbooks, other printed educational materials, newspapers, journals, com=

-

:  puter print-outs, Braille writings, and punched paper tapes have beenuuséd-
in a wide range of educational situations with demonstrated effectiveness, .

but for large numbers. of students they are relatively expensive to reproduce

P

. ) i N
and distribute. Programmed textbooks and other similarily programmed docu-

ments have certain advantages over the other media in ﬁhis'category“in that

"a student can interact actively with_the‘inputs, giving aﬁrgnswer to questions

and then lcarning from the document whether the answer was correct. Also

individualized "branching" is possible. Such-programmed documents share

. o o ;
these characteristics with two other sorts of . medin discussed below, teaching .

. . ] '
machines and computerized programmdd instruction, T . : ‘

. M - c ’ . .

. \}
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ERIC p ' | 149-. , .o

P v : o : '
, . _—_ ‘ ]
> e, 4
- N _ L - - . PV S L. - e i




158

6. Demonstrations»are valued primarily in the scientific fields and
so are specialized media. ' ' o .

7. Dramatizations are applicable primarily in theatrical arts, and

) = . ;
they are costly. There is no complete substitute for them, however.

"y

€. Exhibits are of limited applicability to a specializea:range of

’

areas, especially the’physical sciences, natural history, histoéry and

anthropology, and the technologies.

‘9. F1eld trips are of limited applicability to a specialized range

of areas, geology, natural studies, and various applied arts. In addition

qLex_might be quite e;pensive.
/ ) . * » - .
10. * Photographs and filmstrips are fairly expgnsive to reproduce and

difficult to distribute, They offer no opportunity for active interaction

by the student or individualized "branching." They have none of the

advaqtages of audio-signals or of motlon.“

{ : : ,
11. Teaching machines are a major medium, because of their flexibility.

i

"As yet they are not sdfficientlyucheap to be broadly useful in less

..
»

-developed countrles, but it is probable that, either in a noncomputerlzed

or computerlze%‘form, tcachlng machlnes will ultlmately have great impact

for suéh mass instruction. They share with programmed textbooks, mentioned

above, and computerized programmed instruction, mentioned below, certain

special characteristics of.all,programﬁed instruction, such as that a student

-

can interact actively with the inputs and that individuglized "branching"

v

is possible.

“

3
|

i

i
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12. Silent motion pictureS;are.expensive to reproduce andbto distribute.

-

They provide no opportunities for active interaction by the student or for

individualized “"branching." They also do not have. the advantages of sound.
v "
They can be distributed less’expensively over television networks and when

so used have essentially the same advantages as video tapes.

13. Filmstrips or slides Wlth audio tapes are. fairly expensive to

[ -

reproduce and.to distribute. They offer no opportunity for active Jnteraction

by the student or individualized: "branching. : o
14. Sound,motion pictures are expensive to reproduce and to distribute. LT

They provide no opportunities for active interaction by the student or for
20 . :
individualized “branching.' They can be dis%ributed less expensively over -*

television networks, and under those circum$tances they have many of the

2

advantages of taped television.

o

15, Telephope network transmission costs are high for educational uses.

-

‘In less developed countries'telephone networks often operate poorly. 1In

some areas they are nonex1stent. This'medium does not have the advantages o

of video signals, but 1t is as yet unclear whether video, iifnals signlfi—

;cantly improve;the lcarning environment.

y : : . ' ~
16. Broadcast live instructional radio is a major medium. It does not

permit active interaction by students or individualized "branching." It
does not have the advantages of video signals, but, as noted above, it is

] .

unclear whether and to what extent video signals improve the learning ' A'

environment., It is potentially inexpensive, $0.01 to $1.00 per student hour.

S -
- &
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'17. " Telewriting and telewritevision are interesting new media, as yet
not widely'used. They are not portable, and the equipment necessary for
‘receiving the signals is relatively expensive. Students can interact

actively with the {nput-only if there is a feedback channel for audio signals, *

-

and this means that essentially two channels in one direction and one iﬁ
the other are ;eﬁuiréd, a.total of thrce teiepﬁone channels.,‘This is
éxéenéivé ovér long distances, and in addition, as noted, telephone net-
works in- less deveiopedvgéuntries.are offeﬁ poofly operatea and at places
are none%istent; ‘Furthermore; telewriting on the screen is ofﬁen diétracting
to étudentg watching the process, since the..pattern builds up slowly. Of
course it is also trué when a teacher writes én'the blackboafd that the stu-
'denfs' time is wasted whilé‘theyuwait for the words or picturés to be -formed.
Teléwritévisionorequires local visdal‘materiéls, which must be tfanémitted
by mails or by other meané that are relatively exﬁénsive. apfteq the éignals-
oh these media arc not clear. .These meédia employ limited bandwidth;‘and
cénsequently.dq\not havg fhe advantages of media that depict free motion. -
Probahly éﬁey will be replaced by other mgdia wherever greater.bandwidth
becomes available. | |
' 18. Auﬂio-tapes; cassetgs; car;ridgé, anﬂ record ﬁlayerS'do not give g

spud%nt an obportuniﬁ& to interact actively with the input and do not allow
for individualized "bfanching." In addifiqh théy do not have the advantages
of vidco signals. If thej_are.used on an electronic netwofk, they~ﬁa§e the

same advantages and disadyantages as radio.

44
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19, Dial-access aﬁdio tapes constitute an expensive medium. The‘
networks over which remote access to the tapes is obtained are also expen-

sive to operate. As noted above, long distance telephone netwdtés”are not -

-always well operated or even in existence in less developed countries.

Sometimes, of course, dial-access is provided over limited networks in a

single school or locality.

20. Teletype and telegraph are relatively expensive media. Networks s

-over whicH the signals pass are expensive to operate and must be in

existence. This is not always true ip less# developed countries. Also fhe
rate of inpuﬁ of information is reééficted to about 40 to 50 words a minute
and theré can be only one or very few-usersiat‘a tihe at gachvtérminal.

21, 'CloSéd;circuit audio lectures cah’take advantage.bf talent
availabié in an‘entire schoolvrathef than a single classroom but inputs
cannot originate from other }ocations. Only students wiﬁh sbéakcrsfcon-

hected to the circuit can hear the lecture--it is not broadcast to an entire

—

.community or region. This medium does not permit a student to have active

interaction with the inputs and it does not permit individualized "btanching,"

any more than_claserOm'lecﬁureé do. Also it has the disadvantage of prb—,
viéing on{y audio_siénéis. On the other hand,'it is less expensive than
single classroom leétures. ' - - ' ' J | ;
22. Radiovision is an expe'sivé medium, reqdir;ng some form dﬁ’delivery
of the visual matéfials from'a/céﬁtral source to thé.remote place‘where thgyf
are used. Alsb~it_prbvides 7é vjsual‘motion and there is no individualized
/ ' v .

’. Ty

"branching."

T
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23. Slow=-scan TV-is a narrow;band medium which provides a series of

still picturés, but no motion.piétures. The buildup of the'pictuges is’
B . . . 4
slow. While this is going on the attention of the student is easily dis-

. tracted from the concomitant audio inputs. Often the video signal is not

véry good. The technoldgy has not been thérqugﬁly tested. - There is no.*: ’?
individualized "bfanching." Also it is dependent upon tﬁe existence of a
téiéphone~or alternating'curreﬁt network, which may noﬁ be present inva _
leséfdeveloped country er wﬁich‘may.éarry a poor'signai.

24. Broadcast live TV is a medium of major importance, the one to

-~

.which most "attention is now being given in less developed countries. ‘It has

certain shortcomings. No individualized "branching" is possible.. If used
with mass audiences it is potentialiy cheap in terms of the cost per student

hour, but it is cotill more expensive than radio because the receit‘ng sets

are more costly. Maintenance: and provision of the necessary electrical
power may be difficult in less developed countriecs.

25. Closed-circuit live instructional TV has the same gharaéteristics

as broadcast' live instructional TV, except that it is - limited to local

taient and all yicﬁers must be connected with the network--the signal is

not broadcast to an entire community or region;
26. - Broadcast tape-recorded instructional TV has the same character-
jstics as broadcast live instructional TV, ‘except that a student cannot

interact actively with the input, as he can with live broadcast TV.if an

audio feedback chaunel is ®provided. v
- B P
. &
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27. Closed-circuit tape-recorded instructional TV is just like closed-

circuit live instructional TV except that a student' cannot interact actively
) A -
with the input.

13

28, Facsimile transmission is an expensive medium. It requires exis—

tence of a good teléphohe network; which may not be available in less

. developed countries. Moreover, the specialized accomplishment of.this medium

is to shorten to minutes the delivery time -over distahce of printed or

_ graphic documents. Such speed of delivery is not vital to primary or secon-
14 .

;fof higher educational
{ : ’ *

> . . : . .
activities in which the demand for scholarly materials is not predictable.

It could be especiélly valuable iﬁ nations thét do not héVéJén adequate net-
work of scholarlyvlibraries.

29. Audio pointer is a-littleéknown,and as yet relaéivg}y.untried ‘
method withlﬁanyvof tﬁé'characteristics‘of teaching machines. ' It does not
have the advantageg of visual mbtion and a student caﬁﬁbt interact actively
with the iants. It is fairly expensive. t .

. 30. Phoneyisioﬂ requires a wide-band telephone network, -a coaxial cable

-network, or similar wide-band channels which are ordinarily not avaiiqblehin

3

less developed countries. Also it:is expensive. : ' z"‘
31. On-line computer aids to learning and scholgrship.are too expensive

at present for use by less developed countries. They are far from being

-

B} = . . . . . .

perfected, and are of value-primarily to higher- education.

. ] R . s ) ) )
32. Instructional computerized games and simulations are too expensive
@ -t ¢ . . 3 . .

at present. for usce by less developed countries. They are far from keing ,

perfected, and are of value primarily to higher education.

“

¥

-
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33.:’C6méutend;ed programmed instruction is a majér medium because it
constitutes an extremelyvflexible learning,envigonmént. It shares with
other forms of programmed instruction, mentioned above, prbgfammed textbooks,
and feaching machines, fhe.capability of enabling a student to ihtéract ' ) @
‘actively with inputs and of gérmit;ing indi§idualized "branching." 1t is
étillftop expensive for iess develobed countries!fSut‘its costs are going
down rapidly and attempts are beginﬂing to be made tb.emplay.it in less
deveioped countries;‘ The costs are-likely to fall within the next few years
-to such a point that serious consideration of this medium is justified. Thié
will also be true of teaching machines which have similar charaétgrisfiCS_
althougﬁ not the‘fle;ibility of computer-aided or compdter-ma;aged instruc-

tion. . T 4 “ ’ o R ‘ |

34, Videé fapewor disc players cdnstitute a major medium with the game k v

advantagés and diéadvantages as TV exceptlthat a studeﬁt cannot interact
actively with fhe‘inputs. Distribution costs of ﬁhe video éhsseftgs or

discs are high and méintenaﬁce may_éonstitute a serious problem. There are®
certain special advaﬁtages of “this medium, including the fact #hat scheduling
of the use of programs can be éontrolled‘lbcally.~ Also the?rate bf-input
can'bc‘controllcd.gy'an individual student and he can.reverse the program .
and ﬁlay it over again. At ﬁresent this new ﬁedium»is quite gxpensive, |
from $0.25 to $2.00 per stddent hour, but this can go dowﬁ quickiy, especially

when officient disc recorders which are similar to phonographs but_ which

play video programs on ofdinary TV sets come on the market.

o
s
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35. video language laboratories. These are largely untried as yet, -

" and are certainly too expensive at present for less'developed countries.
. * . [ . . ’

It‘is uncertain whether concomitant vidéo and audio signais are better .
than audip signals alone in ‘language learning;
| 36. Computers whiéh output visual words ;nd number;,,moving and
s;ill pictures, and audio language areé still expefimental and are tod
.expensivé for less aeveloped countries.

37. ;TV information storage is still experimental and too expensive

. ,

for less developed countries.

38. Holographic information storage is still experimental and too
exﬁensive fsr less déveloped countries. ' T

;39. Instfuctioﬁéifihtéractive fV of time-shared TV are still in the
exper1menta1 stage and too expensive for less developed countrles.

40. D1a1-access instructional TV is still in the experlmental stage

and too expensng}for less developed countries.

] Out of the 40 sefs of media listed above, there areg then, five major-

v -

~ instructional technologies with particular promise for education in less

. developed countries. These are broadcast live instructional radio;

broadcast live instguctional TV and related media; audio tape, cassette, -

vcartfidge, and record players; video tape or<discvplayeré; and programmed
. .

instruction, including programmed textbooks, teaching machines, and com-

puterized programmed instruction. . We shall now discuss each of these

in order.
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Germany were operating‘"schools of the air.
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7.2.2 Broadcast live instructional radio. Radio clearly is among the

major instructional mediau What has radio contributed so far to nonformal
and formal education? How effectively has it performed in actual and
experimental settings? How does radio compare in costs and eftectiveness
with other media, particularly TV?

The development of instructional radio in the United States has a long
and arduous history. In 1919 the first educational radio station, WHA at’
the University3of Wisconsin; went into operation. Through the. years numerous
licenses have been 1ssued to new stations and many of them haVe later dis-
appeared. Educational broadcasters, commonly(unsupported by the educational
administrators, the press, thefgovernment, or their commercial counterparts, .
have found surVival to bevex;remely difficult. It was not until 1949f50,
in fact, that the educational radio rece;red the necessary support from
phiianthropists and foundations,to establish the continuing programs from
which today's educational broadcasting has grown.

In Britain, on the other’hand, radio from the beginning was considered
more of a public service than a commercial enterprise. Regular school use
of radio was supplemented in 1939 by BBC broadcasts which taught English as
“a second language. Today these broadcasts teach elementar. and secondary

»

school English in over 60 countries. As early as 1958 Jap n, Austria, and

" Australia\s xemplary schools

of the air simulate the communication techniques of the claisroom so effec—

tively that children perform plays in full costume'at isolated cattle stations
!

hundreds of miles apart from-one another. 7 R i
- . C‘ i '
To what extent has tlie radio been used to meet educational needs in less

developed countries? Many less deVeloped countries are using radio as -a means

to supplement both their formal and their nonformal educat,j_.onal;f‘:fsystems.°
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. of.theAinstruCtor. In Cqumbia and Honduras, however, an educated member of
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India, Brazii;vEthiopia, Togo, Malawi, Honduras, Colombia, Niger, and Morocco

:éll use radio to bring some combination of health, agriculturé, literacy, and.

cdmmunity action programs to segments of their populations. These programs

vary widely in their dependence on radio, and the dégree to which the audience
is actively involved in the programming. For  example, in the radiovision

literacy pfogram in Niger, radio is used simply as an aid tb the basic skills

v

the community who cap read and write acts as a monitp;7ih the use of the radio.
' There is mo other teacher. Radio clubs iﬁ Togq} Niger, and India are essen- i
tially rural action forums which encodrage participants to organize, respond
to, and act on the‘content‘materials\broadcast. N 7 . PN
In many cquntries radio is used as enrichmentuin the classroom. Less'
common are structured corréspondence schools whicﬁ offe; courses to those
unable to attend or éomplete secondary school. 'Japan, for example, provides.
an admirable mode; for'thié method of exp;nding educational cagacity when
the necessary physical fécilities and/or financial resources are unavailable;‘
Both Kenya and Malawi'are now involved in.such programs. Some countries--
.Algeria, Brazil, Thailand, and Colombia, for example—;are éiploring the
pqssibilities of radio .training fpr teachers; either, as in Thailand, as an
adjunct to the use of radio in'the Classroom,_oé, as in Colqmbia,.to give
teéchers the equivaiént of a four;yéar course, prepafing them for tpe teacher-
training examina;ion.
Has radio been an effective educational medium in the contexts in which
it has béen used? There are several examples of outé;anding performance. The
_European,and Australian Schodls of the_aif seem to have brought many studén;s

educational opportunities which matéh in quality what they could have had in

159
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the classroom. Colombia s Radio Sutatenza has successfully ‘trained teachers,
has provided rural literacy tra1ning,vand has been responsible for an impres—.

- sive number of community development and agrlcultural improvements. In

i general, however, educational radio has not lived up to its potential. Most
educatlonal radio stations program for the general public and the programming

} must be broad enough to appeal to a general aud1ence. Most programming
emphasizes classical music and public interest issues,’ ignoring more academic
or informational subgect—matters. the.budgets of most educational stations
reflect their lack of public or institutional support. The use of‘radio in
the schools of the United States has been 1ns1gnif1cantcompared to the use
of'filmstrips, films, records, and more recently, tapes and TV. As a result
even programming for school‘use has been designed_to‘appeal to a large heter-
ogenous, general;audience; which means it is less.than ideal for instructional
purposes} Often programming that attempts to serve a wide audience will
result in only a few programs which are appropriate for each component of that

audience.
L

Up until this time most programming for educational radio in less developed
countries has been planned for use as supplementary instruction in the class~-
room, rather than to present the core of the substantive materials. It does

"not, therefore, constitute an integrated, independent unit of study but rathek

«

enrichment of the regular classroom activities. Also educational programming
in the past has usually tried to stand on its own, without the.support of any

~workbooks or other curricular materials. It has relied only on the.classroom

teacher to‘reinforce and follow up the broadcast learning cxperience. Often

the teacher considers the ‘broadcast to be a self-contained experience and —

leaves it‘completely unsupplemented by discussion. or re}nforcement so that

the student does not get optimal benefit from it.
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In the'recent surge of nev media in education, radio seems to have

been forcedﬁinto the background by TV and. other showier media. It has been
assumed by some that the more sensory modalities a medium can appeal to,,

the. greater can be its effect on learning " Color pictures are better than
black and white, moving films than filmstrips, sound films than silent, and_
television than radio. On the other hand, some studies have indicated that
in many cases multimodality presentation increases effectiveness‘only within
limits, and beyond those\limits'actually'may reduce learning by'presénting
irrelevant and distracting stimuli. It has been found that learning through
aural channels may be significantly reduced vhen the aural material is sup-
plemented vith a visual'presentation.

A study of college students learning about the structure of preliterate
: languages compared the effectiveness of radio, TV, class lectures, and

Y.

print with and without the supplementary use of audiov1sual aids. Without
teaching aids teleViSion was a better teaching medium than radio, but both
were better than class-lectures or print. With teaching aids, both TV and
radio were better than print and lecture, but radio was more effective than
TV. Apparently television was less effective than radio because the latter
elicited more active involvement of the students in the presentation process.
A study of reading comprehension by Travers and Jester, found no
significant difference among video, audio, and audio-video presentations at
* rates up to 200 vords a minute (a greater speed than normal speech), At
speeds greater than 200 words a minute, audiovisual presentation was more
.effective than either audio or visual, and the effectiveness of the audio

@

'

~
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4

presentation.decreasgd more rapidly than the visﬁal As the spegd of presen-

tation.inCréased.20 Indicatiqns are thét one audio channel delivérs infor-
" mation at about the rate.that.a listener can'assimilate it, &hereas TV often

bomﬁards the listener with.redundant or irrelevant information which may

 ;on§titute an over;-load.21 Therefore, at timgs certain media are employed,

usually televiéion, to do a job which radio couid do mbre effectivély and

at lower. cost. N

In téaching subjéct-mhtter‘such-as music or language, a piétu:e on-the

scréeﬂlﬁay be only distracting. In some étyies of’presentatiqn; such as the

lectUre,-the facial expréssion of the lecturer provides mafginal or irrélevant .

‘additional informationlover what tﬁe voice'conveys.. |

"‘

How does radio compare with other media fn costs? The costs of radio,

K

'

est;mated in comparing potential satellite radio and TV programs in Brazil,

22

are between one-third and one-quarter the costs of TV. Two basic costs

1

were include& in these,éstimates: costs of the hardware and the costs of
the printed mate;ials to be used‘withrit. 4Tﬂe hardware costs include

:u ’ s&teilite design, the construction of two sa;élliteé (one é spare),lthé
launch, 200,000 ground stations, and monitors. Annual expeﬁses fbr hard&are
were estimated g; 20 Rerc%nt of the initial cost for financing plus 10

°percent for operatihg,'or‘a total of 30 percent of the initial  cost annually.

. : A recent design study, MISSAC, done at the University of Michigan,
. ’ ' 4 ’ - n

estimated the costs of a 30-channel instructional radio system.23 The
study estimated the total costs of radio hardware of a 50-channel system at
about 90Apercent of the TV hardware costs with annual costs at 30 percent.

: The big:differencelbegﬁeen the radio and ghe'teleViSion systémslis_this:

3
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at a comparable level ofbinvestment,-only 10 percent of the students could
“watch TV atany one time. Because of the high cost of TV sets, the pfogram
was limited to one set for every 20-50 students, or two to a school. There-

fore oniy 2 channels are used. On the other hand, the 50 channelsvestimatéd

for the radio system can easily give-more than ehough broadcasting cépaéity

for all the students td.be taught by radio the entire school day. However, .

two students by this plan are dssigned to each pair of earphoneé, so only
v‘*’ half the students can listen at any one time. Even at that, five times as
m§n§ students can listen to radio as could watch TV, and at less:cost.‘

A major éost of the radio system as projected was the‘associated
printed matérials.; They coét more fhan 2§’percent of what the hardware
cost, whereas the associated printed materials'for celeyision cost chh

: less than for ‘radio. ' The total effe@tive monétary cost of radio was
estimatéd-té_be between one-third and ohé4quarter that of TV. -
‘A multiple-radio channel satéllite system offers distinct opportuhities
to groups of less developed countries withinAthe same~gedgraphica1 area.
They -could shére'a single sétellite. Such a system would go a Ibng way
towagd extending thé bénéfits of scarce resources. In ﬁﬁltilingual regions, .

< liké India, such a system would make possible simultaneous multilingual

broadcasting. .

In anotﬁer’study Jamison, Ferras, and de Spusa concluded that six TV
channels on the Hughes satellite HS-307 could be replaced by approximately

o

‘ 24 S ,
1,000 radio channels. On these 1,000 channels a branching radio pro=-——
éramming systeﬁ coyld be broadcast\which'would\enable a student to begin

using the program, rapidly determine his own stage of educational advance-

b -

\
3

ment, and by answering questions periodically proceed through a course of
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tool? The most basic problem in the past uses of radio is that it.-has been.

present the materials. It has been proposed that the teachers be trained

) ' 172. .

-«

instruction at his own pace, using as a coordinated learning. aid a pro-

grammedﬂworkbook containing printed and picterial materials.

‘What can be done to enhance radio's effectiveness as an instructional

1nadequate1y supported by other.media and materials. It has usually been’
expected to do a JOb which it cannot do——provide high quality instruction
in isolation.;-The.greate;t promise of instructional radio liles in its
ebility to present high quality teaching at'reiatively low cost when used
in conjunction with otﬁer edUcatiohel tools. P

Perticglarly interesting is the ebility of radio to introduce innova~-.
tive and unfamiliar curricula successfully in less deﬁeloped‘couhtries,
When less developed countries engage in modernization of their curricula,
it frequently,tu%ns out that the teachers are unable to present the new
materials. Eecause the educational system must continqe operations, it

is often impractical to release teachers for retraining, although sometimes

this can be arranged. Take, forvexample, the Entebbe Series of modern

elementary school mgtheﬁatics textbooks, cooperatively developed by ten
African countries. This series, although completed, has not been introdgced

i

into school systems on a large scale because few teachers were able to

for this program by-three-day workshops. Then the‘students would be taught
by a radio broadcast tﬁtorial course.25 Immediate but partial feedback

would be provided by giving up to 50. percent of the answers tp problems

over the air.. The teachers' reSpons1b111ties would be primarily administra-

\( ¢

tive and organizational.
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Language teaching is another area in which radio has great potential.

In the past tHe BBC and other broadcasts have been used for second language

-

1earning These programs have usually been supplementary and general. -

For the most part they compress too much content into too few 1essons.

~ ‘ :
o Because of a shortage of availab1° broadcastlng time, the 1essons often

g » ptoceedgat a pace too rapid for the students., poordinated written and
pcdtofiai matetials? accoﬁpanied by'taoe recorded spoken sentence patterns

. and~nractice songs, jingles; nursery rhymes, dialogues, and‘question‘and |
answer exercises for broadcast, may»well be the most effective method to
introduce new 1anguage'€orr}cula in less developed countries. :Fon-the
mostlpagt dntrained“teachers_in'developing countries, themselves not verf
capable or entirely’comfortable in the language being taught, depend on,

feading and writing rather than oral communication as their mediumgof

~

instruction. A systematic radlo broadcast program could iatroduce modern

- language curricula to teachers as well as proﬁide'large numbers of students
with the opportunity for first-rate language learning, and hopefully train

teachers in these techniques by providing fluent, accent-free models of

. -
L . PRSI \
A i

\

speech.26 . : ‘ T

The primary unresolved question about'instructional‘radio is whether

it is as effective in providing a 1earning environment as TV-. "If it is
. Y . }
not, is TV sufficiently better to jhstify the extra costs to a less developed

>

. T nation? The budgets of some such nations may at present be so 1im1ted that

they can afford only radio. How much do they 1ose by such restriction” The

original cost of radio transmitting and receiving equipment is much less than

v eouipment. Radio f@qgiges less bandwidth. Radio maintenance is cheaper. _
o _ “ - . ’ e o

Educators in some less developed nations resist programs using radio and

: . Q_ S [

prefer TV. Is this faddism or is TV so much more effective that their views

are justified? The evidence is not yet all in. - -

ERIC. -~ o - 1(“3 S
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7.2.3 Broadcast live instructional TV and related media." it is

obvious that TV is a major instructional technology. ' It is getting more’
consideration and being.used more widely today than any other one of the . | T
new information processing media. T

- . . . -

o ’ s : ..
Traditionally, a teacher has been expected to act as a source of

information, a role model for students, and an evaluator, of their perfor-

mance, a counselor, a parent surrogate, and a governmehtal representative,~ “

o

as we mentioned earlier. TeleVis1on can carry out at least part of
all these activities. Almost all research into educatiqnal television,
‘however, has had the purpose of determining whether it can adequately con-
vey the subject-matter of academic curricula to students. . The importance
of television in providing role models, entertainment, and information orf
governmental aétivities'has.geen examined in‘more‘general investigations

. . . ‘ : ‘ 78
into the effects of mass media on the general population.

The most s1gn1ficant result of the studies of- the effectiveness of
1nstructiona1 television in transmitting information is that "children and
adults learn a great amount from instructional television, just as.they do

. . ‘ . n29 L
from any other experience that can be made to seem reievant to them. -

This has been demonstrated,tfor example, in Hagerstown, Maryland;.Italy;‘

the IGory Coast;‘Peru; and Colombia. More specifically, Chu and Schramm

reviewed 207 published studies up to 1966 in. which television teaching

was compared with conventional teaching. Most' indicated no significant

difference between the two. The results suggested that students learn

at least as well from television as from congentional teaching.

v
“
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How effective instructional television is, as compared with alterna-
tive'means of'teaching, is a much more complicated'question. The best
example of an ‘answer the authors of The New Med1a. Memo to Educational

30
Planners could offer is the following

"Samoa is not reducing its school budéet by adding televisiongwr

indeed, it has greatly increased it. But Samoa-is betting that

with television it canyvery substantially raise the (qualitative)
Tevel of its schools much faster than would be possible by the -

only other really feasible method considered available--a long-

L.
-

term programme of teacher training and replacement."

’

Since the Memo was written a number of'fairly sophisticated planning
studies have'been conducted to examine the comparative cost-effectiveness
(both unit as well as cognitive cost-effectiveness) of instructional tele—
vision systems. Two'Einds‘of 1nvest1gations have been conducted. In1t1a11y,
proponents of 1nstructiona1 TV wished to investigate its comparative ‘cost-
: ' effectiveness as compared to traditional means of upgrading edpgation. An .
excellent example of this approach is the Rand Corporation s analysis of .
four alternative ways one could substantially upgrade primary and secondary

. . 31
" education in Colombia.’ One of the ways is instructional TV. In

.

th1s study, the effectiveness of all the alternatives is assumed to be

roughly the same. The ch01ce then rests on cost cons1derations. Tele-

vision in Colombia was found to be a very competitiveaaltennative if there
‘were to be large increases in enrollments. Based on the present TV

32
experience in El Salvador, Speagle arrived at very similar conclusions.

. The other Lind of cost- effectiveness study centers on the comparative :

cost~effectiveness of alternative instructional television systems. Most " kS
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such studies have examined the potential use of communications satellites

for instructional TV. One,example of “such an effort is a study on satellite*
.d1str1buted educational television in India and Latin America conducted by
Schramm and Platt 1n_l968.33 The authors compared three basic distribution
systems--a ground;based_microwave network, a:rebroadcast.satellite system
linking ground-based transmitters with augnented television receiving'sets,_
‘and a third alternative,ione for Latin America and.another for India. They
concluded that the satellite system exhibits dec11n1ng unit cost per student
seryed with 1nereas1ng coverage. The other systems exhibit rising unit
Costs after the population reSiding in densely populated areas has been’
served.34 The real choioe among these alternatives depends, then, on the
specific demographic and geographic charatteristics ot,any nation consider-
ing an 1nstructional television system.. Similar stndies have been eonducted

for Brazil and India.35

The studies in India have concluded that the satellite'approach is less
eipensive than a conventional TV network. While these analyses must cer-
tainly have been useful in the decision to go ahead with a satelllte system
for Indiay they demonstrate the major shortcoming of most cost—effectiveness
studies. in the use of television for instruction which have been done up

to the present: effectiveness is almost always assumed to be the constant,

leaying the analyst with only a cost comparision to make. Because there

-

are unknowns involved in determining costs,_different analysts can come up

w1th markedly divergent rankings for any set of alternatives.36 Therefore,

*

it may be that, as Butman polnts out, "one can demonstrate (1n the case of

India) that'conventional system costs may be close enough to satellite costs

o . ‘ L w37
so-that the choice can be made on-effectiveness alone."

.

If this is the - ‘4

a




‘yet in the selection of educational television systems. The following

‘80 percent of the total educational costs, the total annual educational

fhey occur from normal growth or from growth of the system. (We do not °

Y
o
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case, and it certainly must be in comparing some alternatives, then plan-
ners must tackle the problem of effectiveness just as diligently as they

have tackled the problem of costs. This does not seem to have happened

fictional example makes television's basic case for cost competitiveness.
' &)

It is obviously not conclusive, but indicates the logic.
" Assume an educational system of 10,000,000 elementary and secondary
students, ZSQ}OOO-teachers with a student/teacher ratio of>40.. Avérage 5

annual salary and benefits per teacher per year is $2,600.‘ Therefore

total payroll for teachers is $500,000,000. If teachers' costs constitute
budéet is $625,000,000. Now assume we do not fill teacher vacancies whén

disc%arge any teachers, howéver,tsince this would probably be politically
unacceptable.) With the salary.funés.saved we buy TV -equipment.

A classroom—-size TV receivgr, or a smaller set and several monitors
for small grdﬁp viewing, ;ill cost about $1,0QO for a elass of 40. Sinée
there are 10,000,000 students, there will be 250,000 classrooms with 40
students each. The total cost of receivers for 250,000’rooms at $1;000
each will be $250,000,000. Each broadcast channel costs about $200;060

per annum to operate. Therefore, assuming 50 channels, we have total

annual operating costs of $10,000,000. Each channel is‘progfammed for
10 hours a day, 200 days a year, o:i 2,000 hours per annum. At a con- .

servativeoprogramming cost of about $1,000 per. hour, the annual programming

cost would be $2,000,000 per channel péf year, or $100,000,000 for all . . ' :')




E
b
a
r
{1
L
;
|
:

178

50 channels. Assume 10 percent of tgtal costs for maintenance, training,

~and management. The total annual budget for TV instruction then would be:

. TV receivers for 250,000 classroems.Q.......; ...... $é50,000,000
Programﬁing costs for 50 chanmels........cccenuuenn 100,000, 000
, : ;. . .
- Operating costsﬁfor 50 channels......... ceseccesnas 10,000;000
Malntenance, ‘training, managemeﬁt .................. 40,000,000 -
Total - : i' $400,000,000

This total equals the annual saleries and benefits of 200,000 teachers,

compared to the $500,000,000 current y spent for saléries'and benefits of

-

. 250,000 teachers.

Assume that the $400M spent on instructional TV may offer instructlen
eguivalent to that pnovided by 200,000 teachers, though of better average
quality.

We then haQe four pure alternatives:

(l) - Increase instructional capacity

¥

7 7 . 200,000 7 7 |
from 10° to 10" + Egaiaaa x 10 or’ 1 8 x 10°, an 80 percent

increase in the number of students or of instruction hours per student.
. . .

This will increase the'annualebudget by $400,000,000, to $1,025,000,000.

40 _
+ (2) Decrease_the student/t¢5cher ratio from 40 to 1. 1.8 22. This"

also will increase the annual Budget to $1,025%poo,000.

—

(3) Decrease the number, of‘teachere. This would have to be done

i

gradualiy and would be poliﬁically difficult or impossible, but the number
/

could te reduced from 250, 00 to 250, 000 - 200,000 or 50,000 for the same

total budget and -same number of 1nstruct10n hours, only 1/5 of whlch would

involve direct human»contact.

170
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(4) Retain the present traditional system

~ The crugial qqesridﬁs in tefms‘df these pure alternafives, ére:
Is thé decrease:in_student/faculty ratio from 40-to-1 to 22;to-1, or the
80 perceht inqrea;e in student capacity or instruction hours per';tudent
"worth'" 400/625 or abbgt 65 percent more in annual expenditures? And
would the quality of instfuction be bettér with 50,000 teachers and

$400,000,000 of instructional TV as compared to 250,000 teachers and no

- TV?

3

There are also issues of academié éuality to be argued:

Will instruCtionélhﬁv, by its constant demand fbr new program
material, Stimulate contindoué curricula. reform and thus ultimately
elicit major educational imﬁroVements?

Will instructional fV, by its ability to presént real~time events,
shift instructional emphasis from subject-matter that cﬁanges slowly

(mathematics, science, or languages) to that which changes frequently

(technology, politics, economics, lively arts)?

,

Ly

Will instructional TV enhance teaching as a careerlﬁy offering wider
scope to master teachers who will be able to reach more students; or degrade
it for the many tééchers whose instructidnal role is partly sﬁpplénted?‘

Using television as an informatioh source for instruction haS'béen
shown to be effective and, for mass instruction, financially sound. There
is also aAgood deal of information on‘the best mix of factors for an effec—
ﬁive instructional television system iﬁ1Chu and Schramm's well known report. 38

It is difficult to summarize their comprehensive findings briefly, but

the following are among their major conclusions:

171
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1) Instructional'TV's:effectiVeness depende on the integration of
:televisionrinto a suitable context of learning activities of the student.
(2) 1In skill training, a.subjective view on the screen is more

effectivebthan an objective view.
a - o , .

(3) Attention-gaining cues, as in commercial advertisements, that
are irrelevant to the subject—matter detract from effectiveness.

(%) Visuil magnification, color, and.meny production techniques,
e.g., lighting, sets, do not greatly influence‘;he effectiveness of
instructional TV. ' . ': ,. .

(5) Subtitles tend to improve'learning ffem instrucgl%nal TV.

(6) Questions inserted ie a program do not impreve learning, but
rest pauses dq. . : 4

D The use of humor, animation, dramatic pfésentations, permissive
attepdance,vteacher eye contact, apd the place of the.bfoadeast in the
lesson period go not greatly influence the efficiency of instrectional TV.

(8) TV programs can probably be shortenee when necessary wiehoutib

. greatly damaging program effectiveness.

(9) Lectures, interviews, and panel dis cus31ons are all 11ke1y to
be about equally effective forms of pfesentation.

(10) Instructional TV,eppears toAEe eéually effective with small and
large viewihg groups. |

(11) Proper motivgtion for learning from TV has an important béaring

on the effectiveness of instructional TV.

(12) Thefimpact on homdgenous viewing groups and home or classroom

viewing: seems to depend on other factors.

RS S o
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(li)‘ Thg lack of prompt feédback to the instructor'does'not ;eem to
hamber léarning from TV.

(14) The lack of.learngr 6ppor£unities to discuss and question-the
program énd to know how she of he is doing as the program gqeétalong
impairs the effectivehess of instructional TV;

(lé) fhere is insufficient evidence to suggest that the lack of
student-teacher contact will impair learﬁing from instrﬁctional-TV.

(;Q) Appropriate practice during the lesson will improve learning
’ g

from instructional TV if it does not constitute an interference.

(17) The academic gréde at which instructidnal TV As used has a
bearing oﬁ'attitudes towards it.

(18) Administratérs tend to be more favorably inclined towards
instructional TV than teachers.

(19) There is insufficient’evidence to conclude that some subjects

-~
[4

should not be taught by instructional TV.

(20) The Hawthorne effect (improvement in learning as a result of
the extra aptehtion students receive in an ekperiment) seems to operate
in the use of insfructiénal TV, but ita‘impaét on learning, if any, is
not known. | \

(21) A number of factors that determine teacher and student attitudes

toward inst:ﬁctional TV have been identified (They are listed in the report).
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The research findings summarized above have contributed to the pro-
liferation of activities in instructional television in the’ last few years. .

However, as new projects have gotten underway, other factors have been

identified and investigations of them started.
The research studies summarized above deal chiefly with the interaction

- of the student with information inputs in a classroom setting. There is,

however, a much greater set of variables to consider in TV instruction.

The‘fpllowing areas of concern have all received inadequate attention:

] The organiaation and procedures of materials development (including ~

the need for feedback on lesson effeativeness)

Lo

o The training of teachers to use ITV

e The factors related fo the organization of the system's management
e The nature of the teachefﬁa fol}ow—up activities

] The design and develoément of the equipment used

] The social, cultural, and ﬁsychologiCal characteristics of viewers

Only in the curref® AIﬁjsponsored research effort in El Salvador have

. some questions about these latter factors begun to be investigated in any-

thing like a systematic manner. ]

Besides their concern for the effectiveness of the educational reform
in El. Salvadgr and television's aontribution to it, the researchérs from
Stanford' $titute for Communication Research have focused on two areas
of investigation mentioned in the last paragraph: (1) the organizafion
‘and proéeduras of materials development and (2) the trainiﬁg of teachers
to use instructional TV. -

The first year's results in organizing an instructional TV materials

.dévelopment program were far from ideal. According to the suﬁmary of the

-

: 39 : ‘
first year by e researchers, McAnany, Mayo, and HornikK:

74 =




'"The'administrators of the ETVTsection.(in El Salvador) struggled'
w1th the difficult tasks of coordination and scheduling throughout the
first year of broadcasting...Production materials were often not delivered
on time, film was not processed rapidly enough, a nd the studio lost
electrical power with alarming freouency. These physical handicaps were
compounded by the presence of a relatively 1nexperienced production staff
| hich was expected to learn new skills on the job.' No_organized research
has been conducted into.the human causes for these problems and no strategies
kfor overcoming them in other settings have been suggested. After the

first year, however, programming procedures were improved and formative

feedback from classrooms began to come to the program producers.

According to the Stanford team "rests were developed, pretested, and -
administered by television near -the end of a given unitlof the course, and
.results were reported to the studio in time to permit the preparation of
special review or remedial bfoadcasts."40 This feedback system was tried
on an experimental basis and‘is now being further expanded.  Still, a number
of problems femain to be overcome'in the application of this specific feed—

back system. The Stanford report,lists six .such problems:41 : a

(1) The lack of experience or training in modern test. construction.

(2) A severe limitation on the number of letters that can be presented
: 4 . .

_at any one time on the télevision screen.

(3) Poor timing of test questions administered over the TV.

(Q) The need for more rapid and efficient collection of test results.
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(§5 The need for feedback about student‘perfdrmance to improve

a

program quality.

.-

(6) The need to provide just the right amount of adjustment in
programs when.responding.to feedback.about student performance.

One could add to this list the problem of whether—er not TV is the

3 N “best means by which to administer the examinations that will serve as

the_source»of learning results. The authors of the El Salvador report

present some cogent arguments for us1ng TV, but two of the six problems

they list (1etter1ng and t1m1ng) concern constralnts on TV testing.

Other testing means are certalnly possible. For example, in Brazil the "’

possibility of feedback using facsimile transmission of test documents

o

has bééh discussed.. The tests might.be transmitted by TV when the class

was not present, then prirted,'distributedé and collected locally. 1In any
~case, the use’ of feedback for foréative evaluation and the improvement of
any kind of instructional brcadcast is stillbin its infancyi. ’

The E1 Salvador prcject_has also paid mgch attention to the preparation

of teachers for the use of instructional television. One'of the primary
~aims of the educational reforﬁ in E1 Salvador is the improvement of- the
teachers; To this end a major effort in teacher retraining has been mounted.

About 900 teachers are being given a niné-month retra1n1ng course while a

" number of the qualified teachers, superior normal school graduates are

being given shorter training courses. The Stanford team has. .examined the

. attitudes of these groups and those of classroom teachers who have not been

retrained. Their general conclusion is that:42

Ao
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"Teachers using television in their classrooms showed very favorable

- a

attitudes toward television instruction. at the beginning of the year

and even more positive attitudes a% the end. Two other teachers

groups in retraining, who had not yet used television, were more

®

skeptical but still positive in their, attitudes toward ITV." -

Since the bulk of the classroom teachers used television, this finding

.
-

suggests'that perhaps formal retraining away from the classroom is;inappro-

priate for developing poéitive attitudes toward the use of TV. If this is

the case, other alternative means of introducing classrodm teachers to ITV

must be identified and tried out, along with different support procedures.

.

The management qecisieqs involved in implementing edﬁcational reform .
had a major impact on the seccess of,instfuctionel TV in E1~Sa1§ador.‘

The Minister of Education, Dr. Walfer Beneke,'took extraordfnefily quick
action in bringing about the reform. Soon after his selection” as minister

he appointed a commission to lead the rewriting of all,the grade 1 - 9

“curriculum. He implemented a complete administrative reorganization of

the ministry. And he‘closed most existiﬁg normai schoois, "a bold decision
which Had strong political repercussions."43n In analyzing the role of TV
in the'reform, the Stanford group concluded that it acted as a cetalyét.

An area that has received little research attenpion is how a teadhe;
can select among alternative ways of introducing and following up TV

broadcasts in a classroom or othér instructional settings.

!
}
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What kinds of in~class activities are best for reinforcing the

information transmitted.during a TV lesson? 1In El1l Salvador they found -
that the use of TV increases the amounf of student‘ﬁctivity in the class-
room. .Is thié.ideal? What‘is the best role for the teacher in relation
‘ﬁo the TV lesson and the activities Surroundipg it? To whét extent can

TV lessons entirely replace teachers?
-’l :

Fl

Most. of the above discussion haé concerned the iﬁstructional TV
éxpefiment iﬁ El Salvador. ﬁecause.of its careful design and effective
implementation, it is very instructivef There have:been a number'of other
successfui programs iﬁ other cSuntries, however, and each one has its oﬁn
characteriétics.’ The Peace Corps ETV Projéct in Colombia, inaugurated in

1964, 1s ; case in point.44 Colombia ié mich largef thaﬁ El Salvador,

with a quite different culture. Its expansion was very rapid, from

. 38,000 to 260,000 studenfs.in two yvears. Its goals and procedures are

much different. From analysis of a variety of such programs generalizations

. abouf the strengths and weaknesses of instructional TV can be made.

While it is kpown that color, visual magnification, and many production
technique; have little béaring on ﬁhe effectiveness of Instructional tele-
vision, there is still much research to be done into the optimal receiver
design and into the best means of delivery. The present satelliﬁ? projécts
in India and Brazil are éases in point. We have already cited some articles
on the comparative values of pfopoéed satellite transmission systems aﬁd
their uses. Whilevmuqh has been done and some decisions made, further
research is still‘desirablé on the working capabilities of different trans-

mission systems and the equipment ﬁsgd in them. Also, current ‘disagreement

2]
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and uncertainty over what the television receivers to be.used in the }\\\
) . > E ) = . . \\ B
. A N\
Indian  system will cost suggests that there is still work to be donenin Q&;
BN

. -the design, development, and productlon of television receivers in
developing countries. : - ce : '

f

: _ : { , '
Research into the impact of various social, cultural, and psychological

variables on the*effectiveness of instructional’television has been inade—

quate. Most’ research on 1nstructional TV has been done in the United States.

.thtle efﬁort has been expended on determining how the specific variables

»

that descrlbe 1nd1V1duals in different cultures and soc1eties affect the
s impact of instructional TV In a perceptlve theoretical article, Salomon
points out that '"the same stimulus is differentlv/perceived decoded, pro-
\ cessed etc.‘by 1nd1V1duals who differ on a n/mber of relevant character- |

- 1st1cs.'l“'5 With the exception of work/dpﬁe/on visual perception, little

f\;

empirical research has been carried-out on the most effective combinations

of inputs in learning settingeg for students in less developed countries.

r .
emphasis or what he<talls the "supplantation"

Salomon places gre

effect of media o .mentalbprocesses. by this'term»he means. that the media:
‘wcarrv out's e cognitive process for_the viewer, dne wonld sospect that
<u plantation effect would be'different for variously.acCulturated

ople. For example, the nonreflective nature of most TV presentations

might have little'influence on the highly»reflective cognitive processes

- of Hindus and Buddhists.
\\ Visual perception does not seem to vary greatly among people around

the world, but training in it does. There are other cognitive processes’

!

abstracting from'experfence; using language, and so forth,that are

a
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relevant to TV learning ‘but have not, like visual perception,- been investi-

.gated;wi;h relation'to‘instructional'TV. One of Salomon's conclusions is

o

: . ¥ 46 o
e that "research on media needs to relate itself to research in other fields.

o | We agfeé; The. established findings of anthropology, éociology,‘and psycho-
logy have not beén adequately applied in aﬁaiyzing the effectiveness of
instrucﬁionai TV in developing countries.

The foregbing'survey of what is.knownvabout the effectiveness of
instructional television hés,a number of gaps in it First{lthe whole area
of nonformal-edﬁcatibq——ligeracy caﬁpaigns, health and populafioh programs,
and agficuitural éxtension wérk——has been heglected.v'Much of the knowigage
wé hévé»aboutnlearning in séhoéls éppliés~to-nonfdrmai seftingé as wgll.:

 Perhaps thé'greétest concerh aBout nonformal-éducation, certainly not
adequafely reseérched, i how to motivate adults to bféadén th;ir education.

ATﬂe impact~df.instfuctioﬁal TV on the{teachef's responsibilities as '
‘role model; coqn§él9r, parent surrogéte, and go&ernmental représentativg
-has not beén dealt with. These are as yet.untried areas of application of .

instructional TV. Possibilities exist for TV to increase a sense of.

national identity, to provide counseling on jobs and their availability,

B

and to conduct’a range of other entertainment and secondary\}earning-
activities. There is no question that instructiondal TV is a young giant

in education. It is not the perfect instructional medium, for- it does not .

used and it does not provide individualizcd "branching" in any of the forms

\

|

" permit the student complete freedom to schedule when and where it will be S N

: v , - . ,
currently available in less developed countries. Nevertheless it has great

strengths, most of them inadequétely tested. - - ' S _ e
[

(S L _ ) _ L N _ L _ L L .o _ . P N
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7.2.4 Audio tape, cassette, cartridge, and recdrd;plgzers. First

céme phopographs. Their technical excellence gradually improved until

o

with playing speéds”as.sloﬁlas 33 revolutions per minﬁte and very precise
. “ ‘

stamping or castingtof light, nonbreakable pla;ti§ discs, highffideliﬁy.

long plaf recordéabecame avaiiﬁble cﬁeaply,' Thén theré'weré expensive
reel—tofreel tapes, cap;ble of being playeé over and oVer again without

losing their-very high fidelity. Then cassettes and cartridges were

‘developed. ' Their fidelityyaﬁ first was poor but it has graduallg‘improved

Y

-with better tapes, better méthods of recording, and better players. They

3

were much cheaper than reel-to-reel tapes, could play for well over an,hdur
if necessary, and were simple to load and hard to damage.

The. players for all these forms of audio inputs were at first expensive,

3 ts

but in evefy-caSe as they have improved in qpality'this'demand for them has

2

I increased greatly and they have diminished in price. Now the eléctronidg

revolqtion,‘spurred by the transitor and Japaﬂeée cbmpe;itiéns.has prodgéed
hardy players operdted on battéries or live voltage, thch are compact,
~poftable, remarkéﬁly dependable, long li@ed; and cheab.

R The phonograph record has had limited instruétional use outside the-

field, of music. It has also been ‘used for recording certain sorts of lec-

tures, for poetry'recordings, for language learning, and for recording the

voices of histofical figures and historical sounds. Thé.tape'media in
- : general are more convenient to use‘than records and can be replayed more
fréq;ently without damaée, SO tﬁey'are.replacing récords in many educational
, ' ) [ . ;
uses. Just as tapes in various format& are incfeasingly'éuttihg into the

phonograph record market in the fields of classical and popular music¢c, so

-




190 -

o

they are also.in instruction. . Their convehieﬁée, hardiness, and cheaﬁ—
ness all are in their favér. Language lessons, lectdreé of all sorts,
.music, aﬁd whble academic courses are available oﬁ tape now, often acgom—
.éanied-by textbooks; wérkboéks, filﬁstrip;, or slidesi' |
It is interesting that, appropriate for_educafion as these audio media
are, they have been'subjecfed to iittle investigatioﬁ or evéluétién. fhey
appear to be admirable.media from many poinfs gf.view.fOr less.devéloped

countries, even though they do not usually permit active intefactipn_by a- -

-

studentfor individualized "branching. Systematic research on their poten-

tial in specific educational situations seems clearly. indicated.

7.2.5 Video Fape_or disc players. Three chief arguments for the
importance of video recordings éze.fhat;; (l) they allow for scheduling'égd
‘viewing fléxibilitinthat';eal—time'television does not;;(g) the ;epOrdings,'
‘both cassetﬁes.and discs, arejlikely in é few yeérsvto ﬁrovide inexpensive
aﬁd;easy to uée broad band audiovisual maéerials which have- the chdracter-
istics of'color TV piograms; and (3) the recordings can be madé.locally.

This medium cannot only be use&;fpr'the education of students but
research evidence collected in ﬁheiUnited.étates'aﬁd agroadtsuggésts that
both telévision and video recordings play a unidue part in the tfaining of
instructors. The& can provide a wide range if.£ole~moéels to the prospective
instructor throﬁgh the Qse 6f packaged métefials and the presenfations of
,many‘maSter teaéhers. This can greatly increase the couhséling potential
of teacher tra%ning}_ Also media which convey soundeand Vi;ual motiqnvére )

especiélly well adapted to the demonstration of teaching strategies. and

13

techniques, regardless of whether demonstrations are bfovi@ed over tele-

Ky

vision from a distant source or locally on video tapes.

-
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We shall now briefly summarize what is known about video %ecordings and

-

their use,iﬁ education. There is good reason to suspect that electronic

video recordihgs may eventually outperfdrm.in quality of sound and picture

o

S and flexigility of use, traditional fil@s andveven.television sysfems, at
- _ 1eas£’in situations where distfibution problems are minimal.
: . 2 .

In Sect;qn 7.2.3 on TV we made clear that TV systems héve been effectively
used to provide information to students. Because thg'ideﬁtical inferaction
of a student with inputS'which'occurs_wifh~TV occurs also with vi@eo.récbrd-
'ihgs viewed over television recéivers, we can conclude that video recordings
can be just as effective as TV in provi@ingfinformafion. Perhaﬁs even more
so, since no less developed counfry yeﬁ has color TV except Brazii, butiéolor
progréms c;n be preséntéd by video tape’of disc players.

In an early study'at Wayne Statekﬁniversity, Tintera found that teachers
trainéd with the aid of video tape récgrdings rated significantly higher on
all teacher performance rating scales than similar groups of trainees who
received conVenfiénal@instructionJ47 It is important to note, though, fhat
in this éxploratory study the video tape group did not perform signi@icantly
betternthén a group given ﬁhe ééme training withtqniy audio tape recordings.

Later‘researcﬁ into what has come to be known a§ "microteaching" also
. suggesté that video tapes can assist greatly in the training of teachers.

Miéroteaching is real téaching in a practice situation, focusing on the

accomplishment of specific instructional skills or techniques. The teacher

¥

v "~ then discusses his perifformance with a supervisor, and.the students, possibly

i also piaying back a video tape of his performance. He then has an oppor-

tunity to reped%tthe entire process with new groups of students, one or more

e

-

times.48

O
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At Stanford University,'where microteaching originated; at Hunter
i : . N -t

College, and at Brigham Young UniVersity,‘video reqordings have been

.shoﬁn to prqviéela sort of help that hitherto was i&Qossible in indicating
to ; teacher trainee how he perfofﬁs. Ftom this he can conclude how to
“improve his'instrﬁctional style.49
':. The Stanford findings'are representative of4theée and gthef experiments.
The followiﬁg conclusions weére reached there in 1963, when an éxperimgntal
. Co ’ . ’ &
.group of trainees who receiveda24 microteaching sessions in 8 weeks were o
L 50 .

compared with a control group:

7
-

(1) Candidates trained through microteaching techniques over an

ess than ten hours a week in training,

o

éight—ﬁgek ﬁeriod'and épending 1
performed at a higher level.bf teaching éompgtence than a similar
group of Caﬁdidates réceivgng’sephrate instruction and theory with an
associated teacher éide_experience iﬁvolving a time requirement of
between 20 and 25 hours per week. |
@) .Performance in the microteaching situation pre@iéted subsequent
classroom performance. .

(3) Over an eight-week period, there ié_a significant inc:eaSe-in
tﬁe aCCurécy of thé candidate's selfjpgfception of his teaching perfor%
_mance tﬁrdugh identification of_weaknésses as well és strengths.

(4) Candidates who réceiQéd ;tudent appraisal of their effectivenéss

improved sighificantly more in their teaching performance than candi-

dates who did not ﬁave access to such feedback.

184
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(5) Ratings

of video transcriptions of teaching'encountérs'correléte
positively with live‘raﬁings of ghe same encounters.

) (6) Trainees' éccéptance of th; value of miéro;eaching is high.
@ Miérostudents' ratings of teaching pérformance'gre more étable
than any .others, including'tLosg of supervisors.

"While the'efficacy of viewing and discussing one's own teaching efforts

. has been demonstrated, the impact of viewing a modeled teaching situation has

nof been determined. Allen and Bush developed almost 20 training fiims

for the General Learning Corporation but their efféctiveness has not

" ‘been investigated.

In the last year or so, one after another make of video tape player
has appeared,.and it is becoming possible to evaluate their engineering

effectiveness and tﬁe costs of the recorders, players, a&d cassettes.
Player-recorders now retail for about $1,000 and cassettes which run a half

hour cost about 325. It is clear, that in the next fewfyears competition,

™

mass sales, and new products will bring these costs:dOWn, perhaps dras-
. . -
tically. Video discs, when théy appear, will certainly be tompetitive in
“
cost with tapes, and quite possibly cheaper. Newsweek, Time, Saturday -

Review, Barron's National Business and Financial Wéekly, the New York Times,

and the Gramophone and have all published surveys of this medidm.51‘ A

- Saturday Reviej/gtticle by Berger has divided video tape recorders into

two classes:532

"the magnetié—tape systems, which can record, and the more
exotic, newer systems, which cannot." 1Included in the first group are

Ampex's Instavision, Arvin's CVR XXI, AVOC's Cartrivisiom, Norelco's VCR
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(Video Cassette Recorder), and Sony's Videocassette. In the second group
are CBS's EVR, RCA'SvSelectavjsioh, and Teldec's Videodisc. In the loné .

run discs will probably be most successful in meeting the needs for low-

. .

cost, mass-produced video recordings.

7.2.6 Programmed instructibnlfinciudigg,prqggammgd textbooks, teaching

machineslggnd computeriged;prqgrammed instruction; Programﬁed iﬁstruction
is a generic term applied to specially arranged textbooks, materialé,_
machines, and compgter—aided or combuter;ﬁanaged iﬁstrucﬁion which (a)
reduifes active responses from a sfudent; ) prdvides feedbagk; with
miqimal delay, about the accuracy of the studéﬁk'é responses; (©) control;
the aggregating and disaggregating as well as the sequency of information
inputs to maximize learning efficiency; and (d) ﬁérmits pacing of learning
by tﬁg gtudent,53 Programméd learning is intended to be'éutoinStructional,
i.e., to permit a student to.learn specified sﬁbjectfmatters without the
oA ‘ : :
assistance of an instructorﬂ' Sometimes it can also helﬁ the teacher pro-

! _ : : ' ' ’
vide a role model, organize the curriculum and .classroom activities, eval- -
A | ) ‘Sg ' | |
‘uate and monitor stu 2nt performance, give counsel to students and parents,

rand.represent’the government to the students. To the extent that pro-

grammed arning relings teachers of some.of'tﬁ;se responsibilit?ﬁs,‘it ' .f

may achieve cost savings. -The teachers are then relie&id to concentrate ‘ ®

more efficiently.on those functions that only human beingg cén carry oﬁt.
Naturally-programmed learning can‘also be regardei/aé/;.substitute

for textbooks or sd ly as an.instructionalvaid ﬁo the Qeacﬁer (and:indéed

a teééher or administratorAalways has Gltimate respbﬁsibilify fqr it), " ———

Vo, »JT',
.
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§ but less developed cauntries are particularly concerned with those tech-

©

nologies that can potentiélly reduce costs of formal and nonformal educa-
tion. Programmed instruction may not only increase the efficiency of the

. | . ‘ . .
current teaching staff, but may also make it feasible to use paraprofes- ?
sionals who have little training in the subject-matter or in teaching.

We are particularly interested in the extent to which programmed instruc-

tion can alleviate the teacher shortage in-less developed countries.

-

- Unfortunately the reisizjh on such instruction neglects thisﬂquestion.

Programmed inspruction has proved a great»disco&ery'for the educa-
tional researcher, Taber aﬁd His associates have'said:54 "The success
. of programmed instruction depends upbn the cbnstruction and arrangement
of the éubject_matter material....It is primarily fhe develqpmén; of ﬁﬁese
" instructional sequences and their subsequeht use in schools that involve
the interaction between the séience of learning and teaching practice."

AN

Unprecedented detailed analysis of the process of student learningjﬁés
- . : 1ot

-] . ‘o,

been made possible through the development of programmed insﬁructi&hab

’

materials. The purpose of this research is to increase our understanding

of the learning process.. Unfortunately, few studies have employed; an

‘ ’ adequaté sample, been condutted over a long enough time period, and dealt

| i ¥ : > ¢
with a diversity of subject-matter. Consequently we do not yet have -the
evidence required to evaluate the ability of programmed instruction to

affect educational costs.

The research on programmed instruction has been categorized, in

. , S
Razik's excellent and exhaustive bibliography, into- thestollowing sets:ss"~J
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(a) <haracteristics, i.e., research onthe mechanics of programmed

. instructiqn, such as pacing, step gize, or cues; (b) program types, i.e.,

1inear, or branching; (c) type_of respoﬁse{ i,e., the Behavior requested
from fhe studeﬁt; (d) subject audienee,_iLgL, different types of student
populations; and (g) contentvsgbject, iLg;, applicability of programmed
instructien to different sebject—matfers.

Below are summarized some of the research findings on the effectiveness

@
-

of programmed instruction:

"Experimentation conducted thus far supports the expectation that good

programs,.carefully developed, can significanfly improve both the quhlity

and the economy of instruction.'56 S : ?

s

"The comparative methods of machine and ‘nonmachine presentatlon of

printed programs for use in school are as yet an un: esolved Jssue"57

"There is little empirical basis at present to favor one general type

158

of program over another.

"More effective teaching machines (i.e., pfogrammed instruction)

-

program sequences result in essentially zero correlation between achieve-
) » bl ,

ment scores and an I.Q. measure...if students have the minimum ability to

master the task then the most: eff1c1ent sequence w111 produce ‘a ‘set of

1,59 ’

learnlng scores that will not be correlated ‘with’ I QW' e
- . N A * ' 3 . 3
Programmed instruction is best developed when the instructional objec-—

tives can be neatly expressed in behavioral operaEionai terms. E.g., it 'is

Aeasier to produce programmed inst;uctional materials fJx maéhematies than -
. N N - N .‘ - 3

’

for poetry writing. ‘ - - R

i

!

1
4
.
i
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It seems clear that in addition to the lack of

4 .

research evidence on
7 . .

the effectiveness of large-scale, repetitive use of programmed instruction,

there is little evidence about how satisfactorily programmed instruction

‘

can fulfill any other teaching functions than providing information and

w

supervision of drill and practice sessions. Much study remains ,to be done -

on why programmed instruction seems to work, how well it works and for

. q
whom, and how can it work bettér.eou These questions seem of secondary

concern, however,:for less developed éountries whéré the issues of oyérall
feasibility loom largest. ' . o
Almost no reSeérch has been published oﬁ the topics mentioned in the
preceding paragraph with particular reference to less developed éodhfriés.
Many such COuntries,bthough, have some persons who; even'if untrained to

develop programmed instructional materials, are aware of what is involved

and have even used such instruction for limited educational purposes with
" - . 6 . . )

small numbers of students. UNESCO in 1967 published an international

[

directory of resources on'programmed instruction throughout the world.
Though almbst'every country in the world is Qisted as having some resources

for programmed instruction, it is apparent‘that the listing includes

&

]

institutions and individeals who are simply generally kncéwledgeable about
education rather than particularly expert in programmed instruction.  .Among

the less developed countries, Brazil, Nigeria, fndia, Southern thdesia,

.

Korea, and Taiwan have invested significant resources in experiments and

61 : .
in developing program capabilities. UNESCO in 1967 sponsored two semi-

nars on.programmed instruction, one for the- Arab states, the -other for -

v

African states. During the seminars some sample programmed materials were -

pfaduced'by the parti_cipants.62
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As preparation for discussing the costs, and thus the cost-effective-
ness, of programmed instruction, it seems desirable to out%ine briefly the
' , = . 63
process of writing programmed instruction. The basic steps are:
(a) Behavioral objectives are specified in great detail, i.e., what
you want a student to be able to do and know at the end of the instruction.
(b) A course outline is developed to.cover and sequence the material

necessary to enable the student to attain the behavioral objectives set

forth. (g) Frames aré produced. (Frames is the technical word for the

discrete statément, question, or exampie that the student will be asked to

respond to.) {d) The frames are edited repeatedly for accuracy of subject-
matter and correct sequencing-of information, insuring that the student, can
easily make a correct response to the questions. (e) Fepeated field

testing of the program with Students to see if they‘Learn with it and what

. are the errors they commonly make, followed by revisions of the material

revealed as necessary byvthe field tests.
Natdréily the costs associated with these steps cover a wide range,
the primary variableé béing thevamounts of time spent on editing and field
. : A ,
.tésting. 'Iﬁ one is expecting.the programmed instruction to be the primary
or sole information éource, howgver, it apﬁéars that tﬂere i§ a definite

‘cut-off point in quality below which the programmed instruction will not

"accomplish its behavioral objectives. There is no good source of infor-

‘ mation on the costs of developing programmed instruction. Itlis an itera-

. - . : . <
tive technique sometimes requiring few changes and sometimes requirlng

years of tuning. Two of the biggest producers of programmed instruction

-~

-
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in the United States, Sullivan Associates, with Behavioral Reéearch Labs,

- ’

and the Webster Division of McGraﬁLHill,iare only able to provide estimates

of the costs of their materials. Production of a one-year course for
elementary school intended to- teach difficult basic conceptual skills for the
first time, may cost between $200,000 and $500,000. Such programming

requires from 6 to 12 man-years. The price to the consumer for the |

]

. finished product ranges from $1 to $10 for a single programmed téﬁtbook.

Obviously they must become avajilable more ghéaplyior they éannot be
afforded by most less dévelopedrcountries.

Thé skills involved in creating programmed insﬁruction are those of
a cufriculum developér with special traiping that can be.accomplished in
approximateiy 6 months. According-to De Cecco: 64 ‘"Programming methodology.
is essentiaIly.curricu1Um planning'on a small-scale. In the course of
programming it becomes neceésafy to énalyze Epe subject matter in éreat
detail, and also to analyze the place of the subject matter to the-

curriculum as a whole. If it does nothing else, the auto-instructional

movement performs a valuahle service in forcing educators to define what

it is they are attempting to teach, or, perhaps, more accurately, what

it is they wish their students to learn." - " '

If programmed instruction actually replaces textbooks and other
curricular and instructional guide materials, it is somewhat more expen-

sive than traditional means. If it is simply added to:on-going curricular
- ‘.o

2

.
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instruction. The range of disﬁlay devices extends from a programmed

efforts it will gggatly increase costs unless teachers are used more

-

efficiently. The scarce resource for develoﬁing countries will be the .

.Qergonnel to develop the programmed instruction. While more than 1,000
" titles of sprogrammed instruction are listed in the United States, there

is no_complete, coordinated package of materials that could, for example,

v

constitute a complete elementary school cufriculum.

Many developing countries are in the process of curriculum revision,

-

trying to adapt their educational system more clqsely'to national needs.

.They are launching efforts to produce their own textbooks. This process

must go on even if programmed ihstruction were to be used extensively.
. a L

Less developed countries may need to invest in additional personnel to

produce programmed instruction.” . R

Programmed instructtion has certain display and format requirements.

Thése can be satisfied in a variety of ways. The selection among these

determines both the costs and the educational effectiveness of programmed

» 2
textbook-on inexpensive paper with a piece of cardboard for covering the

. P , . .

answer column to computer-assisted instruction. The more complicated
: - . .

equipment has the following advantages: It has a variety of possible

dispiays, can prevent a student from "cheating" (i.e., looking at the

3
&

_anSWers), provides automatic recording of the student's performances for
. , :

-evaluagioh by teachers, has the capacity for cémplicated,"branching"

L.
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without paper shuffling by:the'student, can accept zand réqund to a range
. .4' : .

of modalitiés of student inputs, increased means of[btuaent input (i.e.,

.

.oral, written, typed, or manipulative), and offers potential access to-a much

larger body of idformation than can easily be stored in a textbogk or even

standard library.

Some . believe that the advantages of the sophisticated eQuipment only _

C e
-l

begin to show instructional benefits that justify cost differences when

1
l

they involve a computer. ,The'manﬁally and elecfrically operated noncom-

’ € . ‘-‘ ) .
. puterized teaching machines do not have theé flexibility and.ease of use;

‘some hold, of even the prbgrammed téxtbook;

. "With respect to the teaching machine of the future," De Cecco predicts,

"I see two ex;femes'with little in the middle. At one extreme will be the

book formats, scrambled text and programmed text. At the other extreme will

be the large-scale computer—b§éed systems with multiple student stations. The

L. . ) . . . . 1
more modest, mostly mechanical machines which we see prollferaplng in today's.

market will drop out of use in the school,"62

Computer-aided instruction, which is based on the same educational
theories as programmed instruction, but is translated into computer lan-
guage may one day.be broadly éppliedvto,eduCational problems in less

3 . .

developed éountriesf Already experiments'with it are beginning at the

Federal University bf Rio de'Janeirq in Brazil. Telephone networks_

giving many terminaLs remote access to large computers or the new

|

A
Y
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to make this medium fiscalff}feasible in some of the less developed

countries. " P

costs can be éut, to expect

202

. . \ , . )
powerful and relatively cheap minicomputers may lower costs sufficiently

. ? 3

. . -

.. . - - > . b

"There may be one sort of exception to this. generalization. A number

of extremely inexpensive teaching machines can be operated by a student.

‘These include the audio pointer and plastic hand—held‘machines using paper

@

-tapes that ‘expose only one frame at a time and then the answer after the

student selects his answer. The least expensive of these sell for less
than $4.

What is known about the effectiveness of programmed instruction?

¢

Numerous studies have shown no significant differences when different types

of prdgrams, display'devihes, or sUbjectQmatters are CQﬁpared. Clearly much

remdins to be learned from basic research on programmed instruction. We

need to assess Better the potential impact of large-scale use.of programmed
instruction as a substithte for teachers."It may not be unreasonable, if
‘that the populations_of déveloping countrigs
which currently have no‘aéceés.to schools could, through independent use
of programmed instruction, be adequately prepared for competitive examina—

nations for diplomas or degrees. It would be interesting to know what

persondlity characteristics of learners make them succes?ful in independent,

nonproctored use of programmed instruction. 9 /

What are the motivational effects on students whed programmed instruction

s
7

is used extensively and repetitively in instruction over a period of years
and for extended periods of the day? The research indicates that many
learners like programmed instruction but in many of the experiments they

use it for'only 20 to 30 minutes a day.

3

.o

3
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Much of the subject-matter of nonformal education in less developed-

4
: _ . _ . Cw
countries involves the learning of manipulative skills. Programmed .

e

f"insttucfib does not at presént seem a good instructional’medium for this

purpose, so this

ay limit its use'fdr nonformal education. Df}"Winaro,~
of>the Indonésian'Ministry of Education, is however,'cﬁrrently directing . ‘
- S a‘project for creating programmed fmaterials for education on family plan~
% ) ning. ‘ . ‘ , L | - ; /-
_Programméd textbooks are as expen§ive as bobks‘and.inVolve tﬁe same
costly distribution problems in being made available ;o students throughf
out a countfy. Particularly.at the elementary level these cp;ts and .
. ineffic;encies may.seem overwhelming.
Like most other innovatiéns, programmed instruction requires a change
in ﬁeachef behavior and pracfices. Once théitéacher is relgasga from some
: - . |
of his instructionalvrequnsibilities, he becomes ‘a tutor, manager, and

| - . & |
curriculum designer. These roles require new types of teachef-training. . ) '

: | l
All the usﬁél problems of changing imstitutional structures a%d befceived |
roles'can be egpected'when progfammed instruction is introdchd. In some
ways programmed instruction is a much more radical inst:uctiopal innova~ -
: » i
tion than the use of radio or TV.‘ Since programmed textbooks involvé -no
A\S - 'K hardware, they may not elicit the resistances that.block som?‘education;l

_ : |
// . : innovations. On the other hand, they may not elicit the excitement which

|

\

|

can help to motivate the teacher-training, educational managpmént, and ' :
. . . Il ‘

s

T

' ! 1
daily classroom practices that are necessary to maximize th? benefits of///w////,////f
: ' S - -

s programmgd instruction. e ‘ e
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To use most programmed instruction, a student_muét bg,abIéJto read.

€

In less developed countries, where the illiteracy”faté is high, this

limits its ubffitykin élementary'schdol and even more drastically in
nonformal and community education. Programmed instruction can be used to

teach reading, but not without a fairly large amount of supplementary

instruction.
’

There is no question that the use of instructional radio and téle-
. . 14

vision is better understood and more appreciated by educators today than

is computer-aided instruction,~thé most sophisticated form of programmed

~ . . ' . . . S
~instruction. Nevertheless, computer-aided instruction has real strengths,

as pointed out by Mary Gardiner Jones, a former commissione¥ of the Federal

Trade Commission:

“n

- "The introduction into our educational system of the computer

and of the wide variety of assocgated electronic and mechanical teaching

-
-

devices, together with entirely hew programmed instructional material, , _
. , : | .

presents us for the first time with unique opportunities torﬂéai“éffec--

i . N T -
tively with many of our educatidnal problems. ‘yse“6f/programmed instruc-

—

~ Pt < . i
tional materials will enable sc gng/tﬁ offer a type of individualized

o

instruction geared/;oxthé‘backgfounds and experience of each student. The

e .

studgnﬁ~c§ﬁ>aroceed at his own pace and through the branching ability of

the computer, the teaching materials can be tailored to the particular

difficulty being encduntered by individual students. To a certain extent,

the student's manipulation of his own computer console can compel him to
participate more directly in the educational process and presumably will
not enable him to day-dréam undetected through entire classes. [Also, as

he learns he can create a complete computer record of how far and how fast

he went in the process. This record can be substituted for examinations. ]

td
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"At the same time, computers and pther mechanical teaching devices

can consistently exercise a degree of patience, encouragement, and affirma-

[

D ’ tive support for the struggling learners which no teacher has either the

-

time or the saintliness to display at every moment of the;day and on every

day of the week. [AS long as educational inStitutibns have 50—tpf1 to

. 20-to-1 ratios of students to teachers, no teacher member will ever be able

to give as mgch_undivided,atténtion to individual students as aicomputer

.

can. ] . T
. .

"With respect to the sheer acquisition of information and the
basic technique of learning, these devices can take over much of the routine

drill aspects'of teaching and thus free the teacher for those aspects of
education which he or she is uniquely capable of doing, namely, to question,

.

to imagine, to invent, to appfeciate,_to act as a model, a guide, a coungselor

e - ‘ - and fellow-searcher after truth, after values and after meaning and under-
- LN : )

. standing." | . : . o

- . : .

Writing on the basis of several years' experience in computer-assisted
instruction,_Atkinsdn has reported results from the first year of an experi-
ment using computerized programmed insﬁnuctioq to teach feading to first

grade students. 67 He and his ,associates comparéd an experimental group
o with a matched control group. Each group was made up of about 50 first

-

. - ‘grade students from '"culturally disadvantaged" hbmes, with I.Q.'s averaging

N ' 89. The experiﬁental group received their instruction by jcomputer-aided \\

¢
\

instruction and the control group by tréditiohal classroom teaching. The .

fastest student taking computer-aided instruction completed over 4,000 more //

4 .

"céntral" problems during his whole course of study than the slowest student.
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This indicates how individualized computer-aided instruction, can be. Both .

groups were.tested with conventional instruments before the project began * '

/and again near the end of the school year. The two groups were not signi—

-

ficantly differentsat the beginning of the‘year, but at the end the group‘

receiving computer-aided instruction was significantly better on all of the
. i Q : ) - N
following posttests:. California Achievement Test, Vocabulary Subtest and

»

Total Score; HarEley Reading Test, Form Class 'Subtest, Vocabulary Subtesf, B

Phonetic Discrimination Subtest, Nonsense Word Pronunciation Test, Word

.Pronunciation Test, Nonsense Word Recognition Test, and Word Recognition

\ . e e

Test. ~There was no significanf différence between the two groups on the
> California Achievement Test' Comprehension Subtest. ‘These findihgs as a
whole constitute an impréssivg indication of the potential effectiveness
“?f computer-aided inséruction.

. There is .no clear agreement about present or probable future costs

of computerized érogrammed instruction. Atkinéon and his colleague,

) : s

Suppes, at Stanford University have developed computerized materials for

learning language skills for grades 4, 5, and 6. They calculate that in

a school with 100 terminals which maintained an active program for.at

least two years,; the total cost of using fhese materials would bé about

§i.80 per user hour, including all,expénses such as terminal'rental and

- |
68 To develop 200 40-minute instructional unité.cost them ,

réjalﬁies.
. \ about $60,000, or $300 a unit. ' N\

Preparation of such instructional units’, according to Bacon at the

—

San Jose laboratories of IBM, costs betwe%n $500 and $3,000 pér»studént

”, . .
hour’, varying greatly with the media, amount of branchl¥ing, and types of

materials. 69 The following uses of computer-aided instpudtiqn,he believes,

Rlc 7 o1

4
ji
k!

Aruitoxt provided by Eic:




/a;e/wifﬁgﬁ pra;}i;al cost ranges, today: (a) For the early grades, simple
.  drills coupled with diagnostic tests showing weaknesses, in such fields

as arithmetic and-reading. (b) Either before college or earlier, remedial

M .,

mathematics, grammar,fgnd'o;her subjects. (c) In advancedtprbfeSSional
> fields, medical diagnosis, business games, computer-aided design, technical

- - simulation, simulation of organizations, and logistic problems.

A9

A study by Kop\stein‘ and Seidel compared the costs of'traditioﬂal '
. N ’ |
classroom instruction with coﬁputef-aided instfuctidn in public elementary
and secondary schools, higher education, and military technical training.70
They calcuiatedbthat, in elemen;afy and secondary education, cosﬁs_pf
traditional instruction av;raéed‘about 38 cents per student hour in 1971 and
will rise to 42 cents by 1974-75. For higher education the cosé is greater,
having_risen.from between 37'an& 46 cents per>student hour in 1949-50 to
between 82 cents and $1.02 per student hour in 1963-64, the last date for
reliable data. In military and téchnical training they believe-thpt $1.80
:;\ - may be about the averaée cost per student hour. 'Mgking a certain number of
assumptidns, they calcuiééed that the total costs of computer-aided instruc-
- tion at present amount to $5,73lper student hour and cgnciudéd.that unlessQ
0 ' this medium can be shown to be at least ten times more effective than tradi-
) ~ tionally administered instruction, a replacement does not now appear to be
T - -+ justified., They belieVe, ﬁowever, that with further-develqgments which seem o
\ . likely to occur in the field qf compqter-assisted instruction, ; forecast
of costs of Il cents per student hour for computer-éssisted instfuction

L3

seemed . probable in a few years.
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According to Zinn, costs for cdmphtef—aided instruction are reported
by various workers as raqging between $2 and $15 per user hour, although
one project claims it has achieved a cgéﬁ of'only 27 cents ber>user hdur_
at conséleé which include a-kéyboard, graphic display, and imagegpro-

jector./t S . |

A Booz, Allen, and Hamiltonﬂconsultant group which studied the costs

of instructional television and of computerfassisted instruction for fhe
Committee.for'Egonomic ﬁevelopmeﬁt concluded that the eosts of th; latter
are relatively much higher.72 They calculated thét for ; 100,000-student
school systém the annual rental cost for present hardware needed for oné
student hour a day of‘drill—and—practice combuter-aidéd instruction would

T

be $20 million; $6 million would be requfred for other Sefvices;vand about

»

$765,QOO would be consumed annualiy for sdftware,.making é'thal Jf about
$27 million for a 100,000-student system, o? about $1.35 per user hour.
If a more complex tutorial mode of operating éoméuter—aided instruction
were employed, they calcul;ted that one ﬁbur of sé%tware would cost
about $30,000 to produce. (This cost is much ‘higher than the»cqst of
some such software now being.prOGUCed.) For one hour of such instruc-
tion daily in a school syétem qf 100,000, the annual‘software cost would,
£hgrefore, be about $5 mill%pn, hafdware fental about $50 millién, and
other services about $17.miliion, for a total of about 572 million, or
about $3.70 per user hour. It Sesmed to this group tht.at an annual
cost ip this range the large-scale use of computer—assisted:instruction

is at present too expensive when possible benefits are considered, but they

believed that probably such costs will come down in the not-too-distant

. future and recommended research to decrease them. Sharing programs among

school systems is obvieusly one way to do this.
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‘peptualiZing educational systems and the use of instructional technology -

Ch§pter_III‘above»and which are currently.hQQing impqrténj impactsfin

_ One of these is Bretz's book‘ent{tléd A Taxonomy of Communication Media.

. The other is Coombs's book The World Educational Crisis: A Systémg
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CHAPTER IV : ' - -

A Research Map

1. Two Examples of Systems Analyses of Educational Systems

2

T

Increasingly leading educators in many nations of the world are

approéching their professional problemé by using systems analysis.
Educators often use the phrases fsystemsAapproach" and "systems concepts;" )

Even though some of them may not be exactly clear what they mean by'the_

@

terms. %ertainlx one e?pert employs these words quite differently from

. il :5 & ) + -
another expert. - Some have quite explicitly used systems' analysis in con-

--

k4

in them. Two recent examples appeaf in books which we mentjoned in

v

education generalLy and in instructional tecﬁnology pafticdlarly, in the

L

United States, in other’establishéd-nations, and in 1essﬂdévelobed countries.

1

Analysis.z, e P .

Both these authors view ar educational system as a living system—-to'
use Coombs's phrase "with interacting parts that produce their own indica-

wk B

tors as to whether the interaction is going well or badly."3 They both -also . -
recognize, explicitly or implicitly, thatbthere ére inputs and outputs to |

‘ % . <




o

~ this information may be imported to others....
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. instructional systems. - These include varioﬁg’forms of matter and energy,

both living persons andvnonliving‘/ph//ical items" such as are needed
. > , .

for construction and~maintenénce of school buildings and as instructional
_ o » " .
technology hardwarey/“There are also, . both agree, inputs and outputs

-

of informationf Moreovér, inside the system, matterFenergy and information
flow{thfough various subsystems and components.

1.1 The conceptual system of Bretz. ' ‘ :

The model of the instructional process which Bretz presents is
diagrammed‘in Figure 4. Using his diagram he describes the instructional

system_as,'follov'\rs:(+

"The large block labeled ‘'information'’ represents the recorded

information of the world. The input to this vast data bank is shown at

the bottom, where reality is observed and ‘becomes ,known facts——hence ‘data.

*The librarian, knoﬁ{ng the needs of various kinds of users,°works within

this area, creatino and maintaining order. All recorded.information and

4

. R - ' -

“all of the order it may pOSSES$XEXIStS ostens1b1y for ofie reason. so that

. oo e L -
'u—:»ri.t.‘ Pl

o
4

"Information is...retrievedrby the instructor, shownrat'thei

o X

lower right [of Figure 4], whose purpose is to-build it into instruction.,
Most of this information enters his kndwledge [stored in his memory],

where it isrcombined with existing knowledge acquired from experience or

earliér.training. Out of this combined knowledge a selection of informg-

0 -/ °

e el ' ./ : . "
tion is made, organized and encoded as an instructional message. Some of

the information which the instructor retrieves, however, may not actually
S oK : :

(4]
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Figure 4. Gonc_eptqal Model of_ Infofmation ﬁénd ‘Inst.r;métion ,’k‘
Reiationships; f
b 9 . . ‘ ) '
( Adapted from,,R. Bretz. A taxonomy of comqnicatiomedia. |
Englewood, N.J.: Educational Techﬁologya?ublications, 1971, f
A "y | R
R . | 10 R |
‘ FullToxt Provid c ‘ - . . . S
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|

E go info his knoWledge;bank at all, but may be used di;ectiy in his .

| instructioﬁal task. (This is rgpresented by the arrow bypassing‘the
instructor's knéwledge.) The amount of information taking this route

vwill_vafy inversely &ith the.creativity of the instructor.

% BN "That part of the instructional pr?cess which contains infor: | /

: ‘ mation--the lesson--is labeled 'Instructional Program' in Figure 4. The

reason is this: the term 'instructiondl program', originating in the

. +
f . o

vocabﬁlary of programmed instruction, implies considerably more than tﬁe
presentation of informatiog; it also includes the direction of learner
activities relevgnt to the informatibn, the provision of resources, and
the.appliéation of meﬁhods for the practice of responses until the aéhieve-‘
ment of stated learning.objectivéé can be certified. Thus it may encompass
some, much, or all of the instructionalﬁprqceSS. The -program may acfually

diréct the entire process, then, rather than:simply initiate it, as thel

)

lesson commonly does.

v

P,

"As sQatéd above, one of the most‘important objectives of
instrucfioﬁ, esﬁecially in terms of lifelong education, ié to train the
learner to utilize the information bank directly and to dévise'his éwn

vinsfructi&nai process.;> This sﬁill shou1d>be called self-instruction‘or
N 'independent'study rather than self-study, since with it, the iéarner

‘directs hisbown‘ac;ivities. 'Self;Qtudy' describes any learning activity

of ény sort which is perforﬁed individually, evén if it is no more than

rote~memorizati6n. Self-iﬂstruction; on the other hand;{incorporafés

heuristic mgthods such as inquiry and search-ﬁnd-diécovei&f The léwer ‘ “\

' lgrOW from the information bank to the learner represents the activities-

0

-
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" involved in learning self-instructional skills. The upper arrow repre-
sents this same process taking place outside the instructional process
after transfer of the learned heuristic skills,.SO to speak, into daily

lifgan. "

1.2 The conceptual system of Coombs.
The model of Coombs is somewhatAsimilar to the above model, but

there are very important differences. FHe¢ describes his approach using

Figures 5 and 6. Asserting that it is a systems analysis of an educational
system, he goes on to say, very cogently:5

"In contrast to the meaning which the phrase Vsyétems analysis'

“has in some other contexts, it should at once be stressed that its use

ES

does not entail the mathematical expression and measurement of all that

is involved, Rather, it funétions as a wide-angled lens trained on an

»

organism so that it can~be<§een in.its entirety,,iﬂcluding the relationf

ships among its parts and between the organism and “its environment.

i

“ "A 'systems analysis' of education resembles, in some respects,
Y ‘ A r

what a doctor does when he examines the most complicated and awefihspiring‘

‘system' of all--a human being. It is never péssible, wor is it necessary,

«

for the doctor to have complete knowledge of every detail of a human

being's system and its functional'processeé. The strategy of the diagnosis

"is to concentrate upon selected critical indicators and relationships within

the system and between the system and its environment. The doctor, for

example, is concerned especially with correlations between such critical

t

indicators, as heartbeaf, blood pfesshre, weight, height, age,'diet, sleeping

w o
*

2i2
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s EDUCATIONAL PROCESS s

Aims and priorities
to guide the systen s activities

Students
whose learning is the main aim of the system

Managenent
to coordinate, direct, evaluate the system

Structure and time schedule
to deploy time and student flows among different pu:poses

the essence of what students are intended to scquire

Teachers
to help provide the essence and orchestrate the leetning process

Learning aids
books, blackboard, maps, films, laboratories, etc.

Facilities
to house the process ) . . -

Technology
all the techniques used in doing the system s work

Quality controls o
admission rules, marks, examinations, etsnd-rds

Research ) V : ‘ . /
to improve knowledge and the system s performance

. . . .

Costs
- inddcators of efficiency of the system

-

Figure 5. Tha Major Components of, an Educational System.

(From P.H..Coombs. The world educational crisis: a systems o

analysig.” - New .York: Oxford University Press, 1968, lf.)v"‘
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‘may be needed to make it function beéter.

S 224

habits, urinary éugar content, white and red corpuscles. From these he

-~

A appraises the way the total-system is functioning, and prescribes what

<’ A "What the doctor does in his analysis of the human body, modern

®

management does in its 'systems analysis' approach to the operations and

plans of everything from debarﬁment stores to military establishments.

The n'indicatqrs' differ from context to context, but the strategy remains .

much the same. By extension, this is also true of a systems analysis

applied to an .educational system...

[y

"In our use of the phrase 'educational system' we mean not
merely the several levels and types of formal education (primary and

secondary, post-secondary, general, and specialized), but alsc all those

" systematic programs and processes of education and training‘that lie out~-

side 'formal' education. . These, called nonformal education, include,

‘

for example, worker and farmer training, functional.literady training,

on-the-job and in-service training, university extension (extramural),
professional refresher courses, and special youth programs. The formal

and nonformal educational activities collectively cemprisé the nation's
total organized educational efforts, irrespective of how such activities

Y . .
may be financed or administered.
4\'

-4 .

"Even beyond these wide limits, of course, there are a myriad

had

of other matters which, in any broad view of learning, are educative in

nature,'often profoundly so. They include things that are often taken as

. muchnfqr granted as the air we breathe--books, newspapers, and magazihes;

=

movies;'radid, and television broadcasts; and above all ‘the learnhg that
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goes on déily in.every home.’ For the present,.however, we must confine

our view to those activities which are consciously organized for the express

purpose of.achieving certain prescribed eduqational and training objéctiyes.
"An educational system, as-a system,lobViously differs greatly

from the human body--or ffom a department store--in Whatlit does, how it

.does it, and the reasons why. Yet in common with all other,produétive

undertakings, it has' a sét of inputs, which are subject to a process, ,

. »
designed to attain certain outputs, which are intended to satisfy the

-

sYétemls objectives. These form a dynamic, organic whole. And if one is

‘'to assess the health of an educational system in order to improve its per=""

v

formance and to plan its future intelligently, the relationship between
its critical components must be examined in a unified vision.
"This% however, is not the way we customarily view an educational

system. We call it a system but we do not treat it as one. The school

board meets to deal item by it%m with a laundry list of things. Each item

is taken up and examined serigtim on its own terms. The daily calendar

}\

of the. overworked school administrator is Eyﬁically a similar melange oft

“~
s

'items to handle.' ‘He moves as expeditiously as he can ﬁrom one to the
next;-havi;é little ﬁime to rgglect on h0wlthey Qmpinge on each other, or.
on yesferday!é gnq:toﬁorréw'é calendar of ﬁhingé." | N
He then referé to Figure 5 which‘lists some important internal
componenté of an educational system and fﬁen:goés.on to”éive two examples ‘
ot

3

of how they ipte;act with each other:6




it is society which supplies the educational system with the means of
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"Let us assume that a-decision is made to alter the system's
aims or priorities in some fashion--for example, a decision to diversify"
‘ : ) : ! y

secondary education, to include a new technical track to higher educa- .

"tion and new 'terminal' programs with a vocational bias. To implement

this decision may require far-reaching changés in the system's academic

structure in the curriculum and teaching methods, in facilities and

equipment, and in the distribution of teachers and the flow of students

within the structure. In short, virtually every component is substantially

affected by such a change.

JSimilariy,bwithout any change of basic aims or priorities, a
éignificant innovation in the curriculum, éuch as the adoption of inew
hathematicé' in place of traditional mathgmétics, may entail substéptial
éiterations in_ﬁeaching»and learningAmeEhods; thch in tuf;'may require
changes invthe deployment of time, in physical facilities and equipment,

2

and in the number and kind of teachers required. This" chain reaction may

' this have considerable consequences for the sxstem's input requirements

and for the quantity and quality of its- final outputs.

"[Figure 5], however, does not show thé‘whole of what must be
looked &t in a systems analysis.; The [figure] is confined to the inter- ™

Y \

nal components of the system, detached from the environment. Yet since

v

functioning--just as the educationd system in turn is ‘expected to make.

vital contributions to societyv-sohething more must be added ‘to the pic-

.

ture of systems analysis. Educa;ion's inputs and}qutputs must be

examined in their external relationships with society, for these reveal '
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v
-

the resource constraints that limit the system and the.factors that

-t1mate1y determine its product1v1ty to soc1ety” Hence [FigureG ] shows
the® muktlple components of the 1nputs from soc1ety into the educatlonal

system, followed by ‘the mu1t1p1e ‘outputs from that system which flow .

back into society, upon which they ultimately have many diverse impacts.

"To~i11ustrate how things interact, suppose that an educational
. ¢ R
system ®is called upon -to produce more scientists and technologists. For

thls it’ needs ‘more spec1allzed teachers, but they are in scarce supply

’ ' .

because they are being underproduced by the system, relative to market
. © .

demand. , To'raise its production, education must get back from its own

o

limited output of such people enough of them to serve as inputs. But to

1

this end its offers to suchrqualified personnel must be able to meet the

market competition from other users. This may require a considérable

change in its teacher-salary policies and structure.‘— / .
‘ "[F1gures5 and 61 ralsq\many questlons....They 1nc1ude such
SR -

matters as the meaning of 'management," the nature of educat10na1 techno;
1ogy,' the meaning'of jefficienby'oand 'quality;' and doubts ‘about the )
reliabiiity of resource inputs as indicators'of'the quaiity of educational

. outputs. They include the, need to definé the difference between the
'internal and external ways of judging the quality and productryity'of an
educatlonal system s performance, and to suggest how these d1fferent angles
of vision can lead to-different judgments. They, also 1nc1ude the need

to 1dent1fy key and reliable 1nd1cators of an educat10na1 system s

performance on both the 1nput and output s1de.

o

4

.




"[1t] is‘in‘point here to establish a clearer relationship

' between the two [figures]--the first dealing with the inte;nal aspects
ERAE " T . .-

&,

.structure result in a shortage. of téaéhérsF-ghélefféct W}tﬁin th@Asystan'

véf aﬁ'educétipnal“System, and thgbsecondbwith its external L;nkagés. The

DI . - -

’relétionghip'¢aﬁ,bé£pUt in q‘capsuie by postulating the fpi}owingzi First,

N . . . " . . . % - . L3
external“con%}tions lead to changes in the inputs available to the
. . 7 . " - .

if )
o
4 [ - -

‘system--as when-a national manpower shortage and an unfavorable-salary
B . . " Py .

»
by &

-

may be a decline in the size and quality of its outputs. On the other

N . s

hand, the input stfingency'may conceivably brovoke a change in 'technoldgy'
W El M Py

and in the use of resources calculated to avert a decline insthe size
al : e
T

and quality of the outputs. The gystems analysis thus shows-ghéf there

need be no rigid pattern of internal responses to which an educational
system must adhere in meeting external stringencies. .Aideq)by such’ an
: N N . Toe

analysis, the system is in a position to chgosesits own response, and ‘the

choice it actually makes can- have 3 considetable influence on the‘quantit&

and quality of its output, and on its internal efficiency and %Xtefnal
productivity."

<

It is characteristic of the present early stage of systems theory

in the behavioral sciences that even though Bretz and Coombs are both:
clearly attempﬁing'to use systems approaches to the study of educational

systems and the-instfhctionalrproqéss, and even though fhey have ceESain
. . . ,

similarities in their two conceptual systems, the components within their

e

systems are significantly different. Bretz is quite accurate and insightful

in distinguishing in his conceptual model between living matter-energy




»tional oommunity bring forceably to ohr attention the urgent need for
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[

1nputs (people) and . non11V1ng matter—energy inputs, throughputs, and
outputs (things).[ He also makes the: important d1st1nction between struc-
tures and’processes.A:His analysis of the structure and process of an

educgtional system;_however, is brief and superficialg which perhaps is

PR

all he thought necessary*for the purposes of h1s book.

The conceptual approach of Coombs 1s"more detailed, but his analys1s o

of the resource 1nputs, the ‘educational process, and the educational out-

. puts leaves much to;be desired. A particularly serious problem is the

1

fact that he combines different sorts of concepts under the rubric of

"the major components of an educational system in Figure 5. It would
»
have been be*ter 1f as Bretz and we do (see pages 40 to 50 ) he had

distinguished betyeen two maJor sorts of matter—e‘hrgy,»11v1ng (e.g.,

e

- people) and nonliving (e.g., things or artifacts); 4s well as two'major

sorts of information, linguistic messages.and money.

These two conceptua} systems of experts respected-in the educa-

o N - /

_systems scientists today to come to’ genenal agreement as to what are the

3

components'or subsystems of living systems. Referring back to our con-
) . . i ey . "
ceptual approach to living systéms in.Chapter I we would like to point

out’Fow~We_wou1d deal with Coomb's list of major components of an

’ . ° . r.: . ’.
.edgcational system. Iggone is to have clear understanding of the internal

. . A ' - .
structure and processes of such a system, one must not lump together

. r

under a term like components" concepts which are very different in

character, as Coombs does. It 1s not, of course, likely that as thoughtful

-
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)

a scholar as -he even believed that components [sée Figure 5] such as ) T
,aims and priorities, management, structure and time;schedule,‘content;
J .

t

learning aids, technology; research, and costs were/comparable'concepts.
' 8 ,
Yet Coombs does ﬁot clearly 'spell out -how he conceives these structures, -
' processes, dimensions, and abstract principles to interact in edgcational
‘systems. It seems esseﬁtialbto speéify th{s.' Nevertheless, we ﬁhst
3 *recogni;e thet he has cseated a perceptive“list of the mejbr aspects
whiéh m&st be included in-an overall systems apﬁroach-to the analysis of .

an educational system.

The parallels presented below- indicate how our theory of living

In
’

-systems would deal with each of Coombés,concepts:

v

. ' : ' y
Coombs's Components . Qur Equivalents
» : 1. Aims and priorities, to . 1. ‘Information about purposes.
- guide the system's.activities. - and goals of the system (see-

e _ page 49) set by the decider

o . ~ subsystem and usually trans-
mitted throughout the system
over its channel and net subsystem.

2. Students, whose learning 2. Students, who are 1iviﬁg 2

is the main aim of the system.. inclusions (see pages 40. and 41)
L . : : : receiving services from the
' ' ' system.
3. ~Management, to coordinate, : 3. The decider subsysQem (see
direct, and evaluate the page 39), either centralized
system. or decentralized, and the

decider subsubsystems of all
matter-~energy -and informatlon
processing subsystems.
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Coombs's Components

4. Structure and time schedule,
to deploy- time and student .
flows among dif ferent purposes.

st

5. .Content, the essence of.
what students are intended_to

~acquire, -

Our Equivalents -

4, It is unclear whether '"struc-
ture" to Coombs means the same
as to us, the arrangement of the

'system s subsystems and components

in three-dimensional space at a.

‘given moment of:time or whether
he also includes in the term the

hierarchical conceptual arrange=
ment of the .system's components,
i.er, its”table of organization.

" "Time schedule" represents the

output of information from a
component of the decider, either
centralized or decentralized,-
which issues a directive to
persons in the system 4s to
what actions they shall take at”
specified moments on’ the time -
dimension. Of course, every-
one does not always comply

with this time schedule.

5. The subJect-matter or con-
tent which the students are
expected to learn represents
first of all an information
input to the system over its
input transducér and tlien a
transmission over various other
information processing sub~
systems., At times it may be
stored in the memory subsystem
but ultimately it is learned
or partially learned by students
in the associator subsystem.
Finally some of this infermation.
leaves the subsystem with the
students when they graduate,
which is a process of the out-
put transducer subsystem, .

222
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: ~ Coomb's Components -

6. Teachers, to help provide
the essence and orchestrate
the learning process.

laboratories, etc.

Y

t

process.

» system's work.

7

tions, standards.

S

<{

: . 7. Learning.aids, books,
A } blackboards, maps, films,

8. Facilities, to house the

9.‘ Technolqu, all thé tech-
~ niques used in doing the

10.. Quality controls, admis-
sion rules, marks, examina-"

223
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. Qur Eqﬁivalents

6.. Teachers are human organisms

who dare subcomponents’ of the - .
associator subsystem primariily,

but they may also carry out some
processes of other subsystems, '
particularly the information pro-
cessing subsystems.- L

7. These instructional media.are
nonliving artifacts of matter-

energy which enter the system

through the ingestor of the input
transducer and at the time of their
entrance are, or later become,
markers bearing information.- They
flow through the educational’ system *
or are stored in it. ’ :

-
«

8. Facilities, such as the school .
building or other Structures and: R
the furniture in them, along with®

the people who maintain them, essen-
tially are the supporter subsystem.,

9. 'This is an abstraction repre-
senting all the processes, learned

dnd unlearned, which go on in the
system. It is so géeneral as to be
relatively useless. If an analysis

of system processes were to be at

all precise or useful, it would

have to break them down into the
multiple categories of matter-energy
and information procussing activities
of the various subsystems and °
components. ., ’

10. These represent information . .
produced by processes in the
decider subsystem, whether:it be

centralized or decentralized. Some

of this information is conveyed as
feedbacks from parts of subsystems .

-and determine the nature of-the

system's inputs, internal processes, ?
and outputs. T& describe these |
information flows adequately it




Coomb's Cemponents

11, Reseeréh, to improve
knowledge and,the system's
performance.

LN

12. Costs, indicators of
efficiency of -the -system.

233
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Our EQuivalents (10 cont.)

would be necessary to say between
which components of which subsystems
they occur and how much power or
control such signals exert upon .
particular subsystem processes.

11. Research on the system's
environment begins with collection \

"of information through the input . )
transducer, and research-on the T
system itself begins with collection =~ |

- of information through the internal

-transducer. These inputs are then -
transmitted through the channel
and net subsystem and” other infor-
mation processing subsystems to a
component of, the decider that
actually carries out the research
analysis and makes conclusions from
them. These conclusions represent
decisions that may or may not control

@

- system act’ sities in the future.

Sometimes in this précess the memory
subsystem may be*consulted for
.information relevant to these

 research analyses.

12. Costs are not really indicators

of the efficiency of the system, but ~ |
rather constitute the numerator of

a cost-effectiveness ratio.” Costs

can be measured as the amount® con-

sumed of matter, energy, information,
money (a type of informatlon), or

time. It is important that independent
measurés of effectiveness be made ’
and that the external effectiveness

or .internal efficiency of a system

be determined by looking at indices

of both costs and effectiveness,

rather than of costs alone.

The aspects of educational systems on which Coombs concentrates‘his

1 v
7

.attention are well selected, but his analysis of their interrelatioﬁships

of system components he does not make important distinctions, as between:

is so simple that it is confnsed.k One reason for this is that in his list w

k]
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- work," or research)

management )
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. Systems (like students, management, or teachers) versus’

dimensional characteristics of syétems-(like their structure in spaée
or time schedulesj |
s CpnCrete éystems in space-~time (liké people, classes of
students, and books)‘Versus abstractions (like a time schedule drfcurricular
coﬁteﬁt)

° Strﬁctures(likeVfécilities) versus processés (likg techhology,
which Coombs defines as '"all the techniques used_in doing the‘sysﬁem'g

-~ r

e Matter-energy (like teacﬁers, learning aids, or facilities)

B,

<

_versus information (like aims and priorities, content, .or ‘monetary costs)

e One levéel of living systems such as organisms (like teachers or

~

students) versus énother level of living systems such as‘groups (like

A

.® One type of systems such as living persons or groups (like

—

. students or management) versus another type of systems such’'as nonliving

>

objects (like learning aids or fagcilities)
" @ . One sort of flow such as linguistic information (like instruc-

tibqal content) versus another sort of flow such as monetary information

Y

(l1ike costs) . . ' B °

° Parts of systems (like management or teachers) versus inclusions

in systems (like gtudents) -

Incorporating such distinctions makes conceptualizations more complex

3

“but it also makes them much clearer: Any theoretical view which lumps

. -
systems with their dimensions is confusing. If a concrete system which

observers can .locate in space-time is classed with an abstraction, one
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.faces the cognitivefchallenge of multiplying apples and oranges. If a ., .

-~ “w

structure enduring in space, stch asian edhcatioﬁal.féci;ity like a school

building;'is.classed'with a process, such as research which éontiqually

’ changes over time,<ene isvpuzzled. Unless matter—-energy and information
are distinguished, one cannot follow the separate sorts of flows which
'donstitute’a sysfem's proceéses. . S

Parsimony is desirable,.but uséful analyses éf educational systems °

mustrbe complex enough to make basic distinc;iopé like those discussed

| . above. The research map éﬁ&ch we afe about tovpresentfin this ch?ptef
incorporates suchfdigtinét%ons.

’

1.3 Some of the primary components in Coombs's conceptual approach.

Before we turn -to the researchimap it will be worth our while to devote
a little attention to the eight aspects of educational systems which
Coombs lists first in Figure 5. Though these aspects are not comparable

’

concepts, he has selected important ones for special attention.

1.3.1 Aims and priorities. Most teachers, schools, or school sys-

-
L}

tems are vagpe‘about their educational éims and priorities. They would
find it hard to maketphém explicit and they rarely are required to. But
it is difficult'té‘plén rational curricula without knowing specific .
objectives. "It is equally hard to do a good job of téaching, preparing
instructional materials, writing examinations, or evaluating the effec-
tiveness of a train;ng program, Coombs‘undoubtediy listed aims.and pri-

orities first because logically‘they come first. Unfortunately, however,

they are usually formulated well after an educational system is in opera- i

' . -

tion, if ever. M

|
[
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' ‘ e .
.1.3.2  Students. Of course students are the reason why an éducdational

[

system exisps;Athe coﬁsumers of its services. .Even though™ some highAséhooi‘ ;
and college students in recent years have wanted td have Voteé as "part ot

of the‘éﬁstem,f they were“nbtlgxactly right.i They:perhaps deserved_;o vote - |
in order to provide feedbacks from'chéﬁmersa,Which can make any system  ,
give more responsive .services, bﬁt they are living incluéions (sée.pageé’ o v

40 and 41) not part of the syst;m. When -they are admitted or when they

-
.

graduate, they are input’s or outputs--the system's structure is unchanged.

- - N

The most important consideration about students in less deygloped

countries,.from the viewpoint of educational planning; is that the average ‘

rate of their educational advafhcement .is disturbingly slower éhan that of.

students in established nations. Their parents have had,much-leés educa- - . .

tion, and are often illiterate, the tradition of education does~?ot exist

N "

in the family, the promise of jobs is ﬁncertain, they are needéd to help

at home, and consequently, their motivation to study is Iow. The result

’ *

is that the students commonly drop out of school very early and the number .

who complete even the primary grade is low. .Bringing the traditional = . .

pattern of educational achievement®in thé -less developed countries closer .
L J Y
to that in established nations is- the chief challenge to educators in those

S

lands. ' : ’ : ) s . ,

1.3.3 Management. This is the decider subsystem which garjieé out

t

all administrative functions of the educational system. Administrative
personnel include all personnel who are responsible for decision making, . o
forecasting, problem identification and resolution, supervision, training,

. -

staff and fiscal management, evaluation, and counseling of instructors

_
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and other staff. In less devéloped'qountries the efficient performance : P
of” these activities is commonly hampered by the same pathologies féund |

* v in most bureaucracies: vested interests in the status quo which resist
L " .

A change,oflanz sort; insufficient deiegation 6f aufhority to the subordi-

ﬁates whq,arg expgcted to make certain sorts of decisiéns, leading to
frgstraﬁioﬁ %nchoo; motivatioﬁ of such subo;dinates; a lack of adequate
traiﬁihg of some'persannel in.both education énd ménagemeng; a lack of . .

professionals qualified to conduct educational research, planning, fore-~

<
.

casting, or evaluation; and inefficient teacher-administrator ratios,

- . r

- with too few (rarely too many) managers for the number of teachers.

These problems are ekXtreme in some countries and are of ten expected

. to be overcome despite a great lack of resources. The deciders of most

- educational systems of less developed countries are centralized for the

.

. purpose of tying education to national development. This hag oftén led
to a hierarchy of command in the larger countries that is almost unwork-

P

. . able, pafticuiarly with the poor communication facjlities that exist.

The informatioﬁ of directives from highei echelons often does pot.gét
adequately transmittéd over thé‘chanhé} and net subsysﬁem to the.opera—
.tional unitsi.or is trénsmitted in‘distorted fofﬁ. Feedback from lower
to higher echelons.is similarly inadequate or nonexistent; Iﬁ addi;ioﬁ,'
- the meager wages paid t6 9ivi1 servants coﬁpound the problems of bureau-
.cratic lethargy. For ekample,lthe rufai primary school superviédr.hay
not be able to afford the fare for whatever‘formiof transportatipn is
available. and spend the manywhours réauifed traveling to visit the
schools ﬁnde:.hisgjﬁrisdiction. Finally, the people who come to be

. . Cog - .
the educational managers often lack .the necessary expertise to perform

P
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effectively. The supervisors frequently have no more.traininéithan the

teachers they are supposed to supervise, while the more responsible educa-

o

" tional officers often have not been trained in the simplest elements of

gudget preparation, staff selection, and management. This situation.

?

léaves the: observer with two major comnclusions: - (a) educational admini~

stration in less developed countries has rarely led to organizational
_ i ‘ N o
structures with adjustment processes capable of coping with the specific

problems of these countries; and (b) communication up and down the echelons

of the administrative hierarchy is often extremely slow, cumbersome, gn&

nonproductive.

'1.3.4 Structure and timé schedule. Coombs, as we have noted,
- "

N

says that these "deploy time and student flows.among different purposes."

The structural organization-df any educational ‘system obv?ously influences .
P . v

its day-to-day operations. If it is highly centralized, decisions are -

coordinated but they often do not_adapt fo local problems, sometimes they -~ 5'

are slow in coming, and at times they are never .made at all. If it is

4

highly decentralized and communications are poor, the system may respond

to local needs but suffer from poor coordination. Time schedules have

- .

various influences on educational processes. They determine the number Cw

of hours a day the student spends in formal education--which differs
. 1
markedly from nation to natjon and culture to culture. They determine

. '

how many months a year and in what months the student attends school--
which often in agricultural areas is adjusted so that children can help

their parents with the harvest. They determine how long class sessions

shall be and how. frequently a certaihlsubject—matter is discussed--which
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are factors in efficiency of learning. They determine how hard a teacher
must work--which influences his morale. All these matters have impact on

system effectiveness. : é ' ?

1.3.5 Content. What shall>be the main courses in a curriculum and

their proper sequence?"What shall be the chief topics studied in each
; S course? How much of the subject-matter shall be organized by the teacher

or somepne else before presentation to the student.and how much left to

o v, -

him to -ofganize? All these questions have traditionally been basic con-

“

cerns in educational systems. In recent years other issues about content
have arisen. They have dealt with the proper content to accomplish the

- system's aims and priorities and have been summarized in the question:

f

"Is it relevant?" In many less developed countries the traditions and

prestlge of the educational systems of the establlshed nations with which
they have been related have caused the former to imitate the curricular

content of the latter. This often has been highly academic and impractical,

poor preparation for life in the establlshed country and even worse for .

.
2.

_the more primitive existence in the.lees developed‘country. Recent eluca-
tional reforme in several of the latter natione-have centered on cﬁange

of curricula to relate better*to the realities of life in toem. They have .
also shifted from eontent only vaguely related to unexpressedAeducational
objectives to conteot clearly directedltoward explicit educational goals. o
The emphasis has“changed from tﬂl ‘learning ot many facts to the learning

of how to cope with and solve problems. And finallyrthe approach .of the'
vteacher has altered in somé countries a;ay from a didactic and ﬁarshly
author1tar1an approach to one d1rected toward greater‘personal support

"for the student in order to motivate him to enjoy learn1ng and to feel

confident in his ability to solve his own problems. : '

o )

- ERIC | : .
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. 1.3.6- Teachers. Teachgrsiprimarily agt"as professionals to direct

the learning of students, and as such function primarily'in:the edueational --——— -

‘system's associator subsystem (see page-39). But they have other functions

= .

as well, more diverse and important functional responsibilities than any’

.

other actors in the formal or nonformal educational system, except the
students. In many they are.the most (often the only) significant influences

on the students. In school systems everywhere, teachers' salaries constitute

3

the single greatest cost of an educational system, 90 percent of the budget

in many cases. Traditional forms of education are highly labor-intensive.

. ~ It'is, therefore, critical that teaching functions be performed effectively

¢ da

and efficiently. Unfortunately, ‘at p¥esent in many lands this appears not
to be the case. : 5 .

‘In less developed countries naw, student-teacher ratios in primary
schools are near 50 to 1., And in the traditional form of education in

these systems there is no adequate means' for overcoming the resultant

[s3

négleét of individual pupils. At higher levels of schooling the situation

is somewhat better. In Kenya, for instance, enrollment in goyernmental

- secondary schools is set at 35 per class while most schools have a few more
teachers than classes, resulting in ratios which are probably a bit lower

than 35 to 1. 1In adult education programs the instructor-student ratio

is as low as in the primary school, and the capability of the teachers is
" worse. This, hoqngr, tells only half the story. Beeby has poignantly o
and accurately pointed out the discrepancy between the existing educational

level and training of teachers in the less developed countries and the ' ;

critical role they play in education.

| ERIC o 231 '
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Teacher quality has been iﬁprpved at- higher levels of'édgcation in

©
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-Agriculfure, with insufficien& personnel commonly being devoted to pro-

some countries by using aliens to teach. Almost all vocational education -

. v

o

teachers, for example, may be foreign. ﬁOWhere has this been more true than

in Affica,‘whgte European anﬂ Amgfican;ﬁeachers often account for moré than
. . o : . " % B
50 percent of the secondary school téaching force. Such a policy may

s 2

severely limit the development of a sense of indigengus national unity.
Outside the formal. school system the situation is not much better. ,

In' the subject areas of héalth‘and‘agriculture, the responsibility for

education is ‘usually shared between the Ministries of Education and

grams, as each ministry leaves the ultimate rqsponsibility to the other,
one. At the same timelliteracyéprogfams suffer because the personnel
are“too, few and too poorly trained to teach reading and writing and also

follow up this, training with continued help in procuring functional read-

ing material. A recent doctoral dissertation at Harvard's Center for

W

Studies in Education and Development reviewed a Wwide range of literacy

programs and found that none had'rgallyvbeen successful, and that one

¢

program in Africa was staffed by instructors over half of whom could not

read themiselves. It appears, however, that this conclusion may be too

gloomy. A1l reports indicate that in recent years at least-one literacy

program, MOBRAL, which relies on massive use of instructional technologies,

has had major;impactbin decreasing illiteracy in Brazil.

1.3.7- Learning aids. The traditional 5rtifac£s or equipment used

» .

in‘education—-blackboards,;textbpoks, and audiovisual aids--have come to

be status symbols in some less'developéd countries which show undué-

~
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? " ~respect for “the material &¥couterments of educational activity.’ The

A . ) - <
i e X

_almost conplete lack of any learning aids egcept crude blackboards in

< |
. . '~nany less developed countries harks back to the still-widely held belief _ 1
. - o : ‘ 4
of the ancient Greeks that education is essentially a personfto-person. i
. o * \

dialogue.

\ Since‘the invention of thewprintlng ptess tbe most- important

nonhuman input into eduoation‘has been the textbook. Honever, In certain

"léss developed countries over the years fewer and fewer of them have been :

used. As. the number cf students has increased the costs of textbooks have

become more than thie country can afford. 0netindex of how good and how . °

available the traditional educational inputs are in a country may be

» N
= -

obtained by ,examining the'stage at which thatucountry is in its use’of
textbooks. The best way to assure adequate supplles of texts would prob-

ably be for the government to prov1de all books for all students free

oflcharge. A financially pressed government begins to retreat from such

-

‘. .a bolicy as binched budgets force it to eliminate some books. Others
are provided to the pupils "at cost." When the budgetary crisis is worst,i
all books have to be bought by the students. Indonesia is an excellent
example of such complete lack of textbooks prov1ded by the government
The teachers there.commonly report that their 'students buy:their own

texts. A visitor is hard pressed, however, to see any evidence of this.
"In fact even the teacher may not have.a textbook. The best he can

afford to do.is write his old school notes on the blackboard for his ' )

students to. copy.

X3 - i
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Indonesée'also reveals‘other probleﬁs associated.with providing
E . prin;ed matter for all kinds of eduoation: -a severe paper shor;éhe,
linsufficient numbers of good writers'of the Indonesian Language, a -

&iéorggﬁ%zed prin;ing‘industry,.poor distributicn methods,'ahd—;?f a
. ) book ever.reeches a sohool——lQW°motivat;on'of.both.teachers’end‘students- ' "
to use it. Suoh problemS; amply documeoted in a l967iAIDvreoort} are:

c , 8 ;
found in varying degrees of severity in all less developed countries. "

ar

In sOme4éountries——Afganistan for instance-—no-textbooks'are‘published.

: - B

A salient problem for anyone iﬁterested in’modefn instructional
technologies, %hioh direcely affects whether and how equipment will ¢
function, is the‘stdte>of the oublio‘utilities'that supply &chools and.
educa;ional centers. ' Most important are ;ﬁe avaiiability and adequacy
’of electfic power.' In mostnleSS developed coﬁntgies few rural schools’
, (anﬂ this*meaos the bulkvof.the primdfyvscoooie)ihave electriciti; Even

where they do, in countries as diverse as Zaire and the Philippines, the

service is often not dependable. Also telephone service is often absent,

"
-~

radio is progfaﬁmed only for entertainment and not at all for instruction,

» and there is no TV.. Under such circumstances obviously most local educa-
tional activities are isolated. In many countries even postal service

is so faulty that it precludes effective administrative communication.
"These shortcomings indicate the great need in such nations forftechno;_ : 4

logical innovations that can cheaply make communication and diversifica-

tion of educational inputs possible. )
Innovations in learning aids have been aftémpted in some countries;
Iran, for instance, publishes a small school'magazinehwhich is eagerly

N

purchased by most students in the later years of primary school. Kenya



“building. The’facility not only shelters such activities but also, in

being a concrete representation of the established policy to continue

o

g a well prepared educational radio schedule, complete with a teacher's

~guide and attractive schedules that can be posted on bullefinnBoards. And

the student-centered mathematics and science programs developed by the

A}

' Educationa’ Development Center ate finding wider and wider acceptance

throughout Africa, bringing with them the incréased,deQelopment of student- o

N

and teacher-prepared classroom materials.
A shortage or compiete'absence of learning aids severely handicaps
most programs of adult and vocational education in many . less developed

countries. e

~ -

1.3.8 Facilities. Most educational activities are housed in some

many communities, becomes a status symbol and occasionally is thie center

of community sociai_life, The building gives a solidity to edueation,

~

it permanently; This obviously makes parents and educational admini-

strators moere secure.
. X . : ,
Typically a rural primary school or community education center in

>

most of the world is extremely short of:;esources. Often made of mud
with only half partitions between rooms and a thin tin roof, these schools

and centers do not provide an auspicious setting for learning. In fact,

“.the noise of rain in the ;fopicsfmay'make-téééher—student'interacqion.

i
w

ifmipossible even if they have been able’to get td\schbol'through the r&in.

Into such inadequate quarters are squeezed as many children as there are

\

. in thé community. This may mean three-of four pupils at a two-person desk

°

and very high student-teacher ratios.
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; - “After finishing primary school, if he does not drop out, the rural

child is faced with a gecondary school that, if it accepts him, is often .
. - . ® ' N '
miles away. Even an urban child, after pdssing his final élementary

wa

;chooi examingtion, may lose out in his bid»for a seat in a local public
school and have-to travel miles to find avprivaté school that will take
v him. Sch;ols ére generarlyadeficient in'library:résources and laboratoéy
) .. space. If it is-a boarding school, aé in’much‘of Africa, the quarfers
are cramped and there is iittle!privaci. _Thefé“are qut nét enough
buildings for the pumber 6f students that prh thé government and the
peoﬁle Yould like to hav?-edqcated and are trying to atcommodate. Even

if the leatner doés not go away to secondary school, there is no facility

nearby for pursuing an out-of-school education.

2
. v

In institutions of higher learning the secondary school facility
- problems are compounded by the increased'resourceS“démanded for more
advanced scholarship. LibrafieS»are small or nonexistent, dormitories

may be nothing more than barracks, and laboratories usually exist but e .

L}

they may occupy what is really a classroom. Nonformél‘gnd~adult educa-
tion are'commonly carried out in schools or other communitylbuildings,
but often lack of shelter keeps sessions from being held during the

g o s * rainy season.

- ' - 2. The Table of 26 ReSearch Projects : o A .

In selecting research projects ﬁot the research map and determining

their priorities, we employed the conceptudl approach to the study of

»

- - living Systems outlined in Chapters I and II. - We recognized, first of

all, that we were‘poncéinéd‘in each projéct with the educational or

i

]

s . . . . . . . . ‘ . jl
4 .

i

i
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"activities of a community or country. These provide education to persons.

their associator “or subsystems). In a few projects, thelpossibility of

associator subsystefn of a nation; ofdinarily a less developed country;
We viewed this subsystem as being a systém in its own right, composed'A ' , E
of various ipwei levels of living'syStemS.

‘We re;ognized élso thé; formai.educational programs are only a

part of the total “associator subsystem, and that the entire subsystem must

: , )
be cbhgidered; including the nonformal components which are often neglected ’

although they are usually or always more important to the total learning
of all ages in such areas as health, nutrition, family planning, citizen-

ship, community development, cccupations, home making, business management,

"

" national history, arts, and culture. In the future -education in less

.

developed countries must do more than the schools are now doing, for they -

are not reaching many school-age dropouts and many adults.

Though the central concern of our entire presentation is providing

an optimél learning environment for a single organism--an individual

'student--practically in less developed countries this means we must be

concerned -with higher 1evelsv6f‘1iving systems—égroupé (classes), organi-

zatioﬁs (schools and school systeﬁs), and.societiés (nétions,band parqicuiarly
improving educationai cost—effectivenesé by internationél cooperation to .

share resources is considered; and‘this conperné Fhe supranationalilevei. .o
The levels dealt with in a given project afe determined by diséovering

at which levels most of the decisionfmaking is going on. Iﬁ the traditibna%'
teaéhing process the moét important‘level is fhe*grbup (the class). In<>

closed-circuit television in a school or college it is the organization,

237
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pro&iding instructional technology or whatever else will give the student

4

247‘ ' ' , § b
o o :35. _ _.‘
although the gfoup méy also make decisions. In a nétional educational
sate}lite»sysgem the society, Organization; and group levels are a%l
invglvéd in qecisipn making. If an internatiénal satellite ;erg employed,
the éuprapational level would élso be involved.
. Otﬁe;‘princ1pies‘which we aécepted as bases for selebting'projects

and setting their priorities were the following, some of which are standard

assumptions of educators generally but others of which are possibly‘con—

troversial conclusions derived from observation of current practices in e

educational systems of Varidus- less developed countries:

L) Since education is fundamentally an information processing

activity, resources of personnel and equipment should preférentially

be expanded to optimize the fdnctioning of those information processing

[N

subsystems that carry out these brocesses and the matter-energy sub-

systems that provide the power and maintain the equipment necessary

‘o

to carry out those functions. In many if not all lapdé, howp?er,

"it has seemed natural to put large amounts of money first into school

-

buiidings—4the supporter Subsystem of the organization, ﬁé have
mentioned above the status which a cémmunity achieves by héviﬂg;such
buiidings and the .ernest permanency of the program thchtthey represent.
Also politicians get rewardg froﬁ fhem——a concrete indication tq_the
pgopleithat’their taxes produce something and a memoriai éf»thé politi-
'cians to endure'intO’the_fdture and.satisfy their "tombstone complexesi"
Especially in ‘warm climates, however, expensive buii&ings may not be.the

.

best use of aﬁaiiable funds. Prior concern should be not for the supporter
P o . , . .

but for the primary educational progesses--training the teachers and £

v -
= ¢ »
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the best learning environment. These can improve educational effective-

ness, while building a school bdilding does not necessarily, though it can

increase costs markedly.

e Among the information processing subsystems of educational

'systemé preferential consideration should be given to three:

‘(a) The associator, in which the actual learning process goes

. o,

on, is of course, "whgre the action igﬂ'i _'fl ) o S \.
K (gi The channel énd net, which by tran;mitting information rapidly

" over long distaﬂces, enables education to becom;amoré,than a local a

procéss and permits regional, natiphal, or eveﬁ,international sharing of

educational resources.

»

(c) The decider, whether centralized or decentralized, which controls

the entire system and is responsible for trying to optimize its cost- .

~

.effectiveness.

- *-

In order to determine how well.eaéh of these subsystems, as we11 
as all thé others, are pefforming their functions we have developed a
list of v;fiablés, or organizational indicators Which can be measured
for each subsystem,
. The primary goal of educational research and development should
. -l & .
be to improve the learning environment of the individual student by sur-

rounding him with more competent teachers or paraprofessionals and/or

more effective instructional technology. These aids to learning should,

accurate feedbacks about how well he is learning, multimodality inputs

A whenever possible, provide him with weli planned curricula, rapid and

of information when they are the best means for learning, "branching"
:
|
|
|

« : G . , .
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inputs which make it,unnecessary for him to go over topics he already

knows, and opportunity to pfogress at the optimal rate for his ability.
. Research and development throughout should center on the student and his

welfare, not on the people and technologies that serve him.

.

e Social, geographical and pultutal factors exert major influences

on the learning environment, so the situation in each educational system

diff;rs and must consequently:be treated appropriately in light of iﬁs-
pafticdlar characteristics. The choice of instructional technologies—-
if any-—must be made in light of these characteristics. Illichﬂhas said
that the less developed countries u%dally have accepted Western educational
systems and instructioﬁal technology with the same alacrity with which,
thay Began to drink Coca Cola. Whether or not this is true, we must
coﬁstantlyuremind ourselves that instructional technology is not ~
inevitable or éhe onlyisoiutibnffo educationfs problems.

o Tt is esqgntial to identify clearly the subsystéﬁs and components
which carry out each of the processes in an.educational system. it i;
then possible to makg an invenﬁory of the system, measuring organizationai
indicators. of each of the subsystem processes. After such an inventéry
é ' | the indicators which reveal functioning<that-is ;bnormal or low in cost-
effectiveness should be reviewed to determine the nature of the pathology.
Then changes in the structure or proées;es of the.system'; human cbmponents, $ .0
or addition of artifacts_tb act ‘as prostheses in‘i; (see pages 41 ﬁo'42)
should be recommeaﬂed. ’Thesq pe&bmmendationé‘should,'if it.is possible,
be carried out in an effort to improve the'system's cost—effecti&eness.

< '3 ] hi ‘ ‘ ’ ! ! ) '3
The emphasis on costs (inputs) as related to effectiveness (outputs) '

(see pages 50 and 51) should be basic to thé entire reéearch’pfogram. } )

’

Rc 240 . IR




250 .

Just as there are several measures of costs (like the amount of matter-—

energy, personnel, information, money, or time required), so there are

several measures of effectiveness of an educatioqalisyétem (like the

"relevance of its curriculum, the adequacy of training of its teachers,

the motivation of its students to learh, how fast they dearn, how much

. they remember, how many adults are served, how reliable the instructional

RS

| | |
E 4 equipment is, and so fprth.
At our presentestete of understandingbof the opportenities to

make substantial improvements in education in less developed hatione,
it appears that the greatest cost savings may come from use of para-
profe851onals rather than trained teachers, from mass 1nstruct10n using
broadcast media or other media available over‘networks,band from the
aveilabiliry of instruction by technological means at any time on demand.
The'greetest improvemeﬁts\in qeality‘may come from careful plaﬁping and
production of cerricular materials for the media using formative evalua~.

tion, from instruction provided to very large audiences of students by

¥ . .
the most expert teachers, and. from the provision of excellent instrpction

: in rhe immediate future by the media rather than waiting to tfain_a

new generation of teachers to carry out traditional modes of classroom

instruction.

® Research and development projects undertaken should emphasize

v

educational strategies which are sufficiently inexpensive to be .practical
for the particular edﬁcatidnal,System under consideration and which are

sufficiently well developed to be capable of epplication-in the near

future. Many countries are spending about as high a percentage of

.
”

"their gross nacional product on education as they can. All feasible ) S

1nnovat10ns, therefore, must cut unit costs.




1
.
-

< L e Consideration must be given to the ever present reality in
) .

L

rless geveloped countries that even though sophisticated and effective
hardware and softwaré‘may be available, wages are so.low that human

beings rather than instructional technologies may provide.the optimal ¢

feasible learning envirdnment.

~

® The "small" instructional techndlogies.whiéh?cén be used in a
single classroom or home éhodl@ not be dropped from consideration with-
out review in févor of the mass media just.bécause the latter haée had
drématic impacts-in'some situations. |

° Effecfive software is at -least as important to instructional .
technologies as saﬁisfactory hardwére and often it is much more
difficult:énd costly to obtaiq or develop.

° IOfteﬁ e&ucétibnal résearch and’ development can Se done'better
in established than in less developeé:countries,.and-—consistant,with'
the principle of sharingvresources when possible--the results can then
be applied to less developed countries without necessarily having to
be répeated théré. We'the;efore include among‘selected projects only
'those basic researchés which ére_essentiél to the imﬁrovement_of eﬂuca-'
tion in less developed countries and which afe not likely to be done under
ifﬁ : othe? auspices. In generalrwe suggést ﬁhat these projeéfs~take‘cognizance
of basic research on the learning'process and other.toﬁiCE which haé o . i
Ialready been done and build on it. But further basic research should ¥ V :
ﬁsUally be suppdrted byifoundations and sgch agencies -as the United States

Office'of Education. When the less developed nations can afford to set up
: ‘ 2

N
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research centers on education and the instructional technologies,

however, they should tertainly do so. Such centers can stimulate indi-

genous innovations in education, improve the qual%ty.of instruction, and
cut its‘c0sts.

The above principles were followed in.selecting the 26 pfoposed
projects outlined‘in Chapter V below, and they can become tﬁe bases for
a cqntinuiné.review of rese;rch priorities.in future years.L
The 26 recommended projects are mapped in Table 8, the large fold-out

chart whlch appears at the end of this report.

{

2.1 Description of the Columns in Table 8. In Column 1 the

number 6§ the project a@ppears. 1In Column 2 is its priority, determined
in our>test judgmemt in thé iight qf the principles stated‘above. There
ere 13 projects of Priority A; 8 of Priority B; and S{Qﬁ Priofity C. The
title of the project’appegrsAin Cslumm 317 Column 4 lists the system
levels‘involved in’it; two or more of the fo}lowing~—group, o;ganization,
society, or supranational system. ‘V

Each of tﬁe remaining columns is concerned with one of the educational
system's subsystems;' (The'educational system is the associatorfsubsystem
of a particuler nation.) We have included most, but not all of the cri-
tlcal vubsystems 11sted in Table 1 on page 37. First come the matter—
energy processing subsystems and then the information processihg subsystems.
Since education is primarily an information processing activity, the
~ greatest attention.is paid in most projectsbto the information processing
subsystems, although the matter—energy subsystems should not.be neglected
because they are essential to all 1iviﬁé systems. Some educators and
social scientists, chlefly concerned W1th the advanced societal processes,

P
¢

tend to forget this.

"
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We have, for convenience, combined the ingestor and the matter-

'gﬁergy,btorage subsystems in one column, Column 5. We do this éimply , » .

because, though there are clearly different subsystems, the-projects

»

\ o
the system or is stored within it. Included in these two subsystems

are not concerned with whether the matter-energy comes in from outside

are, as the wordihg in this column for Project 1 indicates: '"Persons

and artifacts that supply electricity over power lines or from generators, -

~f

or from batteries, for instructional equipment; ot whe bring radio and

Lo  television sets into the places they are used for education."

In the next column; Column 6, is the distributor subgystem, which

B

includes: "Persons who deliver instructionai equipment or batteries for
providing power. for theh, or who pick up and deliver such equiément
needing repair frqm places they are used for edusation." .

Next.is Qo1umn 7, which‘tepresents anothe? matter—-energy processing
subsystem,'the producer. This includes: '"Persons who maqﬁfacture or do
mginteﬁance on or repair instructional equipment and power sources; and
persons who build séhoéls." . . . o

In Column 8 is the supporter, whiéh includes: 'Persons who maintain
and repair schools." |

S S In Column 9 is the input(;ransducer. It includes: 'Persons who

-create or bring to the educational system information relevant to the culture

and society, to courses, curricular planning, or use of instructional tech- _ .

nology, or to e&hdational_planning or management.' :

Column 10 is the internal transducer, inc¢luding: ''Teachers or
paraprofessionals who report test results or provide other feedbacks for

formative evaluation; persons who make observations or reports indicating

b}

the nature of processes going on in parts of the system."
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Cdiumn 11 is divided into three subcolﬁmns, 11A, 11B, and 11C.
Together they rebresent the channel and net sﬁbsystem. Since new forms of

communications are central to much innovation in instructional techneology,

e
<&

we have put this pa;ticular subsystem undgr the microscopé and recognized
that all channel and net subsystems have .three major subcomponentsﬁ thé ]
’ . P T i -, Ka
| stransmitter, the channel, and the receiver. ‘We find it useful for‘aﬁaIYSis .
‘to subdivide this particulﬁr subsystem into these three subqomponeﬁté. The
itransmitter inpludés: ."Personnel and artgfacts at educational television

and radio stations; teachers'and,pa;aprdfessionéls and the instructional
: artifacts they use." The_chanﬁel inéludes: TelZViéion and radio channels;
face~to-face communication among teachers or parapfofessionals and students.f
And the receiver includes: "Television and radio receiveré and students."
| Colﬁﬁn 12, the associator subsystem,'includes: "Studenfs; and remote
and local téachers or paraprofessionals; and instructional artifacts; parenté,
,family, and friends éf students." . .
| Column 13, the memdry subsystem, includes: "Teachers, paraprofessionalé, y
- "a; staff, adminiétrato;s; aftifacts used in instruction, such‘as books, maps,
§lides, printed.prograﬁmed instruction, CAI and CMI programs, audio and video

R . : BRE

tapes."

We next come to Columﬁ 14, the decider subsysfem. It includes: JTeachers, g
baréprofessionals, educat%onal édministratoré, curricuiar planners, educational |
television and radio éctor§'and producers, and artifacts such as computers ) ’
for management and planning information systeﬁs; parents of students." 3 N

Last we come to Column 15, the outpqt transducer subsystem\ It in¢ludes:

. - "(a) Educational administrators and other official spokesmen; (b) graduates !

~

ERIC | - S
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(‘ -
s ' . o

‘or alumni; and (g} feedbacks from pefformance of graduates or alumni as

basis for summative evaluatiom."

H
v

. o N _
3, Distribution of Subsystems Given Major . -

’

Emphasis .in Different Projects

In each line representing a projéctbin Téble 8,'oné,or more Subsystems

is surrounded by a heavy border. This identifies the main subsystem (or

subsystems) toward which tﬂét particular project directs its investigation.'

-

The first column of Table 9 lists the 26 project numbers and the next column

indicates the levels concerned in each project ("G" represents group; "0,"

organiéation; "s," society; and "Su,'" supranational system.) The totals at

the bottom indicate that all 26 projects are concerned with the organization'’
S » . .

~

and the society level, since fundamentallvaé are dealing with national

~

~educational programs of less developed countries. In addition sevén of them

are concerned in some way with the group level and three represent investi-
- / v . .

gations of possible sﬁpranational sharing of resources across national

~

boﬁndaries.
Eéch'Sf thé oth;r columné of Table 9 représents one.of the subsystems

in Table 8 (and in tﬁé‘case,of‘;he channgl and net subsystems, 1;8 three

vsubcompbnents). An fg",but in any box iﬂdié#tes a subsystgm gi;en primary

cohsideration in that particular project. The totals along the bottom indi-

N

cate what would be expected: since educational systems are concerned mainly
. >

with information processing, there are relatively few projects related pri-

\ o

o

_marily to matter—enefgy processing subsystems. Such issues as the availability

of equipment to provide electrical power, however, are criticdl for the use

of ﬁuch educational technology. But the greatest emphasis obviously is on

2486
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-information flows in the three components'Of the channel and net subsystem,

13, 15, and 13 projects respectively. This is because communications

. technologies, which represent prostheses to the various subcomponents of

the channel and net subsystem, constitute such important aspects of instruc-

and cohsequently

tional technology. The learning process is’ also central

14 of the 26 projects emphasnze the, assoc1ate subsystem, whlch is the main

subsystem of the total educational system where the learning goes on. Manage-~

ment is also important in these systems, as in all other social systems, and

so the decider subsystem has 9 researches related to it. Finally, infermation'

— -

is not only processed currently in these systems, but also is stored and

These are-

E

retrieved, so 6 of the studies deal with the memory subsystem.

the major emphases. in these research projects. "It is interesting, however,

to see that a wide range of subsystemsvis studied in the 26 projects {hcluded

in this research map. - In a sense Table 9 summarizes the systems aspects of
the research map, which is Table 8:
We shall now proceed in the final chapter to outline each of the

proposed projects in detail. ke

o
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projects on instructional technology in less develbpéd countries. We ‘ 4

263 | .

CHAPTER V-

The 26 Projects

On the bases described above we recommend for implementation 26

& i

shall de%gribe them below in the order in which they are listed in

¢ M . i

Table 8. For each one we shall present the. following:

.. f(l) Statement of ovérall objectives (to'what’&evelopment applications
will“théArésulﬁs of the research or developméh; work lead?); also, state-
ment-of.thé intermediate‘goals.cr targets to be reéched. |
(g) Indication of the levels and subsystem or subsystems of the
educational sector (i.e., associator Subsystem) of the societynchiefly"
invblved ;n'this studyf L
3) Brief review of eXistipg relevant research, particularly. that o S
with a development orientation, iﬁdicating the gaps and promising frends:
(%) Deécription of how‘the research project willvbe carried out.. -
‘(é) Anaiysis of the stéff and time schedule required to reach fesegrch
objectives.
.. ) Analysis of the steps required'to transform fesearchzf;ndihgs
inté operational use. ’ ' . ' ";' . -
@) Plan for coordination with other research and development work
in a relaégd project. . | )
(g) .Indicatiqn of-the kinds of profeésional expertisé required.for

the ﬁgoject.

. . 4
-
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~'(9) Estimates of:costs analyzed in terms of profeSSional and
supporting personnel costs, travel and report preparationi
And (Q0) suggestlons of- less developed countries which would be
approprlate locations for such a project because of the potent1a1 benefits
theyfcouid’derive from it. |

The word "research" can be applied to all the 26 projects listed below'

if it is used broadly._ Some of the studies have the character of experi-
mental research, in which a specific set of hypotheses is tested by pre-
t cisely measuring certain variables:nnder tightbcontrols; But the other
projects include_simulations, modei designs, engineering feasihi_ltity.Q
stnqies, case studies,'pilot projects, market surveys, system analyses,
and develo;ment'activities. ‘We believe that the present state of instruc—
tional technolog; inlless developed countries oemanos_such a broad tather
than a narrow definition of research limited to experimental hypothesis
testing. | ‘ °

"The,objectivesﬂof‘the studies are also diverse. They%fnc}ude studies
of comparative cost-effectiveness, cost analyses, feasibility studies,
forecasts of needs or resources, and efforts to imnrove ongoing operations;

A*major step in designing specific research projects is analyzing .
&

an important, coﬁplex question into several .smaller questions that.are

susceptible to investigation by the technlques of behavioral science.

Many aspects of behav1ora1sc1ence are in such early states of development
that we cannot obtain satisfactory answers  to some of the most important

questlons. When faced w1th the alternatlve of answer1ng an 1mg’ptant

question crudely or a trivial questlon prec1se1y,,we have chosen the




¢

265

- ) 2

-

former. We have done this for two reasons: (a) that decision makers in .
less developed countries urgently need to have more information to base
their decisions upon even if that information is~téﬁ;§tive; and (b) that

3

crude analyses often must precede sharper, more focused, studiet\of a

- phenomenon. We have, however, tried to.plan all the projects so\that

~u1timately the validity of their conclusions can be evaluated. . . ,' "

In%gvéry case, also, we stress the need to study the entife.system
with all its 1iviﬂg and nonliving parts, as well as all their relaﬁion-
shibs an@‘interactions, and not a single subsystem or component ébstggpted -
from the others for pﬁrposes of analysis; If‘is essentiai {o consider a
wide range of variables in analyzing the potential impact'of any one.techi'

nology on an educational system. Everything must be taken into considera-

tion from the character of the decision makers to the characteristics of

~ each medium;~fﬂhe“follqwing are some of the éspects of the systems which

must be evaluated:
e The social, cultural, and political setting in Which the medium
'is to be introduced. ‘V |
° 'Thé' organization and procedures of thé educational system
e The type of educational.administréfors and»decision.makers involved
e The orgahizatibmrand proéedures'of the &nit_that produées the
instructiohal materials
e The kind of content to be copveyed _ ' .
e The charaéteriépics of the medium providing the information inputs
e The dharacteriéﬁics of the transmissibn system’ |
] Thé characteristics of thg ;tudepts

e The responses expected from the students
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e The characteristics of the_ teachers or monitors involved in the
student-input interaction.

e The training of the teachers or monitors

o The activities occurring between those teachers or monitors
and the students
® The design and performance of the equipment used

‘ ' . . . .
? " @ The feedbacks:between instructional and noninstructional personnel
. e The feedbacks between (a) - the student, (b) the teachers or Tonitors,
. N L3 .

L] 1
*

“‘and (c) the programmers of the instructional materials

° .Monetary and other costs ° . . ' .

¥

This is a partial list; The total 11st of factors is long, almost to

. - the p01nt of 1ncomprehensib111ty Each of the items mentioned above has

numerous individual variables.' o
In the implementation of the projects:ontlined helow, we recommend .

the.ﬁinimum possible use of foreign expertsvcbnsistent‘nith competent

research and the mahimum use~of nationals of the less developed country

- a
-

involved. Some of the latter may need f1rst to be trained in the United

. States or some other established country in order to learn how .to conduct
.dependable and'conclnsive researches. Every one of. the proJects may well
lead to educational 1nnovation,’and it is des1rab1e for. constructive -inno-
vation‘to be accepted and impiemented; Such'acceptance“is likely to be . .‘ i
accelerated greatly if the probieﬁsvare identified by citizens of the
country rather than aliens, and_ if they state the hypotheses, des1gn the

: researches and make the plans and proposals.

T -
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1. Proposed Project 1, Priority A

» METHODOLOGICAL STUDY -OF EDUCATTONAL COST—EFFECTIVENESS EVALUATION

x

This-is.a methodological study of how best to carry out cost-

effectiveness evaluation of/formal and nonformal education, either when

(a) modern information

I

rocessing media are used or (b) when they'are not.

1.1 Objectives.

spect, of e@ucatioh using instructional‘teéh—
nology which most urgently needs exploration is‘how.its cost-effectiveness
can be syétematically an& rigorously‘evalﬁated, Methods for measuring the
costs of a_given educational activity--thch'make up the numerator of the
éost—effectiveness ratio-~-in such units as amount of money.spent, number of
personnel‘employed, or time required, are fairly well understood. Bqﬁ

methods,for quantifying effectiveness--which is the denominator of the
. . ¥ . .

ratio--are in early stages of development. More research to improve these

J

- " methods is essential.

There are two sorts of educational evaluation, formative and summative.

The former is.a rather new concept; the latter has been éﬁployed<£or cen¥
. " turies. Formative gvaluation, according to-Bloom,-is:1 "thé use'ofAsystem—
atié_evaluation in-fhe brocess of curriculum construction, teaching, and
learning for the purpose of improving.any of these processes.'" Summative
’ eva;uation is;z’ "the typeée 6f evéiuatioﬁ used at the end of a term, course,
or program‘fof purposes of grading, ;ertification,’evgluation of"progrém,
or'researgh on the effedtivene§é of a curriculum.” |

Both of these kinds of evaluation represent the use of negative

feedbacks by the educational System with the objective of maintaining a

-

high quality of instructional information flowing through the system in

y | \

K 8

i .

R ) . T,

] |
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ways that will best facilitafe‘studentflearning. Formative evaluation is

a comparison ;f inputs (costs) Qith outputs (provision 6f effecﬁivé or
qualjtybgervicesfor'products) of a part of the total system. If is»carried
out during the préparation of\i?structionaI.materials before they are trans;
mitfed to ‘any of the students (gxcept a small sa@ple usediasia population
on which to pretest thém). It isﬁconducted by cﬁrriculum developers,
teachers, and paraprofessionals who report préteét results or pré&ide other
feedbécks. .These persons, when they do this, are parts of the system's
internal tréqsducer subsystem. On;the otﬂér hand, summative evaluation is
a comparison of the inputs‘(costs) with‘théfoutputs (prVision'of effective
or quality services or products) of the total system. Ordinérily it takes
10nger'thén"formative evaluation because the system must finish its ser-
~vices to the student, test him before éraduatidn, and then follow him ;s
an/alumnus perforﬁing in the society for some timé before it can complete

a summative evéluation. This is'done‘by (a) spokesmen that request infor-
mational feedbacks'about thevperformanée of graduates or alumni, who are -
parts of the output.traﬂsducer subsystem, and (®) others;that complete the

feedback loop by transmitting to the educational system from its eﬁviron—

ment information about thezperformance of its alumni in the society.
‘ . |
The first objective of the proposed project is to improve the procedure

for formative evaluation of various sorts of formal and nonformal education,
both those iﬁvolving teachers and traditional classroom.procedures and those

involving paraprofessionals or instructional technology. Such evaluation

must make alloWénces for, the particular characteristics of the society and

culture in which the education occurs. Employing feedbacks in the creation

of curricular materials assumes that the instruction ‘“can be more -successful

I
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when the program format and schedule are modified by user reactions.

example, an artistically designed set of lécture-demonstrations may be
Unless the staff has some
. i‘

|

pedagogically inappropriatevfor some students.
way of both testlng the effects of the program and modifying it in the
/

light of these data, the 1nstruct10n will not be optlmally effective.
To achieve the best possible performance, one must employ feedback loops

including program development, followed in order by program presentation,

tmc

: 69 | S
‘ N gor- VNS
|

student reception, analysis of student reaction data, and consequent

modification of program development.
It is common practice for curricular materials to-be used in such
i » OT

media as face-to-face lectures, instructional radio, instructional TV

cassettes, to be planned to extend over some given time span in a set
The plan decided upon at the beginning_ofvthe course is followed
No effort is made to improve the

manaer.

as program after program is produced

lessons on‘the basis of reactions of a sample of learners, at least until
. . . . '

the end of a formal course when some revisions may occur as the next year's
It is particularly hard to feed bdtk results of instruc-—

course is planned
tion to teachers or curricular planners who use media that do not provide
It is worthwhile to try to render

them direct access to their students.
the TV instructor, for example, as réspoﬁsive to learner needs as the tradi-~-

tional face-to-face instructor can be.
The second objective of the'propoéed.project is to improve summative

This should involve develop-

<

evaluation of formal and nonformal education.
ment of reliable methods of quantifying the various sorts of inputs and
Ly

outputs of the total system, as well as all its component subsystems and

DN
1
-3
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" technological prostheses. The usual procedures of engineering evaluation’

—

should bé applied to the technological aspects, but educational evaluation

" is more than that. It must measure the joint impact of the living and

nonliving components of the entire educational system.

1.2 Levels and subsystem or subsystems involved in thiS'study.
Group, organizétion,'and-society levels. Components of the internal trans-

ducer subsystem provide feedbacks about' instructional materials during their

preparation. Components of the output transducer sHPsystem request feed-

'backs about the performance of graduates or alumni, and components of the
input transducer subsystem convey such feedbacks into the system.

1,3  Existing relevant research. A large literature of studies on .

educational cost-effectiveness has develoﬁ%d during the past five years

or so. In<i969 a bibliography on systems analysis for educatio;al planning,
many of the documents in which concérned cost-effectiveness analysis, was
publighed by the Organizatioﬁ for Economic éo—Opération and Development.

It contained 306 references. We can mentiop“only a very few of these here.

Balderston and his associates have made a general survey of cost
analysis and of planning-programming-budgeting systems (PPBS) in educa-

. 4 ‘
tion. Among other things these studies revealed that a number of.

.

different sorts of resources are expended by educational 'systems and

*

that there are many ways to calculate such aoéts, They also indicated

~ that the benefits derived from PPBvaudgeting may not: be enbugh to

justify its. costs.

. ] :
Obviously the measurement of educational costs is much more

_sophisticated than the measurement of educational effectiveness. Some

scholars,'like Bloom and his éssociétes, however, have devoted much

258
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attention to this problem. They have been concerned primarily with the
determination of educational objectives as well as development, standard-
ization, and administration of cognitive, effective, and behavibral<tests

in both formative and summative ewaluation of the effectiveness of various

V'sorts of educational.programs. Generally these are tests administered

within formal educational systems rgther thaﬁ folibw—up»tests on gfaduates.
or alumni, 6r tests for adults or others participating in nonformal
education.’ |
Ohemimpértént kind of research oﬁ formative evaluation has been

conducted by Gorﬁh, Dumont, and Wight;an at the University of Massachu=
fsetts.6 This concerhs what éhey call Comprehensive Achievement Monitoripg,
which is the teéting of students at frequent intervals during instructioﬁ
(e.g., every téo weeks), as well as after instruction, with monitors ;rj
tests designed to evaluate achievement on each one of a set of previously
specified objectiV;s of the educational program. At each test adﬁinistré-
tion performance is evaluated as to (g) objectives not yet dealt wiﬁh,

(b) those just dealt-with in the immediate past, and (c) thbée dealt
withﬂearlier in the course. Computer-baséd‘analysessand reports are

made to teachers and';tudents to aid. them in"adapéing study patterns,
pacing and sequencing instruction, déveloping curriéula,.and imprpvipg

the QUality of educatioh. This approach analyées mulfiple variables of

the learning process including sociological variables such.as family and
social béckgrounds of the students, school-related variébles such dag—_

expenditures per student and urban or rural location, and student variables

such as rates of learning and reténtion, personality, and vocational

v

interest patterns.

oo
i
D
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Much research has been carried out on various approaches to summative

evaluation;'”bné'of these .is cQst—benefit ggalysis, such és has been.

; - degqribed by Woodhall, ahd by éoffman-and hié associates.7 This"technique,_

- ) devéloped chiefly by economists, views education as an investment by \ . fe
the #ndividual student and hls family and by the nation, which yields | .

? : economic benefits to them and contrlbutesfto thelr future wealth by ' |
increasing the student's productive-capagity._ Educational inputs and

outpuﬁs, costsiand benefits, are both measured in the same mpnéfary

.

units. Various forms of economic.calculations can be employed to deter- L ’

v

mine which is the optimal educational program in terms of cost-benefits.

I

* N .
For iustance, Hirsch and Marcus have used such calculations in an
analysis of the desirability of universal junior college education in

8 > , . .
the United States. This "econocentric" analytic approach seems too
simplistic, since both the inputs to and the outputs from educational .
. 3}

e

systems are of several sorts. As Alkin, as well as Carpenter and

Hoggart, point out, all aspects :0of them cannot be measured in monetary
9 ) | ) g
units.

One cost-benefit approdch outlined by Blaug takes into consideration,

___in addition to finances, a less developed country's current, and forecasted ;

. 10 .
future, manpower needs. Recognizing that a nation's educational system

and labor market have reciprocal impact, he describes how cost-benefit

a

analyses can be made.in terms of how well the educational system meets ~
. ) a’
the nation's needs for trained manpower. - -

As an improvement over cost-benefit analyses Alkin pipposes a molel
v . ' 6 ‘

for cost-effectiveness summative evaluation of educational systems. It

includes:11 | . : o , ) ;
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"'student inputs'-—the characteristics of students entering the system;

'educational inputs'--cognitive and noncognitive chadges that occur in

students after exposure to an instructional program; 'financial inputs'—— -

financial resources available to carry on the program; 'external systems'--
: y .

o

the social, political, legal, and economic structure of society; and,

‘lastly; 'manipulable‘chafacteristics'——thosé‘aspects of the program which

e

are resource;cgnsuming_and whiéh.are admiﬁistratively manipulatable.".

| ' This is one;épproach to cost—effectiveness, but in_recent years there
have begn a good manyiothers..'Most of them,agree-that outputs of eduéation51"
systems must be measured fo determine their effec;iveﬁess._ Most agree

that no single dimension is enough to measure those outputs. The search'

. for output measures whichvindicate the quaility of performance of an educa-

tional institution in the last five years or so has challengead many
thoughtful persons interested in systems adalysis. For'example, Hanushek

suggested that the quality'of outputs of schools be méasuted by the per-

centage of students entering the school who complete each grade, the

LS '

percentage who attend tollege, and their achievement scores. . Turnbull

o

listed anothier set of possible measures, both "scholastic'" and '
: P

'secular,"

13 Ve )
for institutions of higher learning: Qualifications of students

'admittgd, as indicated by how selective the .system is in admitting its

1

stuvdents, the'pércent of the matriculants from the top quarter of the

class, the level of admissions test scores, or the proportiorf of National

Merit Scholars. Qualifications of graduates, as indicated by the per-

-
r

high awards, and receive h}gh—sélarie& jobs. The average "value added"

.

Q
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to students between input and output, the amount of learning or growth .

.

of ‘students between their ddmission and their graduation. Nonacademic

. measures of an institution's quality include its power to engender
! q y p

commitment to'morall social,-and political causes; #ts respect'for
self—directién; its provision for self-governance; its sénse of. shared
pur?ose and.high morale; its reépect for exﬁanding.and érapsmittigg
humén knowledge; and the strength of ethical commitméﬁt.of its graduaﬁes.

Research criteria such as the probability that an institution's schelar-

ship will advance knowledge importantly or better man's lot: Service

e ’

-

cfiteria such as how much the institution contributes to many aspects
of society. |

' Anotﬁer approéch to measuring the quality or effectiveness of the
outputs of anAeducational system (a university) wasvoutlined by Brown.1

First he identified a set of goals or objectives for the system. Then"

he suggested measures for each. Here are two out of 20 examples: - _ u

Goals or Objectives Measures

Learn to retain facts , Jjo Student téstimony,_g;g.,_

' : answer- to question: "While
in college has your factual
knowledge: 'more than doubled,'
'increased some,' 'remained
about the same,' or 'decreased'?"

2. Difference between percentile
rank on Graduate Record
Examination (or substitute exam)

. , . and percentile rank on Scholastic

. . © Aptitude Test. 3

. . 3. Difference between '"before"
' ' and "after" reading-listening
test on totally new material.

» .



Goals or Objectives . : Measures
Provide benefit to town’ 7 . l. Faculty testimony, e.g.,
citizens ' ' : during the past year town resi-

dents not directly associated
with the university benefitted
from the university's presence:
'a great deal,' a modest amount,'
'not at all,' or 'megatively.'

2. Changé in number of part-
time students enrolled.

-~

_ 3. Change . in nﬁmbér of public
. ‘ l?ctures and performances .
given. , B -
He goes on to outline how each of thé 20 measufes éan be given a weighting
so that a total index of output effectiVenessiof the sysﬁem can be
- calculated. ‘ |
| A somewhat similar abproach to the assessment of educationalvquality
in schools has been followed by‘Beers.1§ It.invplves the statemént of
10 goals and the dgVelopmenﬁ of ébphiéﬁicated meaéures,of'thé‘progress
kof’the'sysFem_towafq.their achievement, tests which we;e administered
to fifthhgrade'énd'eieventﬁ grade studéﬁts; .ihe 10 goals ;%¥e~étated
as follows: | ' ’
Quality éducaéion éhould helé every child
] -Aéquire the greatest‘possible understanding~ofihimself and an
~ appreciation of his wofthinesé as a member of society. B
|} Acquire understanding‘and-apprECiation ;f pefsons belonging to
social, cultural, and ethnic groups diffgrent from-his éﬁn,
° bAcquire;the fullest extent béssible for his mastery of the basic
.skilis in-the'use of words andinumﬁers.

® . Acﬁuire~a positive attitude toward school and toward the learning

process.

. 203
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-

g o .
® Acquire the habits and attitudes associated with responsible
citizenship.

® Acquire good health habits and an uhderstanding of the conditions

. Y

necessary for the maintaining of physical and emotional well-being.
e Obtain encouragement to be creative in one or more fields of

~

endeavor.

‘ N2 Understand.the opportunities open to him for prépéring himself V
for a p{;duct;ve life and enable him to take fqll~édvantage 6%fthese
opportunipies. | | |
- J e Understand and appreciate as much as he can -of human achievz; |
ﬁent in thé'natural sciencEs, the social sciences, and the arté. -
e Prepare for‘a world of rapid change and unforeseeablevdémands '
* in which confingingveducation thréughouf his adult lifé sﬁbdld be a .
normal expectations . o | o é
| The measuring instruments administered to students tg determine \\_/’ﬁj/
how well each goal wasubeing achievedldifferéd. For example, the
_iqyentory used Qith fifth'gradé students” to assess progress towérd'fhe,
first ébal cbntained 53 teést items;»47 from the Self-Esteem Invenfofy
devéloped by Cooéérsmitﬁ and 6 from the Equality: of Educational
. ' Opbéftunity survey developed by Cbleman and hisiaéséciates.
| A relatiQely complex model for evéluafiﬁg‘qualiéativg and
. , . S
quantitativg-performance‘and achievement in highér education was
creatéd by Roéenbégm and his associaées oﬁlTasR Force'IV of the .
16

Connecticut Commission for Higher Education. ' This model is two

dimensioral. In Tablel0 from left to right appears the ¥low of the

L . . . "

e . B [
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Table 10. Task Force IV Evaluation Model

. [From Task Force IV, Connecticut ComﬁisSion for Higher

Education (R. A. Rosenbaum, Chairman). Qualitative

. education.

Hartford, Com;x. H

and quantative performance and achieveément in higher

Connec ticut Commission

for Higher Education (ERIC ED 048 833), January, 1971
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. I )
student population from precollegé, through college, to postcollege.

The top row representé'the most naive approximation, based on simple
numerical statistics. The aqélyseé of'each.10we;_row are pfdgressively
more sophisticgﬁed to the bottom one designgd'td attend to qualifative
cbnsiderations. | ) o :. . . .

Th order.to clarify the model we present definitidns of the terms
in.the first-row. Each of the boxes refers to a quanEZtative measure.

1l.. "Students ?otentialiy Available."--The size of the precollege
populatién and the dist;gbution of measufable abilities within identifiable
segments of thié~group. Measurable abilities shall inclhde new measures
of studentg' unique talents whiéh differ from the common aptitude and

achievement scores that are preséntly weighted excessively in admission

procedures, . , [ . .

. R

2. - "Students Admitted."—4Thqgcharacteristics of those who enter

college: Measurable abilities and demog;aphic statistics. -

| 3. "Process.'--A statistical analysis of the process of formal
educatién:, size of faculty, administration, and,staff; diéﬁribqtion
by educational background, age, profeSsionél experience; teéching loads;
class size; Sizevand.nature of facilitie§ (libraries, laboratories,
classrooms, etc.); allocations of resources for.g@ﬁeral educational
support (psychological services, cultural events, etc.).
“f 4, "“Students Géadﬁated.";—The characteristics of those who ieave
college’ through graduation or othérwise: unit costs per‘aéadéhic

credit earned, degree granted, and the like; attrition rates; post-

college plans. Specifically, '"value added" as measured'by the i
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", development from "students admitted" to "sthdents'graduated,f as distinct
.from general maturation which might occur without college.

5. "Graduate Peréormance."%;Characteristics of individuals five,
ten, or more yeafs after leaving college; differences between graduates
and nongraduates, including in the latter group tﬁose who did not enter
college. | |

In terms of this model; the goal of an evaluative procedure is to
approach as clbsely as possible tq_the most refined approximation in
the bottom row'of.Table 10. Thisidoes not mean that quantitative measures
are to be ignored; iﬁdeed, it islexpeétedrthat imaginative efforts will
result in the evolution of numerical.iﬁdices having good correlation
with thosg qualitative characteristics.of successful education. The
relative ease of aﬁassing statistical d;ta should not hide the importaﬁce
of probing for the fundameﬂtal, tenuous, and often elusive, qualities
of effective higher education.

When a technologicalvsystem is used for communication or delivery
lof @nstructionaf’aid, its cost—effeéfiveﬁess from an ;ngineering view~

‘point cén be evaluated, in addition to its educational effectiveness.

Several studies.at the Stanford Electronics Laboré;ories havé_developed
»(.' models and computer programs, for exaﬁple,»for the comparétive evalua-

tion of alternative terrestial, celestial, and mixed communicatidns

systems fof instructiohal technology. The final measure of cost-

effectiveness of an educational system employing such.commﬁnications

is a complex jdint function of the measures of educational and engi-

neering cost-effectiveness.

\)" ] ‘ 267




Another research approach tovc¢st—effectivenéss evaluation is
the use of mathematical models and coﬁputer simulations of educational
éystems; A review of such work was written by 3e11 for the Carnigie
" Commission on Higher Education.18 It is clear that,-though they have
many weaknesses and shortcomings of such modéis and simulations as those

of quhig, Judy, Weathersby, and many others, they cafh be used to improve

the ‘cost-effectiveness of educational systems.

A major example of cost-effectivéness evaluations of an:educational
program using instructiohal'TV-in the United States is the.follow-up
study of "Sésame Street."19 This progrém now is being exported to other

.- - |

countries in the original format or in translat;d or re-enacted formats-
to other nations including Germany, Mexico, Brazil,:and varioug less
developed countries.

© Most of the research discussed above has'ﬁeen conducted in
established nations without much consideration of the less developed
hations;’although a great'deai of it is applicable to their problems.
There have been some educational evaluation studies in less developed
countries, however. One of them is a cﬁrefully.desigﬁed expefiﬁent on
the use of'midcourse feedback to improve a program of instfuctional tech-,

o

"nology--in this case, television. 1In 1970, an evaluation testing pro-
. _ v ,

gram was begun in the El éalvador television préject. Tests were designeq
for seventh grade mathematics and social studies and‘admiqistered by TV
to-all seventh grade ciasses in the country. The research team fyom
Stanford's Institute for Coﬁmunication Resear9h observed the tests being
gi&en and then intensiyely analyéed the data from 14 classes. They con-

‘cluded that this study provided answers to the questions they had posed.20
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'Procedures for obtainingtshort—range, yet degailed information
on student learning frqm-television were established. This information.
helped.the television production personnel identify-concepts that had
not been adéquately learned by students within a specific unit‘of
material. Limited corrective aétion-was-undertaken‘by the subject-area

teams to.remedy the learning deficiencies; but more could, in‘prihciple,
have been d;né along this line.ﬁ ‘The teachers and students favored
the.use of such tests even though theyAhaa little diregt impact on the
quality of the programs that were being producéd.

| The Stanford research team identified six problems that would have
to be addressed in any fﬁrther research and development on feedback sys-—
tems in El Salvador. kThese include:

-

e The lack of training or experience sin modern test construction

among ed cétors in that country. -
° ‘A seve;e limitation onthe'number of‘letters that can bg pre-
sented at any one tiﬁe in tests adminisfered on the TV screen.

e The optimal duration 6f presentation of TV test questions.

e The moét rapﬁd and efficient collection of test results.

e _Applicétion of fegdbacks to imbrove prbgram quality.

e Making just thevright amounﬁ of. adjustment’in pfqgrams in” the
light of formative e e}uation feedpacks. ' :::i’f\\

The E1 Salvador experiment has indicated that feedbacks.concérning

new curricula can be obtained for purposes of formative evaluation. It

still remains to be determined what the best means of feedback are, how

this feedback can be translated into cqrreétive action in programming,

209
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learners and classroom teachers of learning outcomes, and how costly a
thorough going feedback systém will be. 1In El Salvador testing is done
by TV, but there is no éonvincing evidence  to warrant a firm conclusion

that this is the best way to give tests for formative evaluation. Research

- and development need to be dene on alternative means of obtaining feed-

back. -Also, the large gép Between the desired speed of response and

the actual conditions of communication in less developed countries sug-

gests that more needs to be done to ensure that the responses are fed

back to program producers in a timely fashion. Equélly:critical is the

need to train curriculum producers so that they will make constructive

use of the feedback information they get. It was found in El Salvador‘

that the urgeht necessity to preparé lessons in time often prevented
the programmers from adequately considering and acting upon the results.

of the evaluation.

' A summative cof¥-effectiveness evaluation of the El Salvador

L]

educational TV project was carried out by Speagle.21 He analyzed its

budget and what measures of its impact were available. He made a pre-

liminary estimate that the program insjunior high schools raised costs
per studént 15 percent, but‘he‘concluded that further.éxpansion of thg\r
program‘should reduce the costs per student. Up to‘the present there
have been no large scale improvements &; student learning derived solely
ﬁrom V. :The TV, however, had produced sign;ficantvsavings.because it
justifigd cutting down the retraining éé;iodubf'junior high schodl stu-~
denté’from two years to one year. Speagle concluded that cost;effective—

ness would not clearly rise until the student~teacher ratio is increased -
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or similar changes leading to greater productivity are made, such as
using the TV system also for teacher training or adult education.
Cost-benefit studies have been carried out by Blaug, Layard, and

Woodhall, and by Nalla Gounden in India; by Schultz and Carnoy in

22
v Latin America; and by Smyth gnd Bennett in Uganda. They all showed

that the benefits to the society per unit cost from primary education
were greater than from secondary or higher education. In Jordan a

cost-benefit study was done which made it elear that one specific

-

alternative form of technical education was much preferable, from that

23
point of view, to another.

In a Braiiliangsurvey of evaluation of the use oﬁﬂ?ducational
technology and the development of nonformal alternatives and supple-

ments, it was observed frequently that although people are assigned

»

to do evaluations, what they do does not yield the sort of information -

that can be used to make specific changes in instructional programs.

For example, most evaluations emphasized description of the audience
. i ~
reached by a given project. Such emphasis on static description often
fails to examine crucial issues like the following:
e

® Is the audience actually reached the same as the planned.
- L4

target -audience, or is it perhaps a different population altogether?
Nonformal education often reaches the same peop’e that could be

trained by formal education. E ~ P

) Is the audience being changed in any important way by what
e ) .

they are receiving, or is the program not'causi?g effective learning?

Evaluations of cognitive recall alone are seriously inadequate as a

basis for determining important changes in the audience.
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® To what extent are t#le instructional procedures attuned to

the cultural setting and ethnographlc characteristics of the target

.audlence7 Or is it assumed that oné set of instructional procedures

can be similarly effective with all potential learners ih a large and
complex nation? The admirable idealism of a unified Brazil is compat-

ible with the providing of differentiated learning experiences, tailored
to fit the backgrounds of learners. Ignoring this problem will produce
highly discriminatory educatidnal curricula in which the masses will

z

often be asked to accommodate themselves to the standards and character-

istics of the educated minority.

) To what extent is the coﬁ%ent of education relevant to the

vital needs of the various target audiences, or is it assumed that rele-

%

vant high quality education is ‘the same thing for.everyone? Desﬁite the

Brazilian Education Reform Law, serious miscalculations of the learning

potehtialities of the masses are still likely to oécur.

It is now being gradually recognized by topveducators in Brézil,
partly through the impact of SATE, the agency assigned to pla;-educa?
tional e&aluations throughout the country, that questiohs like the
foregoing are central to the evaluation proceés.

o ‘ t
3Another aspect of cost-rffectiveness evaluation of Brazilian
schools has been addressed by Wolff.25 He used data on student enroli-
ment and repetition of gxédes by Students in primary schoolé, which were
repértgd by the schools of each state to the Ministry of Education and
Culture, From these he éaiculgted an estimate of ?schoo} efficiency,"

defined as the fraction of children entering primary school who complete

the fuli course, - On this index of effectiveness the Brazilian states

4

L4
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differed widely: States with high per .capita incomes; like Sao Paulo,
Guanabara, and Rio Grande do Sul, had high scores on school efficiency,

and- those with low per capita incomes, like Acre, Maranhdao, and Amazonas,

had low scores. Wolff had no data on the rélation of the use of instruc-

tional technology to '"school effd#ciency,” and indeed its use in Brazil

is not yet so wideépread‘that such data would be particularly useful.

In certain other countries--Korea, Niger, and the Ivory Coast, for
. o N -
instance~~-some research on educatiohal evaluation is being undertaken,

but so far this work is not far advanced.
. N ] . - 3 ] ‘
In the last five years a rapid acceleration of interest has occurred,

among ‘social scientists and some government officials, in social indica-

v : 26
tors of the cost-effectiveness of the various major sectors of a nation.

At the same time interest has increased in developing organizational

]

indicators of the cost-effectiveness of the main subsystems of a wide

"range of profit and nonprofit organizations--farms, corporations, govern-
‘ment agencies, hospitals, schools, univgrsities, welfare agehcies, courts,
, 27 , '

. prisons, and so forth. The above rather lengthy review of research

. represents only a small sample of the studies in the field. It is

apparent that a sciencé of the evaluation of organizations is emerging
which‘will probably be applicéble across the various types of organiza-
tions. It is equally apparent that much more methodological reséarch

must be conducted before this is a full fledged scientific field capable

v

1.4 The research design. It is proposed that a five-year activity
be undertaken to develbp each aspect of the science of evaluation of

educational programs until a rigorous, reliable, and valid procedure is

273
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. worke& out which has general acceptance by a range of experts in the fieldfv

from various nations. This procedure should be detailed in such a way

that it is applicable to a wide range of formal and nonformal educational

programs, from the primary grades through graduate and professional sghools
: v A

- and continuing education. It should be applicable to both formal and non-
L fofmalveducation. It should be sensitive to social, qultur;l, and ethpic
differences among éfudents. Also it should alldw for the‘intrpddction of
instrucfional technologies of any sort that poteqtially COQld impro&e the
progfam under consideratibn. |

AMan; of éhe other proposed projects whiéh are outlined below include

<

cost—effectiveﬁe;s analyses. All of these can be carried out more.ade—
. o
quatély if the state of the art of educational evaluation is improved.
‘This project therefore has the highest priofity of all, Becéuse, if it
« accomplishes its goals, its findings can be used'iﬁ many subsequent
researches and applications.

The application of educational technology to the improvement of cost-
effectiveness in formal and nonformal education depends on the development
of procedures to (a) clgarly specify purposes, goals, and objgdtives;

(b) desggn inséructibnal experiences to achiéve these pﬁrposes, goals, and
objectives; (c) evalpate the extent of accomplishment of these purposes,
goals, and objectives; and (d) use the evaluative data as a basis for
altering and improving the instrucfional experiences.

When instructional technologies are introduced info educational

systems, one or more prostheses are made available to aid the human beings

, in the system. This may or may not relieve them of processes they are

»

IRC . 2T
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carrying out or reorganize those processes. It is desirable insofar as\
. : ' ’ ' 3\

' . ) . NN
© possible to introduce these technologies into the system only after\cost—gii

.

' qhite'preciée and quahtitative, particularly if management information

effectiveness analyses are made and reviewed. Sometimes thdse can be

systems exiSt in the educational system which provide data ¥elevant to
these decisions. Under other circumstances, only a rough calculation of

costs and benefi‘F or effectiveness is possible by preseht methods, either
P - . , ‘
because the relevant data are not available or because so many variables

are involvéd~that it is not feaéible tolmeasure theﬁ or to collect infor-
‘mation about them. Below is a series of fictional examples of how such
an appfbach mightvbe taken to decisions én whether to usé new instruc-
.tional media in é&hcational~system$'at varioﬁs,lgvels. Sbme:of thesé
examples may not Ee applicable to 1ess‘de§elopgd‘nations because they are
too costly, but.others concérn'systems liké‘some now operating in less
developed countries. 'The evaluation methodologies‘illustratéd are appli-~

_cable in ‘every nation.

(@ A school. An elementary school which has a large number of under-

1
[

LY

privileged children concludes that it may be desirable to use carrels in
A . . e . 39 .' . .

its first grade classrooms. , Its purposes in using such carrels include: |

»

'(g) To socialize children to the learning environment of the school by
giving them periods ﬁﬁen'tﬁey are isoiated from most extradeogslinfofmah.
" tion inputs and can carry éut independent learning experiences. . (Q) T&
.pfepgrevthe children for'independeﬁt study in automéfgd cafreis which/fhe

o

school expects to introduce within two years at grades 3 ahd_above. /
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Carrels are booths which constitute an interface between the student

e .

and some artifact from which he can receive information inputs. They can

be classified into two general types: general space carrels, an enclosure

_with a door by wnich the student may isolate himself from the environment

for.periods of self—ini;iated study; and multimedium carrels,‘which include

in tﬁg booth.a typewriter on—line‘to a computer terminal, a source of audi-
foryiinputs, a séreen capable of showiﬁg létteré or figures, graphic materials
or television pictures, and a light'pencil with which the student can respond -

<

to idputs by pointing to any part of the screen, which signals the computer:
where he is pointing.

Inside ‘the general space carrel the student could use a book, a

_ television set, a projector showing slides or movies on a little screen, or

¢ . ! . - .
a record player with headset. In terms of effectiveness in learning how to

. 3

carry out tasks in multimedium carrels, such a carrel would probably be best

for the firet grade, even though the students could not yet type, although

they might push a few keys to send a limited repertoire of signals to the

computer. They -easily could look at the screen, use the light:pencil, and

‘listen to the auditory inputs. On the other hand, both the general space

4 o

carrel and the multimedium'carrel would accustom the studenﬁ to a period
of independent'activity each day separated froﬁ the other sfudents and . e
inputs from them. In this iafter learning experience they would probébly
be_edually effectivé, and in the first gréde this type of effectiveness
wbuld pgobably.bé‘more impoftant than the bﬁQ?r. The difference in cost
of the two sérts of carrels is:great. In églculatiﬁg~tpe costs of ' the
carrels, the following considerations_musg‘be ihclﬁdéd; The purchase cost

of each carrel and-the rate at Which'it:must be depreciated. The number
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'of‘carrels for each classroom'of'BO students; thié migﬁt Be‘egther five
carreis.(eaph qtudent.spendkng'bné hour out of the six hOurs.iﬁ the

school day in a‘carrei).or ten carrels (whigh woula’permitbeéch étudgﬁt

to spend:two_hours a day.)> Maintenance costs of the carrels. Costs of
supplies and ééuipment used }n'the carreiél Maintenance of equipment

used in the'carrels. Payment fop,extraitime of teacher aides for using
the carrels and supervising students in them, ‘Even with g#;ra equipment
in the generai spéce carrel, tHe:ayerage cost per?étudent h;ur in each
carrel if therelare‘fivg carrels per room would be 25 cents in the genefalf
spécé'carrel but at ieast $1;25 per‘hpur'in’a multimedium carrel. .In a

. school that has 300 first grade‘Studenﬁs-the diffefeﬁ;e iﬂ cost would be
$7,500 a year for the general space éarrels versds $37.500 a year fo? the
.hultimedium carrels. The costs.of'the latter would be féf tSd:gfeat for
the benefits obtained, so the forﬁer must be chosen. This is particularly

1]

true since éddinghthese cérrelé would relieve no teacher time. It would
’simply'imprové tﬁé quality of';ducation of the underpriviléged children
who had not been used-to solitary activity befofe céming to school. By

the time the pupils got to third grade,vthé amount of individualized
ingtructibn that could be obtained from a multimedium_gafrel and'the saving
in teacher time might well be enoﬁgh to justifyvfhé-relatively high expen—k

diture for such carrels.

(b) A school éystem._ This particular school system has already

installed a closed-circuit tel'evision system connecting all of its high

schools. 1t now is trying to decide whether or not to buy video tape-~

B

recoiding -equipment. The purposés and Benefits which it expects .such
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- tape lectures rather than by live teachers.
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equipment to achieve are as follows: (a) To be able to develop special.
instructional programs that can be reused at various times of the day or
week for different sections of the same class as well as in subsequert

years. (b) To be able to use in the training of teachers video recordings

of student-teachers operating in classes and of experienced teachers oper--

ating in classes. ’(c) To be able to produce for commerical television

g . »

special public serviee programs about the.school system. (d) To increase

the student-teacher ratio in some courses by having classes given by video

Among the alternative procedures to be_considefed are live teaching
in traditional classrooms and moving pictures.

The costs of this proposed inpovation include the money expended to

.
»

buy the new equi?ment; teacﬁer time used in léarning’to use tbe new medium
and in Eaping ﬁa;erials; as Weil as lowered morale of.those in the teaching
staff wholoppose the new.procédure. |
" An analysis of cost—effectivenesé'ratios relevant to the decision to
introduce the tape recorder is sbown in Table 11.
For thé video tape—reéording system, we aésume‘that the . probability
(Pi) of if being accepted is about SO—SOV(.S). This is deterﬁined by‘thé

school system management that makes the decisions whether to purchase the

equipment, usuélly based primarily on attitudes of the teachers. Compared -

to movies or live teaching, its utility (Uj) may be rated relatively high
. . s . . , _

(10)'because of its convenience .to the teachers. Its cost will be $10,000,

"and so C; in the equation is 10,000. This is the cost-effectiveness ﬁeasure

for the teacher and we will add to it a cost-effectiveness measure to the

4 . . . . .
students based on the same formula, as follows: To the students it may not
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1 . ) N iyt
Faculty Students “ -
.U P U
E =2 P1 * UI E Pfac:i + fac,i 4+ stu,i stu,i
3 i = N B
Cs v C; ¢,
i )
E_ .5 x 10 + 5 x 2 . -
vtr = _ Q : 15:10,000
4,000 4,000
E, . .9 % 50 9 x 10 _ ’
live = + : = 13.5:10,000
10,000 10,000 -
E,.. _ 1 x .5 + .1 x 20 +
film = , 12.5:10,000
2,000 2,000 T
:E ‘ EA
vtr = ' effectiveness of video tape recorder
' Elive' = effectiveness of live teaching in traditional
. classrooms
Efilm = erfectiveness of moving pictures

Table 11. Cost;Effectiveness Evaluation About Use of Tape Recorder
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seem especially helpful compared to live teaching, so its utilify'to them
 is relatively low (2). Tﬂe'priqe s $4;000 for the yeér, which is the cost
of thé machine.plué some te&hnician time. to oﬁerate it. If is an ideﬁtical
cost for teachers and students because it is the'same<z§uipment for Eoth
bf fhem. Tﬁe live performénce on the television hés a much higher proba-
bility of being effective (.9). The cost of $10,000 is the samé in both
cases, and high, because one or more'live persons must be involved. It is&
highly acceptable to the teachers beéause‘they do less work than if they
.brepare television tapes (50). The*studénts iike to partic}pate in a live
prd{essional teaching performance, so their rating is 10.

'fhe moving'picture has fhe‘lowest probability of success (.1) because
it is difficult to find films that will do the job. On the other hand,
films, when they are avaiiabl;, are cheap ($2,000). Fof the teachers the
.film hés'a‘low uﬁility because.ghey have to choose the film, load the pfo-
‘jéctqr,-and'shéw the'picgure. The studénts prefer films over black and
white teleVisibﬁ because they like the colof and the high quality of prb-

>

duction. They find there is generally bettér entertainment value in films

than in television broadcasts (20). Finélly, looking at the cost-effective--

ness ratids,vthe decision is to invést i; Ehe video tape recorder.

Obviously the alternatives are close enéugh that other factofs might
~decide. ‘If a grant were offered to create a film libfary;.so that the
operating budget did not need to support it, fhat would’swing the decision
to moving ﬁi&tures. On the other hand, if some of tﬁe beét teachers enjoyed
live teaching so ﬁuch that they would leave if taped television o; moving
pictures were used, the wisest decision might be to raise.the teachers'

salaries and forget the video tape-recorder.

[\
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(c) A university. A private university over a period of iS years
had grown from 4;000”£o 15;000 studentsf Most of the buildings used by
the College of Arts and Sciences had . been designedAbefore this period of
rapid grbwfh. ‘They had been built an average of 44 years before. A few
large classrpoms in the buildings could accommodate a maximum of 80
students but most of them cogld accommodate no’mdéé than 40 students.

-

Sm;ll classes had been universal at the ﬁniversiﬁyegﬁs%l ten years before.
If now became clear té the administration that if guition were .to be kept
low enough that most of their applicanté could afford it, they would need-
to raise the student-faculty ratio and haveflarger classes; Two aiter—
natives were cohsidered: . (a) To build a new bﬁildingvincluding two class~
rooms capable of holding up to 500 students each, at a total cost of "
$2,500,000, ot (Q) Tq install closed-circuit television in ‘all ;he buildings'
of the Céllege of Arts and Sciences.

The goals which>the college's.pfesideﬂt wished to accomplish were:
(a) To iﬁcrease’the student~faculty ratio from 20" to 1, to 28 to 1, in
order fo keep tuitions down within a range students couid afford. kﬁ)
To maintain or improve tﬁérquality of insfruction as reflected by stu-
dents' performanﬁe on various tests. (c) To ﬁinimize expenditures for
capital construction and equipment. |

The cost of theﬂnew building had been set at $2,500,000. Qf this
$1,000,000 was available in cash and the rest could be oBtainéd from
Jlong-term loans from the World Bank or the United States Export-Import

Bank.- The building could be depreciated over at least 50 years. Main-

tenance'cdsts for the building would be $9,000 a year. With interest

"charges included, the cost per year for the building would be $88,000Q.

“
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A closed—ciréuit television system for all the buildings in the
Colle;e of Arts and Sciences wqglg,have'tRJ foilowing costs: Laying qf
televiéipn_cabies between all the buildings, $83;00Q; interconnecting
all rooms Qith television cables and installing éléck—énd—white tele- .
vision monitors in each'room, $680,000;.£e1evisio% studio,;tépe‘banks,
and tape recorders, $128,000. Total $891,000; This cost codi&\reason—_
dbl; be dep;eciated éver at least a 20-year period, so thé cost per year
would be $45,000. ' I : o
: ~ . Research on live as compared to televised instruction suggests that’
students like“televiséd insgruction less b;t that it ié net less effec—A
:ive: Usg of televised inscructioﬁ would make possiBle an average stu-—
dent—faculty ratio of 35 to 1} so that if the college were.to achieve
~an overall 28 to 1 ratio, one quarter of the faculty time could be
devoted to small group discussioné and individual,cohferences as a
result of savings by using closed-circuit television. This would also.
be true if large qlassroéms-were used.
For‘a time it appeared that thé nature of loans available meant
Fhat tﬁe administration could obtain capital funds but not equipment
funds. Finally an agreement was reachgﬂ; however, whereby the money
) couid be used for either purpose. The management degision was then
made to insﬁéll the cloéed—circuit televi;ion. At the same‘;ime that
‘Fhis decision was made; the hiring rate of all departments in the

college was slowed down over a four-year period so that gradually over

" that time the college would incréase from its former 20 to 1 to the

desired 28 to 1 student-faculty ratio. Costs were cut significantly

law
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‘and there was no clear indication that the effectiveness of education

suffered. " It might even have been improved At the very least,ﬁtuition

rates were kept down in an inflationary period.

-]

The above three fictional examples indicate that rationmal cost-
effectiveness analyses of educational systems are currently possible,

even if the ultimate decision by the system's decider subsystem is

political in nature, taking other considerations into éﬁcouht, as it
should. The examples aléo illustrﬁte the weaknessés of the present

state of the art, particularly the difficulties.in providing rigorous
quantification of the effectiveness of syétem outputs. To this whole

issue the design of the proposed project addressés itself.

' Phase I (2 years). The following major methodological issues will

‘be studied inﬂthis‘project with the purpose of developing specific pro-

cedures and ‘instruments tc deal with them- in evaluating educational
programs:

e Methods for setting explicit objectives (purposes and goals) of

- El

. educational programs. Numerous aprroaches to this problem exist, some

mentioned above. These will be compared in an effort to produce a standard
methodology.

'@ Methods for neasuring inputs or costs. These include various

sorts of matter-energy, personnel, information, money, and time. Both

capital and operatiug inputs must be considered. Many sophisticated and

o~

useful measures of monetary costs have been developed, but they are not

.enough.. No single measure of inputs is adequate since the various kinds

of inputs differ sb.greatly.

2389




] Methods for developing agreement on what are the main subsystems

& ‘ ) . _' . | ’ < |
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or components which all organizational ;ystems, and in particular ali
educatipnal systems, have in common. Abbve (see page 37 ) we.have pro;
posed a list of such subsystems. Others_have sugéested other lists. An
A effort will be made to achieye géneral‘agreement of experﬁs on this issue.
K AMgﬁhods fOr.measuring the impdrtant variables in the processes
of eacﬁ subsystem or component 'of an educational system. This is much
more complex than simpl& te;ting students on their progress or_provi&ing ’
. ’ other intérnal feédbacksf _ ‘_ . | A
) Methods for measuring outputs—fquality'or effectiveness; As we
have indicated, this field is.much less advanced than the measurement  of
iﬁputs. Since outputs of educational sysfqms are complex and vary along
- ﬁany dimensions, no single measure of them is adeqﬁate; Méﬁsures ﬁust

be taken not only at the time of output (as when students graduate) but

also later--measures of the impact of the outputs on the environﬁent,

on the suprasystem of which the eﬁuaetional'system is a part.
. S ‘
) Methods of determining whether the educational system is mee'ting

its objectives ‘(purposes and goals) with optimal cost-effectiveness.

‘e Methods of identifying pathologies in subsystems or components
‘which are decreasing the,system's cost-effectiveness.
" @ Methods of treating pathological situations in an educational : .

system, by such means as changing the structure of the system, altering

its processes, or incorporating the use of prostheses, such as instruc- .

.

tiohal technologies. ’ ' ,

ERIC - 231 B
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e Methods of ‘measuring the cost-effectiveness of systems of oo
instructional téchnology from an engineering point of view. ' .
o Methods of using computer simulations to evaluate and improve

educational cost-effectiveness.

. @ Methods of reducing resistances to educational innovation and

~diminishing their threat to the persons involved.

’ ”
® Methods of measuring cultural, social, and ethnic variables |

relevant to the evaluation of the educational procesé} .

Phaee II (2vyears). The evaluation methods devised would be
applied te a range of different educational systems in several less
develobeg countries to see if they are satisfactory. Modifieations.
would be made in the light of these trials;

Phase III (1 year). A book describing the new evaluation methods

and -their application to less developed countries would be Writteﬁ. Also
conferences and short courses would Be presented in the United States and
in less developed countries, to train educators, researchers, and other

specialists to use the methods:

. 1.5 Staffing and scheduling. The profeSsional personnel required

for this project will include a director and associate director, one of .
whom should be an educator with prac¢tical experience ;Qd the other a
behaVioral scientist skilled in quantitative method,_and a stafr of five

other professionals. Coqsgitants in other fields would also be employed

as needed. |

Secretarial, clerical, and data analysis services would also be

required.
174
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The time schedule of this project has been stated above:

Phase 1I, tésting‘ﬁephods in less developed countries and modifying

Phase I, developing new methods, 2 years.

Phase III, preparing a book, holding conferences, and giving courses

b

on evaluation methodology, 1 year.

1.6 Steps required to translate findings .into operational use.

)

Preparaﬁipn:of a book, conducting of conferences and courses, as indicated

above.

1.7 Cbordination with other research and development work. As

indicated above, this methodological research is propaedeutic to practical

evaluation of many ongoing and proposed educational programs. At present,
if educational evaluation is being done, it is carried out much less

satisfactofily than would bé possible ifl new methods could be worked out

and tested. The results of this projelt could affeet many other projects

4

proposed below.

1.8 Professional expertise required. An educator with practical
Ed . .

<

experience, a behavioral scientist skilled in quantitative method, an

. - B , ’
economisg, a systems analyst, an expert in instructional technology, .an
expert in computer simulations, an anthropologist, ‘and consultants in

other relevant fields.

1.9 Estimated costs. Estimated amount of labor for this study is

10 man~years a year for 5 years, or 50 man—~years. Thié includes full-

.
.

time and part-time professional, data analysis, secretarial, and clerical

personnel, and consultants.
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Phase 1 . . : 240 man-months - $ 4§0,000
Phase II 240 man-months 480,000
Phase III ‘ " '120 man-mofths 240,000
. TOTAL . 600 man-months $1,200,000 - . ‘

é" ' . ~1.10 Appropriate countries for p:dject. The scientific and

“professional sophistication, the libraries, and the other facilities

L, required if this project is to achieve its goals are more readily avail-
. . kY

able in~the U;ited States than anywhere else, so that location seq&é'besg
; ,‘ fér the main effort. Applicat;?n of the methods in Phase II could’ be |
| " carried out-in ;ny establishedfor less developed country. So could-:the’
- conferences and seminars in Phase III. - ' o
. s
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2. .Proposed Project 2, Priority A e -
COMPARATIVEZCOST—EFFECTIVENESS d% EDUCATION WITH TV, RADIO,

AND TRADITIONAL METHODS EITHER WITH TEACHERS OR

Y

WITH PARAPROFESSIONALS -

A

[ . .
: . -

3 oo : ' This is a study’ comparing.the cost-effectiveness of (a) TV, (b) radio,

‘(c) traditional instruction with teachers, and (d) traditional instruction

' -

; . with paraprofessibﬂéls,\én formal and nonformal education. .
~ - T )
2.1 Objectives. At

A

native media for education in less developed countries are the four mentioned

the top of the list of the mosp popular alter-

above. Traditional instruction with teachers would undoubtedly have been
] , : a '

~
the almost unanimous

‘chuice were it not for the fact that in many such

countries there are woefully inadequate supplies of trained teachers. In

3

.

some relatively.poor countries with rapid populatioh growth the percentége
of tgachers who do not eveh have miniméily adequate training has in recent
years incféased rather than decreased.v it takes years to train teachers, so
such trends c;nnot be gltered quickly.v'Consequently nonjourneymen teachers
—-ﬁaraprofessionals-—are doing much of the ciass;oom teaching. They get

lower salaries, so the cost of their teaching is less, but its effectiveness
may well also be less. ] :
\' In recent years serious attention has been turned in many countries to \

mass education by TV and by radio_(see pages 166 to 194) as‘alternatives>0f

adjuncts to traditional modes of instruction. :Some believe the cost-

effectiveness of radio or TV may be greater, bqt‘there‘have been few if any
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large scale, well concrolled comparisons of these media for formal :or
nonformal education. - That is the objective of this proposed project.

2.2 Levels and subsystem or subsystems involved in this study. .The

levels are the organization and the society. The subsystems are the trans-

mitter, channel, -and receiver components of the channel and net subsystem,

and the .associator. _ * T

2.3 Existing relevant research. There has been much basic research

=] @ ) :
on the teaching process, carried out by trained teachers as well as various

.

sorts of paraprofessionals, including incompletely trained teachers and

older students “employing various methéds of group control and behavior
o

modification. There has also been much basic research on learning by radio-

and TV. Some of these investigations we refer to elsewhere in this report.

Despite a large research literature on these topics there have been

s
few if any comparative investigations of the cost-effectiveness of the

four most commonly used modes of .instruction which are the topics of -this

proposed project. Perhaps the closest large-scale project to the one we

propose is the térrestrial experiment of project SACI recently begun in

. .1 '
the State of Rio Grande do Vorte in Brazil. This is conceived of as a L

‘preliminary test of how to use satellite technology for central educational

©

brdadcasting, using a balance of television and radio to upgrade class-

room instruction 'and teacherg\ and to improve learning as a function'of
o e , N

1
5

different broad&?st media.

\ N
- . L] .
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The terrestria} experiment began in October, 1972, and is schsdoled
to last for. approximately four years. Initially, the transmissions are

beiﬁg made to schools in the state by VHF and medium wave methods using

.
:

three radio and two TV statidns. : o . : oo
Six hundred schools have been selected ‘to participate in.the experi~
ment, and an atrembt will be made to improve the first four years of <
primary education through in-service education of teaohers and parapro-
fessionals, ss'Well as ooursés for srudents. The‘schools_being used in
ths experimenr were selected at random, falling.inpo three rypes, elementaryA
school, elementary united school, and elemenrarf isolated school. Equal
numbers of each type will reoeive:’ (a) TV, (b) radio, (c) TV and.radio;fA
éﬁd_(i) traditional education, chiefly from incompletely trained teachers.’
The experiment will have annual phases, in each year emphasizing a
different sort of  training. The major thrust of the first year is
training supervisors and upgrading teachers, showing both how to work.
with media to improve learning. Up to two hours of TV and one or more'
hours of radio programs are provided each day, providing in—serv;ce , o
education in. the Portugugse lénguage, social studies, health aod'
natural sciences,tmathematics, civics and moral education, and pedsgogy
and didactic procedures. - Whils in—servico education continues,.in the
remaining thﬁse years there will be a shift to student‘instroction in
differént content areos.
Thetgeneral\design of this Braziliao study is like.tﬁé one we propose
\ : \

hére, except thar\one joint medium (TV and radio) is' used in their study

N s
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o

~and they do not compare traditional education by teachers with traditional B .

education by paraprofessionals.

2.4 The research design. This squdy would be conducted in a single
A \ A
less developed country which is trying to develop long range policy as to

which modes of primary school instruction it shall use.

Phase 1, two years. A minimum of six hundred urban and rural first,
grade classes would be selected for the reseafch-Sample. Half would be - .
'taught-by trained geachers and half by paraprofessionals. One-third of

| . : the teacher-taught classes, randomly selected, would receive TV instruction

5

would be taught as in the past. A similar random division

' in addition§ one—-third of them would receive radib instruction in addition;
M 3 ,

| and one-third

’ into' thirds would be made of the paraprofessional-taught classes. TV or

. radio receivers with the necessary power supplies would be installed in
the classrooms selected for such instruction. Those teachérs or parapro-

fessionals who were to teach with these mass media would receive special

training to do so.
Curricular materials for the various modes of instruction would be

prepared, covering the same subject-matter, that of the first and second .

. [

grades. The radio and TV broadcasts would be taped im the people'é language
by studio teachers or actors who had received special instruction in broad- o

cast teaching methods. Formative evaluation would be applied to these

»

| broadcasts by testing them with sample classes after they were made. (N :

| ' ‘ . ‘
| . . . : - . - ) \

; Similar materials would be prepared for nonformal adult education , ;

| . | Ad . \", *

| covering similar subject-matter. Formative evaluation would also be applied e ;

.

to these as they were in preparation. These TV and radio materials, however,

295
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: Y S :
would be planned for téaching adults alone and in groupy, without the

_assistance or intervention of trained teachers or panap£&fessionals. It

would be expécted that ordinarily the adults would gather\in nearby school-

rooms equipped witﬁ_TV Qr”radio,receivets for instruction \n the late

)

afternoon or evening when children were not in the classrooms. : .

<
-

Tésting materials keyed to the instruction would be prepared for

comparative éumﬁétive_evaluation of each of the modes of instruction, using

pretests, tests during training, and post-tests.

Careful cost récorgs,yould be kept. ' . ' )

5

Phase II, two vears. ' The various kinds of instruction and summative -

evaluation tests would be given during these two years to the entire popu-

.
~

lation of studenﬁé in both the formal and the nonformal educational programs.

— .

Careful records of all costs would be kept.

sPhase III, one year. The cost-effectiveness data for the various‘modes

of instruction would be analyzed. A follow-up survey would be made of the
. v ) S
participation of the various sets of students in the society a year after :

the instruction ended. A final report would be written, including recom-

mendations gor future long-range educational policy in the host nation.

2.5 Staffing and scheduling. 'To do this important study right would

require a large staff. It is hard to make specific estimates-of manpower

needs because they would depend on what pfofessionals were available. in the .

P

country.

¢
.

. . . .
The project would need a director and associate director trained in

instructional technology, curricular planners, test developers, data analysts,

translators, TV and radio production staffs, communications engineers,.

- -~
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o. 3 ° 3 ° N
TV and radio technicians and repairmen, and drivers.

The  project would 1ast~five years, being carried out in three phases:

1. Phase I, two years. Recrﬁiting, planning, preparing the soft-
. . L]

L " ware and hardware, selecting the schools to participate.

2. Phase II, two years. Cartying out the instruction and collecting

I

e

dara for its evaluation.

3. Phase III, one year. Completing the evaluation, analyzing the

data, finishihg the final report, and taking steps to implement it.

2.6 Steps required to translate :findings into ngrétional,uée. The
: . 7l

educators andfofficials of tﬁe host country sﬁduld Tecei;e-frequéé;.progxess;
}reports; When the final repqrt has‘beenkpreéaréd, its recommendations should
' \ . ¢ ’ : - L .
be.discuséed informaily with them before it is publishedt If one of the
media,gppeafs most aost4effepﬁi;e for th;F country its future use could be
planned 3hd thén;-on the deé&sion of the authorities, experimental instruc-

tion with that medium could be systematically expanded to students at other

levels and in other locationms.

" 2.7 Coordination with other. research ani development work. Obviously-
the ongoing research mentioned in Section®2.3 above is relevant. So are

" the évaluation methods mentioned in Project 1, which can be applied' in

this project. Several prpjects proposed in this fepoft are comparative

T cost-effectiveness studies, and consequently related.to this one.

[ .

2.8 Professional expertise fequired. A 1arge ﬂpmber of different
— . S

specialties are required to carry out properly such a large prdject as this.-

- Some of these people, like teachers, radio or TV actors, or electronic
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repairmen, could come from the host country. Others, like iﬁStgpctional~
technologists, radio and TV producers, engineers, technologists, data

analysts, and educational evaluators would probably have tqo come from an

established country like the United States.

.

‘2,9 Estimated costs. It is impossible to make more than very general

v

order—ofeﬁagﬁitUQe estimates of the manpower effort and money required
4 fpor such a large project without a detdiled study of the needs‘and°re§0urCéS
. lef tﬁe paréieuler country in which it would be carried out. Besides the
Feachefs and paraprofessionals at least SO.and:pe;haps 100 éf more persons
wou;d'be needed, mostly local citizens. The persbnnel'costs for the pro;
3 .
ject would probably bevat least $1,000,000 a year.
TV and  radio studios migh; aiready be available, but if‘they,hed to
\be built they.would probably cost at least $200,000. ?or Ehe experiment
200 TV Eeceivers and 200 radio receivers plus replacements and spere parts
would be.needed. At $125‘per TV set and $25 per radiq (including power
- source), this would be at least $30,000, p;obably neerer $40,000. For the
entire five yearfdhration of the project the tetal budget might be nearly

$6,000,000.

2,10 Appropriate countries for project. Ethiopia, Nigeria, or

Venezuela.

\\ \ Reference
; \ 1. Polcyn, K. A.. Stéﬁus of communication satellite technology: the next five
\ : s

years in prospective for educators. (Paper presented at ﬁhe

Education Development Institute sponsored by the World Bank,
Washington, D. C. 18 Oct. 1972.). Washington, D. C.: Academy for
Educetional Developnient, 1972. (Unpublished miﬁeograph, in press), 10-11.
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3. Proposed Project 3, Priority A .

$ 1 4 T, \ L]
MIXED COMMUNICATION - CHANNELS\, AND TRADITIONAL EDUCATION

COMPARATIVE COST-EFFECTIVENESS, OF TERRESTRIAL, CELESTIAL, AND

Y . . ) o - .
. . ’ ) Ve
.

. This is. an operations analysis of three countries of the cost-

»

effectiveness of (a) terrestrial (cable or microwave or transported

.
* /

L audio or TV tapes)j (b) celestial (satellite or high—flying plane);
1 K 5 » -

(c) mixed terrestrial-celestial educational cdmmuniqation channels;
. . , - + %.

o 7/

"+ .and (d) traditional education. o ;

3.1 Objectives. A major increase in cost-effectiveness of

¥1edu¢ation may perhaps ﬁe achieved by using media that depepd‘on trans-

mission of electronic signals over networks which may, cover hundreds -

.
-

‘or thousands of miles., Incluqéd are such media as audio and video
programs (with and without feedbacks from students to the studio

‘Eghcher); CAI and CMI by remote terminals which can address a central
- large computer; and others. These are costly media unless they can,

e . reach a very large population, and to do that a large network is

‘required. If a less developed country is to mal the major decision

to use such an educational medium on a large scale, it wants first

o

to have a plan whjich assures that the costs are minimized and the
~ . . ‘

. engineering effectiveness (see-page'280) is maximized. To make such

pl%ﬂ§ffbr three different less developed countries is the objective
Sy . .
of “this pfojept. Alternative calculations will be made for thrée

sorts of electronic channels or nets, and their cost~-effectiveness

&

will be compared with that of traditional classroom instruction in

. ’

each.of the three countries.’ S
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The eigcfronic channels and nets studied will be: .

(a) Terrestriall—underground cable or aboveground microwave (both

of which are subject to vafious kihds ;f physical damage, including
éabotage or vandalism, which'are serious thréats in soﬁe‘parts of the
world); or tranéport of audio or TV tape; (which.becomeé expen;ivg'if
.they must be distfibuted to many lécatiqns,.espéciaily iﬁ the means of
transpoft are ﬁhreliable};.
(h).Celestial—;saEellife (which is very. costly to build_and p;t
.iﬁ drbit) o; high-flying plane (w@igh is cheaper but covers less area

v  than a satellite although huch more than a TV station).

(c) Mixed terrestrial-celestial systems.

\'

.3.2 Levels and subsystem or subsystems involved in this study. -
. o o ' o ¢ -
The organization and the sqciety are the levels under consideration. All

- -three components of the channel and fiet subsystem are considered.

~

" 3.3 Existing relevant research. The sort of effectiveness dealt
with invthislproject, engineering effectiveness, caﬁ,be measured much

more precisely than educational effectiveness. Mitchell has péen develop-

» <.

s

ing a class of computer médels which can be used to make cost—eﬁfectiVeness

il

e Lot e ) ) o L .
comparisons of alternative electronic network configurations for any coun-

: : . o . : ) 1. )
~ try for which the necessary input data can be obtained. . This project

‘'would draw heavily on such research.

3.4 The research design. First three geographically large, less
developed countries would be seleétediwhich need extensive educational
A . . . :
development—-like Brazil, Iﬁdia, and the“Philippines. Engineers would

v -
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.'tnen be sent to each'country touobtain details of the geography,‘
tonography, and present electronic channels in use. The many hundreds
. of widely‘dispersed Philippine'lelands, of course, constitute a .much
different terrain than the solid land masses ofVIndia and Brazil.

) ‘1Ene data collected by‘the engineers would be input to computer
-models deeigned'for the purpose. So would current cost data for the
‘various necessaryﬂtypes 6% hardware for the alternative systems——~
costs which the particular country mith its partlcular‘manufacturing
ability would'naVe'to/pam. The alternative cost;effectiveneés (in
" terms of costs per student hour‘of excellent quallty receptlon) would

then be calculated.by computer. This would be compared with data

available from each country about costs per student hour for traditiunal

»

‘education: (Since this project is not concerned with educational effec-
tiveness, it would be assumed, probably falsely, that, once an hour's
worth of good,quality'signals reached a student, its educational impact

would be identical no matter wﬁat medium was used.)

Analyses could be made for one—way and two—way channels, the latter’/

o piesumably be1ng educatlonally more effectlve. 7’ . - Co _ /
The follow1ng sorts of issues must be faced in this. prOJeCt" ;
'o: A IV_station costs at least.$100,000 to set up but its signal
'_-.reaches only to the horlzon. ‘ ,'dﬂ | ‘ - e
e A hlgh—flylng llght plane ean c1rcle at about 30,000 feet bear1ng

a SS—pound transponder whlch can relay two TV signals, or 1,000 audio

slgnals, from a ground Stddlo down to the ground, and“lO audlo signals

a
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from different points over an area with a diameter of 500 miles, back

~to the studio. It costs about $2,000,000 to put into operation and -

$25 'an hour to operate. - . R
e A satellite, which can cover a large country -tiké Brazil 6r_

India;4costs between $iO million and $30 mi}lion.to buildzand pﬁt into orbit,

-

e Microwave or cable can;qést—efféctivéiy reach 95 éercent of the
population,'but it wéuld be véry expensive to'reach 100 percent by such
mEans;'as a satellite can. .

- 3--0" The cost;éffectiveness of all these syétems except.sagéliifés
is much less in afeas‘With a high pércentage of rural resiéents as com-

pared to urban.’
~ . - bl ';:v,‘- E N
e. Satellites can be cgunted on ta rémain in orbit and function

R ' . - o w+ s
for only 7 to 10 years.

e Cable and microwave are éasily_daﬁaged. - ; 7 ; ‘ ¢
All these éonsiderations~must_be weighed in making a}final decision

%

on a specific channel and net configuration for a countré. )
"y . ) . N ‘ ) ,‘I; ) »
3.5 Staffing and scheduling. Two communications ﬁngineers and a o

g/and analysis- for
three less developed countries in one year, if the d#té were available

) . 5 s
secretary could complete the necessary data collectio

[

in those countries. o - . / e A

3.6 Steps required to translate findings info operational use. A
’ ’ s : .

H
CNa

report to educational administrators and governmental policy makers.in |

each country, plus discussions between them.and the engineérs; should
" . . % - ,

be  sufficient. . ] . ) S

- Sey———
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3.7 Coordinatiornt with other research and deveibpment work.
Knowing.engineeging cost-effectiveness is just tﬁe beginning. As we
indica;ed in Projeét‘l-abqve,'these findingé must be incorporéted with
educatiéﬁal evaluations before the optimal.educatidnal gyéfem’can ﬁe

planned and implementation of it begun.

3.8 Professional expertise required. Communications engineers.

3.9 Estimated costs. Three man-years, or 36 man-months, of human

effort. Budget for personnel $72,000, plus $10,000 for travel twice or
three times to three countries. Total budget is $82,000.

3.10 Appropriate countries for project. Brazil, India, and the

Philippines. Théééiére all lafgg countries which could use a domestic

satellite or terrestrial system of their own.
References

1. Mitchell, C. Determination of the comparative engineering cost-

- N effectiveness of terrestrial, celestial, and mixed terrestrial-

. . 1
celestial instructional technology sySﬁems.*(Unpublishgd

mimeograph.)
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"4, Proposed Projeét‘é, Priority A

TV VS. TV WITH AUﬁIO FEEDBACK

This is a comparison of the cost-effectiveness of (a) TV and

(b) TV with audio feedback in formal and nonformal_education.

4.1 Objectives.. The objective of this project, is to test, in a
less developed country, the effectiveness of instructional TV with and
without an audio feedback system and to derive cost-effectiveness ratios '

for TV-aided instruction without audio feedback and with three degrees of

v

feedbgck.

One-way instructional TV has proved an effective method of presenting.

'

course mé;erial. Often this includes local feedback of a sort given by

a teacher who discusses with the studehts after- each lesson t?é material

. ) . . /
presented on the TV, answers what questions he can,“and prov%des explana-
, ‘ , :

tidns. In many classroom situations in less developed countries, however,
. - : : P
. N

“the teacher is not a fully trained professional but is instead a parapro-

fessional who doés not ‘know t@é subject-matter well and.whOSe ability to
:;prOVide‘this‘feedbaék in a sat%éf}ctory manner is limited. It seems.
intuitivelyvprobab;e Ehat immediate audio. feedback frém the teacher in ' ) .
the TV studio, if it could. be a;fanged fsg, wéuld increase the effective-
ness of instructional TV. Findings of leArning exﬁeriﬁeﬂté mentioned in
Section 4.3 below also suggest that this sort of  feedback would.act as
" a %einfofcer of léarning.x_This project is deoigned tc test thelhypothesi§

.

that the more complete the feedback,uthe better would be the learning.
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4,2 Levels and subsystem or subéystems involved in this study. The
levels are thé organization and the society. The subsystems are the chan-
nel component of the channel and net subsystem and the associator subsystem.

4.3 Existing relevant research. Experimental findings on the relation-

5

‘ship of feedback to learning are directly relevant to this project. No

°
~f

learning takes plaée without feedback. Learning increases in direct

proportion to the completeness of the feedback provided. Research in
e ' . : ) e . 2

learning theory on reinforcement and motivation is also relevant.

4.4 The research design; ]This‘project would be carried out in_the

-»
@

school system;of a less.developed Eountry which already has instructional
'TV; such as the Philippines, Samoa, or the Ivory Coast.

The TV pregrams can be broadcast over the air, by cable, by microwave,

by a'transponder bn a high—flying,‘circling plane, or by satellite. Audio

feedback can be provided over a telephone 1ine; by two-way;rédio, With a

transmitter in the school; by a high-flying plahe'eqﬁipped‘ﬁith'a trans-
: v , ' -
ponder; or by the same satellite system that transmits the TV signal.

The method used would depend upon what equipment configurétion is. feasible
oy B - . .

in the country in which the research is done. 'In India, which‘'is to have

-~ a satellite avaiiablé for educational use, this might be the method of

3

. ¢éhoiée; A satellite has the édvantagg of a very large total bandwidth.

<

In areas with limited telephone service,-a light plane with a. transponder

might be used. A transponder of this‘%orf can relay 10 audio signals -

- from 10 schools in different locations bq}k to the TV studio, which would

be sufficient for this project. Research and development on these various

transmission methods has been discussed above (see pégesf31}fo 320). It

would be necessary to add equipment to provide.audio feedback from only a

-

el
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quartef of the schools to be uséd in the projgét, those in.Condition
4 (see_bélow)t Since Fhe»teachers,and stgdents in ;he project would
already be.familiar with instructional TV, .addition of the audio com~
ponent-would.reqpire little special preparation beyond a period of
familiarizationf

It is proposed that 10 classrooms would be assigned to each of four
conditions, a total of 40 conditions. These conditions are;

Condition 1. A one-way video delivery system in which information

is presented by the studio TV teacher or actors, but no attempt is made

to elicit responses frdm the students in any way. Of the fput alternative

systems this involves.thé.student least in the cqmmunication procéss,

assigning to him_a passive-receptive role. . ' .
Condition 2.. A one-way'video delivery system in which the TV teacher

eliéigsvresponses by giying directiopé and asking questions but students

have no means for communicating their tgsponse'to the teacher. These infor-

mation inputs involve thée student enough to keep him alert and somewhat

active in the communication process. The TV teacher-can btovide limited

feedback by stating the correct answers after asking the questions, but

the teacher receives no immediate feedback on how successfully'he is

communicating the information to the student.
Condition 3. A one-way video delivery system in which the instructor
elicits responses by giving directions and asking questionﬁ_and the students

record their responses by writing or marking on test sheets. They do not

-

receive immediate feedback on the appropriateness of their responses unless

the TV teacher later gives the correct answer. -The recorded réspdnses;,

<
-

when returned, provide the TV teacher with' indications of the success of

4

.
O
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' his presentation and allows him to review or otherwise modify future

presentations for increased effectiveness.

2

Condition 4. A one-way TV, one-way audio system in which the TV
feacher can ask students questions in remote classrooms or;give them
direc;ions and receive feedback from them. This provides an. opportunity
for the TV teacher to correct student's errors, réihforce their desirable

responses, and directly motivate them. In addition it allows the students

to influence to some degree the pacing of the inétruption by. providing
the TV teacher with continuing feedbacks as to how well his presentation's
instructional objectives are being met.

a

The course materiaLé-employed in this project should be such that how

well students do on them can be objectively measured. Tests would be given

to studerits before the course began, at monthly intervals during it, and at

the end. Differences in average test performance over time would give one

~ “ B N
measure of- instructional effectiveness. Cost medsures would include all
instructional costs such as teachers' salaries, costs of TV programs and
. A L . '
transmission, and costs of the audio feedback system. From these measures

a cost-effectiveness ratio could be calculated. Other measures could

4.5 Staffing and scheduligﬁ, Operational staff besides those

il

employed for the regular instructional TV and classroom programs and for .

whatever communications chanuels were used for them would be requifed only

in Cbndition 4, in the audio feedback ‘condition. A communications engineer

and maintenance personnel would be needed for that condition of the project.

N

-.The project staff would also need a director, an associate director, a

data analyst, and a secretary.

" o E 3J8 .
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Phase :I, six months, would be devoted to planning and recruitment.

Also the curriqula would be.selected and the schools and classrooms chdsen. "

A &

Furthermore, the equipment would be obtained and installed.-

Phase II, one year. The project proper.

-

Phase I1TI, six months. - Déta,analysis and final report.

4.6 Steps required to translate findings into operational use. If
the audio feedback were found to increase cost-effectiveness, it would

be desirable to add audio feedback equipment to all classrooms in the

- *

“already existing TV instructional system. Also wide publicity should be

1 *

giVen to the findings within the host country and elsewhere.

4.7 Coordination with other research and development work. This

,shouid be coordinated with other researches that measured cost-effectiveness

of inStructiénal'systems. Its findings might advance learning theory

because of its pertinence to Teinfdrcgment,,motiﬁation, and fekdback.

N '

4.8 Professional expertise required. Either the project director

~ e 8 t 3

or the associate director should be an.expert on TV instruction. The

other should probably be an economist or educator -interested in dost—effecf
" R . g ' . o ,
tiveness evaluatfon. :Appropriate engineering and statistical assistance

would be needed. Also & gsecretary and electronic maintenance- personnel.’

4.9 Estimated costs. A total of 11.5 man—ygérs in addition to the

time of all operations personnel would be required during the two years

of this prpject_ 'Thé costs: s
1. Pﬁase I,.si# months - 36 mén—months : $ 72,000
' 2. Phase 4I, one year _ " 72 man-months 144;000'
3. Phase III, six momths 30 man-months 60,000
TOTAL - 138 man-months $276,000
. A Equipment ‘ 25;600. ’
GRAND TOTAL $301,000

399
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4.10 Appropriate countries for project. The Philippines, Samoa, and

the Ivory Coast, because they all_havé ongo@ng instructional TV programs.

~

~ References -
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5. Proposed Project 5, Priority A

RAISING PROPORTIONS OF EDUCATIONAL BUDGETS FOR ITEMS WHICH -

L

INCREASE COST-EFFECTIVENESS

-

This is a management study of ways to lower the proportion of
expenditures which do not increase educational cost-effectiveness of formal

and nonformal education, and. raise the proportion which do.

i
L 4

5.1 Objectives. This study .would have thé-objective of analyzing

the bﬁdgetary and othel proble;; of a less developed"cdpntry in order to
suggest waYé in%qhiehfgreater educational ésst—effectivenéss ouuldqbe
achieved. |

Mahy less developedchuntries aée»exp;riencing increased demaﬁd for
botﬁ’formal and nonformal edeafionvat a time when other demands upon the
national budget are also great.' Their'gopuiations want improved. housing,

better roads, good health, social security, better employment opportunities,

and the opportunity to secure the luxuries and conveniences of modern life,

-

of_Whicu they are becoming aware. In short, they hope to move simultaneously
in several ways to improve the quality of their lives.

.. The situation.in education is gompounded by growing populétions'and by

+ E-__ .

‘the increasing percentage of young people who wish to complete the highé?

: by

. grades in school.” In many countries the population increase is not a tempo-

n&;y Crisis. A United,Nagions analysis projects significant increases in
population throughout the world, .with some of the greatest increases

expected to take piaée;in the less devéloped countries;} For example,
Mexico, with a population of '50,71D0,000 in 1970,is expected to increase to
. . :

A -

e 3 P
Py . ' .l.
o




' . available for education to construction of new school buildings. This
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: ’
84,431,000 by 1985.. Brazil, iﬂ the same time, ié éxpeqted~to increase
from 93,029,000 to 142,564,000. The figurgs for South Vietnam are from

17,952,000 to 23,900,000; for Chile 9,780,000 to 13,609,000; and so forth.

- : ! «

In every one of the 35 countries on the list,. also, large increases in ' ”
\ s .

urbanization are expected, along with almost certain rises in demands

for imﬁiovements'in’the quaiity-oézlife._ |

One of thé major result;AéfAthis grawth is that many.additional !
places are needed where students can study. Tﬁis f;cég education policy . ot
makers with a dilemma as to how funds should be spent. Thié is a good
example of the basic issue faced by this pfoject——héw Eo spend moré of
tﬁé éduéétional budget con .raising cost—effectivehess. Educational plan—-
ners all too frequently &eGoﬁe a dispropdrﬁionate amount of the funds
is funded by tax revenues, by issuing hohd;, gy_foreign aid grants or loans
from other countries;gor‘by borrowing from international banks. Thesg

: N - o
arrangements involve long-term financial commitments which make major

inroads on educational budgets.® Such expenditures seem entirely reason-

i . .
‘able to many nolicy makers and citizens, since many schools’ have only one

R 15 “ .
room, no running water or toilets, ho electricity, and no blackboards.

What "is mbre, fine new buildings give proof thaﬁ,politicians are benefit~

ting the people. They are a source of civic pride. The people often - . _ '
use them as community centers as well as schools and places for nonformal
P % . :

-

education. Consequently they approve of their construction. Unfortunately,

i/

this approach virtuallyﬂassures that within the/heﬁkﬁuildings badly trained

and poorly paid teachers will work with insufficient and inadequate teaching

materials. - _ .

- 3iz




Spending a high proportion'of,fuﬁds on the matter—gnergy processing
subsystems of the educational organizafion so that ﬁhere is no mbnéy to
support adequately thg information proceSsing'subsYstems, which ca;ty out

| the'fundamental=funcﬁibns of the educational system, hasvunfortunate
consequences. The students who are suppoéed~t6 benefit frdm the modern-
ization program may study in better bhysicai éurrsundings, but they
regeive‘no more or better education in the new buildings tban they did
before,. It may even be worse. Funds, as it wgre,'été spent on'the
"skeiétoﬂﬂ of the school and its "nérﬁous system" is neglected.

o .
There must be better ways to operdte educational systems, and the

chief objectiVe of this study is to search for aiternative ways of solving

the complex educational problems of these courntries.

5.2 Levels and subsystem or subsystems involved in this study. The
- 4

levels are the organization and the society. The subsystems include,parts
of two matter-energy processing subsystems, components of the producer that =
build and repair educatiomal buildings, as well as of the supporter that

maintain the buildihgs.‘ Included also“are several information procéssing
subsystems, the transmitter; the channeil and receiver components of the

channel and net; the associator; the memory; and the decider. -

5.3 Exi;ﬁingirelevané researcﬁ. There appear to .be no research
+findings that”are relevant to -this projectn There is muéh'practical
experience, of course, in constructing and funding school buildings. fhere'
‘haé also been innovative work on more‘cost—effectiﬁe desigﬁs for school |

-

buildings.

s
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financial situation to determine what funds are available for education and

* edication without neglecting other imporfant governmental commitments off

. Lo N .
~would also bé studied. Some of tNgse would be\the climate throughout the

_ periods, meal times, time devoted to recreation; and’ schedule differences

- ! % : :
governmental officials would .consider alternative plans that might provide

: S 332
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5.4 The research desigﬁ. This study could be conducted, only with
the full and affirmative cooperation, and hopefully initiative, 6f the host

government. It wdtld last two ‘years. and be carried out in three phéseah

Phase I, one year. A study of the national, state, and local

.

how they are spent for various programs.. How much goes to building construc-

tion? How much to payment of interest and repayment of capital on loans?

Does all this represgnt a reasonable allocation of expenditures?

. Also an analysis of the whole budget might be carried out to discover

what_adjusEments might reasonably be@\pade to include provision for improving

3
-

the government. . o
& »

Other facts that ‘might contribute to an understanding of the country

’

year; thé typigal daily sﬁhedule of ﬁhe pebple——hours of work,‘Qaily rest

>

in urban and rural areas,'aﬁd how rural sehedules change during planting
. . . N "

and harvest times.

) -

Phase II, six months. In this phase of the research, a commission
[A .

of foreign and local consultants, local educational planners, and local

éducatioﬂ in suitable surrandings more cost-éffectively. Tﬁe commission 'ﬁ . ;
would include economists, planners, edpcationgl architects, educators, ) ’

experfsvin edhcational tecﬁnoloé&, budgeteers, and so forth. Innovative 5 L
thinkers wo:1d~be explicitly sought out to serve on the committee.. |

k)

.

< s o
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several years, and information on current plans-anid commitments already

aspects of culture and attitudes that would affect the response of the

333 .

This commission would be given analyses of the facts about the

r

country obtained during Phase I, projections of .its budget over the next

]

" made for the future. _They would also have déscribed go'fhem significaht °

w :
people® to changes in the educational system. -
The work of the commission could then be carriéd on with conferences,

£

brain-storming seSsions, subcommittee meetings, and‘talks by experts on

particular aspects of the situation. .~
Innovative approaches by participants would be encouraged, in con-

sidering what appropriate learning environments for students could and

. should be, how costs for them could- be cut,tand how ed&cation could be

made more cost-effective. Could architecturalninnovations,provide the

-

required amount of shelter and suitable working surroundings more cost-

effectively than traditional buildings? In warm climates with’iittle'

-need of protection from the elements might a building program reasonably

be made secondary'to”upgfading the instruction offered? Could small

buildings that contained basic facilities for sanipagioh,.provision of

AY

food, electrical facilities, and storage be built first--perhaps in .

factories—--and less solid shelters be used for other activities? Are

any other new, cheap, architectural approaches applicablg? Are dther
buildings in;theicommunity suitable for use also as classrooms? Are
assembled classes necessary for all courses 'or could many students work

individua¥ly, on some days, perhaps at home, with various media and

scheduléd group instruction on o;hers? Could half-day shifts be used?




[

O

L. ..

' b& a community center,'éouldkbuilding expense and maintenance be shared

ERIC
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What other scheduling: changes over the- day and year éould be made to

-
® 4

increase'use of éxiéting.facilities? If‘}he school buildirng is also to

—

with some-other>part of the government? What use could be made of parapro-

fessionél,xeachérs? Could local residents be given more responsibility for

fplanning in their own towns? Could they build schools on a voluntdry basis? -

These are only a small sample of the sorts of queStioné to be:discussed

with reference to the culture, needs, existing conditions, hopes for. the

quture, and budget of the host ‘country. This phase of the study would pro-

duce one or more plans for the'educational system of the country. A report’

2

would be written and presented to the relevant governmental bodies or

—
-

officials, who would be requested to select a final plan,

&

Pﬁase IIT, six @?pths.. In these final months a program woﬁld b€;

developed for publicizing ahd.gaining citizen éuppbét for. the final;plan,

if thé government chose one. . This might include arrangingwgqgiic meetings,
T . : ] . . SRR -

discussions .with local citizens and political officials; pareﬁts' me?;ings; .

bgbadcasts, neWspa?er'coverage,,or other means of achieving the desiredfw'i‘

—

result.

525 'Staffing.and schéduling. T P

Phase I, one year. A project director who was an expert in public «
finance, national buydgeting,’ and data analysis, with an associate director,
a secretary, and'cbnsultants,'could carry_out Phase I.

In Phase II, six months, the commission would come together in many

meetings and their repoxt would be written. _ . P
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In Phase III, six months, the public relations planning and campaign
would require the serGices of consultants on the relevant content mat-
ter and others skilled in‘developing such programs.

All personnel, eerpt probébly some éonsqltanés, could .be citizens

of the host countiyﬁ . o , o S

N o

5.6 jSteps~required to trhfislate findings into pperational use. These
would depend upgn the findings of the commissign. Whatever building ‘pro-
grams, ventures.into educational innovation, or other activities were decided .

would have to be undertaken. “Public supporé would be eliciggdu

5.7 Coordination with.other research and development work. This
project would take advantage of all cutrent and past work on educational

° _innovations.

- 5.8 Pfofessional'expertise required..~ A wide fénge of skills would be
:neéded: “Fpr the project director, as noted above, financial anélysis and

budgeting; for consultants, architecture, planning, education, educational

" technology, and oéher fields. - o : ‘ C | .

( ' 3.9 Esgimated costs. The tetal humaﬁ effort on the project would be

9.5 man-years in addition to the time spent by citizens, educators, and.

officials ‘of the host country. ' _ . ' ﬁ

-

1. Phase I, bnelyedr ] 48 man-months ‘ $ 96,000.i;f315.
‘ 2\\MPhasg II, six monthé 30 man-months . _ ~:60;OOO
3. /fhas; I1I, six moaths , 24 man-months  48,000" o .
TOTAL 102 man-months o $204,000 f -

~5.,10 Appropriate countries for research. Brazil, Vietnam, and.Iran.*

A

. * = ¢
All of these countries have much educational construction or reconstruction

e

to do.- o _ e : . . ‘
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5. ' 6. Proposed ProJecL 6, Priority A

COMPUTERIZED EDUCATIONAL INFORMATION SYSIEM Y

e
-y .
# ‘
R

- . R

-

This is a study of how to improve educational planning and management

e

by use of computerized planning and management information systems}

;'d,l :ijectives. Many educational systems in less developed-countries
carry on in great ignorance of their own operations:; They collect piti-
fully few or no data relevant to‘p1anning and management, and consequently
'decisions about ‘them must be made without adequate information. This *
almost certainly'means that_the cost-effectiveness of the-system is much
lower than it would be if the decision makers hadhmore facts available
to them. This is.now possible because much,attention in the last 10 years
has been devoted to the creation of computerized planning and management
-information systems for educational institutions of various'sorts, primarily

L i

"in the United States’ and :Canada. The chief obJective of this study,

ks

therefore, is'to draw from this background of work the knowledge necessary

to produce such a system‘designed especially to improve planning and .

. management of the educational activities of the less developed countries.

This would be a -comprehensive, integrated'administrative data processing

system, adaptable to growth and change while continuously.providing.the

data necessary to meet the myriad.requirements of a nationwide educational
system. Information inputs would be obtained from each participant insti-
tution and-all the people in it, as well as from the communities of the

nation which it Serves.,»One-set of outputs would be the reports needed

-

[




" a3 - BT

for planning and ﬁénagement. These would be selected as appropriate
outphts pf a well-designed system and would be presented .in formats that

appear optimal for the purposes of the administrators that would be the’
users. ) )

*

The éysteﬁ would intentionally be such as to minimize uniqueness.

Iﬁdividual programs and whole subsystems or modules would be.bor;oyed

IS

. : 4 -
from other institutions if they were seen to work well in their original
environment and were amenable to incorporation into another system.

Programs, however, usually require much additional work and thorough
teSting in order to be successfully transferred from one institution to:

} . another. Obviously this is even more true when they ‘are transported from

) : : o

one nation to another.

6.2 Levels and subsystem or subsystems involved in this study.
. - . : -

47

Organization and society levels. The computerized information system
would be'a prosthesis almost wholly for the decider subsystem, although it.
would collecf.and disseminate information from and to most or all parts s

. of the educational system. ' : o T

6.3 Existingﬁrelévant research. In our literature review for
Project- 1‘ (see page 270) we referred briefly to a cétegpfy of research

fdirectly'relgvant to this'project. QIt is now important to find out in
mpre'depth what a éomqué;;zed infotmation'system is (often called MIS, - "é
for "ﬁanageﬁent iﬂform;tion system'). HOchan it Be used by educational
instiﬁution;? What r;search and deveiopment'has been done on this? We

cannof.provide a. better summary of this field than the one Bogard wrote




to-day operations of the university.
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for the Carnegie Commission on Higher Education. ' It is directed toward

higher. education in the United States, but tﬁe principles are:eqdally

a

. . : 1
applicable to a school system in a less developed country. Bogard states:

"Computerized management information systems,...are a comparatively

recent development: Whether the complexities'of modernh organizations
. v s .

brought about computerized systems cr whether the systems” permitted modern
organizations to attain their current complexity is impossible to determine.
In either event, it  appears that computerized management information systems

have become an integral part of most complex business, industrial,. and’

-

.

governmental organizations.
"But whatvis an MIS? Harold Sackman, a proponent of computer science,

defines.an MIS as: v . -

-

'An evolving organization of people, computers, and other équipment,
including associated communications and support systems, and their'ipte—

grated operation to regulate and control selected environmental events to

achieve systems objectives.' C '

-

. : <
"College and university administrators are understandably hesitant

about the usefulness of such a system;"If, however, an MIS is defined in

-

‘terms of its purpose, or need, the benefit of such a system becomes more

»

readily apparent. An MIS for an institution of hiéher education should

meet three basic needs:

fl. It must provide administrators with information about the day-

E




340 :

'2. It must provide the information néeded to develop the plahning
capability required for both long- and short-term planning by means of

~analytic techniques.

-f3. It must provide the reporting-capabilities required by the
sccietal and economic pressures for accouhtabilitya'

"Even more simply, management information systems provide for the

systematic collection and use of data and for accurate feedback to the

administrator of the effects of an institution's current or proposed
operations.

"Management information systems need not of themselves be complex.

It is the extent and diversity of information required that lead to their

_complexity. Hence those admiﬁistrators who believe that they do, indeed
N ' : ~ o
« ¢« have MIS may, from the standpoint of their. requirements, be perfectly justi-

fied in their belief__,f Nevertheless; the suspicion remains that many

administrators are satisfied with the information received for the simple

. s -
reason that they are not aware of the need for more, being content instead

to deal with the day-to-day problems as they arise on the basis of personal

judgement.

"As the impdrtahcé and cost of higher education increase there is ;n
irrésistible éressure that forces élanning and decision making up the scaie
of available organi;ation and, thefefore, it isvall the more critical that
universities participate directly in these operatioﬁs. But, in ofder fo
pérticipate effectively administrators must héve;informétion about the.

'

operation of . their institution that only a modern MIS can provideﬁ"

-

'

i
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;‘If the decision makﬁrs in educational~organizatiqnsbare to make
wise use of the information théy collect, tﬁeyfmust synthesize it in so . R -
some way tﬁat will'assist themf In"recent years this haé been done by
~constructiﬂg mathematical models of  the educational organizations. Iﬁ a
companion péper to that of Bogakd quoted above, Béll ;fote of su;h models.,
?v’v' Hé stated:? ’ ‘ ; o |
| "They are elaborate célcdlating proceddres that énable adminisfrators
¢« to estimate, using simple assuﬁpﬁions about growth of the student body,
y the.numbers ofvmajdfsvfhere wiil be in different departments, the numbers
of new fachlty members that will be needed at different rank;, the numbers
of new classrooms and laboratories thép will be neéd;d; and so on. &he
magn work of constructing sgch a model is determination of a large number,'i e
~literally tﬁousands, of percentages ﬁsihg past data about student flows.
Thus the percentages of freshmen in various departments who fail in the
firsﬁ'semester and in the second seﬁester, who drob out nevef to return,
who drop out a;d return later, who return for their ;;phomore year, who
"aecide to change majors in their first year, and the percentages of those
4 who select the vérious options for new hajors must be déterminedf One
needsvsimilaf percentages for other categories of students--sophomores,
juniors, seniors, graduate students, transferees, retﬁrﬂees.' Given the ST |

number of majors in a given department one needs the percentages of stu-
‘ .

dents who will take the various courses, who will minor in other depart-

»

-ments and take which courses there, who will take which courses in still
other departments, and so on. Then one needs percentage distributions
" of various demands of categories 6f users for various kinds of facilities.

|
|
|
a . - ‘
|

~

323
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\ . ‘) i
Finally a host of percentages is needed about utilization of faculty at

‘varioqs levels, about staff support, and about services for health, .

H
£

finances, records of gradesrand credits, aﬁhletfés, Student_loahé, food," :
housing, etc. Tﬁe fundaéental object‘is t0-determine course’éhrollmeﬂts
sd that one can calculate neéded staff, services, and facilities. The
% " data are programmed for a qompufer so that the calculations can bé'done
rapidly: |
| "With such a model ﬁniv?rsity administrators Ean‘explore the financial
.aﬁh other imglicatigns of various gfowth,’édmission,;and'personnel po;icies.
Tﬁe model is a tool for assisting administrators to operate.thé institution
more efficiently." | |
He weﬂt.on to discuss various strengths and weaknesses of SUAh models. .
Then he turned to'a particular forﬁvof ﬁodel, 1arge—scale models of edu-
- . 7 3 \ .
cational organizations:™. T
"Simulation is a popular and pawerful modeling tool. With the
assistance qf a computer tb assure computatio;al feésibility, simulation
" models can bé built to forecast the future behavior of an existing o \r
system, VThé predictiénsapften cover a sban of years, while the necessary
dcomputations require minﬁges of computer time and’wéeks of labor.
| "It is conv;nient to list four purposes of simulation that are
common fo most applications: . ' ) 2o

"1. "To provide an extrapolation into the future. The behavior of . <

an existing system operating under known policies can be simulated to

predict future system characteristics. For example, one could quantify

e
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current undergraduate admiésion policies by subjeét field, could

¢ . —

" extrapolate from current data on student flow, and could make predictions

6f, say, the number of sophomore social science majors in the system five

e v

years from now. _ .
"2. To provide an experimental tool for forecasting the implications
of a variety of policy parameter values. With the above model one could

asses the.effects of proposed alternative policiesy for example, several

N 3

different admissions quotarleQEIS for social science majors.
"3, To provide impetus for "rational" thought about ‘cause and effect’
relationships. The construction of a model requires -areful consideration

of the system stru.ture. These demands might lead to new insights for the
! ) . “

decision maker. '
"4. "To provide a computational mechanism for measures of system per-
formance that would otherwise be difficult to calculate. For example, the
. ‘ / : T

cost of providing educational services to a sophomore student in social

sciences could be estimated.

- &;‘ .
"While a simulation model can offer these four types of advice, it is

important that the advice be worth the cost of prepdring it. )

] v '

"In simulation of educational institutions, the primary Purpése is to
provide guidance about fptute fesource needs;—faculty, physical plant, and
supporting aqtivities (for exampie, university admini;tration, stddeqt
health service)e A mathematical mgdél is used to express therrelationshiﬁ
between avaiiable university4re;ources and production of educated manpower.

Such a model is typically constructed of four phases:

o

4
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"1, Estimation of future student body mix by age (or length of stay .

in the university) and majdr (or more broad field, for examblé; physical

sciences). - Simplifying assumptions on stqdeﬁt flow are necessary for com-
putational feasibility. Markov Chaiﬁ tqchniqueslare the mosf common.

From this phase emerges a.set of statements such as "in 1976 there will be
2,500 sophomore social science majors." These data are the inputs to phase.. - h ]

5

"2. Computation of demand for individual courses. Using past data

-

“on courses taken by students of given major and experience level, one can
estimate the.demand for every-course in the universif&. With knowledge
. . - .

that about one-tenth bf sophomore social science majors take Anthropology 1,
a predictioh can be made that there willﬂBe ébou;.ZSO»gophpmore social
"science majors dem;nding Anthropology 1 in 1976. One caf make similar esti-
“mates Eor all other Qajo:.and expefience level caﬁegories to arriv%fat an
estimgte %or the total demand foéfAnthropology 1. The same process can be
repeated for all other courses. These enrollment forecasts are i;puts to

phase three.

"3, Estimatioﬂ<of faculty and space néeds. With each course assigned
-an enréllmént‘estimafe; the individual department can then;éstimate‘the
. required classroom and)orzlaboratory space and the required faculty time
invested in the course. Typically, faculgy time’estimatés take rank into
consiéeration; By aggregating ali of these computations one arrives at

an estimate of total space requirements and faculty needs (FIE by rank).

The output of phases one to three is then fed into phase four. ' .




345

§ T "4. Estimation of support needs. . With knowledge of student’body

E . s1ze, faculty cdmpos1tion, and classroom requirements, estimates can be

made concerning administrative staff, 11brary, food service, student
‘health service, etc.

"Besides the fact that the output of one phase becomes the input of B

the next, tﬁere‘are other interactions between phases. For exampie, -
some\graduate students are teaching resources' and 'consumers of teaching
resoprces.'i Their presence tends to%increase both demand and supply for °
'éducational production.' | '

"The most ambitioes models have been buiit by Koenig: Judy, and
Weathersby...}Koenié prefers to consider a set of sectors of a university . BT
ieCOnomy rather thamw a sequence'pf cdmpﬁtational phases, bdt we will use.'

¢ the‘feur-phase description givep above, o

"Tn Koenig's model,_students are divided by level,and‘subject‘field
into disjoint‘categories....The number of entering students in each cate-
gory in each time period must be estimated; Of course the‘possibilﬁfy of
students leaving the system must ‘be incorporated into:the m;ael;

| "In allocating:finaneial aid resources to departments, university )
administrators have partial control over student progress and the demand
for course work in certain fields. These policy parameters are exp11c1tly

taken into account by Koenig's model. He attempts to isolate students

affected by financial "aids from those who are not.“

§
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: Koenié's mbdel proceeds tp calcuiate~the future student enrollment.
From this it calculates the projected demand for various courses and finally

the facultys staff, and faé{:ity,resources that will be. required. Bell

- a

continued:
"Judy's CAMPUS model"was designed at the University of Toronto for .use
there and fot more general use. Différences between Canadian and American,’

-

universities make it lrss suitable for direct use in the United States.

_ However, tﬁe notion of & single simulation model readily‘adaptablé to any

university is an attractive one. Many administrators might conclude that

a simulation model is worth buyingvbut ot wo%th constructing from scratch,

1

Judy's purposeé in constrﬁcting‘CAMPUS were to assess the flexibility of

the system simulation approach to uniVersity'problems,;determine the avail-
[N

ability of required data, investigate the applicability of statistiéal .

methods to these data, and determine thé various facets .of the univeréity;

system and inherent modeling difficulties. He envisioned four types’of

‘ .questions that the?CAMPUS médél could help answer: (1) What are the

resource implicationsa(faculty, physicallplént, and total budgétjqéf parti-

cular enrollmen* projeétions? This is a direct outpht of ' the %our'siﬁu-

. . | L, .
lation phases we have mentioned. (2) What are the resource implications
ofrmeeting‘ésfablished goals on educational manpower? 1In this case the - .

university can control the enrollment in each field. (3) What' are the~,¥

resource im%lications of particular changes in curriculum? “(4) What are

the resource implications of general policy changes?. L

[
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"Missing from all of th.se simulation‘models is a fifth vital

;

g

3

!

E

: : . :

N : : : :

|

: : Lo :
| question: What,are'the resource implications of external governmental
| : i . . 2

’ actions, environmental”changes, and changes in public tastes? A mechanism
« . N ”

: for answering such questions is_impossible to build into a university
S - ‘ : : . : : o
; system simulation,,'The resource implications are likely to be much harder

S

to predict for a universityf-a nonprofit producer of éducated manpower--

y than for a profit-making.firm that makes consumer goods. Weathersby has - .

used multiple linear'regression techniques to estimate some of the effects

‘of these nariables that are beyond direct control of'university administrators.
- - "Weathersby s university cost simulatlon model is- currently being -‘ﬁ .
modifled by the Western Interstate Commlssion for Higher Educatlon. _Called
the Resource'Requirenent Prediction Model (RRPM), it'will.be designe& for
ready applioability to uniyersitieséin the United States. Although his

model is quite similar to the others (in that it generally'follows"the

four phases mentloned), Weathersby points out some of the difflculties
. fo

&

encountered“ln the modeling process. : ' - | »
nclassroom-space;;for example’“ig generally aséigned as a known_func-_
tion of student,oody size, student credit hours, or student olassroom o
‘contact hoursQl Classroom_needs are then easily_computed from the,moael.
However, on nany campuses, instructional space (classrooms, labs, faculty
offices)make up iess than 20 percent of the total space in campus buildngs.

"A’crude method must be used to compute the’ total physical plant budget.

"Nonteaching academics are another problem since the1r numbers do
not hinge so intimately on student enrollment., Weathersby's model uses
linear regression techniques to estimate future requirements of nonteaching o
) s . , .

T academic personnel.s,

’{’2’,‘
b/
\




and administrative overhead are estimated by regression techniques in

'lweatnefsbyis model. All these diifieulties illustrate the fact that the

it generally successful with errors typlcally under five percent.

348 ) B ) " . v .

"In dividing the university's activities into several disciplines

for a cost simulation, there are often organized research activities that

-cannot,be conveniently. categoriezed. Examples within the University of

Califernia system are a liquid air facility and a pilot secondary school.

For the purposes of the model some- categorization must be made. s ' c

"Levels of campuswide activities such as librariesy‘residence halls, :

- n

transfofmations ffom stddent enrollment to class creditjhours to FIE i »
faculty to office and classroom space prevalenetin university'simuiation
models leave a large budgetafy siice of university ac;ivities_undeter@ined. < e
Levels of these'eceivities_must,Be estimated by other techniques‘sueh as
mnlfiple linear fegression or_By simplifying'assunptions that relate them -
to levels of sctivities'determined through.tne input—oqtput phases of the 5
model." o | _‘ L
"Weathersby ‘has tested h1s model on past Berkeley data and has found
Later Bell Wrote:5~
"In mentioning Koenig, dudy, and Weathersby,iwe did little justice to
the numerous ex1st1ng s1mu1at10n models here and abroad. Many others are

reviewed.by Wurtel, Slmulatlon has heen used by UNESCO in modeling the

educational'development in Asian sountries."

!

.330 . S
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In concluding this review of relevant research and development it

is important to reiterate that, though it has been oriented chiefly to:

-higher education in the United'S;ates,-its principles are équally_appli—'

cable to educational institutions like schools and state or national
educational systems in less developed countries.

6.4 The research design.

Phase I, 2 years.'>First the less devéiobéd countﬁzéand»tha educa=-
tional system in it, nat&onél,‘ététe, or local, wouldvbe selected. ihen
a pfeliminary inﬁestigation would be necéssary to establish a bés%srfor
a cémputerized planning and management informatioh system desiéﬁ. ft
would determine the amount and kind of informaqion currently procésse&
in the organizat;on, cbmparingiexistiﬁg methods with present needs and_
thoée likely to develop in thevfuture.: It would be.CArried out by a
team of expert consultantslin maﬁégément information systems from ;He
United States, computer prog;ammers, systems plannerég and educational
admiﬂistratorsf ‘

Then attention would be turned to the §ysteh itself. The first- stage
is to seﬁ goals and objectives identifyihg.all the major purposes énd
constraints to be éatisfied by the system. - The 11st need not be exhaustive.

Anything omitted should be on the grounds of triviality, not of sensitivity.

Specification of'goals and objectives is a function of -the adminis-

trators in consultation with all Segmenfs of ‘the organization and community.

>

It cannot be delegated completely, butAthere are strong technical consider-

‘ations with regard to what goals can be achieved; are desirable, ahd should

- -

-
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i be avoided. There is therefore need for jpint administratiye andi e
. technical action, even if the final deécisions regarding;goﬁig/;;;/;;jec—

- : . . - g ] .

tives be regarded as purely managerial. e
B g p y g -
"
»

Specification of goals aggﬂobjggtives would mark the end of.the

-~

preparatory staggyand’fﬁe end of the friitful period for direct general
Pt ‘ c # L
management involvement. Work on the particular system actually to be con~
|
|
|

| — | structed.is an assignment for specia;isﬁs chosen for their individuélul
skills, but Qith recognition that the skiils are €9 be employed as part of
a- much larger team_effbrt. The.to@al sét of skills runs tﬁe gamut from i .
the ability tdvdesign u;er interfaceé that éncourage.app;opriate.user
xbeha&ior to recondite,techniqués'fbr detection and correction'of errors
. in signals movinglfrom one electronic storage medium to anothér'
| Then a‘set.of detailed system requirements covering both the stfucture
and the fqnctions'of the ﬁroposed.syst;m would be prepared. If should
include the best alfernaﬁiveé ‘for input, outpﬁt, pr9cessing; storage, and
e gontrol fu#ctions of the whole system and its major subsystemé. The major
N .

subsyétéms ordinarily would include on-line, constantlxiupdated data banks,

ES

. on students and alumni, faculty, staff, curriculum, finances, facilities

4

“and equipment, libraries, and the organization's environment--the community

or society.

Not allrp;rts of the information system would need be devéloped (or

- i

could be developed) at the same time or the same rate. Priorities.and

L

“input-output relations within and among various subsystems force allocation

of effort to different parts'of various subsyStems at different times. The

Rt
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allocation method must be COmprehenéive in inéIudiﬁg*all availabie
resources. It must be sensiﬁivé in responding to all the'needs.of its
sponsors and constituents. '{t;hust‘be flexiblekin adapting to changing
conditions'of new information;~ It must be adamant in rejecting pressures
to adbpt expedient or éonforming solutions inconsistent with or irrelevant
to the'gogls of the system. ‘ ' .
| Develobment of individuél subsystems would begin as soon as a pfe-
liminary dgsién had been approved. Fér an information system, development -
is tantamount to production since there is little opportunity for pre-
testing techniques or for extended pilot runs with othér than fﬁe intended
. : finéi.product; fhe‘philosophy that development precedes production is
important, héwevef, to i;on out_de$ign deficiencies‘and'tq assure that the
"environment for which the system or subS?étem was des&gned‘resembies the
J~rea1_environment in-which it is to opéfaﬁe.' Various postdevelopﬁent and
'préproduétion'tests can also be performed :o.assure that system failﬁres,
which are bound to occur, will not be catastrophic in themselves and will
knot'éefve as the ﬁucleus for a snowballmeffect when gperating witﬁ other

systems. All this would take much programming énd'testing effort.

- Phase iI, 2 years.. Implementatioﬁ. Introducing a new information -
system on its users is somewhat -like imposing a pdliticé} system. It canvbe
.. done if'énough power i$ exXerted, but the result is not always quité what was
planned, especialiy if the imposing péwer'wifhdrawé.fgriany reason. It is

better to tailor the system to fit the using community and to introduce it in

a way that at least allays user fears if it cannot encpurage'ﬁéerfsupport.

e
aar YN Y
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To accomplish this goal requires extensive préplanning withuser

- participation at every step, although the user must not beallowed to

.

take control. Neither must tﬁeﬁsystem designer be allowed to’ force any

solution upon the user.

.

Implementation of the information system Wwould includeselectionﬁbf the
the computer—- terminal- communication link configuration.. It alsowould
include individual tests to be applied to separately identifiable subsystems

-subsystems and integration tests to be applied to their combinations. The

5

planning, if it were to be effective, must also include production of manuals
and personnel training, including team training activities that take into
. . .
account that subsystems of the educational sysfénexist'for the convenience
Y . .

- of the system not .of Ehe individual units. The planning shopld also take

4

into account the need for parallel processing as part of the test and

training regimen. i
. bl

The design. and development‘process, whether for a whole System or for
a major subsystem, does not end with installation. Something is. almost

certain to have been forgotten or misinterpreted, so that'atune—up period
is always required with any But_the simplest systems. Even then ébe task
is not complete, for it is only in use that one can tell whether the

-

original goals dre being met. ' | N S ..

6.5 Staffing and scheduling. It is assumed that computér operators
and programmers will be supplied by the host country. THey may need

special intensive training for this task by visiting consultants. With' :

.

such an arrangement the chief project staff would be a resident director ‘ ;

. o0 A
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and an associate director, a chief visiting consultant from the United

N \' -
States experienced in planning and use of planning and management infor-
mation systems for education, and a dozen or so specialist consultants on

specific subsystems or other aspects of the information system. These

>

consultants would be required prmarily dyring Phase I, the planning and

; . desigpipﬁase. During Phase II, implementation, they would be needed less

and less frequently.

6.6 Steps required to translate findings .dinto operational use.

These are an integral part of this research and development design and have

_ been outlined in Section 6.4 above. N

N

6.7

Coordination with other research and development work. A fully
operating computerized information system provides important data to deci-

¢ sion makers for program budgeting (PPBS) and for cost~effectiveness evalua-
: . N - ,

tion of various old ‘and experimental programs. Hence this project could

. relate to many others described herein. ~ ' ' ‘

.

6.8 Professional expertise required. Administrators, educators,
experts in computer science and operations, systems planners, computer pro-
grammers, experts in various aspects of -management information systems.

6.9 Estimated costs. The total effort of project staff and consultants

required would be 15 man years. The cosﬁs'areif;

S

1. Phase I, 2 years. 96 man-months. $192,000
2. Phase II, 2 vyears. 84 man-months ’ 168, 000
TOTAL : 180 man-months $360,000

v . . : 9

ERIC . © - I
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6.10 Appropriate countries for project. Korea, Colombia, and
Mexico all have large and conplex national educational systems in the
process of modernization. All have large compﬁ%grs and computer personnel

with experience, and so would be appropriate countries fox this-project.
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7. Proposed Project 7, Priority A"

MAKING INEXPENSIVE TV RECEIVERS

This is a study of how to make inéxpensive'black and white TV

receivers available in less developed countries so as to cut costs of

sa

formal and nonformal educational TV.

7.17 Objectives. The effectiveness 'of television for mass instruc-

'

tion has been demonstrated. At present, however, most of the estimated .
two billion potential buyers of TV receivers throughout the world can-"
not afford to obtain sets.

Develobmenﬁ and marketing of black and white television receivers

-

to sell at.low cost would make possible mass instruction by TV ifi addition
to recreational, politicél, and other’uses.of TV. If a sufficient market

could be proved to exist, manufacturers or governments would probably under-

-
. -~

take the necessary research to provide such low-cost sets. o
The dual objectives of this study are, therefore:- (a) to collectlénd

analyze data concerning tﬁe number of prospective buyers of black ané«

white television receivers during eqph year of fhg 10-year period 1973-1983

at several different costs in selected less developed'countries;:and (b)

-

- to determine the costs to manufacturers of the research and development

necessary to produce black and white sets at a number of different prices
and to secure information from manufacturers of the level of demand needed

to indice them to enter the market at each of the different prices.

7.2 Levels and subsystem or subsystems involved in this study.
Organization-and society levels. Channel and net subsystem, receiver

component.

337
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0 7.3 Existing relevant résearch. Research on lower-cost.black-and—
white television receivers has.béeﬁ abandoned in favor of research on the
problgms 6f improving reception‘of éolor television. Color adds something
to the value of TV as an instructional medium.. Just hdw much is unknown.
Color TV is, of course, significantly more costly;than black and white;

It cannot be used to7meet'1héAneéds ofideﬁelopingicountries in‘tﬁe féfe-
seeéble future. |

Previous studies have shown that technblogy'exists now that would

make possible production of receivers étﬂcosts as low as $25 per set.

The minimum cost. in less developed countries is now $80. Receiver costs
account for between 40 and 60 percent of the total costs of a nation's
TV system, so the potential savings which coiild accrue from putting $25

sets into production are tremendous.

7.4 The research desiég. It is proposed to approach objective (a)

by analysis of the market for TV in Asian, Latin American, and African

_ countries. Objective (b) is to be furthered by contacting manufacturers

to determine the market size at which théy would be willing to invest
in the necesééry research om black and white TV.
(a) The initial phase -of the market study would be a review of exist-

ing statistics concerning population, income, availability of power,

number of existing TV sets, and present use of surplus income, to determine

“how much of the surplus is being: spent on recently intrdduced products like

cars, Scooters, movies, and radios. Three to five of the less developed
countries in Asia and similar numbers in Latin America and Africa would

be studied. The sample would be selected to include countries of different




O
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sizes, stages of development, and de?elopmental potential. Larger nations
such as India,vZaire,'and Brazil, which are now making or contemplating

major investments in television, would be of particular interest.

A market survey procedure ‘would then be pretested by questioning small

samples of potential buyers in different income groups in at least 3 less

developed countries. After indiééted revisions the survey would be admini-

stered to large samples in all the selected countries.

(b) Jabanese, American, and European TV ménufactufers would be inter;
viewed to secure their opinions as to the market potential.and their
estimates of thé.amount of reséérch and development money they'yould be
willing td~invest for different projected depands. ~These would not, of
course, be firﬁ commitments bp; they would permit an estimate thﬁt could
be used in cgnjunction with ;onsuﬁers"coét—demand curves.

The final part of the project wili be -data analysis. This would be

(a) A cost-demand curve for each selected country. -

(Qs An aggregated cost-demand curve fér the totdl market in the less
'devéloped'countrigé under consideration.

(c) Estimates of research and development costs for reducing the
prices of TV receivers to»a.number éf'sglected prices.

And (d) information as to the potential availability of research and

development  funds at different projected costs and amounts of gemand.

7.5 Staffing and scheduling. It is proposed that a management
consulting firm experienced in market analysis be engaged to carry out
this study, usSing market research teams native to each country to do the

’ 4
surveys and interviews.
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5 ; | The schedule for the;projeét should cover approximately one‘year.
Thé sample selection and design ﬁhase should take about four months; the
field wqu another four months; and the data anélysis aﬁd rep;rt writing
an additional foﬁr months.’

7.6. . Steps required to translate findings into operational use.

; If the study should reveal a high potential demand for sets at a price

- at'whiéh it would be practical to produce them, such findings by themselves

might inducg manufacturérs to undegtake the necessary research and developQ R
ment to make low—cosf.sets.: If no interg;t can be elicited even withrhigh o
demand, funds might become available ffém international agencies in the

form of inducement loans or grants to industry for underwriting the reééarchr
and manufapﬁyring c;sts for a venture by one or more of ‘the less developed
:countries, shcﬁ as India.

7.7 Coordination with other research and development work. There

Aappears to.be no work currenfly underway to cut costs bf black and white
TV set§..‘This research should be coordinated with any project to produce
black and white TV sgts in a,iess'developed country.

Currently in In@ia educational TV iﬁcluding the planned TV satellite 1
system'i;'exPECtEd to rely on'reseivers:manufactured in India. ﬁowever;
the cost Sf these sets in fﬁdié will be about $250, éompafed with the . .
$80 to $100 cost o% imported'sets. The Indians feel they must operéte
“in this manner- in order to enhance the autonomy of their television s&s-
tem, lessen theirgexpenditure of foreign exchange, and create avnew Indian - {

industry. A study fieeds to be carried out to determine how human and

technological capability present in.some developing countries can be

340
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; organized té créétekand maintain a self~sﬁstaining industry that manu-
£acéﬁres low—costbtéleviSion sets in adequéte quantities to make natipnal
educational TV possible. Whét we know about how to-do tyis comes from

E aegperience in induqﬁiialized’countries Whose‘purchasers will pay a ‘price’

% ' _ higher than can be paid4by citizens of less developed.countries. A new

ogéanization gnd new methods particuiarly suited to less deveioped

'countrieé are needed. ‘ : '

This project should aiso be coordinated with programs to manufaéture
TV cassettés, cassette players, discs, and disc players becauge wifh . f

| ‘ cheaper black and white TV.séﬁs'theré could be increased use of su;h . \a

auxiliary‘component;. The availabilityﬁggﬁeheap TV sets can also signi-

ficantly alter costs of entire systems of microwave- and satellite-

transmitted educational TV.

7.8 Professional expertise required. The study would require
television engineers, economists, statisticians, survey designers, market

~

research experts, and local interviewers. _ ‘ - -

t

- ; 7.9 Estimated costs. The estimated amount of labor for the necessary .

( specialists. is 5 man-years. To that must be added the local costs of the

P

IR survey teams that are to be engaged in each country. Figuring on four

people working for 3 weeks in each country, the total labor requirement

B

for each ;ougtry will be 3 man-months. If ten countxies are-surveyed, the

total additional labor, beyond that suppliéﬁ by the prime contractor, will

be about 2-1/2 man-years. !

) ] ‘ ) Costs j

, 1. 1Inifial data collection and sample 2 man-months $ 4,000 , _
selection ’ : !

2. Su?vey design,

(a) Demand curve | ‘ 9 man-months 18,000

-
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;' (b) Manufacturers' opinions ,. 6 man-mbnthsq.h $ 15%%%% | B

%j 3. Te;t andwrevisjdn of instruments 6 man-months 123000 ‘

; 4. TField work d . .

E (a) Arranging survey and 9 man-months -18,000

? . subcontracting “ ., ' * |

| (b) Survey ' 44 man-months 50 000, + o ,§

E 5; ‘Data analysis : | .§ m;nfmonths _ 18 000 ‘ o '{-é

f - . 6. Report writing : 5 man-months . 10,009 ' o i
TOTAL 50 man;months' .§1421000

" This gives a total labor requirement for the prOJect of 7 1/2 man-

years. for a survey that includes market studies in ten countries. A ' : ;

different sample size would obviously have different labor requirements.

o

7.10 Appropriate countries,for"prqjgct;~7As stated above, three to

five Aéian and similar numbers of Latin Ame:iéan and African countrieé

Qill bé selected fo£ markei analyses. Three especially good c9ﬁntries for
tﬂis research are India, Zaire, and Brazil,‘beCause all are now making

plaﬁs fqr extensive use of educatioﬂal television.. Both India and'Braéill
have multiéle companies making black and white TV, and in addition color ' ‘
TV is noﬁAin‘very limifed use in Rio. Blaék and whi;e sets are not being |
g"~ .ﬁade in anything like adequate quantities in either India or Brazil to mget ;
the needs of a ?ation—widé educational TV program. If Zai;e were to j
mapufécture its own sets, it would‘havevto begin at the béginning to plan 3
theumanufacturing program and carry i§ through implementation with the ?

assistance of féreign consultants and production managers. Malaysia is

another country where such a project would be appropriate, since it has I

|

342




, | 361

no TV manuféctufing capability but has in the last two years received a

» 2 .

i. ’ gift from West Germany of 10,00b'b1ack and white IV sets to use in -

? establishing an educational TV program.
% . ' o :
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. 8. Proposed Project 8, Pfiority'A

IMPROVING ACCEPTANCE OF iNSTkUCTIONAL TV

>

This is a Studyfof how to facilitate accéptance‘of an educational
K innovation, specifically instructional TV, by administrators, teachers, N
. . 3 . - ‘ N
paraprofessionals, students; parents, and other key members of the com-

.munity in less developed countries.

 .¢' ' 8.i Objectives. Introduction of instrucfionai TV as .an edﬁdationaL
inndvatién‘has usually been complicated by resiétance and opposition on,-
the.pa;t of key members of thg communities Qoncerned. Edpcators-have felt.
. that their jobs were threatened or thaf their relationships with their
students would~de£eriorate. :Paréﬁts, studenfs; and other intefesfed
people have fearedwlowereé qualify of instruction. In some piaces these

negative attitudes have been dealt with in an authoritarian way. Their

existence, however, hampers both introduction and operation of instruc-

‘tional TV. The 6bjectives of this research, therefore, are to survey.

countries that have recently begun to use instructional TV in order to
anticipate the problems that can be expected to arise in countries plan-
ning +to introduce such programs, ‘and to find ways to increase dnderStanding

and reduce opposition to them. =~ . e

C . 8.2 Levels and subsystem or subsystems involved in this study.
Levels are group (groups of key people) and organization, (schools, éities;

. ‘ or'towns). Subsystems are the internal transducer, the éssociator, and

the decider.

3
C 5
<

8.3 Ekisting relevant research. For the .initial SurVey (see below)

~the literature on methods of attitude research is relevént. Three volumes

, issued by the UNESCO International Institute for Educational Planning.
. % S ' . . :

. .~,. ._ 34;‘_‘\'
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summarize the experience of 23 educational projects which use media.

. Background material on innovation, which can be found in Roger's Diffusion

"+ The Theory of Prismatic Society, and by the Institutional Research Group

of Innovations, sheds light on the characteristics of innovations, the

nature of innovations, and the setting in which they can be expected to be

accapféd. The nature of the irformation network in which:innovations

are successfully introdupéd is elucidated by Allen,!Piepmeier, and Cooney,

Technology Transfer to‘Developing,Countrieé: The International Technological
Catekeeger. Their term "gatekeeper" refers to deciders -in the channel and
net §ubsysteﬁ and can influence whether or not innovations spread through-

out an organizafion or sdciety. They report that a study of the Irish

research and development.orginization indicated that '"'technological gate-

‘keepers must be well integrated into two infermation networks, an external

3
;

network of information sources and an internal network of users to whom the

. . ' . 3
information can be delivered."

a

Studies of organizations in less developed countries have been made

by Riggs, reported in his book 6n Administration in Developing,Countfies:,'

P “

at Michigan State University and the Universities of Pittsburgh, Syracuse,

4 :
and Indiana. This makes the points that effective institutions in less

~
a

developed countries must have capable leaders, an underlying doctrine,

‘a program, a clearcut internal structure, linhages with other institutions,

. e -

N

and adequate resources for continued existence.
" Further relevant material can be found in the work of David McClelland,

David,ﬁpter, Philip Foster ahd Rene Cligny, James Coleman, and Aristide

=~

D~

Zolberg. These all provide information on the factors that influénce

individual leaders to favor the adoption of innovative technologies. °

345
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Relevant to the-objective of decreasing opposition to instructional
.TV are the literatures on attitude change and also the growing body. of

experience in the-field of planning and managing short, intensive training

-~

sessions on decision making-and systems management developed by various

e
»

industrial organizations for management training.

The many recent studies of use of instructional media in teaching

C A . . ) ,‘. . Lo
instructors also have some relevance. Among theif,?fé programs designed

“

to aid American Indian-instructors-in Navajo language and literature.

"~ 8.4 The research design. 'This'study wqpld consist of four separaté

but related phases:

“(;) Phasé'I,-six-months. A series of confidential interv%eWS'would
be held with people in iess deve1oped counfries Qﬁo have experienced the.'
introduction of ingt;qgtional TV into their communities. The interview
schedule woﬁld Bq designed to disclose the sorts of resistancés which'weFe
encohntered, the groupé,'organizations, or individuals who were most
'influEntial iﬁ Lpposing or fgcilitatiﬁg’impleméntaﬁion of éhe progréms,
.and theLéethdds.that were used‘td:overcomé)resispance.énd gain coopera-
tion in thelinvolved cqmmdnities. ;Less‘dévéldéed counfries in whicﬁ educa-
tional.TY has beeﬁ.eStablished.ihélude:‘ Colombia, El SélVadof, Brazil
(Rio Grande.do‘Norte), the Ivory Coast: Niger, Malaysia, Singapore, and
.India.ﬂ Interviews would be c;nducted in these countries.

A written reﬁorttwopld be prepared, éresenting the results éf these
interviews., :IF would carefully protect the identity of interviewers if

'fhey wished and also omit any referénces which m#ght be personally damaging

-to individuals involved in any way in the decisions about instructional TV.
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The firfal activity of Phase I woﬁld be a méeting held in the United

" States and chaired by thelqverall projéct difector; This would include

representatives 6f thé countries‘in which Fhe interviews~had beeﬂ'held,)
educational‘decisiqn~makers‘from thebcbunt;ies't; be included in Phase II
;(seé'below), experts in instructionai TV,.and-cdnsultants on attitudiual ’
change and‘innovatiOn, such as Everett M. kogers ;;d Carl Rogérs. This

.would be a planning session for Ppase II. : ’
- : : SO

(2) Phase II, six months. An experiment would be'conducted in Brazil,

Vehezuela, and Nigéria, all of which are in the early stages of planning

. and introducing.instructional TV. In‘each of these Equntries, two large

cities would be selected‘for study.- Theée would bé cities thét»were to-
haye instruéfional TV introduced within the-ﬂext few months. In fhe first
city, which would act as a.gontrbl, no particular preparatian for introdﬁc-
tiﬁn of the innova;ion would be made. This has:been ﬁhe’usuél'procedure

in countries which have implemented -their instructional TV prggrams. That

- 4
t

is,“a,ﬂecision has been reached at the higher‘gcheloné of the educational

system and communities have been eﬁbected to comply with it. Implementa-

‘tion haé'typiéally been registed. In>Bra2i1, which has expe;ienced résis—
tance to‘introductioﬂiof instructional TV into the state of Rio Grande do
.Norte and elsewhere, a representative dbmmunity-in that region would be
chosen'as.a_sgecial control -in addition to énother community just'beginning
to use'inétructipnai Tv.
o VThe sécond cityvin each bountry would be assigned tofﬁhe experimental'
condition; Iﬁ Bfazil, this wsui& be in a state other than Rio éfande do

‘Norte--say, Rio Grande do Sul which now has plans-to‘undertake a statewide

Q

vV prbgram. In these communities, educational:and governmental leaders

317 o
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houldvbeAinterviéwed to determine which members of the community could be

regarded és'leade;s of opinion and "gatekeepers" for innovation. After

these people had been identified, a group of 20 or 30 who were.ﬁilling to
b ' . " » ' - . ’ ' .
participate in training sessions and to work as change‘agengﬁﬁ'for remu-

neration, would be formed. These could be expected to include educational

administrators, school principals, community business leaders, teachers
and student leaders from a number of different schools.

In each country, a week of ﬁeetings would be held in which the

technical and educational aspeéts'of the medium would be explained; key

people from other 1ess'de6elope& countries in which instructional TV had
been established would share their experience; free expression of positive
and negativé égtitudes would be encouraged; and modern techniques of

‘attitude change such as role playing, viewing of filmrd role models depict~

ing the teaching process using the medium, and some of the methods of

e

>

encounter groups would be used. These sessions would be conducted by a

teém of skilled consultants. The change agents would then beéin to work on

a part-time basis in their communities, holding meetings and interviews

and consulting with influential Leople;! Also‘community qttitudes bn
Matterg‘ﬁelevanf'to insfructional TV and education would be tested by.ir-er-
views and survéys to get a baseline measure, The survey sample w9u1d incl#de

members of involved segments of the population such as parents, students,

teachers, educational administrators, and leading citizens.

(3) Phase I1I, one year. Throughout this phase, the change agents

would continue to work on a part-time basis. During this period the instruc-

tional TV program would be introduced in sach community and datd collectors

would again test attitudes in the communities by means of interviews and

IS
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(4) Phase.IV, six months. This would be a period of data analysis

and report writing. \?rom this would result.a book that would be desfgned

to help developing nations with problems of introducing this and other

) .
technological innovations.

L 4

8.5 Staffing and séheduling, Staff fequirements would differ in the

four phéses of the.research. Phase I would need an overall project direc-

ssociate project director, and a secretary. These personnel

ated in the United States. The interviews and written report

'S

-

They woulg also arrange and conduct the meeting in which their findings

were discussed. , . - ,
. o ¥
Phase II would require the services of an overall project director,

an associate director, project directors from each of the countries parti-

»

cipating in the study, and six consultants. A research and statistical
andlyst, the selected éhange agents, and two secretaries would complete

the staff. The schedule would be as follows: three months to seléct the

v
el

change agents and hold three weeks of training sessions, ohe week in each

N

country. In the last three months the chénge agents would work and surveys

would be conducted; : ' )

&

Phase III would be carried out by the overall project director and
associate director, three national project direectors, three data collec~-
1]

tors and analysts, the part-time change agents, and four secretaries.

Phase IV to last 6 months, would require only the overall ‘project

. director and associate director, three national project directors, and

three data analysts and statistidians, and four secretaries.

. o ’-

S
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The overall time for the entire study would be 2 1/2 years.

8.6 Steps required to tfanslate'findings into operétional usé._ The
findings fh.the final report would be fepofted in educational‘journals.
ahd meetings of educators.in the countries involQed, as well as internafional
meetings. Discussions would bé held aé to implications of the study for
éther,communities planning to begin instructional TV. |

8.7 Coordination ‘with other research and dévelopment work. This

) - : .
‘study would be useful to any agency interested in introducing innovations
into less developed countries. It would be ¢oordinated with other efforts
.at establishing instructional media--not only TV but all the others--in

less develdped countries which might be expected to face similar problems.

s 8.8 Professional expertise required. Experts in research planning

B . r:; . -
and directing; survey and interview experts; data analysts and statisti-

. , ” : . -
cians; and experts in attitude changing and introduction of innovations.

8.9 Estimated costs. The estimated amount of labor of the necessary
specialists is 17 man-years. Most of them might come from less devéloped
countries. To that must be added the labor of the change agenté, data .

collectors, and secretaries, all of whom will be recruited locally. .The

costg would be:

Phase I . 24 man-months ' $ 48,000
¢ C
Phase II 60 man;monthsv o 120,000
Phase III.V 180 maﬁ—months - » 360,000
Phase IV - 72 man-months ° : .144,000

. TOTAL 336 man-months . $672,000
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~ 8.10 Appropriate countries.fér project. .The countries listed above

would be visited during Phase I to learn about their experiences, but

it is recommended that the final study will be_carried out in Venezuela,

Brazil, and Nigeria.
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9. Proposed Project 9, Priority A

MINICOMPUTERS VS. LARGE COMPUTERS

This is a comparison of the cost-effectiveness of local minicomputers .

vs. very large computers accessed over distance by a network, for computer-

aided or cémputer—managed instruction EdAI and CMI).” CAI differs from CMI.

in that\in CAI, all instructional materialshare on~line or available throdgh
, ¢ ' : T

the terminal, but in CMI the student may be referred by the terminal to

books, pictures, -or other instructionai materials which are not- on-line,
after consulting which he returns to the terminal for testing on_them or

-

other interaction.

9.1 Objectives. Objectivesﬁof this project are to determine the

feasibility of CAI or CMI for use in less developed countries and to compare

" the cost-effectiveness of the two types of CAI or CMI systems, (a) decen~-

t;alized with local m%nicomputezs and (b) cent;alized with very large regional -
T computers‘connected to terminals by é network., A test,of,both systems in
. a less developed country WOuld_indicate'WHatztréde-offs‘between length ‘ S
of channels in the network and size effect their relative costs and effec-
tiveness and wouldvdemonstréte the strengtﬁs and weaknesses of ‘each system.’
a less de&eioped country would iﬁdicate their relative costs and effective-.\
ness and would demonstra;e the strengths and wéaknesses of each system.

CAI and CMI have generally been considered too costly as presently -

]

operated, for use in less developed countries. New technological dgvélop-
ments, are cutting the costs, however. Because it has certain advantages

over other instructional media, therefore, it is important to secure accurate

4 @
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information about both its present costs and its effectiveness. These

advantages, as compared to instruction in classes or by broadcast,, are

-

primarily those of individualized instruction (see page 194). The student
learns at his own rate, studies at times convenient to him, and since

ub T . ' : . . . .
branching"” is possible, can by-pass material which is already familiar.

The student also receives immediate feedback on his successes and errors.’

In addition, the computer can keep detailed records of his learning per-.

formance, so that tests and final examinations are unnecessary. CAI or

CMI are more costly than broadcast instruction and certainly more so than

- instruction by either teachers or paraprofessioﬁals. Its use would probably

' -

be indicated in higher education, where quality'in advanced and specialized
instruction is of particular importance and where costs per student of

traditional education are high, rather than in primary and secondary schools.

CAI or CMI could possibly become cost—effectiye in two?gays. It
appears now .that either very large com;uters capable of time-sharing hundreds
of terminals over teléphone lines or cables, microwave links, or satéllite,
or;inexpensive'minicomputeré'might ;educe the cost of instruction péf étu—
dent hour to the point that less developed countries couid have the advan=~

tage of this form of instructional technology. CMI might be even cheaper

than CAI if terminals were used less by each student and their use were

vSupplemented by books and other instructional aids.' A major problem with

the use of large regional computers is that terrestrial electronic communi-
cation networks in many of the less developed countries have been noto-
riously unreliable.

9.2 Levels and subsystem or "subsystems involved in this study. The

.levels. areé the organization and the society. The subsystems are the channel

component of the chahnel and net subsystem and the associator subsystem. [
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9.3 Existing relevant research. Cost studies reported above (see
Table 7, page 121) have indicated that in the past CAI and CMI have cost between
$2 and $25 per student hour. But things are changiﬁg._ Minicomputers with
_ the power of two IBM 7094's are expected to bg available soon at a cost at

1 : -
or below $2,000, Several sorts of inexpensive minicomputers of various

- a

sorts are on the market. New breakthroughs in costs of large computérs have
- also occurred. A large comphter,‘like the IBM.370, model 165 or thé‘Burroughs .
67b0; capable of sefving 4000 remofe terminals, can cost less théﬁ $1 %illion.
“Experience with CAI or CMI in a number ofvplacés is also reievent. The
7 Pilot Medicél School of Ohio Sta;e'Univers%Fy is teaching preclinicai sub-~
jeqts by CMI. 1In general the stu&ents and faculty find it satisfactory.2
Certain otherAuni§grsities‘have set up Teméte £erminals tovﬁhe Ohio State
system. Also the Federal Uniﬁersity of Rio de Janeiro is beginn{ﬁg to adapt
the software of thistsystem for both large and minicomputers, and is stﬁaying
" the feasiﬁility of disseminafingithis~sort éf instruption to other Bréziliaﬁ
medical schools; The_PLATO bréjeﬁt ;t the University of Iiiinois is giving
a wide range of cbllégg courses by CAi %Bdkother campuses are now begiﬂﬁingb
to use }t. ‘Numerous other programs employing CAI are now -in development or
under way. |
There is also relaged basic research on the~re1ative;advantéges oft
centralizing or depentraiizing infopmation processing systéms, which is the
fundgmgntai queétion in tﬁié project. According to Kochen and'Deutsch, a
decision in such maftérs depends on factors like the lengtﬁ of the channels
in the networks how.much they are used, their channel capacities; the length

of meésages sent over them, the amount of their operating costs, and the

comparative growths of each channel's use and of its channel capacity.3
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9.4 The research design. The project would be carried out in a less

- developed country such as Brazil, Venezuela, or India, where very large

computers are available and where minicomputers. are available or-can be

3

imported.

(1) Phase I, one year. The project team would be recruited. The"

schools and universities in which the prbject,woﬁld be carried out would

a

be sglectéd, and the procurement of the necessary hardware and software

would be &rranged. It'may,be possible to use softwareﬁprepared eiéewhefe,

K}

“or it may be necessary to write software especially for this project. The

- latter alternative is more likely, and the budget is based on that assump-
tion. : L

(2) Phase II, one year. After assembling the hardware and software

and pretesting them, full coﬁrse programs woulé be provided by CAI>or CMI
té 12 secondary schoplé and 12 universities in" the selected couﬁtry. These
courses would be presgnted by Eerminals connected githef to a large compﬁter
accessed over appropriate data links of'to minicompuégrs'pléced in each .
inétitution. Six scHools and six universities would use a central large
computer, and six of each would use minicomﬁuters. Forty termihals,would

be installed ih gach institution, a number sufficien;, on staggéred daily

schedules, to serve more than 200 students (i.e., more than five studcnts

per terminal). -In the total project -at least 10,000 students would receive

-~

CAI or CMI. ) : . o

™~

The programs would- operate for one academic year. *

\

carefll déily fecords of operations would be kept. Data would be ;
y i ; .

recorded on the prougress of the students and-their attitudes to this form’

- -

of instruction and comparison data will be collected for control groups of
Y ’ { - -

855 3 L .




©  would affect all institutions, but that of a minicomputer would affect only

- one central computer?

® . )

studerits taking the same courses by traditional means. Cost figutes on

all aspécts,of these activities.would be collected.'

(3) Phase III, one year. First the data collected would be analyzed

_to yield information relevant to a number of questions suchzfs the following:

v

e Do either the large computers or the minicomputefs'have an

£

. , s _
excessive amount of down-time? ' ‘(The down-time.of a central computer .

one.)

e What problems arise in correcting and updating programs in mini-

computers? 1Is it harder to keep 12 minicomputers operating correclly than

v

e What are comparative service costs to minicomputers and to-the

v

central computer?

e What problems arise in securing local service for minicomputers?

ot

‘e  What “effects do_increased line charges over loﬁg distances have

¢ .

updn the comparative costs of the two systems? At what distance does it

become more cost-effective to provide minicomputers rather than pay.line .ot
chargés for access to the central computef? - ,
) Does the amount of usage of the channels and terminéls alter
the cospfefféctiveness,of either the central “computer or the'minicomputers?
® Does the length of ‘the average message tfansmitted between the

. . . * <
terminals and the computer affect the cost-effectiveness of either con=

figuration?: _ . : _ ' .

- -

® How do the channel capacities of the various channels affect the ., |

i i , i ¢ -
cost-effectiveness of the two configurations? Does increasing use alter
o . rd

1
: , j
such effects? ' S o




written. Then it would be desirable actively to initiate plans to

two data collectors and analysts, and two secretaries.

~engine»r, and two secretaries.

‘ E o 376

) Are the costs of either or both programs so gfeat fhat they - “

are not feasible as standard educational activities invléss developed
countries? . ' I . v

- @ If they are feasible, what are the minimal and optimal, numbers ' S
. v s ] . .o |

[

of students per year to justify them? - o S ‘ , /

After the data were completely'anély2¢d'the final report would be

expand the use of CAI or_CMi in less deve}oped countries if either cbm—

puter configuration turned out to be sufficiently cost-effective.

9.5 kStaffing and.scﬁéduling. If fully qualified all personnel in .
this study could come from the host country, but éualifications should be.
carefully reviewed, especially for the director. Knowledge of research - ?_A'

- .,

design, instrtuctional technology, aﬁﬁ_computers are essential’fér him., - & - '

(1) Phase I, one year. The director, associate director, six com-

puter programmers, two computer operators,” one -communications engineer, .

Lo

(2) Phase II, one year. The same staff, exbép only two computer °

Y

programmers would be needed since most course‘progrémming and adaptation

would have been completed by the end of Phase I.
~ :

’

(3) Phase III, one year. Director, associate director, communications

AY

-

9.6 Steps required to translate findings fnto operational use.

Findings of such a stﬁdy would be.applicable to less developed countries
with comparable computing facilities. They would assist deciders in | . :

choosing what sort of CAI or CMI systém would be most cost—effectiVe"for R

.
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a
>

their countries, if the current project shows that to be feasibie.‘
fThese modes oﬁ instruction a¥e ﬁuch,less well known andtupderetood than
radio or TV, and without aggressive'publicity~of the reeultsvof-the
,study by lectures, semlnars; nlannlng se331ons, and pub11catlons in
~arious less developed countries, the work may take a long t1me‘to have 1
impact. ; ) o ' ~ R . -
. ' \
|
|
|

9.7 Coordination with other research and development work. Regults

of this project would contr1bute to ‘the growing body of 1nformat10n about’

CAL and CMI. It would be worthwhlle to compare thelr cost—effectlveness' i
l‘ B ¢ o ‘
with that of TV and radio. ' |
o . . . ) . . L. -‘ 7 - !

9.8 Professional expertise required. The project would require

=

o,

~experts iIn instructional technology, in education, in computer programming

and operating, a communications engineer, data collectors and analysts.

9.9 Estimdted costs.. It is assumed that all operating personnel

~

involved in this Study_Wililpome from and be paidvby the hoét country.

This project would require 27 man—yegﬁs. The personnel requirements and

estimated dollar costs are as follows:

1. Phase I, one year _ 156 man-months $312,000

. " 2. Phase II, ome year 108 man-months . 216,000
| . " Central computer time rental . : $100,00Q
", . Data links ; - 100,000

- 12 Minicomputers, purchased : 24,000
at $2,000 each (year rental :
would be more than $6,000 at
$500 + each) :

TOTAL 324 man-months © $968,000

960 terminals, at $100 each ) 96,000
: ‘ Subtotal ° . " 320,000 ]
3. Phase III, one year. . 60_man-months 120,000 |
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9,10 Appropriate countries for project. Brazil, Argentina,'and'
India, becduse they might well be able to afford and operate the computers

and communication links necesséry for this experiment. Foreign aid might-
‘be required to help pay/for the hardware. ' o
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10. Proposed-PrQigpt 10, Priority A

INTERNATIONAL SHARING OF COMPUTER MANAGED INSTRUCTION
This is a study of sharing of computer managed instructional resources
between established and less developed countries.
L 10.1 Objectives. The objective*of this study is to explore the

v?// : e : ’ ’ .
feasibility of adapting CMI software produced to teach preclinical medical

sciences in the United States for use in medical schools and training pro-

gfams for dentists, nurses, veterinarians, and other allied health personnel

.Jin several less developed countries. "

The present costs of both hardware ;nd‘software for CﬁI or CAI are
High enough to deter ;heir use in many less'developed countries even though

,they might be effective &;ys to p;bvide high quality education in some
‘figlds. The éost—eﬁfectiveness.of instructional téchhology in these éountries
could be substantially improVedtif~déve1§pmént expenses of computer faci—
lities, educational satellites to transmit CMI or CAI sigﬁals, and programmed
instructional materials wére shared‘ihternationally;

An example éf the dée of CMI.materials developed in one qountry~by a
university.in'another coﬁntry, is the cﬁrrent_project to translate into ’
Portuguese and adapt the software of ?he Ohio State Pilot Medical Program .= -
so that it can be used to teach Brazilian‘medical students at the Federal

. University of Rio'de‘ganeiro and perhaés’at other Portﬁguéée—speaking
schools. .This CMi program contains the usual content of the two years of

N : ) ) )
medical school, which are preclinical instruction in basic medical science.

- . -

360
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Individual students‘can interact with it in a conversational mode at a

computer terminal which is augmented by a slide projector showing coordi-

nated visual materials. Also additional printed materials are provided.

P} .

. The project we propose here would have the goal of éxtending“the use

{

of the Ohio State Pilot Medical Pfogram to other countries studyirg

ways in which it should bé adapted for most effective use. Specifically

‘'we suggest translating it into Spanish and experimenting with its use in !

health training programs in -less developed countries that use~Spanish‘or
English. It is further proposed that its usefulness be tested for teaching

basic medical sciences to dentists, nurses, veterinarians, and other allied

s

"health professionals. Paraprofessionals can be expected to provide most

of the medical services in many less developed countries, particdlafly'in
the rural areas.

10.2 Levels and subsystem or subsystems involved in this study. The.

levels are the organization, the society, and the supranational system.
The subsystems dre the three components of the channel and net suBsytem;

the ‘associator subsystem; and the memory subsystem.

10.3 ' Existing relevant résearch._ Some experiments in cooperation’

among different educational institutions of . the United States in the use of

" CAI and CMI have been successful. These include the use of remote termi-

nals connected by telephone lines to the Stanford University computer for
teaching linguistic and mathematical skills to school children in the

South, and the cooperationubefween the Univefsity of Illinois and the

University of Indiana in Project PLATO, which teaches college courses by




o

CAI (see pagé 373). Also the Ohio State Pilot Medical Program is being

-

|

used by the medical schools of the Universities of Virginia and Wisconsin

and will probablytﬁé uséd elsewhere in the United States. An international - ‘
»example_of éhe sharing of another kind of insﬁructional materials, is the

coopération by ten African countries in developing the ENTEBBE series of
ﬁodern elementary schooi‘mathemaﬁics text?ooks. Another one is the

Létin Ameripan textbook exchange. The Open Univeréity“curricular
materia;s (see page 460) and "'Sesame Street" (see page281), have been
adaptedifor'uSe in'moré than one country. And, of coﬁrse, the Ohio State

Pilot Medical Prbgram'is being used in Brazil..

10.4 The research design. This project would be carried out in less
developed countries in which a medical school or other health training
program had access to a computer.

¢ .

Phase I, two years.  The Ohio‘ﬁtate instructional materials would be .

‘traﬂslated into Spénish and the Spanish or English version wsuld be adapted
as needed for the-local situation in three less developedvcountries, such'
as Panama, Argentina, and India. - Ebr instance, some of the technical'
terminology in_regular use in the host couﬁtfy would differ from that in
the Ohio Staté program, To illustrate: The diéease known'in the United )
States as“ﬁSan'Fernando Valley disease" is known as "Chagas disease" iﬁ
Brazilt Also the inéidence of this‘illnessvis different in North and

South America, and this might require alterations ofvsqme statements in

the'program. Other sorts of alterations would be needed when content

materials of the first year of medical school in the United States repeated
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courses included in premedical programs in another country, or when
h : : g :
prerequisites for a certain course were taught in the host country.

If the prior training of nurses and other allied health personnel

did not include necessary prerequisites, the required materials would

have to be provided. Also the program might have to be simplified at
some -places for them.

Phase II, two years. -The translated and/dr'modified program would

"then be tested in use in various medical and «llied health training pro-
gramé in three less developedlcounﬁfies; possibly Panama and Argentina, in
which Spanish is spoken, and India, in wﬁich English ié usgd'in higher.
education.. In each of these control groupé of students would be instructed
in the usual ﬁanner, by lecturers and textbooks, whilé matched experir
mental groups of students in various health specialties wouid recgive the
CMI instfuction. Both cqntrol and eiperipental students would be given
the same examinations, on a regular schedule before; duri?g, and after each
course. vData collected over £wo years would include careful recordsvof
each student;s progress képt by the faculty of each cooperating Efaining
institution;»grades for_eacﬁ student on the examination; and grades of
students from prior years,'to.provide a base line.

The stud;nts.taﬁght by the CMI, in each of the health specialties,
would be compared with. others in their own school and with those in other
co;¢tries, including the Unifed States, oﬁ rate of progress through the
progfam and on success as measured by testé. Faculty members qu students

would be interviewed to discover whether or not they liked the CMI instruc—

tion and what they perceived as -special problems. Faéulty members would

~

’

v
P
w
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also be'askgé how much édditional'help beyond the CMI tﬁe students had
needed and in what specific asbects of the subject-matter. Aiso any
changes madé by the faculties in tﬁe CMI program w;uld Be ﬁoted. ‘Care-
fﬁl records of all coéts and savings woulg-be képt{

Thése data would make it possible td‘discover'how much adéptatipn
this program required for use in the various specific less developed
countries and what specific cultqrél factors facilitate or impede its
acceptance and success in these places. Evidence on tﬁe general issue .
of the feasibility of using CMI or CAI internatioﬁélly could be obtained.

Phase III, one year. Data analysis would be completed and a final

report written. The results would be discussed with governmental officials,

health educators, and health professionals in the host countries to see

if the program should be extended there. They would also be discussed
with comparable persons in other countries which give instruction in Spanish

or English, to see if the CMI programs could be used there also.

10.5 Staffing and scheduiing. The project director should be a

person experienced.in the use of CMI or CAI. He would need an associate
who would spend part of his‘tiﬁe at Ohio State to maintain;liaisbn there
.and facilitate the transfer.of the original QMI‘materials (plus further
updated materials) to'the host countries' iﬁstitdtions, which he shéuld
visit on a regular basis. In each of the three cooperating less developed
countries there shoﬁld be tranéiatofs and programmers. (Altogether three

translators in the two Spanish-speaking countries and two programmers in

each of the three countries). The project would also need a total of
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five secretaries, twa in the main office and one each in each of the

host cdqntries. All persénnelbin the hogt countries could be citizens
of these countries, but at least one would need advanced training in com-
puter science. .It‘is assumed that all operating and'instructional costs
would be borne by the host countrieé. The project would, however, pay

for the hardware rental for the first five yearsi The schedule, as

- indicated above, would be: oo

@

1. Phase I, two years. Assémbling staffs, preparing CMI matérials

* <

for local use, and arranging for computer services.

. 2. Phase II, two vears. Conducting ;he CMI and collééting data

on the control and ‘experimental students.

3. Phase III, one year. Continuing the instruction, ana}yzing data,
writing final report, and planning for future CMY, use, if any, ingluding

amount of future fees to be paid for use of software.

10.6 Steps required. to translate findings into operational use. As

indicated above, the experiment and its findings would be discussed with

appropriate interested persons. Also many people would visit the prpjecf
and éée it in operation, whic;y would undoubtedly affecﬁ-their attitudes
toward such ingtruction. Most visitors 'to the 0hio4State.program have had
very favorable reactions to it. ,‘

10.7 Coordination with research and development work. Of course

Project 9 abcve, comparing large central computers versus minicomputers

for CAI and CMI, is closely related. Each host country would have to decide

Pl -
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which .computer configuration were best in each institution which cooperated
with Project 10. The Federal University of Rio de Janeiro is studying’
this question in relation to the Portuguese version. Other projects on’

CAI and CMI also are obviously also relevant.

10.8 Professional expertise required. Health educators, CMI experts, . W
computer programmers,-transiaﬁors.

10.9 Estimated costs. The total_labof reduired for this project

over five years in three countries would be 40 man-years. In addition,

each country would need‘approximately $50,000 a year for five years to rent

computer time and terminals or to buy such hardware. The costs:

Ly

Manpower Manpower Equipment . Total P

__ Needs Costs Costs Costs v
1. Phase I, two years 192 man-months $384,000 $150,000 '$ 534,000 E

2. Phase II, two years 192 man-months 384,000  150,000' 534,000

3. Phase III, one y%gg' 96 man-monEhs 192,000 150,000 342,000

v

. , TOTAL 480 man-months  $860,000  $450,000  $1410,000

-
2

10.10 Appropriate countries for project. For the reasons discussed

: " in Sections 10.1 and 10.4 above, Panama, Argentiné, and India.

368
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11 Proposed Project 11, Priority A

CENTRALIZED VS, DECENTRALIZED EDUCATIONAL SYSTEMS

This is 'a comparison of the cost-effectiveness of centralized vs.
decentralized educational systems, from the extreme f possible centraliza-

tion, an international system, to national state, and local systems.

11.1 Objectives. The prime objective of this study is to examine
national educational systems with different degrees of centralization of
their decider subsystems, in order to determine the circumstances under

which centralization or decentralization might be more cost-effective in

"less developed countries.

At present, no international educational system is available for study.
Plans for internationai universitiés aré'being'formﬁlated by t;é United
Nations and by several other agencies. A growing number of instances of
international cooperation in education can be found however;:»dne'is the
relationship between thé Pilot Medical School of Oﬁio State Univeréity‘and
the Medical School_of the Federal University of Rio de Janeiro (see Proposed‘
Project 9, pagé Z71). Another is the link between Stanford University and

the Space Agency of Brazil by which seminars are conducted over TV live by

satellite between Stanford and the Space Agency. The educational TV pro-

gram Sesame Street is also.uéed in several countries besides the United

States where it originated. It has been reenacted in Spanish for use in

A

Mexico and in Portuguese for use in Brazil. _Also four colleges in the

‘United States and one in Bermuda are using instructional materials produced

by the Open University of the United Kingdom. And there are other examples
of sharing of instructional materials among educational systems in different

countries.
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Commercial interests are also interested in dissemination of instruc-
tional materials throughout the world. These include such things as audio
cassettes for instruction language put out by Berlitz and others.

Except for the various international university proposals which are

‘now only'in the blue—print'stage, these activities are not-conceived of

as concrete systems. .They lack a central decider which can integrate the

various components to constitute a complete educational system. It is

. ° &
important to consider factors related to their cost-effectiveness,_ however,

because some sort of organized international sharing of educational resources
will almost certainly come into existence in the near future, taking advan-
tage of the fact that channels and’nets can and do-pross international

borders.

11.2 Levels and subsystem.or subsystéms involved in this study.

Levels are the organization, the Society, and the supranational system.

S%E%ystems are the transmitter and the channel components of the channel
~ ' : »

4 .

.

and net subsystem, as well as the decider subsystem.

11.3 Existing relevant research. Research on centralization and

. ~ - . / )
decentralization of organizations is relevant to school systems, which are

one type of organization. Meyer studied 254 city, country, and state depart-
' I
ments of finance and found that decision-making authority became more highly
centraVized as the number of subordinate organizations or groups in an organi-
1 .

zation grew. . As the number of echelons in the decider increased, however,

< .

~decentralization went up and rules promulgated by the top echelons to' guide

organization-wide decisions proliferated. Problems of coordination among

: 2
components of organizations are discussed by March and Simon. They make

. 368

.
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thg‘distinqtion'between.coordination by plan and coordination by feedback.
This is relevagt to coordination among the many schools spread through the
te?ritory of a country. Analyses by Miller dé centralization and deéentra-
lization in organizations are relevant to educational systems as well .as
o?her orgénizationé.3 Also Kochen énd Deutsch have deveiﬁped mathematical
modéls of centralizatidh-decentralization the resJits éf which have sug--

LY »

gested a number of the hypotheses listed in the next section.

11.4 The research design. Because no intérnational educational system
yet exists the actual research effort must of necessity be limited to the

group, organization, and society levels. Six Iess dével@ﬁed countries whose
educagiodal‘systeﬁs are organized with different degrees éf_centralization
of their deciéion{ﬁakiﬁg processés would be participants inAthe project.
Highly‘decentralized syétems such as those of Afghaﬂistan and Nepai ﬁould

be the least centralized systems. Irdia and Mexico, in both of which

h '

state rather than national control of education is dominant, woul@® be
’ . . : . . X B

suitable for'the'intermediate condition. Ethiopia and Costa Rica. are goqd

“
-

examples of countries with highly centralized systems.
The Study would consist of interviews with édministrators, teachers,
and students in each of these six countries. An interview sc¢hedule would

be followed by the interviewer in order to dis%pver details of/the organiza-
tion of their eddcationalisystems,' An attempt would be made to answer
questions like: Where in the syggem are important-decisions concerning

curriculum, teacher qualifications, long-range planning, building programs,

innovations, and spending made? What disparities exist among schools or

regions in program content, amount of money spent pef student per year, or
@ . . ’ B

-
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number of years ofweducation provided? Who selects and hires teachers?

© _ Are teachers equally competent throughout the systeﬁ? Who gets promoted? >
How rapidly do new iQeas,.programé, or methods spread throughout the system?
. o i

What are the lengths onghann¢ls that must be used to get a suggestion or
- ‘,\ . - . v LY

complaint fo someone able to act on it, éhat is,fthe number of ‘offices
through which it would havé to be routed? wﬁat is the procedure for get-
ting services like é TV receiver repaired or'ﬁuilding repairs dbne and the
;approximate time such sérﬁipes would;take? ‘Whaf is the leﬂgth of distri-
butor. channels through which supplies, replacement parts, or technicians .
must bass to reach installations? What is the procedure for removing an
f ) incompetent'teacher or.administrato}, and who makes a final decision of
this sort? What are the’comparative cosgz of operating the_varioas
syétems? | |
“ The information ogta{ﬁe;;would be used to provide confirming or
disconfighing evidence for a number of'hypbthesgs concerning the effects
~of pentralizatiop and decentralization. These hypoﬁheses are stated posi-
tively but it is undersiéod that they are proposed not as facts but as state-
ments for which evidencerpro and con would be céllected and weighed.
Some possible hypotheses, togéther with some méasures which could
~ serve to cqnfi;m or disconfirm them, are:
.1. The more numeroué the students and schools in.a school system, in

_ - 5
general the more echelons there are in their administrative structures.

Not only ‘the present number of schools and students, and number of echelons,
¢ would be determined, but where .possible, 'historical data would be obtained ,
about the growth of the system and the expansion of its Qecidef subsystem.

. 3
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2.* In general, the more money per capita a country devotes to §\ \

. . 6 NN :
education, the more cost-effective centralization is! This might be trﬁé&\
! AN

where, for exémple, enough funds are available to purchase a statewide

+

instructional Tv system to éerveQSOO schpols.' Such instruction might well

be more cost-effective than traditional education decentralized to each,

e

:

school. Until the funds were available, howevgf,vthe decentralized approach

. £y

would Pave been mandétory. The data ;otevaluate this hypothésis include

indices of. per capita income, educational costs, and educational éffeétive—v'
‘ness as measured in ways like those discussed in Project 1 (see pages 267

to 307).

'3

3. The more centralized a system is, the less variation theré is in

3

policies and administrative practices and the fewer inequities are found

in the quality of education, in buildings, in equipment, and in the pay an§ °
- \ ] B 7 » ot ) ‘ .
- work loads of teachers. Data relevant to this hypothesis would be elicited

in a straight forwizg manner from interview materials.

4. As decentralization increases, administrators in different parts

N : of the country make more and more of their decisions without the benefit

of relevant information existing elsewhere in the system. -Consequently

‘the decisions are often less satisfactory, and always less coordinated

than they would be in a centralized system.
. 3

1

Measures of the effectiveness of decisions and of agreement among

I

decision makers would be developed to test this hypothesis.:

i;» - 5. So long as all relevant'information flows among all echelons or

components{of'the decider, to keep them all informed of states of the

o - )

-system, the more decentralized the decider of a system is, the better will o

Y a
3 : : : . 9 , . . ]
; \ be the adjustments made by its echelons or components. . ‘- . R i,

1 - . . V .%.
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Expréséed satisfactionsbor diSsatisfactions'of school principals
of_lpcal superinténdehtg wohld give some'mea§urevof the adequacy of the.i
adjustments made. ?ringipals, local school” superintendents, and othe; . - f
dfficials.btéted impressions of;how gooa is- their access to information- : o i
théy need to conduct theirvactivities and of‘how accurate is'their viewb

of the total system in which they operate, would be evidence of the

-
Y

a&eqdacy of the informatidnvfldw.

6. The more decentralized a S&stem is, Ehe-mqre Quickly and efficientiy

’ ' 10 ‘ s
efficiently will :local problems be solved. Information on the length of

distributor and channel components and the number of echelons that must be.

consulted before a fina1 decision is made would relate to this hypothesis.
Estimates ofvthe amount of time it takes to get appropriate action would o
also be relevant.. -If, whenever a blackboard is broken,, it is necessary to

' : . ' b

send a message to a remote capital city to get permission to obtain a

replacement, a disadvantage of centralization is painfully apparent.

By

7. The more isolated a component is, the more it must depend upon '

its own resources Or. thosé in its‘immediate neighborhood for its needs.

The round trip from Menaus to the most remoﬁe parts of the State of -

. o ~
i

Amazonas, in Brazil, takes 24 days. Communications in the area are very - .

pdor. In such a situation no day-to-day centralized control can be exerted - -
over details of local operations. Local administrators must be given some
‘ . ' s : dal 5LV e

autonomy. Decentralization is forced upon such a system. Here a- system

woﬁld:have primarily to use ccordination by\g}anning rather than coordina-

tion by feedback. That is, instead of expecting problems to be brought for

immediate solution to central administrators, detailed contingency plans o o

and standard operating procedures would be developed 'to meet every




" isolated a component is as well as how much it relies on local resources.

R s

o i
'
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1

|
|
\
imaginable circumstance. ‘Interviews would give rough measures. of how - : .
|

8. ' (Related to Hypothesis 7.) The greater the distance over which

\

: ' 1 N ‘ y
supplies or services must travel,. the more cost-effective will decentraliza~ : //
. - . . ' : "y
12 ; o : :
tion be. ' —/ : : » ’ // K
Measures to use in evaluating this hypothesis include the costs of . 28
. - < . . . l - /

-transp0ft ot travel over the distance supplies and serv%ces must travel /
and indices of educational cost-effectiveness like those mentioned under 7

A

Hypothesis 2.

9. As the.decider becomes increasingly unresponsible so that a

request must be made repeatedly before it gains attention, decentralization
13 . ~ . .
is more and more cost-effective.

A decider of this sort is admittedly péthological, but in entrenched

educational bureaucracies such pathology is common. Interview material would
. ° o
;almost certainly disclose a situation of this sort wheére it exists and pro-

" vide a rough measure of decider responsiveness. This could be compared with

¢

. . » . . ‘s
indices of educational cost-effectiveness like those mentioned under

Hypothgsis 2.

10. When a system is growing so kapidly that its administrative

. - )
structure is inadequate to handle all the problems and requests that arise

within it, deégntraii;ation of decision qgking is increasi@gly‘coéti
'effe;:tive.l4 | |
.The rate of addition ‘of new schools or sérvices like nonformal
educational programs; together with the satisfaction of admihiétrators with
the response to théir feasonable reqﬁests or their expressed frustrétion 

could be comparad with indices of educational cost~effectiveness’ like those

. mentioned under Hypothesis 2. .
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11. The less homogeneous ié'tbe cultdre_o? a country, the more cost=-
effective is decegtralizatioﬁ. Where political units'have'diffeyent cul-
tures and~1anguagés, as‘they do in India, a Qentrai decidér has diffiéulty
in Eont?oiling the whole system. iA measure of cﬁltural Homogeneity would
need to be constrﬁcted and compared with indices of educatiénal cost-

4
effectiveness like those mentioned under Hypothesis 2.

11.5 Staffing and scheduli%g;. The projéct would requiré'a national

director in each of the ctountries involved in the research. These would."

_-be citizens of the countries concerned. One of these could act as overall

project director. Each would have an associate direétor, and two inter-

viewers who would also be data analysts. Two secretaries would be needed

in each country. . s

In addition, consultants frdﬁ the United Stafgs would advise as
neceséary»in the»specialty fields of research ﬁESign, bperatiOns research,
érgaﬁization theory, socioloéy; test development, education, an@ interview
techniques. |

Thé project would take two years and include the following three

phases: Phase I, six months, devoted to planning. Phase II,. one year,

for collecting data. And Phase III, six months, for analyzing the findings

and writing the final report. : . : : e -

4

11.6 Steps pequired to translate findings into operational use.' The

findings would be applicable to planning by educational administratbrs and
governmental policy makers in less-.developed countries. They could be made

‘known through educationalbjournals and international conferences of educa-

s ”

tors and policy makers. l, : "N

=3

- .

)
7
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11.7 Coordination with other research and,develqpment work. This

*.project dealé with one major determinant of cost-effectiveness of educa- .

tional systems -in less developed countries, and naturally should be analyzed
for its relations to other cost-effectiveness studies like several of our

other proposed- projects.

'11.8 Professional expertise required. Experts in_research design, 
operations research, organization theory, sociology, test development,

education, interview téchniques, nd data processing would be required.

11.9 EstimAted costs. A total of 72 man-years of efiort. The costs:

}1. Phase I, six months - ’ 36 man—monfhs~x - § 432,000
: ‘ " six countries = : o
216 man-months

2. Phase II, one year T2 man—m;§§hs X 864,000
' ' : six countrfes
432 man-months

3. Phase III, six months 36 man-months x : 432,000
; -8ix countries:
216 man-months

TOTAL - 864 map-months $1,728,000

11.10 Appropriate countries for project. Decentralized educational

systems--Afghanistan and Nepal; moderately centralized educational systems—-
’ : .
India and Mexico; highly centralized educational systems--Ethiopia and

i .

Costa Rica. ) ) "

g
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12. Proposed Project 12, Priority A

CULTURAL AND SOCIOLOGICAL VARIABLES IN EDUCATION

This is a study of cultural and social variableé affecting formal

and nonformal education in less developed nations: values, motivation,

curricular content, and adaptafioﬁ to new technologies.

12.1 Objectives. The objectives of this field study are to analyze

the effects of the abo§e4hentioned variables upon the attitudes of rural
people in less developed countries toward'the forﬁal gnd nonformal educa-
tional programs that are offered to fhem and to their children, in order
to find ways to make the course material more relevant, attractive, and
useful to them.

Ordinarily, educational programs are planned by administrators who
y 1 progran

- may not share the culture of the rural people, and in some cases do not

use the same langrage. This is bartibularly true if abless deveioped
country has recently.been a colony of another society.v In these pIacés,
the 1anéuage of the schools #nd of the people may be different. Langgage
adifférence§ can also bé found in less developed countriesqin which moré
than oﬁe culcura; tradition is represented—;Spaﬁish aﬁd.Indian, for
example.

A furthef problem with educational systems in mény of these countries
is’that most Qf Ehe graduateslof the schools do noﬁ find jobs commensurate
vwitﬁ.their education. A report ﬁo'The Development Assistancé Committee
of the Organization for Ecoﬂomic Co—operatioﬁ_and Develapmént (OECD) éSt;;r"

mates that in some countries jobs are available for no more than 10 to 15

<817 .
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percent of the potential work force. It is importanf, therefore, that
the education offefed should make two of its goals: (a) to improve the
quality of the lives of people in their rural settings and (b) to prepare

them to understand and participate in the'sociélﬂchange and éxpanded oppor~

tunities that will accompafy their country's development.

12.2 Levels and subsystem or subsystems involved in this study.
The levels are the group, the organization, and the society. The subéystems
are the input transducer; the transmitter, channel, and receiver of the

channel and net; the associator; the memory; and the decider.

12.3 Existing relevant research. The largé sociologi{E?’Titerature
that describes the differences bétween the way of life of peoéle ifi small
rural communities and those in urban centers provides background for
studies like this one. kedfieid's work on “the little édmmunity" described
_life in an isolated South Americanvregioq.2 The 1literature of énthropolog;
also:applies, especiall& that déaling with the effects of contact between
peéple of different cﬁltﬁral backgrounds; the adbptionvof innovations in1
societiés; and the family and tribal organizatibns that preceded modern

governmental forms in many developing countries and aré still important,

particularly in remote and rural areas.

!

Experiences of educational projects in introducing social change,
including educational innevations, ar:\:lso relevant.
The '"Mandoul" project carried out in Chad is directly related to

this proposed study.3 In 1966, the government of Chad undertook reforms
in primary education with the objective of giving a basic education to the——
greateét possible number of people and of providing the country with the

middle and senior managerial staff necessiry to its progress.

6‘7

318 " ‘

i
3
|
|
|
!
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A problem iﬂ Chad had been that children educated in ‘the schools

]

were alienated from the uneducated people in their home villages or rural

areas. <(lasses were conducted in French. Parents sent their children

—

to school to prepare them for civil service jobs but the civil service’
could not use all the graduates and those who were not.placed did not find

other jobs and could not become integrated into their villages. There wai,
. . 4

~ .

consequently,'resentment against the schools, teachers, and graduates. -
}An experimental project carried out in one village had the dual aim
k4 . )

of>pro§iding the villagers with detailed information about the, school and

) . . . 4
stimulating their awareness of their responsibilities toward school children. .

<
This project used the following methods 83,

(a) A series of meetings was e village square in which

villagers described their ideas about the s and expressed their resent-
ment toward‘thé teachers. Thz teachers, with the help of rural development
authorities, expléine& the schools and pointed out their potential,uséful—

, .
ness ifAthe village were to develop and take advantage of changes and inno-
vations occurring élsewhere. (b) The villagers were then asked 20 deécribg
therobjecti§es of their traditional educational system éﬂd to hecome part~-

al ’ ®

ners with the teachers in deciding which parts of it should be continued

.. .the villagers

an& which supplanted by new ideas. The report said:
feltbthat the children»shouldllearn préduction and craft methbds, and the
sdcioeconomic and sociopolitical rules of &he community and.shouldhattend f
the initiation rites." (g) The villagers, with tﬂe help of'the ;eachers,

"considered the positive aspects of the school and what it might contribute

to the village welfare. They defined the role of the Gillagers as having
s . . > ‘ 379 X t
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to accept responsibifity-for school attendance and to take an interest

in curricular content. The children's perception of a dichotomy between

the school and the traditional worid wag to be changed by arranging coopera-

' B "

tion between villégérs and the school. Tﬁe villagers then assigned some

- o

adults to discuss problems of children with the teacher on a wéekly basis.

«
. a
\

Others were‘delegated to éit in o classes énd report to the village about .
what'§4§/6eing taught and what metzzés were being used. ‘Anﬁ certain older
vilfégers were asked to go to the school and‘falk tq the.ﬁupils ébqut the
traditional ways apdgynbwledge of thé people. Viliageré 5130 suggesfed that
4‘chi1dren'cu1fiva§§ a fieid of cotten under sdpervisibn of an adu1t chosen
‘by tﬁe villagers. Proceedé from sale of fhis cotten were.to_be used to
cléthe thé'childrén and to érovideuadditional school materials.
This program reéﬁlted in interesting more and more villagers in the
r : v . ’

project. Also it obtained the support of Qfaditional and administrative

chiefs. A change in the relationship between teachers and villagers was

very marked. The people chosen by the Villagers to, visit 'schools or take '
other-respoﬁsibilities were scrupulous in their performance. A’mimeographed

<

newsletter was started; in which pupils énd villagers explained Qhat they
were doing.and how they felt about i;. The report.coﬁqludes:

"IT would éf course be wrong to suggestAtﬁat ig other Chad villages, .
let aloné other countries, sﬁch a task should be éttempted.in exactly tye
s;me‘way.: In projectslof.this kind it is *he actioh itself whichlmafters
far,jgre than the specific aspects which are bound to Gar? from oﬁe setting‘

or one context to another. Every village has its ‘ewn particular features;

to repeat what has been done atAMatekaga‘would mean forecing a populaticn

(&




~ the population concerned....'

' Botswana, be chosen for field studies and demonstrations. If more than

ERIC
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‘along a path which it may not wish to follow. What has to be done is

to discover and work out practical methods of action with the help of

s a0l . oy,

’

12.4 The research design. It is proposed that two villages in eéch .

Peru, and

<

of three different less devéloped countriés, perhaps Cambodia,

e

one cultural background exists in the country, villages should be Seléqted

so that the multiple cultures are represented, if posgible. Giving heed

to the warning, quoted in the last section, not to repeat exactly what was ’

done at Matekaga, the study team should approach the villages in a spirit

‘of trying to learn as much as possible about the values, motivations, and
: ! > ¢ " A

attitudes toward social change and innovation held: by the people. Since
it is desirable to form a basis of generalization from which educators

can learn, procedures should, however be as comparable in ail the villages

as is consistent with relevant and responsive community work. More emphasis

should be given to noﬂformalveducation than was done in the Chad project.

- +

By
~

Phases in the project should be: - -

Phase I, six m@nths. Recruit three teams, one each for each participant »

country and plan the project proéedures.

Phase IIlflAl/ZAyears. In each’ community selected for study carry out

) -

the following steps: 4 .

(a) Gain the cooperationqdf the local teachers, school administrators,
‘ ;

and nonformal educators by explaining the goals of the project. This pre~

supposes "coopération on the ‘part of governmental authorities and the-higherA
N A ‘ : ‘ |

echelons of tlie educational system in the country. ' ’ '

i-4 . - ' . :

14 - .

v -

. 881,
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‘

(b) Identify and contaét others in the -community whose good will -
1] - P .
and cooperation are necessary to the project and explain the objectives

to them in detail.
* (c) Hold meetings for any members of the community who wish to
participate. These would give them an opportunity to. express opinions

~and feelings, make suggestions as to what sort of subject matter they

. . ) < * )
would like to have dealt with in formal or nonformal instructional pro- ‘ .

o

.grams, state their reactions to the courses of study available to them,
formulate goals for community-change, and suggest how the unique aspects

of their culture could be preserved and used to enrich the national life.

(d) In the course of these meetings, the special needs of each com-

munity would be determined and then, in the light of those needs, coopera-

\

tive action to make education more meaningful could be undertaken.
' . An ) . . . R .
Particular emphasis would be placed on nonformal adult education, adapting

as appropriate to the .traditional bacKgrounds of the adults.

“

+

(e) Data would be'collected by taping the prpceeds of important
.meetings and interviews and having all membersvbf the staff write daily
protocols or diaries. Perioditallyvopiﬁion surveys would be conducted in-
the ¢ommun£ty, including one at the beginning and one at the end of the
community-action period, as well a; one at the end'of'a follow-up period of
six months. |

v

Phase III1, one vear. Follow-up period, data ani}z§is, and final report

writing and dissemination. - o

12.5 'Staffirg and scheduling. In each .country a national project

director and associate project director would be responsible for the conduct: sy

of the‘s;udy. One of the national difectors would be the overall project

[ - . “
. . P

s c)
s , , . E}o,;
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director. In each country either the director or the associate director

should be trained in comparative anthropology and have a basic understanding

of the culture of the people of the communities to be studied. The other -

one should be an educator. In addition, four staff members skilled in

j groﬁp &ofk and capable of acting as change agents would‘conductfagetings
-and interviews. - In each country an administratiﬁe assistant and a secretary
would be assigned to the_?roject. All personnel could come from the local
’countrieg but some_conéultants from abroad'WOuld‘bé needédg
vTﬁe‘projecf would occupy approximately 3 years, alfhougb the exact

duration of the study in each qpmmunity would be varihble, depending on the

cooperation obtained and manyldther social and political considerations.

Phase' I, six months. Organizing the staff teams and planning the

»
5

research approach. P

Phase II, 1 1/2 years. Community action and field study.

’

Phase III, one vear. -Follow-up data processing, and preparation and
7 : ) .

dissemination of the fipal report.

4

12.6.. Steps required to translate findings into operational use. The

report generated as a result of these field studies would be of use in
planning formal and nonformal educational programs in a way that is more

peéponsi?e to local cultural factpfs and community attitudes.: The staff

<
.

and change agents might consider role rlaying typical community conversations
. v o . , '

from their study or playing parts of their tape recordings, with permission

e

of the villagers, at educator's conferences and conventions.

w ' -

12.7 Coordination with other research and development workz. This
study could contribute very practical insights about the development of

educational systems for less déveloped countries, insights into how best

ce 0

7
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to integrate traditional values and folkways into the formal and nonformal “ "

educational system and how different cultures react to innovation and
¢« -
change.

.

. \ -
12,8 Professional expertise required.. Applied'anthropology, Lroup
work, educational planning, and data analysis.
12.9 Estimated costs. The totalAnEcessary amount of human effort of é
- P' i

the staff and consultants would be 27 man-years for each country, or 81
BRI ' j
man-years total if the project .we carried out in-three; countries,‘as:ﬂ

'

suggested.‘ We assume that the equ1va1ent of 1 man—year o%}consultant
time would be needed in each country in each Phase, but that the other

: ~ R 'c ‘ - -
personnel could be indigenous to each country. The costs for a study in s

. -
% [

<

three countries, then,.would be: , v . "_fn N *
. . T g e
1. Phase I, six months 180 man-months ”$ 360 000
2. Phase II, 1 1/2 years 468.man—honths_ -!;;-936,000

. 2 ,
3. Phase III, one year ° 3247 man-months L } 648,000

TOTAL 972 man-months o 51, 9aagoeo

v T L ’ .
. : v, \ '.

r

12.10 Appropriate countries foz_progect. CambodJa, é;ru, and Botswana.

These countries are a11 relatively unadvanced as compared Evan With others

Ty

of the less devcloped countries. Also they have pervaSive.traditlopai

,cultures, each qu1te different-and ;nc1dentally,'a11 di%ferent from-the
e . “
culture of Chad, which is qulte unlike gotswana even thoughdthey arg both . -
] . Y 3 3 ’
. N K . s \1
in Africa. : A - ¥ , : B
S o . : e e S
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- 13. " Proposed Project 13, Priority A

TEACHERS VS. PARAPROFESSIONALS : -

°

This is a ‘comparison of the'cost~effectiveness of instruction by
fully trained teachers vs. that by. paraprofeséionals, with and without

the aid of instructional technology.

- 13.1 Objectives. The objective of this StddY'is to derive cost-~

effectiveness ratios for several different systems of instruction in order

/

to help educators in less developed countries .select a suitable system for .

AR

Ll . ' . s [ ) ] . - ‘ ) |
use .in their schools. ) . o

Recent interest in teaching innovations has concentrated upon the use

T of inétrpctional'technology to suppleméht?what'é profg;sionally tfained
teachei.traditiépally does ( see page§154t6-156)?“ It ié ge%e?ally conceded
that this is aﬁ effective,way to teach: ' It is partieulafly suitable for
professional or scientific eduéation, in-wﬁicg a high degree of excellence

is required. 'It is costly, however, since the coéts of hardware and soft@are
for inétruction by méss media are almo;t always’simply addea to current
operating costs such as the salaries of trained teachers. Consequently

most of the world's less developédlqountries either could not afford sucﬁ
\ .
;nstruotion or would find it necessagykto limit it. 1Inp some of‘tﬁese coun-
. E£§eé the shortagé'of fully trained teé&hers is great. ‘As a consgquence
paraprofessionals, some of whoﬁ have a b;ckgroundlof.only,a few years of_
. - - . |

primary school, must carry'most of the tégching load. They may be called
teachers, - but they are not journeymen. Theé proper term for them is

"paraprofessionals.” They cannot be content experts, but must rely on some

1
L

Aruitoxt provided by Eic:

<
2
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'in less developed countries can improve the quality of instruction they

- 408

\

N
. 1

medium to present the.subjecl—mqtter. They can, however, possibly learn

H
e

how to manage the learning situation.

It is important, therefore, to explore alternatives by which educators

L .

N .

offer and remain within budgetary limits. These alternatives include not

only’ways péraprOféssionals éan be»made éfféctive as instructors, but dif-

ferent combinations of teachers and paraprofessionals with'instrﬁctional

media. An innovatién in teaching ﬁethod is another alterﬁatiye——the use of .
. y 'L

behavibr—quifications based on operant conditioning theory.

. 13.2 lLevels and subsystem or subsystems involved in this study. The -

levels are group, organization, and society. The subsystems are the trans-

mitter, channel; and receiver of the channel and net subsystem, and the

associator. i

i3
-

13.3 Existing relevant research. Two relatively new developments in

péychology are of barticular'interest, These are the refinements of

%

Skinner's techniquéé of operant_cbnditioning and their application to class-
room teaéhing,‘which is known as\béhavi;n;modificgtion.l )
Operant_ﬁonditioning is a tedhhiéue‘of selecﬁively réwardiné any behavior
patFern that ﬁhe eéperimenter chooses, such as peckihg at a key by‘pigeons
sr pulliqg of a string by rats. ‘Such rewards can tufﬁ the action into a /
habit. Using Qperént conditioning, it is poss%ble‘to establish any behavidr
pattern an animaivcan carry out_as.a reéponse to any.signai iﬁ can percei;é,
For a reward of corn nigeons can bé fraiﬁed to peckAat a button any n;mber
of times or in any.pa;tern. Compiiéated behavioral patterns are shaped from

t

simple ones by selectively rewarding the desired behavior and varying the

{.
o <
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reward schedule. Responses other than the selected one are neither
rewarded:nor punished. Man and any species of organism capablé of learning
apparently can be conditioned in“this way.

4

Human behavior modification techniques applied fo edugatidn reward

-~

whatever behdvior the teacher wishes to establish, every time it occurs.

This behavior may be the correct pronunciation of a word; accurate compre-

vhegsion of a cdncept, or the competent performanéz.of'a motor task. Rewards
may be praised, points toward earning a gréde or a nrivilege, or even tangible
things like candy or anll_coins. Some résearch'results indicate that égachf7
ing by‘thié method.can be‘significéntlyimdre effectiQe than traditional

.mefhods. The use of behavior modification requires special training.and must

replace the teachers personal and often idiosyncratic mode of teaching and

RN

' s : ) . 2 .
unscheduled use of reward and pUnishFent.. .

Also relevant ar€ all the studfes which compare instructional technology

1 .

’ . . ’ / .
with traditional methods. Some of these have been discussed above (see pages

310 -and 312). co

i

13.4 The research désign. This project would compare the cost-effective-

ess of eight different teaching methods. There would be three major varia-

-

les: (a) The training of the teachers would be varied by using fully trained
. ,arofessional teachers in some classes and,paraprofessionals in others. (g)
Teaching methods would be varied by using traditional teaching methods in

some classes and behavior modification teaching techniques in othersﬂ (c)

‘

- Use of instructional aids would be varied by using them in some classes and’

not in others. Such-aids might be texts and workbocks,.printed programmed

instruction, radio, TV, or almost any other particdlar medium listed in

CERIC o 383
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Table 7 ‘(see page 117). Obviously the cost and effectiveness of these

different media differ, but it is not proposed to make differences among

media.Qariables of the present study. Rather, a medium available in the
country'in which the experiment islgénducted woul& be selecied. If fesults
jhstiﬁy it; alsimilar design'éould Ee applied in other countries at a later
RS time, using anothef medium‘or other média. ‘
Experimental conditipﬁs in this projéét would be: . o
Fully trained -teacher

, . A K

~WiFhCut instructional aids v T

1. Traditioﬁal teaching

2. Behavior modification . ,

e

With instruétibnalégids4 P . o L - o —
3. "Traditional teaching

4. Behavior modification

Paraprofessional ' ’ : S ‘

.

Without instructional aids
5. Traditional teaching

: 6. DBehavior teaching

-,

K
[

With instructional aids
: 7. Traditional‘teaching
8. Behavior modification

A three-dimensional chart of the 8 experimental conditions in the

research design would take this form:

ERIC
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© ®

Fully Trained
Teacher 1

s

—
. —

e ——
-
- . .
! .
\ Paraprofessional 5
o Ten

.

(hidden in left back ’

lower corner) Without

Aids

3 /
3, ] Behavior
, 8 Modification
i} . 7 L‘//// B
7 :
| - Traditional , s
L .
“With . Teaching
Aids
®

. ’ “ » .
It is proposed that four classes be assigned to each condition, for

a.total of 32 classes. The four classes for any particular condition

would each be in a different school.

Any school could have two or more
i .

-

classes participating in the experiment just so long as there were no - . 1

multiple classes in it assigned to any given condition.

The experiment would take place in three phases:

Phase I, six months. An initial planning period and training period
for teachers and paraprofessionals who will use the behavior modification
techniquef The two types of teachers could be trained together since the

techniques would presumably.be newxpo bothvandbboth would have to change

LS
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established teachlig habits. The training would be conducted by an
expert (in the techrnique and he would use it in the training sessions.

The ingénsive training course would last three months and include oppor-

tunities for practice teaching using behavior modification. .

Phase 1I, approgimately nine months. ﬁInstrugtibn would be given‘in
a sélected course (e.g., 6th grade science) fér one school year. The -
course should be one for ﬁhich objective criteria of success and failure
are availgble.. The grade and averége age of the students should bé tﬂe

same for all the classes. Costs considered in comparative cost-effective-

ness calculations about the eight e..per.mental conditions would include

' .media costs, if they applied; teachers' and paraprofessionals' salaries;
parap 3

costs of traditional materials; and costs of a consultant to give the

" training in behavior modification and to supervise teachers and parapro-

fessionals using it. Effectiveness would be measured by pretesting of
attainment in the subject-matter and regular monthly and final tests
~

would be carried out. ‘In addition, teachers and students would be given

opportunities ‘to express their satisfaction or dissatisfaction with the

.method by which they were taught.

Resistance to this project might be encountered by principals,
teachers, parents, or political figures. In the United States, an

attempt -to use behavior modification experimentally in a suburban com-

munity did meet With~popular resistance.

Phase III, six months. The final phase would be a period of data

analysis and preparation of a written report. A major question would be

331
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whether paraprofessionals, likely'to be less idiosyncratic than fully '
trained teachers, could therefore adhere more ciosely to a behavior
modification teaching schedule. Another question would be-whether’ the

. lower costs of paraprofessionals' salaries could make up for the extra

costs of instructional aids.

13.5 Staffing and scheduling. The project would fequire the services

of a.project director and associate director from the country in which it

-

was carried out, assisted by a secretary and an expert in research design

and statistical methods. It would also require a consultant expert in

PR

behavior modification techniques.

A tentative schedule would be: Phase f; six months, a period of planning

and training teachers and paraprofessionals in behavior modification methods.

Phase II, one scﬁool;xgar,~approximately nine months, the experimental

\ . period.

Phase IIT, six mdnthé? data analysis and prepar;tion of final repor:.k

- ‘\‘
Total duration of project: ' about two years, nine months. N\

13.6 Steps requ@red té?translate findings intqvqperational use. This \
would depend upon which methSQ a country decided toéusg. If it were teachers, \
théy wouid need training; if-ﬁarapréfessionals, they would need it. If
behavior modif .cation were to Ee used, apbropriate training must Ee given

‘to all teachers or paraprofessionals who are to use it. -As a group of tea- -
: N . .

chers skilled in the method was developed, these could train others. If a
/

combination of human beings and instructional technology is selected, the

hardware and software, this must be provided.

ERIC - 373 ,,

| e
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13.7 Coordination with other research and development work. Results

of this research would add to the store of information about comparative.
cost-effectiveness of different sorts of educational systems. It should alsd'_
- 5 . i '."

be cocrdinated with the extensive literature on operant conditioning experi-

ments and technique of behavior modification.

»

13.8 Professional expertise required. Ekperts in instructional

technology, statistical methods and data analysis, thé conduct of educational

»

experiments, and behavior modification are needed for "this project.

13.9° Estimated costs. It is assumed.that-all, teachers and. parapro-:.

1

fessionals as well as all media Qperaéing personnel in the éroject wi%i be

paid by the host country. In addition the project would need a total of 10

[ . -
\ .

man-years of personnel and the costs would be:

 ;y; Phase I, six months 36 man—ﬁonths ) . $ 72,000
2. Phase LI, one year 48 man-months .'96,000
3., Phase III, si# ﬁonths 36 man-months | 72,000

) TOTAL 120 man-months ‘. . $240,000

"13.10. Appropriate countries for;grojecf. Appropriate countries for

this project are Guatemala, Laos, ‘and India where many of the éo—called
"teachers" are really paraprofessionals with only a few years of grade

school training. In certain cases they have no further training at all.

I

«
w0
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introducing use of instructional technologies in. educational systems. -
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«
¥

14. Proposedihéqject 14, Priority B.

INTRODUCING USE OF INSTRUCTIONAL TECHNOLOGIES
. ‘ _ S =

This is a management study analyzing alternative strategies for

14.1 Objectives.. The chief objectives of this study are to identify

a number of strategies for facilitating introduction of educational tech-

.nolggies.into‘legé developed countries and to determine what is theoptimal

"mix" of them for a particular country.

The major problem in beginning to us: instrucpioﬂal technology inany

educatjional system, whether in an established or in. a less developed country,
is the unavoidable initial expenditure which is required if the ultimate ‘
. o . .
. , ’ b
benefits are to be achieved. Since the costs of innovations of this sort

- a

are often greater than the costs of existing prégrams, the changes will

usually not be undertaken unless the preéent programs are clearly less

* advantageous. Even then they may not be undertaken because the necessary

.
’ ¥

funds cannot be obtained. Costs include those of discovering and developing ;
t* e new course of action and ob obtaining whatever new artifactssuch as

buildings or equipment, or new employees are required. Other costs are

the‘expenselof training'teachqgs, paraprofessionals, and other personnel

3!
v

! ' .
in the new procedures, and the changeovér costs from old to new procedures.- .

Some of the resistance to change observed in educational systems arises |

from the greatly increased costs which initiation of innovationswill incur,

These costs may commit the educational system over long periods tothe new

L
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methods of instruction and significantly reduce the fundsavailable

. for capital investment and operation of the system

% . 3 : .

“Instructional technologies require specific sorts of hardware, as

well as kinds of specialistd who are ordinarily not parts of traditional
J . . .

- educational gystems. Programs must be developed." The ‘society may have

v .

~ to expand or alter the equipment in its channel. and net subsystem to

: provide more TV or radio channels and to extend them into 'towns and villages

)

- that have not previously had these media.“'Maﬁy.more TV or radigreceivers

<> i v

. would be needed. Any textbooks in-uée tﬁgougﬁoﬁf'the systeylwouldﬁave to
Be replaced with‘workbooks or other printed-maéerials related. tothe new
programs. Other technolegies have other expensive requiremgqps;’suc?
as slides or audio or video tapes, and machines to use theﬁ: .: o .

4+

A further problem in installing a new instructional technology program
-is the resistance of teachers and local administrators who often believe
they would be diSadvaﬁtaged or inconvenienced by it, or who fear that the

untried programs may be worse than the present one. . Teachersdo not take

kindly to innovations which they fear would down~grade their profession or

threaten their jobs and this is probaﬁly just as true in countries .

¢ “

! experiencing an extreme teacher shortage as anywhere else.

v .

o Moreover, educational administrators uéually lack the time and/or
A . : .

the planning expertise to bring about a major instructional change. They a

do not, therefore, introduce instructional techologies at ‘all or they

”

do it in insignificant ways that do not incnease student~téacher ratios

-

or reduce the number of fully trained professional teaqﬁergheeded. or

a 3 -

[4 .

N -
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a restricted experiment'maywbe'tried which proves meaningless for real
innovative change. - Under these circumstances, the long-range potential
of instructional technologies for greater cost-effectivéness cannot become

apparent,

14.2 Levels and subsystem or subsystems involved in this st dy. The

levels are the society and the organization. The chief subsystems are

thée producer, which builds and'repairs school buildings; the supporter,

which maintains them; the transmitter, channel, and receiver components of

El

the channel and net subsy.tem which transmits educational information; the -

°

associator subéystem,vwheré the learning goes onj; the memory,subsystém

- 0

. ' . ' K3 . .
that stores instructipnal information; and the decider subsystem that

determines policy. ' . ‘ - --?;

1

‘ '14.3 Existing relevant research. The research_of>Mar¢hand Simoh.on
L ~ . : N 1 )

J— ‘the resistances to organizational -ipnovation is highly relevant. . Also

¥ - o o ) R 2 . . |
the studies by Woodward on introduction of change into industrial organi-
. . : o , - ) .
zations apply to educational systems.2 She, found that -even in firms in-

which management was progressive and employees appeared ready to accept

’

change, ¥nhovations were not implementeﬁ smoothly. Two problemsappeared
. in every firm studied: the initiationbof'change was extremely slow and,

o no matter how carefully the idea was introduced, opposition was the
b ; .

g K -

immediate and almost automatic response of subordinates, bothsupervisors

» " and operators. :Ihe resistance to change found in this study was greatest
in the most successful gecure workers, the/elite of the labor force who
would have’ had no trouble getting other jobs if théy had chosen to do so.

e

S . . - - .
They used the change as an occasion for bargaining either for a reduction

}

)
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of effort or an increase in wages. Resistance finally diminished when

terms were agreed upon. A similar bargaining process took placeover:

o

the distribution of power at middle management and supervisory levels.

These people were determined to get something out of the change and, like.

o

‘the workers, these ‘managers and supervisors also insisted upongaining,

1

either'by increasing their_relatiye power'positions or by making manage-
ment conscious of: the critical role they played.in tbe change. All thdg
resulted in their.receivlng better performance'ratings and;higher salaries:
. . . . . . . . B - - ‘.‘

The literature on spread.of'innoVations fhrough societies,.such as

&

the well known work of Rogers, is'also relevant.’ oo

14.4 The rRsearch design. This study would take place in two phases.

. Phase I, one year. A management research team that included an expert

__________________.

cations eng1neer would be sent to a less developed country that- w1shed to

>

introduce instructional technology»into its educational system._ This team

would*famlllarlze itself w1th current state of the” educatlonal system.

- ‘ w

pThey would concern themselves with the present budgets, the problems faced
; by the teachers and the adm1n1strators respons1b1e for the system, and the.

' number of ‘schoois or other educational programs included in it. ‘They'would

N - -

also Hinvestigate the special problems of the country in relation to educa-

tion, such as extremes of climate, transportation difficulties, economic -
. . ® ) E
’ /

weakness, or internal dissention. Then they would recommenda ten—year

‘plan for the country's educatlonal system, 1nclud1ng a detalled budget = o

© -
. “

which indicated how it would~be feasible and economiCally practical to

phase in widespread use of instructional technology, if that appeared

.desirable.

&

w

in. educat10nal technology, an educator, an operatlons research, and a communi*
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'This plan would represént the optimal mix of poséible solutions,

some of which are as follows:

o

e Since the initial costs are probably the greatest obstacleto

starting. innovative systems in less developed countries, borrow money or -

obtain.a grant.. E1l Salvador, for example, obtained a loan _from the United
States-to help if,initiate its instructional TV program at the seventh .
through ninth grade levels. ) . ‘; : e

. Temporarily cut the budget for new school building construction

and repair (producer subsystem processes). SEEES

e Temporarily cut the budget for some other less crucial part of
the national economy (a decision to be made by the country'sdecider

a

subsystem). i

- e Take advantage of normal turnover to replace employees that will
‘not be necessary in,qhe new systém with equipment;'techniCians, or trained

paraprofessionals to function in the new §ystem.

-

e Take advantage of the growth in demand;for education that exists .

]

‘in most less developed countries, meeting it with technology rather than

trained teachers. e T

* '@ Use only technologies that ircrease effective $tudent-teacher
ratios (often mass media employing components of the channel and net

v ? v o
e Instead of adding teachers, add paraprofessionalsand technicians

who are paid less and use media to present curricular content.

. P "

v
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. Profit from advantages of scale by using'ﬁass media for ghe entire
cbuntry or‘evép share media when feasible with other countries, coordinating
-.activities by electronic networks, rather tha.. relying solely on independent
|:%instfuction in indivigual classroomg. |
.‘; Have iﬂ;tructional informaﬁion transmitted over massmedié electronic
channels and nets’instead of tranéporting teachers, books, and“éaaagment
over the distribdtion'network, which can be mofe expensive and lessreliable.

e Improve centralized planning of the decider subsystem by using a

. v :
. computerized management information system to increase cost-effectiveness. -

Phase II, six months. If the proposed plan were accepted¥—perhaps ' |

with modificatithf—by the officials of the host country, Phase II would
' B -

>be undertaken if they should wish it. It would be directed toward;decfeasing

Vprobéble resistance to the new plan by a public education program to explain

it and facilitate dcéeptance of it by administrators, teabhers, parents,

students, and the general pubtlic.

~

14.5 Staffing and scheduling. The. entire study could be cafﬁied out

Ed I

by an ingtfuqtional technologist, an operations researcher, and a secretary,

- who would work throughout the two phases. As indicated abave the schedule -

wouLd be as follows:

1. Phase I, one year. Recruiting peréonnel, plahning the study,

collecting data, and writing the report recommending the new instructional
v . 5 )
) ’é;:;*‘

plan. = : ' _ “ : ’ ;' C

2. Phase II; six months. Contingent upon approval of the report,

public education ﬁrogram'directed to acceptance of the new-plan.

-

&

O hA
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14.6 Steps required to translate findings into operational use.

Discussion of the pian with educators and public officials while it is

being prepared and after the report is written. Also the pubiic educa~

Y

tion program of Phase II.

LA

14.7 Coofdination with other research and development work. The

findings about: resistance to innovation, and ways to. circumvent it, which

come from this study'shduld be related to other studies on this topic liké

those mentioned in Section 14.3 above. The fiﬁdings of.this study would

.

relate’po several other projects we propose herein, which involve intro-’

duction of new instructional programs.

14.8 Professional expertise required. An expert in instructional

«

technology and an operations researcher.

14.9 FEstimated costs.* A total of 4.5 man—Yéars and the monqtdry

d

. Phase T, oﬁé;yéar; S 36 man-months $ 72,000
Pha& II, six months. 18 man-months 36,0000 .

CTOTAL 54 man-months $108,000

14.10 Appropriate countriés for«project. Vietnam, Ethiopia, and

Malaysia.

%
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15. Proposed Project lilgPriority'B
ALTERNATIVE CONFIGURATIONS OF AUDIO CHANNELS, INSTRUCTIONAL

MATERTALS, AND TYPES OF FEEDBACK

o .
This is a study of the comparative cost-effectiveness of 18

alternative configurations of audio channels, instructional materials,

" and types of feedback for the educétional systems of particular less

developed countries.

15.1 Objgptives. The objective of this study is to carry out
management surveys and develop a compdter si@ulation to assist educational
planners in selecting the instructioﬁal system with the greatest cost~
effectivenéss for éhei: country. |

The choice among alternative educatiopél technologies is often made

in unsystematic fashion with the result that the chosen system fails to

maximize cost-effectiveness. Selection should take into account not only
the range of available technologies but the geographical and climatic

conditions of the éountny, the resources of money andfpersonnél’available,
and the existing communications network.
N g T -
. Educational broadcast systems have three indispensable parts: a

I3

channel or network, instructional ‘materials to be used in conjunction

with the program presentation,-and a provision for feedbacks to the stu-

‘dents op'théir'attainme?ts and to the teacher making the broadcasts about

: the effectiveness of the lessons. Each of these can be provided in a

‘

number- of diffétent'ways. In this research we shall consider: (a) audio

* e
- Qe
w
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"

channels or networks of thrée sorts—--FM radio multiplexed cbannels,
.sateliite channels, and telephone lines; (E) instructional materials
oghsevéral sorts——progrémmed instruction delivered.in various ways

and other writteﬁ materials, als; déliveréé in various ways; (c) feed-
backs which may be sent by mail, provided By téacﬁing machines, or sént

over telephone lines by document facsimile transmitters. These feedback

processes differ in how immediatély'they proﬁide feedback, from the mails,

which are slowest, to the teaching machines, which are fastest.

*

This project would attempt to determine the most cost-effective
combination of these, elements for the social, economic, and physical
conditions of particular l.ss develoyed countries.

15.2 Levels and subsystem or subsystems involved in this study. The

levels are the brganization‘and the ‘society. The subsystems are the three

"

components of the channel and net subsystem, the decider subsystem, the

associator subsystem, and the memory subsystem.

) »
i

15.3 Existing relevant research. New developments in radio’trans-

mission technology have made feadible several‘alternative trénsmissibn

systems. If radio is to fulfil}”majpr ingfructional functions; providing

two-way communications between students -and teacﬁers,ﬂmuitichaﬁnel radio

is very desirable o;, iﬁdee&, essential. The potentialvof‘tfaditional C e +

shortwave broadcasting *has been greatly enhanced by the dévelopment’of FM

. N 1 . - - .
radio "multiplexing." FM stations can "piggy back' up, to four subcarrier S

" AM channels on the main FM carrier wave. This appears to be-the most

%

~

feasible way to develop multichannel terrestrial broadcasting. . Four

'hultiplexed transmitters used simultaneously, for example, would make

5

) - 404
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a
20 channeis available,'so permitting ten radio courses with feédback
to be given in a system simulggneously, or numerous other combinations
of audio and-other instructionél media. Multiplexing is.capable as well
of carrying otﬁer media besides audio, for example, document fascimile
transmission, télewriting, and~slow—scan television. Ordinary short-wave
receivers cannot receive multiplexed signals without an adaﬁter which.
éresently‘costs about as much as a radio.

A coﬁsiderable amount of rese;rch Hasvbeen done on multichénnel
radio delivery by Qémmunications satellites (see pages 170 -to 172).
Jamiéon,_Jamison,‘and Hewlett analyzed the cost advantages of radio over
TV while working as consultants to Project SACI in Brazil.2 »Radio costs

perhaps a tenth to a twentieth as much per channel as TV. Jamison made

cost estimates based largely on a design study, MISSAC, conducted at the

h University of Michigan for a 30-channel instructional radio system.

i

15.4 The research design.

Phase I; one vear. In this beginning period of tbeuproject managé—

ment studies will be made of three countries to determine a range\pf

)

facts about physical, economic, and social variables relevant to the

!geledtion of an instructional system. These would include geographical

and climatic variables; size of coﬁntry; resources of money and personnel;
cultural variables that appear relevant; language distribution; intensity:

and diversity of expected uses of the educational system; existing com~
. 4
munications facilities; and Pwessibility of. sharing facilities for trans-

¢

mission of educational programs with another country.

|9

& . . ba
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On the completidn of these étudieS'an effort would be made in
eéch country to determine the best ihstruétional system for'it. The
investigator's attentionqwouid bé addressed to the 18 cbﬁbinations of
communications technologies, instructional matgrials,.and feedback ; ae .
methods presented in the following matrix:

-

‘Multiplexed Satellite Telephoné
FM : - Lines

1. Audio -instruction - p o7 .
only ' el ' '

2. Audio instruction
with audio feedback

3. Audio instruction
with mail feedback

4. Programmed instruc-
tion with audio
e 1. instruction s

5. Programmed instruc- .
tion with two-way : : ’ v .
audio ' )

- 6. Programmed instruc- X :
tion with audio- v o Sh ' ' ’
instruction and oy - .
mail feedback ‘ ) - . |- ~

- )

Three of the most important communications technologies, or channel : >

and net artifacts, which can be used in instructional systems are shown in

the three vertical columns above. There are six instructional modes in the

-

horizontal rows, three employing audio instruction without any additf?zal
instructional materials and_three‘employing audio instruction along ﬁith
printed programmed instruction workbooks given to each studént. It is

assumed that the studio teacher would present all the content material

SR -

E ) . El

j
| : . |

L4




(i

O

ERIC

Aruitoxt provided by Eic

o

429 .

when no workbooks were used, but that the workbooks would provide content

when they wete used in conjunction. It is also assumed that teachers or

¢ .

paraprofessionals would be in the“qlassroom‘with the students to super-

£

vise their activities, administer and correct tests from answer keys,

and provide whatever help they’quld, bu£.they would ﬁot be expected to
be experts in’content. ) . : ' ’

In Condition 1 thefelwould be only_one»channél'audio‘instruction
with no feedback to the teacher from the classfooms. In Coﬁdition 2
there would bé two channels so such direct and rapid feedback would be

pdssible. In Condition 3 the teacher or paraprofessional would grade

examinations from answer keys and answer students' questions .as best

_ he could. Other questions would be answered by mail and the studio

<

~

teachef would learn by mail--a slow feedback method--of the students'
examinacion performance aqd}their feactions to the course. Iﬁ
Coﬁdition 4 pngrammed ins;qpction workbooks, which are expensive to
prinﬂ and tovdistributé; would be used wigh audié iéstructibn. Condition
5 wouldlbe the same except that ;here would be audio feedback. Finally,.
in Condition 6 there would be W&rkbooks, audio instruction, and mail
feedback like that in Condition é.
‘f»/ For each nf the 18 combiﬁationS'in the above matfix information

. . 3 ;
will be secured goncerping the costs of purchasing equipment, installing
it, and bperatiné it; its performancé characteristics; the nééessary
qualificationé of the@classrooﬁ teacher or,paraprofessional‘who would

use it; the number of man-months of programming effort required to
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+

prepare the instructional materials; the costs of printing them; the
. ‘1 M @

demands made upon the media teacher; and the technical. skills reqﬁired

to operate and maintain the system.

Phase II, one year. 'In the second yedr of the pfojectﬁ a :computer
program would be prepared .and tested. All the data secured for each of

the countries, as well as for each of the 18 cells of the matrix, would

be input to this program. On the basis of these calculations, a final
report with recommendations-would be made to educational planners of

each cduntry concerning the cost-effectiveness of each of the combina-

- -
. - —

tions for their particular countr&. Efforts would then be made _to
assist each country in implementiig whatever instructional system.it

might select.

15.5 Staffiqgjand écheduling, In each .country there would be a-
director who was an_instructioﬂal technologist and an associate director

Ay

who was a communications engineer. One of these might come from that

country but the-other should probably come from abroad, bringing expertise

not available locally. There shoﬁld also be a computer programmer gndv

operaﬁor, a data analyst,and a secretary. The direétor,of.tbe team in

one country should also be the overall head of the projéct. x

v As indicated above the phasing of this twofyear project -would be:

1. Phase I, one. year. Recruitment; planning, and data collection.
N - ) )

2. Phase I1, one year. Preparation of computer program,‘data
B3 N .

,analysis,_writing of final report, and beginning implementatiohspf any

.
-

instructional system selected. ] .

=
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15.6 Steps required to translate findings into operational use.

-

First local authorities would have to review the final report with the
broject stéff and then decide on what future instructional system they
wouidhuse. ' The staff could then assist tﬁem in obtaining the necessary

" personnel and equipment and establishing.a detailed plan for implemeﬁta—:.

7

tion on a regional or nationwide basis.

15.7 Coordination with other research and development work.
Researck on audio media and programmed instruction has been discussed

in several other parts of this report. All this is relevant to this

project.

-15.8 Professional expertise required. Experts in instructional
technology, communications engineering, computer programming, and data -
,

.analysis.

15.9 Estimated costs. Thirty man-years gfﬂactivity for.the entire

]

~p_roject, 10 in each of three éountries..eThe costs, by phase: ¢
1. Phase I, one year 180 man-months $360,000
. _ 2. Phase II, one year - 180 man-months 360,000
TOTAL 360 man-months ~ $720,000
‘éi 15.10 Approgfiate countriés for project. Indonesia, Guatemala, and

the Philippines, all of which are in neead of national educatioqai systeﬁs

of good quality which they can afford and- which they can implement déépite .

a shortage of trained teachers.

<

-
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[ B 16. Proposed Project 16;;Ptiority B
g * TELECOMMUNICATION VS. LAND DISTRIBUTION -

. ‘ This is a study comparing the cost—effectiveneés of‘celestial;

o, .

;. . terrestrial, or mixed educational telecommunications with land distribu-

°

tion of audio and video tapes, films, slide§, or books, for formal and

LY

nonformal education in rural areas.

i . 16.1 Objectives.' The.objective of the prbposed research is to. -
provide a detailed study of the comparative costs‘of physiéal distribution

of .audiovisual teaching materials and use of telecommunications as instruc=-

”
4

tional media.

The, arguments that are currently used in justifying the costs of
telecomminications in educational syétems.make important unverified assump-
. . . N7

tions. They tend to eliminate alternatives without suffieient study. It

is important to undertake a thorough*examination of the various alterna-
L - Y - . .
tives before a commitment to one is made.

Five commonly used arguments in favor of use of telecommunications

are as follows:
- 9 3 3

1. Physical diétributiop systems,”whether by mail, by boat, or

jby special quriers, are Qpreliable'in many less developed countries.
They canngt.be/céunted upon .to deliver matérial for programs.
2. If a higﬁ enough prdportian of a population to be:served owns
or has access to recéiﬁqrs or terminals; physical distributioﬁﬂof instruc-

. tional materials cannot compete in costs.

e o < o |
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3. 1If costs and availability of #tained instructors constrain
'eXpénsion of an educqtidnal systeﬁ, té1ec6mmﬁniéations4lpar§iculariy
TV--are ﬁorevéffective'than books, films, and slides in ex;endingAthe
amoﬁnt'and quality of instruction that ban.bé delivered.
4, Le;s developed count;ieéhééﬁ be éxpec;éﬂ_gp:igyesg_in telecom— -
munidétions systems of éome kind ﬁhethervéf not théy are ﬁsed fog education,
and Ehefe could not be a better use for them than éduéation,

5. Public education of illiterate or poorly educated adults is of

the utmost importance to less developed countries. Telecommunications

. - -
a ,-

“have advantages over other media in reaching and meeting the needs of

" such people. ' : - ‘c

16.2 Levels and subsystem or subsystems involved in this study.
_The society and the organization (schools and communities) levels are

.involved. The subsystem is the channel and net, all three components.

~16.3 Existiné,relevant rgsearch.> A'study,gznifﬁénkkanl'indicates
that ‘television's advantage ove¥ film and video tape 1ies,in economies
~of diétribukion. Further studi¢s by Ohlman2 show that c;ét§ of producing
»sufficient'prinfs and bringing-ihem, together w;th'projectbrs or players,
at the righi time and place afe high enough to precludebthéir use oh the -
scale necessary to meetvthe needs’ of educational systems.
In another study'a panel ;imulaféd a hypothetical country having an
area of one million sduaré ﬁiles and a population of éevent& million

dispersed over 20,525 cities and towns: - 1 of 5,000,000;>8,of 1,000,000

(500 miles apart); 16 of 100,000 (250 miles apart)ﬁ 500 of 10,000

(50 miles apart); and 20,000 of 2,500 (7 miles apart). The environment
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was that of a less developed countty which had few paved roads, sparse

terrestrial communications except in the major cities, primitive or
. ’ o L ’ .‘ ® 7 .
second-class airports in-the 16 largest cities, no trained personnel,

and few maintenance facilities. o

The ihfé?ﬁitionAéould be distributed in twq'ways:' (g)>by transmitting

" to 20,000 locations for group viewing, ‘or (b) by transmitting to 1,000,000;

locations for group or single family viewing. In both instances there
would be variations in the number of people viewing the programs, and in
distancés the viewers traveled. Table 12 contains basic cost data on

dAnformation distribution for five tegrestrial and three satellite sup-
' s T S ' &
port communication systems. -

-

" The distributioﬂ’systems used in Table 12 are as follows: In the
automotive/aircraft distribution system all the television tapes are
produced in_.one city and delivered by a.C-140-type. cargo aircraft to 16

of the country's largest cities. Each city uses small planes, such as

Piper aircraft, to drop the tapes>to.an average of 60 pickﬁ3¢points;‘and

motor vehicles are then used to deliver them to 20,000 t6ﬁps and villages-

where they are‘displayeq'on one video screen ih each populafion center.
Ihe tapes are recycled daily to p;ovide.12 hours 6f programming;gach day

for the viewers. The aircraft distribution system produces and delivers

_ the tapeé in the same fashion as above, but with the exceptioh that

smaller aircraft are used to deliVver the tapes directly to the towns

and villages. In thé,airbo:ég_d;sftfbutioﬁ system the tapes .are produced:

in the same manner; but aircraft from seven centrally located airports-

-~

fly broadcast patterns at -seven locations and broadcast to receivers via

. I
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- o Number Annual Annual ' Total ‘
Distribution of Cost of  Transmission Program ’
System Users Display Costs Annual Cost
- s s Ty
" Aircraft dis- - :
tribution tape - 20*% . 618,700%*% 54,300 . - 673,000 »
Aircraft and auto s : R ) L - ‘ -
~distribution tape - 20 618,700%* . 37,300 656,000
s Terrestrial and ' ‘ . -
25 broadcasters 1,000 71,700 189,300 . ,261,000
Terrestrial and ' ‘ = '
200 broadcasters 1,000 - 71,700 76,200 147,900
Airborne ' ‘ - :
broadcasting - 1,000 - 71,700 25,300 ’ 97,000
_ ¢ Satellite with A _
s 200 ‘receivers T S s ’ - o
(distribution) 1,000 71,700 -. 60,300 132,000 . y
Satellite with
70,599 receivers .
(community ‘ Cw :
) - broadcast) 1,000 71,000 17,300 89,000
Satellite.with .
1,000,000 ,
receivers (direct : ) .
broadcast) , 1,000 71,700 51,300 123,000 .
% All numbers should be inﬁerpreted in thousands, e.g. 20 = 20,000.
*% Includes annual costs for television tape.
***%Annual costs are thé‘sum of depreciation, amortization, maintenance
--and operatlon costs expressed in 1967 dollars. Capital costs are
assumed to be zero. : ‘
Table 12. Economic Comparison of Program Alternatives
(Adapted from Broadcasting, 1969, 10, 72./ Prepared by the National Academy j
~ of Sciences for the National Aeronautics and Space Administration, Washington, D. C.)
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> . . N
The first terrestrial system uses microwave to interconnect cities

having populations of 10,000 or more. Information is broadcast over a

| 50-mile radius from the 25 largest cities byvUHF and VHF stations. ‘Coax-

i .

jal cable is used for distribution to the remaining'citieé. The second
terrestrial systém i; the same as the first with the exception that 200
of the cities with a population aboﬁe 10,00Q rebroadcast by conventional\
UHF and VHF facilities,

The first satellite system is a distribution system in which infor- '
= ' » : - .

|

mation is transmitted from a central transmitter by a satellite to 200
regional locations where—the-information is transmitted by conventional

UHF or VHF receivers within a radius of 50 miles. The second satellite “

system is a community broadcast .system. Information is‘transmitted_frdm
a central transmitter by a satellite to 70,599 receivers, some of which

\ ’ o
are equipped to rebroadcast to cities within a radius of 50 miles. The

third satellite syétem is a direct broadcast system. It transmits infor-

matioﬁ by a saﬁellite,directiy to. 1,000,000 television receivers.

Within the constraints of this study, all 'satellite distribution
- . - '
~ systems are more cost-effective than all other systems, with the excep-

tion of airborne broadcast. But the second satellite system is cheaper

- s

than the airborne system by'$8,000,000. ‘While this example is theoreti-

cal, it serves to emphasize the possibility of savings through dsage of

4 - :

P
satellite distribution systems.
. /o

While most evidence to date favors the utilization of satellite sys-

% . - . .
, tems for educational purposes, caution should be taken not to represent J \

the system as a panacea, because no opefational broadcast'satellite.SYS-

tems exist from which definite conclusions can be drawn.

o
- o
»
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i ’ - *

Possibly the real economic advantage of satellite distribution

r = ~

" systems will be that they do something new or provide better or hitherto

. % . . . e . . . 3
nonexistent ‘services in areas where terrestrial distribution systems are
: s “ : ¢

either limited, nonexistent, or else not geared to giving .a desired

. service. Consequently, satellite distribution systems may be justifigd

for use by established and less develdped countries on the BaSis‘of’

¢

.

providing services that could not be offered as effectively by terreS*v

£
trial distribution sysggms.

Some countries, including Tunisia, the Ivory:€oast, India, Brazil,
and E1 Salvador, have made studies comparing such innovations as (a)

adopting educational telecommunications; (b) changin% teaching methods;

(c) altering the organization of the educational s&stem; and (d) - A
enriching school resources by adding to their equipmént.: These- studies

preceded decisions in these countries to develop an educational telecom-

o
4

Ofvcoﬁrse educational satellites appear to have potentially the

greatest geographical coverage of any instructional technology} But

tegay no such satellites are in use: There“have, however, been attempts
o - o

to'get greater coverage than a ground TV station can obtain.

.Airborne television is a possible forerunner of an educational satel-

lite system. The Midwest Program on Airborne Television Instruction
(MPATI), mahaged by Purdue University, was an outgrowth of a Ford Founda-
tion study which showed that the cost of educational television tfans-

. , ., v
mission was markedly less than the cost for an equivalent land system.
The program shpwed that airborne broadcasting is effective over a 400-

~

mile circle, and may prove to be a practical means of serving areas
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intermediate between those which cad receive signals from a ground

-

station and those which can receive from a satellite.4

16.4 The research design. The country or countrieslin_which.this
project is carried out must have developed a telephone, radio, or tele-
vision'network which could be used to transmit edﬁeational programs.
Native educeFors eapable of participating in planning.and‘carrying it
out are~indiSéensab1e. Together with project specialists they would
develop programs to be transmitfed-or would adapt existing programs in

use.in their own or other countries. The subject areas to be taught

should have objectivé criteria of,achievement,_as languages and mathe- .

matics do. The content of teaching materials to be distributed physi¥
cally would be identical, insofar as is possible.

It is proposed that 100 schools be selected to receive’ certain
course teaching over the telecommunications network, either television;v

“r

radio, or telephone, depending upon what networks exist in the country.

These would be matched as ciosely as pd;sible with 100 schooIs‘chosen

to receive instruction in the same\courees.from phyeically'distributed
mefefiais,'either tapes, films, slides,vor books. Distributio; of mate-
rials would net be made daily but weekly or monthly. Matching would be‘

on the basis of distance from the source of traﬁsmission, the conéition.

of roads or other disfributor components, apdvthe>pepu1ationé to be served.
Students in a thied group of schools would be taught the same courses

by the traditional methods. |

The periad of the experiment would be three years. At the end of

this time an analysis of the descriptive data obtained would be made.

]

-

4
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This evaluation would -be based on several criteria, among them: -
» 1. Thecosts of preparing and transmitting or distributing teaching

0 matérials, including the costs of providiﬁg and installing telecommunica-
. tions receivers whére they afe neéded_ahd the costs'of providing projectors
or tape decks yhere necessary.

2. The percentage of time materials Qere available when'and whére
needed. Total down—ﬁime of television or radio receivers, ﬁailuré of pro-
jectors or tape players, failure of deliveries, and'transmiésion failures
would be calculated.
| 3. Leérning of subject-matter by thé stﬁdent;,in the\experimentai

schools as compared with learning of traditionally instructed students.

16.5 Staffingfand scheduling. Excépt for the consultants, and

perhaps the:cOst accounéant and data analyst, all persOnnél in this project,
» including the director and associ;te director, could very possibly come
from the host country. During Phase I, tﬁe first year, the director and
aésociaté director, ﬁitﬁ'a secretafy, would work out the gxperiment in
fdetail, select coursés and schools, and Euper&ise pfeparation of the
instructional mate?ials and deliver; system, all in closest cooﬁeration
with tﬁe.educationél authorities. The experiment itself would éo 0n
during PhaSé Ii, the second year, and af‘this time a cost accodntént,
statistican, and data analyst would . be added fo coilect data on the
expe%iment continually and begin analyzing it; In Phase II1I, the final
si# months, all these éersoﬂnél would cgntinue working together, in.
coopératidn with tﬁe oﬁerational personnel, to complete a pomparative
data ahalysis of the three instrﬁctional modes and to write'a finall

Fs

report.

4.8
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16.6 Steps required to translate findings’into operational use.

‘For the host country, results indicating which method of instruction is

most cost-effective can be applied directly in the regular planning pro-
cess for development of the national educational system. Applications
to other countries could be initiated or facilitated by wide interna-

tional dissemination of the final report or by international conferences

of educators devoted to discussion of the findings.

16.7 Coordination with other research»and'develqpment.work. Findingg,

of,this study may indicate directions in which development is needed in

a given country. If physical distribﬁtion is costly and ineffective,

improvement of distributor components may be indicated. If telecommuni-

& ) . * .
cations seem superior, cheaper means of;transmitting signals, such as

' .airborne transmitters or satellites might be investigated more intensively

or efforts to produce cheaper TV or.radio receivers might be accelerated.

,16.8 Professional expertise required-. Consultants in_telecommunica—
tions and in curriculum design and instructional technolegy, programmers
of the variour media involved, TV or radio directors-and teacher-actors,

audiovisual aid production experts, statisticians, cost accountant, and

data analyst.

16.9. Estimated costs. In ;his project it is assumed that the host Y
country will pay all operational costs for preparing-instructional mate-
rials and operating the three modes Of instructional activity. Consultants
to help theﬁ set up the operations will:be provided’on ﬁroject.funds, as
will all personnel who design the experiment and analyze and interpret

the data arising from it. : ) .

4.9

,,,,, __
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. i The'projgct costs, then, would be:" ar ) ' ) ’;;
1.. Phase I, 1 year _ 36'man-ﬁonths ;‘33 72,000 °
2. Phase II, 1 year - 108 mn;months_ | 216,000
3. Phase III, 6 months 36 man-months. 72,000
% - TOTAL 186 man-months * $360,000
16.10 Aépbropriate countries for project. . India,lNigefia, Indonesia. . V Li

v

N . ) .
Whatever country is selected for the project would have to .agree in

advance to prepare the course materials (perhaps with consultant aid)
and provide instruction in the three modes chosen, and to provide the

necessary personnel to operate the three alternate modes of instruction

-simultaneously for at least one year.
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'pared to teaching of classes by prbfeSsionally trained *eachers. The
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17.: Proposed Project 17, Priority B.

AUDIO CASSETTES, AUDIO TAPES WITH SLIDES, AND VIDEO TAPES/_

) - I I
This‘ie a study of fqrmal and nonformal education by audio

cassettes, audio tapes, delivered by mail, as compared with traditional

Y

rY

1 ..

17.1 Objectives. The main objective of this project is .to investi—"‘

]

gate the cost-effectiveness; of some %educational techﬁologies whi¢h do not

-

réquire prior: development of an instructional mass-media network, as com—
. e

1

instructional systens to be tested can all be sent through the mails or

bed B

otherwise physically»transported to schools, ledrning centers, or homes.
f 5
All require electricity. Audio cassettes (Item 18 in Table 7 above) are
%
played on small, easily transportedtrecorder which can be’ battery powered

-

Audio cassettes with: slldes (Item 13 Table 7) requ1re the saﬂe equ1pment
plus a-slide viewer or slide projector and,screen. ThlS requ1res more

powerf Video cassettes (Item 34, Table 7) require a TV set and«tape—

:player_put the TV set need not be in a place accessible to TV broadcasts. o

. - i . ¢
- Obviously costsxoﬁ/equipment will differ greatly, particularly if

the v1deo system is used in a reglon which does not have TV and therefore;

has no TV sets'obtained for other purposes. On the ether hand, a 31ng1e
TV set is all thafl is %equired fpr.a class. 'Maintenance.problems and

costs can also be expected to vary from system to system.

- @

.¢




Less developed countries that wish to increase literacy'among the

- N

adult population and to improve the,guality of instruction offered to
children in their schools are, of course, often éeriouslyihandicapped

by lack of well-trained téachers., Mass media instruction has béen

3

— developed'in’some countries to .supplement instruction by teachers and T

paraprofessionals./ This is an effeqtiveimethod_of teaching where the
- ‘ necessary networks are present. Traditional TV instruction is not, ~

however, cost-effective in very remote areas where populations are small

-

and TV relay stations could not be installed without high expense. s

— ) ]

Teaching by cassettes has a number of advantages over broadcast

instruction: It is available at any time selected by thé class or indi-

,
,

vidual ‘sfudent; or parts of lessons can be repeated at will; and once

delivered, -cassettes can be played.hundreds of times for different classes~
: ’ S0 oo ©
Each of the three instructional systems to be compared with'tpa— ' ,

[ ’ ditional teaching has advantages over the others. . Audio cassettes are
Lo \cheaper,asimpler to use,’ and less susceptable‘to'BreakdOWn.' Audio
j -~ . ' - ” C : . .
§ cassettes with slidescannot present programs with branéhing (see pagc 159)
* . - o ~ » R

but have the added visual input., Video cassettes with their .two sensory
-, LT e N .
‘modalities may be more interesting to studente;although there is question

about this (see'page164), and may be ﬁore'reinfercing for this reason.
I @ . . . .

it is important, since these media® have much promise, to determine
their cost-effectiveness when they are used in less developed countries

by pecple who may be inexperienced in"the use and care of electronic

.
Ih

equipment. ‘ T o o -

(< S ‘ . ‘ 4 ‘ ‘ij
‘, Y %} | ' |

|
) : : : - ]
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17.2 Levels ‘and sqbsystem or subsystems involved in this study.
Three levels are considered, the group, the organization, and the society.

All ‘three components of the éhannel_and net subsystem--transmitter,

channel, and receiver--as well as the associator subsystem, are involved.

17.3 Existing relevant research. About 15 years égo the United
Sfates Department of State’e&aluated ﬁﬁdio tapes and decided that this..

was the‘best method available at that time for the American Foreign

Service Institute to teach foreign languages to foreign service personnel.-

The successful experience of commercial enterprises, such as Berlitz,

with these devices is also relevant.

.‘Combined audio and slide systems have also been studied. “Sys;em 80

v v
-

by Borg Warner, for: example, is a set of programé;designec to be;used by -
N »

- : Iy 1
children working alone and by children with special 1é5rning problems.
Its advantages over traditional methods of teaching have been demonstrated

in studies on reading with the public ‘schools of Erie, Pennsylvaniaj on

arithmetic in the public schools of Chicago; and on reading in another

schpol system. A diffeneﬂf audio and slide program, thé Michigan Language’

~ Program, which teaches literacy in English to primary grades, retarded

o -

children, adults learning English as a second language, and illiterate
adults, has been tested éxpe‘rimentall_y.2 Not only did children attain
a high dégree of proficiency in the subjects offered, but they worked weli

and sustained interest in the task.

Video cassettes are sufficiently new that evaluative educational

. résearch has not been carried out.

ki
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17.4 The resdarch desigg, One hundred secdndary school students

}- ,‘ and one hundred adults would ‘be assigned to one of eight eiperimgntal

| . groupsf

- Traditional teaching, secondary school.

Traditional feaching; adult.

Audio
Audio
Audiq
‘Audio
Video

Video

-

&

caSsette,’secondafy school. v
cassette, adult. ) ) .
tapes'with élides, seéondary school.
tapes with slides, adult.

tapes, secondary school.

tapes, adult.

' .The subject-matter would be’the same in all conditions. Only the .

s

~ manner of presentation would be varied. Beginning science, -literature,

poetry, or other courses could be used. Programs would be written or

Tadapted so that no auxillary printed material was necessary. Students in

B % ' . )
all eight conditions would use pencil and papér-only in writing answers,

taking tests, or doing calculctions.

The traditional teaching would be done in an ordinary classroom by

" the teachers usually assigned to the grade or to the adult education

classes concerned. These classes would necesséfily meet together at stated

times during the school day, or at adult education periods in the evening.

1.
7

The classes using cassettes, however, would meet together for the

initial instructions and for testing periods but wduld have freedom to

[l{lc

{ s

receive instruction in smaller groups, or even individually, according to

~r
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schedules accéptable to fhéﬁ and'to the school administration. A teacher
would ‘be in charge of the course but would not necéssarily be present

during the instruction. He or she would, however, be available for assis-
T : '

' ~ . . . - o
tanpg}/answerggg\questlons, and conducting tests. These groups would not

- always have to meet in the same place, unless that was requifed for access

/

" to a television s%t._

Measures :7/costs would include the expenses of preparing thé programs;

costss of the c

dssettes, TV sets, and other electroniéﬁéquipment’required;
/. . . - " .

§

shipping, mailing, or other transportation costs; teachers'_salaries;

costs of 58pairs and replacements of equipment; and costs per student hour..

v

-

for classroom space occupied. .

Measures of effective éé;,would include pretests on the subjeet-

-

matter of the course d monthly tests»during the period of the experiment

and at its end, ey would measure achievement by students during the

1

}experimental period. In addition, records would be kept of the number of

/ : o _
students who began the course, the number who finished, and the number

~ “
b

who drdppea‘out; the'amount of time léarning c-:1d ndf‘go on because of
equipmenf failure; and the reasons for failu;e if these could be determined.
In all coﬁdifioné, stu@énts'would be asked to AiSCuSS their satisfﬁction
wiéh the course énd'reqUested to suggest mﬁdifications.' The nﬁmber of
students who expressed satisfaétion and who were Hissatisfied woyld be
determined.

chost—effectiveness ratio would be derived on the basis of all these

a ’ g

measures.

iy
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17;5 Staffing and scheduling. A project director and an associate
director, one of whom is an expert on educational technology, a secretary,
and a data analyst would be required. Repairs of electronic équipment'

would be carried out by technicians in the country.

Phase I, oneAyear,-WOuld‘be(gevqted to developing in;tructioﬁal
: < &

materials and preparing cassettes. - The schools or adult education érograms
invite& to cooperate in the project wouldvbe’selected.'.Thé.project would )
bevexp}ained to the adminiétrators of ;bese schooils and'ptogramé. Teachers
who had not_previdusly‘used the sort of equipmeht required in the project
would be taught to use it and givén alperiod of familiérizétion with it.
Wbefqre use of it for the projeét began andbexﬁerimental clhsses were

selected or formed.

Phase II, one school vear. This would be the experimental period.

A -

Phase III, six months. This time wouidvbe devoted to data analysis

and writing of the ffn;l report.

>~

17.6 Steps required to translate findings into operational use.

.

“Findings would be applicable to any less develoﬁbd countries seeking to
select educational technologies for use in their schools. Therefore the
final report should be published in journals with international circulation

on instructional technology and reported at conferences of educators.

17.7 Coordination with other research and development work.” Results:

of this project would add to the store of work'evaluating various educa-

v 2

tional media. The findings could be ébmpred with findings for other media.

o ot . . .

[\
o

e
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‘The reséarch wprk cited in Section 7.3 above involves schools in the

United States. ‘The proposed project would provide cross-cultural
cqmpa;isons§' )

17.8 Professional expertise required. Experience in educat%pnal

~{

«technology, experimental design, curriculum planning,- project management,

test development, and data analysis would be the chief professional
requirements. - .

17.9 Estimated cosfs.' The labor inyolved would total about 12‘man—

years. The costs:

P

1. Phase I, one year. - - 60 man-months $120,000
2. Phase iI, oneischool year. 54 man-months 108,000
3. . Phase ITI% six months. . 30 mén—months 60,000

TOTAL 144 man-months $288, 000

1

17.10 Appropriate countries for project. Nepal, Niger, and

o
b
o

Colombia.
I
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18. Prdposed Project 18, Priority B

EDUCATION BY AN INTERNATIONAL SATELLITE VS. TRADITIONAL.EDUCATION'

Hs

This is a study comparing formal and nonformal education using an

‘internatiqnal educational satellite, with traditional education.

.. 18.1 Objectives. One of thgﬁbest ways to improve the quality of

education and cuts its costs is to share resources among several inStRuc—

o™~

tional activities. All the teachers of Spanish in a school can cooperate.

.

in preparing curricular materials and presenting courses, or a whole
school s:em can arrange radio courses in science and mathematics, or

. ) > ' . . - . Ed

an:; entire country. can cooperate in TV literacy training for adults. This

project is an examination of -the issues involve&lin extending this general

principle internationally: Tourists, ’imports and exports, the mails,

«

" cables, telephoﬁe calls, TV programs--all cross national borders routinely

today. Why cannot various sorts of instructional materials? Why must

lectu}es, textbooks, éducatipnal radio and TV programs, CAI and CMI, and
other ins;ructiona; méterials be prepared for only.one organization or
nation?; Of coursé‘ﬁﬁé materials often must be trahslated_to other
languages‘and'adaptations.must be carried out to make them relevant té‘;
specific-nagions and situations. Of couisé;éome-subjécts are emphasiied.
in certain coﬁntries ahd_néglected in bthe¥s. But there still ié muéh
commonality in inétfudtion frqm one qatioﬁ‘;o another.

h The prime quective of this study is to determine ways thaévare
_pplit;éélly and-éﬁﬁqationa;ly feééibie to share‘formai gnd nonforﬁal

} . .
instruction by educational satellite among established and less developed

nations.

-~
]
'~
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.We list below a few of these experiments:.

452

e .

18.2 Levels and subsystem or subsystems ihvolved in  this study.

Three levels--the organizétibn, the society, and particularly the
supranational system, and the three components of the channel and net

subsystem--the transmitter, the channel, and the receiver--are involved.

~

18.3 Existing,relevént research. In many'parts of the wbrld,

- including numerous less developed countries, innovative educational -

ekperimeﬁts employing ins;rﬁctionél teéhnolqgies are ﬁnderfway.. They have
a common theme of employing masé media fbr formal and-nonformal instruc-
tion of children and adultsi%hq would‘not be able, or~havéynot been able,
to receive quality instruction by.oﬁher meéns. Often?éertificates,

diplomas, or other recognition of achigvemént useful for obtaining jobs;

promotio?s, or greater social recognition are given to students who suc-

- cessful}y complete such training. All these experiments afe.relevant to

the project we prepose because they could poténtiélly be. extended across

national borders by an international channel and net using a satellite.

<

,

° Open universities, colleges, and high scﬁoql§, Since January, -

1971, students have -been attending Britain's Open University. Chartered

like the traditional universities of the United Kingdom, it is an iﬁtegrated‘

system of home-based, univefsity—level education employing written material

- programmed for self-instruction; television and radio programs transmitted

by the British Broadcasqing Corporation on'Sunday mornings and between -

* 5:30 p.m. and 7:30 p.m. on weekdays; student assignments, some of which are

graded by computer and others by part-time tutors; a network of more than

250 local student centers, usually in technical colleges or schools;
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part-time tutors for face-to-face imstruction; summer schools within a

traditional university setting for all students;  and in science a kit

costing $300, for lab experiments in the home., Possibly none of the

individual components is fiovel. But the combination of the components

¥

into an overall system is new.

The British Open University has arranged through the College

Entrance Examination Board for trials of its instructional materials in

Kl

four universities in the United States. Discussions are also going on
. . P

concerning the extension of the Open University to Bermuda and to coun-
: . o . S N

tries in the European Common Market. Indeed, persons from almost every

£

major nation in the world ha&e approached-the Open University.to discuss

the poésibility o@,shéring its plans and resources. ’ ;/
iCertaih”othef countries have or are planniﬁg oper universities, *

There is a Televisdo Université}iaﬂin~Recife, Brazil. Conducted by the

Channel 11 televisibn station, it was inaugurated in November; 1968 and

is sponsored by the Federal University of Pernambuco. The TV Uniﬁersité%ia

attempts to édvance‘cultural and artistic development tﬁrough programs for

home reception, and to educate specific groups through courses_fér organized

reception. Recently it entéred into an agréement with the Orgapizatibn of

American States to ;reate ; mulFinationél program ofhteleéeducétion. Also

é prepa?atory studyvéommittee in £gQgg_in 1970 recommended tﬁé;eétablishment

of a Japanes;.University of the Air. It is expected that it will bggin

.

‘operations in 1973.
Among the open colleges or high schools now in operation are thé
following: thé/NHK Gakuen (Higﬁ’géheol) or Tokyo, begun in 1963, which

serves all of Japan; the Bavarian Telekollegg, begun in 1967, which

-

R
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undertakes to provide courses of instruction leading to grade or tech-

nical school diplomas; the Kenya Radio-Correspondence Program for teachérs,

~

-which begun ih February, 1968; the Television Technical Collegé of Poland,

* . . : B :
which began full operations in 1966 to supplement the correspondence study

of -students taking the first two years of technical school} the Televisiph'

Academy of the German Democratic Republic, which provides a variety of

es for adult education; the USSR's Broadcast Study Courses, which are

~

trangmitte stations in at least 35.qities in the Soviet Union for

both formal and nonforma ion and have been in operation.at least
since 1966; and the Chicago College, begun in 1956 by Chicago City College,

- : r
which provides opportunities to study a standard two-year curriculum for -

credit. - "

.® Sesame Street and the Electric C&mpaqy, The Children's Teleyision
Workshop first put on the air 'Sesame Street," their program for teaching
letters and numbers t0'p:és¢hool children, in 1968. Alréady, four years

later, shown in every English-speaking country in the world, it is being

produced in Spanish in Mexico, in Portuguesé in Brazil, and in German in

West Germany. The "“Electric Company," the TV program, created by the same

"~ group, which is deéigned to teach readings, was first broadcast in 1971

B . -

and is likely to spread similarly to other countries in the near future.

] Indian satellite. The United States government expects in 1974

to launch an ATS-F satellite Qépplied»gpchnology Satellite-F) into a:

stationary orbit over the equator in the region of the Indian Ocean (see

page 318). At first it will be oriented to broadcast to Alaska,
the Rdcky Mountain érea, and Appalachia. After six to nine months devoted

to various educational and other experiments with the satellite in that

v

431
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position, its orientation will be changed so that its 'footprint" covers

essentially the entire Indian subcontinent. From 1974 on, for the life-

time of the satellite, it will be available to the Indian government for

educationai and other uses.

Among the experiments to be carried out in the Rocky Moﬁ;téin area
next year is one employing 506 aluminum antennas, ten feet in diameter.
Each of these, when connected through a "front-end converter” to a tele-
vision set ope;atéd with either regﬁlar electric current or batteries,
can receive directly‘from tﬁe satellite. These antenna—converFer?TV set
combinations can probably ‘be mass-produced, even in some less developéd
nations, for lgss than $1,000 a unit--perhaps as litéle as $200 in large

V L

quantities.

-

In recent yearﬁg}he Indian government has set up several educational

television statiofis hnd is planning to employ instructional materials

such as they use on the ATS-F satellite. They eXpect to use the satellite

. for English adult nonformal education, litefacy; familf planning, and

. . r
occupational training. The satellite program was under the direction of
Dr. Vikram Sarabai, former head of the Indian Space and Atomic Energy

Agencies.' It suffered a serious blow when he died in December, 1971.

The program preobably will now come under the control of the Ministry of

-

Information and BroadcaSting. "Plans for preparing instructional materials.

and producing adequate numbers of television sets, antennas, and other
necessary hardware to meet the vast educational needs of India are moving

forward very slowly. Experts in other countries have been approached by

the Indians, but plaﬂning'and implementation of the program are lagging.

A3
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e Brazjlian satellite. There appears to be much more active and

integratedlplanning for the educational use of satellites under Project

5

< ’ - N
SACI in Brazil “(see pages 310 to 312). The main figure in this activity

. :
is Dr. Fernando de Mendonca, General Director of the Brazilian Space

-~

Agency. He hopes to be able to make at least some~experimeﬁta1 use of

i
#

the ATS-F satellite, either when it is in position for the American

experiments, or when it is in position for India, or both. In order to

4 P
(s

obtain predeployment experience he has used another satellite to provide

two~way live television conferences between Stanford University and the

Brazilian Space Agency at Sao Josg dos Campds. He has‘aJSU ex?erimented
with the use of the latter satellite to provide teletype access to MEDLINE,
a medical bibliographical service of the National Library of Méﬁicine in
Washington. Fur;hermore, he has underway a_predgployment teleyision‘
e#périment in Fhe state of Rio Grande do Norté in northeast Brazil. Begin-
ning in Octobéf, 1972 six months of teacherltraining by'television and/or

radio will be offered to primary séhool'teachers in this state. In 1973

instruction by radio and/or television will be provided on an‘experimental

. basis to school children in some areas of the state. The relative advan-

tages of the different media will be evaluated, as compared with traditional

educational procedures, by either trained or untrained teachers. An experi-

-ment is planned to use the ATS~F satellite as a communications link to

convey some of these television and radio programs. Sometime by or before

1976 the Brazilians plan to arrange for the United States to deploy their

. e
own domestic.educational television satellite, by which they have to provide

education to even th~ most rural and primitive partT of Brazil. They

.7
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; éxpect to pay a major portion of the cost of this themselves. It
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is their hope that formal and nonformal educational techniques like
those planned for Rio Grande do Norte can then be used throughout

Brazil. . S ' ;

® .Primary and secondary instrucfional television. ' E1 Salvador

began a program of school reform in 1968 after intensive examination

‘and evaluation™of the country's educational problems. The purpose of

the reform was to make new and better things happen in the classroom--
for the.benefit of both the -student as an individual and the socie;y.»
The program was built around educational televiéion, witﬁ funds apd
technical assistance provided by AID.. Details of it have been presented
above (see pages 182 té 186 and 281 to 284).

‘The first intenséﬁe‘use of television for allvgrade‘levels begin in

American Samoa’ in 1964. it wa%,planned as part of a complete educational

reform, at first with a highly innovative spirit. In recent years it

appears, to have developed rigidities of practice which may limit its use-
fulness.
. . . N . .

The Ivory Coast began in 1971 a ten-year project intended ultimately

to encompass the -entire school population and become the most complete

and systematic use of educational television yet undertake‘:\ Television

also has been used in an explorétory way in Niger, with particular emphasis

on extensive student participation. It has also, since 1963,.been used

in the classrooms of Colombia wheré it is now reaching about 500,000 stu~

dents, more than any otheér such program anywhere. The Mexican Telesecon-

daria, begun in 1968, provides secondary school education in tdwns and
. -

.
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villages which have no secondary schools. There have also been
experiments in India.

Numerous projects are planned or underway in various states of

. Ve ~ns y
Brazil; including Guanabara, Parana, Pernambuco, Sao Paulo, Marinhag,

Rio Grande do Norte, Rio Grande &o Sul, and Minas Gerais. Brazil has
seven.opefating educational TV stations and plans are being ﬁade to
interconnect them and to inaugﬁrate others.

* Within the last year Malaysia, an improverished, develbp;ng nation,
has rquived 5,500 television sets for instructional television, purchased
for' them by a German fpundatiéﬁ. - They expect to receive 4,500 more in
coming months,vfor a total of 10,600. The details of how they will use
these sets have noﬁ yet Qeen worked out. ‘Singagore is éctively using
educational television for specific coufses for échdol children in
learning centers. | |

At the Center for Educational Television in Manila, in the Philippines,
Father teo H. Larkin has developed a program of instructional telévision
courses.fdr students from first grade through high school. TeacherS’i
guides and students' workbooks coordinated_with'these telelessons are pro-
vided. The television programs afe transmitted either through closed circuit

: o . ‘
television, which reaches two neighboring colleges, by 2500-megahertz sys-

tems which cover schools within a 20-kilometer radius, or by open broadcasts

through an educational television channel that sends its_sigﬁals well beyond

greater Manila. The courses teach the local Filipino language, English,

sociérel}gioh, music, art, geography, general science, biology, and physics.
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Extensive plans have been underway in Korea for a complex multi- .

' -
-

medium approach to educational reform in elementary and middle schools.

«

This program will include a number of reforms, such as changing the
basic instructional unit from its presént class size to a larger éréup—
ing, introducing indivi&ualized'instructional concepts and as§o¢iated
’materials—prepared on the principles of programmed insfruction, modifying
the fole of the teaching staff to that of management of ;hé learningj
environment, increasing the ratio of étudents to teachers, and us;ﬁg
p;ogrammed instruéfioﬁal televiéion»énd radio. Coﬂtinual appraisal and
evaluation are built into the planning. ‘

- In Australia radio-correspondence teaching began in 1933 and schools
of the air to providevprimary and'secondafy education where it is not
available lgcally, as well as to\prisoners.in iail, began in 1951.

And finally, plans are just beginning to be made to reform educational

activities in Guatemala in ways which may involve mass media.

18.4 The researéh design. This project wéuld be an operational
exbéﬁimeht.providing instruction by satellite to at least three countries
simulténeously’and comparing the cost—effedtiveness of comparable instruc-
tion by traditional means in those same countries. The nations partici—‘
pating in.the project should have a large number of students capable of

using the same language and it should be a language in which full courses

of tested instructional materials are available. Two obvious languages

are Spanish and ﬁnglish. Spanish might’ be used in Spaih,and any Latin

‘American country except Brazil--say Spain, the Dominican Republic, and

Nicaragua. English could be used in Iran, Pakistan, and Lebanon for the

N

many college level students there who Speak tﬁat language.
- \ )

s : .
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Phase I, 18 months. At least 1,000 seventh grade (or equ1va1ent)

‘students would be assembled in each of three countries (Spain, the

Dominican‘Republic,gand Nicaragua). They would be divided randomly into
two sets in each country, half to receive fer;ohe academic year tradi-
tienal sevehth grade education, in classes with teachers, in science,:
mathematics, and English asla sécend ihhguage; the otherhhalf to receive .
the same edueation for the same period of time by satellite transmission

ofvthe_El Salvador TV tapes on these subjects, in classes supervised by

paraprofessionals. The two sets of students would be compared on pre-.

“‘tests, periodic tests during the courses, and pcsttests. Also the grades

of similar students immediately in previous years would be obtained. Care-

ful accounting WOgld be made of all costs of the instruction (even though,

.of course, satellite transmission for such an experiment with only a few

hundred students wouid be very expensive.) Student, teacher, and'parapro—
fessional attithdeS‘toware the saeellite instruction would be investigeted.
(An alternate to the above study with seventh grade‘instrﬁction in~
Spanish would be a sim@lar experiment using British Open University instruc-
tienal materials.in English with compareble numbe;s of English-speaking

college level students in Iran, Pakistan, and Lebanon.)"

Phase II, one year. The data and observations made during either the

Spanish langdage’study or the English language study &ould be analyzed in

i3

order to determine‘the feasibility and cost-effectiveness of such inter-~

tional sharing of educational resources. If it appeared practical to use

"such methods and to extehd_them to other nations, the findings would be

called to the attention of the_international educational. community and the

policy making—offiqiale with whdm they worked.
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18.5 Staffing and schedullng, The overall brojéct would need a

d1rector and associate director, one an expert in 1nstruct10nal technology
‘and the other aa expert in satellite technology. There should also be
a.staff member experienced in diplomatic discussions geslgned tg elicit

. . 4
international cooperation. (This is important in_this project because

"~ of the central significance of educational policy to most nations and

the fear of some less’ developed countfies today that satellites may .
become instruments through which other nations can indirectly exerciee
control over them.) The central staff also would need two secretaries.
Each participant cogntfy woeld have to provide.from'its oﬁn funds
personnel'to operate their ground satellite receiving station or stations,.
TV transmissiontfacilitiee, and educational institutions. The project,
however, should have an educator and 'a secretary, pggbably'local citizens,
in each host country to eelect the two sets of students, arrange for the

testing, and obtain the other data required for the comparative evaluation

of the traditional and satellite instructional programs.

18.6 Steps required to translate f1nd1ng§ into operatlonal use.,
The f1nd1ngs shoeld be discussed W1th local educators and off1c1als as’
they are being analyzed. When the final report is completed, if inter-
national satellite education seems promising, the fiﬁdlngs ;hould be
given wide international publicity and funds shoeld be seuéht to establish -

"an experimental international educational system employing such .instruc-

tional media. . T N
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18.7 Coordinati.n with other ‘research and developmenﬁ work.,

3

E;Several‘iqstrnctionai mediazgan be transmitted:py satellite or otherwise

yused'intgrnatioﬁally,..Therefore ali research on thesé"media, and on |
satellites, is relevant to this.project and thé project data‘shoﬁid bé
anaiyzed in terms. of these other studies. Most of the many researches

on various aspects of international education assume that traditional
LY : .

means -of classroom educat%pn will be employed.' These assumptions.should.

be reexagined in the light of the findingé from this proposed project,
LI o

. whatever tﬁ§§ are.

o

18.8 Professional'expertise‘required. Experts in education,
) =0 .

2 . .
% L

"instructional technology, Educational satellites technology, and inter-—
»

"national negotiation.

18.9 .Estimated'costs. The total pfojeét human-effort over the total
2 1/2 §ears/in thrée countries, would'be 27.5 mandears. The costs, broken

down by phases, would be:

1. Phase I, 1 1/2 years - 198 man-months $396,000
2. Phase II, one year 132 man-months a 264,000
" TOTAL 330 man-months $660,000

N

. t .
183.10 Appropriate countries for project. Spain, the Dominican

Republic, and Nicaragua; or Iran, Pakistan, and Lebanon, as suggested

in Section 18.4 above.

-
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_-materials and instructional software, with different cultural andfsqpio—-

‘ ing methods have been imported with little, or insufficient, adaptation.

. tos.the culture in which they are to.be used. They refer to elements of
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19. Proposed Project 19, Priority B

CURRICULAR MATERIALS AND INSTRUCTIONAL SOFIWARE WITH DIFFERENT

CULTURAL AND SOCIOLOGICAL EMPHASES

A

ve

This is a2 comparison.of a range of alternative forms of curricular

logical emphases, for classroom instruction of children and nonformal

education of adults. .
: 4

19.1 Objectives. This study has as its prime objective a fofmative

<

evaluationvof curricuia designed toqreplacé the traditional academic pro—.
gréms currently offered inémany léss‘developed céuntries=wifh academic
and practicai training mofe relevant to the socioeconom%C'realities of
life in these countries ;nd to the cultures of the pebples.

The subjecfs taught in the schools of many less- developed countriés

)

\ o

have been those traditionaliy'offered in European schools. They were

) . ’ - : L )
imported into .the curriculum of those nations when they were colonies of
< ~ , . " . B

European gowefs. Textbooks, teaching materials of other soffs} and teachcs

foreign cultures, and picture peopie that may be almost totally unfémiliar

©, ‘ .
to students, particularly those who live in rural areas. What is more, -

B . .

they are, in many counttries, presented in a'ianguage that is not the cofi- -

] #

mon speech of the peopie. Even programs that have been_develope& for a

- culturally quite'similar less developed country may have these faults,

450
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-

since dialects of the same language differ and thevmaterials may reflect

~a way of life unknown~to thé students. Téxthooks developed for use in

London, Paris, or Chicago may show houses, furniture, electrical equipment,

machinery, and foods unknown in the less developed rural énvironment. Or

a type of agriculture, ccumon in another less developed country, may be '

depicted that deals with different crops than the students know.

L

In additidn, in less developed countries that have recently been
colonies; the unwritten assumption of the educational system mny h;ve
béen'that’its prodnété shoqld be as much as possible like their foreign
administrators. Tne snnools'may have been intended to tr;in‘civil servants
forba colonial administrative strnctdre. A report of a.French educational
project in'Mandoul, Chad sayé:

~hThe irreieVance of the programmes and nethods of ptimaryﬁeducation

to the problems-of the rural world had turned the schools into machines

for producing civil servants and unemployed. Despite the growth in the

~ Chad's civil-service force (from 6,926 in 1962 to,11,188 in 1965), public

administration could clearly not be regarded as a normal job outlet for

k

all schooi leavers. Enrollments in the Mandoul Vailey (19 percent accord-

ing to the 1965-1977 BDPA socioeconomic survey; in fact 35 percent at
i - . . e

present but with a far smaller percentage of girls than of boys)'were on
. _ o ' S
a large enough scale to keep adding to the group of idle school leavers,

&

who were poorly integrated into their rural setting. In 1967, Mandoul

was generating a yearly quota of 2,000 school leavers in.this predicament,“.

It is no wonder, therefore, that motivation to continue in school may

be Tow antfong both adults and children.
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The best interests of»the governmen;s‘aﬁd %gtizens of 1e$§.developed
couﬁttiés requiré that the education offered in thé'schools;and nonformal
instructional p?ograms prepare studenfts for useful participation in theif ..
society's processes. In most of‘these countries, demand for trained
;dministrative énd managerial personnel can Ee expedte& to increase, as
well as demand for teéhno}ogiéts of all sorts. At the lgwer end of the
edu;ational scale;.litefacy will become moré and mofe necesséry as mecha-
'nization of farming and industry.proceeds. Social mobility, atia minimum
in many of these countries, bérticularly'for rural and lower éléss’ﬁeoble,
can be expected to i#crease.

On the other.hand, the pace of social changg in‘ﬁany less developéd
countries ﬁs such that job operiings for tiaiﬁed people.will be limifed for "
some tiﬁm. "If a large number of- such people cénn§£ find jobs,‘social
unrest aﬁd personal'unhappipeqé can be predicted.

Ideélly, therefore, the curricula offered should both provide people
to fill'positidns,in government, industry, and e&dcatibn and be relevant h
to people liviﬁg in traditighgl rural environmghts.f

~19.2. Levels and suBsystem or subsystems involved in-this:study.’

7/

The levels are the organization (schools, educational systems, 'rpral

} _ communities) and the society. The chief subsystem is the input transducer.

19.3 Existing relevant research. Projects designed to make education .
more suitable for the populations of certain less developed countries are -
relevant to this study. The "Mandoul" project, a rural education experi-

ment in Chad, has beén'ﬁiscusseq in Section 12.3 above (see pages to

-). The go&efnment of Senegal has also worked out plans for reform of .

- . } e A

O
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 the educational system of that country, its initial stages to be concerned

o2 :
with rural areas. The report stresses the necessity of involving the

. - . ] : ] ‘ i .
people of rural communities in planning their own educational prigrams.

3
03

This report stresses practical rather than academic training for many ’ i

' 1

children who have completed the primary'course'in school. A pilot project"~
began in 1972. - o | N

"Another report, on adult educatlon, by the French Delegatlon to the

&

- Development Assistance Commlttee of the Organlzatlon for Economic -

Co—Operatlon and Development, stresseg the 1mportance ‘of av01d1ng exces—

sive urbanfrural polarlzatlon by directing development of small 1nter—

3
mediate towns. The report says: "...the rural exodus, or mlgration from

country to "city" could be cut down by a systematic policy of urbanization

.and development in-”'intermediate' areas. Small intermediate towns with

proper social and cultural facilities would become halting points for

rural migration. Being nearer to rural areas, these intermediate towns

-~

could at the same time provide local markets which would justify the B ‘

‘farmers' work as well as creating new occupations (maintenance trades,

Ve * ‘ . h . . 3
market-gardeners, etc.) Moreover, the provision of. socio-cultural
facilities would itself create new.jobs."

A further point in this report is the need to assist in the devélop-
. . . - ~

ment of an 'intermediate technoZogy' which would adapt,pradhctioﬁlmethdds

to the degree of technical awareness in the local environment and permit’

“the best use of resources and also 1nsp1re ofiglnal economic creativeness.

Thetreport discusses, further, the need to incorporate 11teracy programs

< N . . ) '

—n i -
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,

in natiohal policy, the use of the peoples' own 1anguage~for.basic
literacy proérams, and the need for modern training for young farméfs.
The latter wquld;includé both braétical and academic work. Final}y,
vqéétional training for adul;s‘and advanced training forsskilled’wofég;s
are enviéioned. fhese would include training Qithin firﬁs‘as wellvas use

of schools in the evenings or at other times when regular classes are not

in session. - ’ . . e

19.4 The research design. This project would be carried vut in two
4 : =

~ communities in each of three developing countries, selected “for their

cultural'differences from 6ne another. The communities chosen, howevey,
should’be matched as closely as possible on3popu1ation‘siz€, educational
and soéialygtatps of the.people, and occubational characteristics. In
each country one—of the communities chosen would be urban; ghe other fural,

It is suggested that the location of the project be in a part of a city

with ready access to'a rural region. Sincethe small rural community will

probably have but one school; a single*school of the urban com&unify would

be selected, preferably bne‘which served a predominantly working-class area.

- Phase I, one year. The project would begin with an exploration, with

-

representatives of the community, of what they felt to be their needs for
formal education of children and nonformal education of adults. Some“ques—
tions would be: o - : .
S ' - )
® What is their perceived need for fiteracy?
e How much interest have they,in work—study programs?. >

e What need is felt in each community for technical training?

e At what level of skill do they want training?

s

S

—
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e What are their reactions to their housiﬁg, fafming methods,
social organization, aﬁd_need for health and'nutritionaI.ingtruction?v

° Whét.are their éttitudes toward the exiéting educational systém,
and its teachers and administratqfs?”” |

° -

e What religious or tribal cUstomes that would affect acceptance
b .

_ of any educational-plah?

Discussion léaders would become tho;oughly familiar in adyanée Qith
statistigai,information about employment‘opportunities, develbpmental

plans for:thevregiOn and for the country as a Qhole, and budgetary limi-

tations. Community representatives should be helped- to see the realities

of the country's educational problems.
» ?

Such free discussions would permit the impresgions of educational

-

planners to be checked against the existing demand for particular sorts

of ‘educational programs. They would also facilitate acceptance-of pro-

programs.

-

Phase II, one vear. This stage of the project would include the

f PAruntext provided by eric

develobmeﬁ;,.by the prdject directors, of alternate cufrichla suitable
| for the diffErenq,sortS of communities with which they were working.
This does not meﬁn‘that every community in each country would have a
7 Special}y developed educational system. Communities would, HoweVér,
have.some chéiéé‘among é numbef.of alternative programs. o
Some considerations are:
; What would be the comparative cost of printing suifable text-
books and presenting content material ovér mass media?
Q ' : i
ERIC Ot
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o To what extent would work-study or apprentice programs fill the
needs'of_the communities? - | { |
e - What sort of agricul;Ural instructioh would be suited to the
crops and farming methéds of the country?
e Sﬁéuld some of the fundamental courses in nutfition, technical
skiiis, Aeéith, and famiiy life be designed so that.they did not require

prior literacy fraining of the adult students?

° To what extent would programs be inte%changeabie among the-
' L3

-different age. groups and different countries, with suitéble language and

cultural modifications?

-

These curriculd would then be discussed with the communities involved,

to obtain feedbacks on the basis of which adjustments would be made in

them if necessary.

-
y

Phase I1I, one year. This last stage of the project would involve

o

M . ) ] K ! . N ) : ’ ] ]
comparision of the educational- goals and demands of the various communi-

ties in the different countries. The alternative curricula would also be

.

compared. A final report on findings and practical effects of the study
would be written. This project would recommend changes in the educational

systems of the countries in which it was carn;ed out. The curricula would

{ . . '
be tested in the various sorts of communities in all three countries. After

a suitable period, comparisons of literacy rates, unemployment rates, and
' . E J ’ . .
other relevant variables could be made but these would not be‘a part of

L]
.this project. -

i
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19.5 Staffibg and scheduling. In each‘of the three countries

involved there would be a national project director and an associéte
director, one an anthropologist'iﬂformed about the culture of the area
and the other an educator. One of the nationdl project directors would
also.direct the overall project. In addition'thezteam in each éount;y
.would have three group workers, recruited locally, and a secretary, °
aalso recruited locally. The entire team ih»egch'case would work throuéh »
Phases 1 and II, but the‘group workers would not be needea in Phase III.

Each phase would last one year, for a total of three years.

19.6 Steps required -to translate findings into operational use.

This would be accomplished for the communities studied by the end of

. Phase iIL, sihce this work would elicit direct action in them. To extend '
any ﬁorthwhi;e findings to other communities would require reporting on
the results to administrators and educators, in writings and by confer-nces
and other meetings; as wellkas direct action eéuéational programs in ahy
new communities to which it was decided the fin&ings might be extended.

»

19.7 Coordination with other research and dévelopment.ﬁork. This

proposed-study is obviously cldsely related to Project.12 above. Socio-
logical and cultural aspects of education investigated in this study
'are relevant to tfe development or any curricular materials déveloped

for formal or nonformal education.

19.8 Professional expertise required. Anthropologists, educators,

and group workers.

- ERIC 417
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19.9 Estimated costs. For one country the staffing requirements

over the three phases would total 15 man-~years, or 45 man-~years for the

entire project in three countries. The resources needed, phase by phase,

would be:
1. Phase I, one year -‘ 216 man-years $ 432,000
.'2. Phase II, one year ' 216 man~years | ' 432,000
3. Phase 111, one year y 108 man—yeéfé | 216,000

TOTAL 540 man-years $1,080,0QO

19.10 Appropriate countries for project. Honduras, Laos, or

Déhomey.
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20. Proposed Project 20, Priority B

SOURCES OF ELECTRICAL POWER

This is an engineering study comparing the cost-effectiveness and

practicality of alternate sources of electrical power for instructional

L

technoigéy in a specifTE less developed country.

"20.1 Objectives. Most of the‘hardwa;e for instructional purposes
listed in Table 7 above depends on electrical power, uéually either 110
volt, 60 cycle alternating current or 12 vélt direct current. If such
equipment is to be opefated in rural %reas of less developed countries,
or even in some urban areas, a dependgblevséurce of inexpensive electrical
power must be availabie. This power must be available.in one of the two
forms just mentioned, preferably 116 volt, 60 c}cle, for other forms will
require a converter or else a'great deal of standérd equipgent cannot be
used, and the necessary adjustments will add significantly to costs as fwell

as to maintenance problems.

The major objective of this study is to determine for a specific

ot

educational system the best of several modes of generating ard/nr storing

electrical enefgy to operate instructional hardware. A secpﬁd objective

is toidetermine whether it is more cbst-effective to genenydte)this electricity
on a decentralized basis at every school or locality, or on a centralized
basis, transporting storggé batteries to éveryrschool periodically or alter-

natively transmitting the energy over a network of wires. A third objective

is to discover whether system can manufacture and do maintenance and repair

v

on the sources of electrical power which are best for it.

-
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20.2 Levels and suBsystem orﬂsubsystems involved in this study.” The

organization and the society levels. Chieily the ingestor or matter-energy

storage subsystem and the producer subsystem-would be examined in this

S tudy . L -

20.3 Existing relevant research. Thousands or tens of thousands of
research and development activities during the Nineteenth and Twentieth

Centuries have been devoted to exhaustive theoretical investigations-and

- practical trials of a wide range of alternative ways to generate and/or

‘'store electricity. It is now apparent that there are many practical and

often inexpensive ways to do this. Some are more practical if large quan-
tities of electricity are to be produced.. Otheis are better for a small-

. )
scale operation. Each process is dependent oh a source of power, and the

aviilability of the different sources differs dramatically frommone part

of the world to another. This is an importént factor to consider in deter-

<

mining what ﬁeans of providing electricity for educational technology shall

be used in a specific less developed country. Another important considera-

tion is the adequacy of the national distributor subsystem, or transportation

system. If land transport is poor and slow, if air tramsport is irregular

or nonexistent, if storms or floods or ice and snow often block roads, a plaﬁ

for recharging storage batteries ceritrally and delivering them to schools

o

periodically will -not work. Delivefy of power by wires or local generation

of power must take its place.

So far as we have been able to determine, no-systematic analysis has

ever been made of how‘specific a less developed country could'go about

developing a system for pfoviding electrical power for instructional tech-

A\

ndlogy. The current literature on the state of the art of electrical

S 430 —
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_engineering suggests that any country intergsted.in‘this issue must4
investigate a good many possible energy sources and'decide.on at least
oné—*perhaps several, depending on local conditions in various parts of
the country. Thgse energy ;odrcesvshould include: ‘

Methane |

Propane

Butane: ° : _ - %

Kerosene and other petroleum produets - '_;.

Water power from flowing rivers or :dams ' ' .

Steam power

Windmills

Solar power (particularly feasible for desert areas within
35 degrees north or south of the equator~).

Atomic power
Additional soufceé; especially felevant to less developed countries,
are: o ] . ‘
.A thermocoupie in a fireplace, flue, or chimney
Animal or plant fats.or ails ,
A& thermocouple in animal dung--e.g., cow or camel, watered to
Speed spontaneous combustion
Burning dung
v There is practicalﬂeXperienée and relevant literature on ﬁos{,if not
‘all of these methods of generating electricity. Similar%y there,is much

. ) ’ “\\-
known and written about alternative ways of storing and transmitting

)

electrical energy.

?
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- : The staff of PrOJect SACI 'in the State of Rio Grande do Norte in
Bra211 has made a study somewhat like the one proposed 2 They dec1ded
to‘deliver 12—voIt automobile batteries on a monthly basis to each school

’ ‘o .

: & to provide power gor TV and radio receivers. This is now being done.

20.4 The research design. ?ne first phase of this study would be

[ . : . > v )
E , devoted to getting an accurate description of the present and projected

future needs of. the educational system for electricity. This would include C

a determinetion.orAjust where the schools and other institutions that.will
use ir now are;or.will be located. It would also include an accurate
determination of what sources of electricity exist or will exist in the
. society at large which could be used to supply the educational system.
Also the facts should be learnedlabout the expertise available on electri~-
cal engineering and technology, the mainFenance and repair facilities,
the state of the societ&'s distributor subsystem, and the likelihood that

unguarded power equipment will be damaged or stolen by vandals °. -

&ery likely in some parts of the world, constituting a major maintenance

v
. ' 1]

problem).
During this first pheee a'compiete inventory of possible power sources
. for generating electricitf should be made. Also éflitereture survey shouldl
be carried out to derermine the best one or more ppwer systems to employ
in the.lightuof the particular situationldiscovered. v
Tng-second phase would'inclnde a complete engineering design of a
total electrical power delivery system to meet the nationai educational
system's present and projected future needs. This shouid take into aecount

“ : & °
the problems of delivering power over space from a central generator in

- ERIC .. . . A5
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that particular environment; the possibility -of using 4 national

power sysfam§ the problems of déyeloping'and installing local generators

‘that will need a minimum .of maintenance; the training of service person-

nel; and all other mechanical and human aspects of the total proposed
system. Alternative systems'should also be ‘described.
The final pbase would consist of thewimplemenfatibn, on a limited

trial basis, of the power»delivery system chosen by the appropriaté '

officials of the less developed countfy. The cost-effectiveness of .the

»

sysﬁem would be determined and, .if it appééred éatisfactory, plans would

'be made to extend it thrdhghout the country.

o [

20.5 Staffing and scheddling. A project directo; who is an electrical

~

" engineer and -an associate director who is an expert’in instructional tech-,

+

nology.hardwéye would be required. These would probably come from sut of
the country. An administrative assistant and a secretary from the host

country would also be needed.

~The schedule of the phases would have to be fleiible, depending—

rs

upqn"the ease of dbtaihing the néceséary‘%ata‘in that parficuiaf cogntry
in-Phase I -and the speéd'with which gé?ernmental offfcials_cduld,seleét
a system and necessary equipment and personnel could be obtained to -
impiément ghe limited trial in Phase III. .The following Scﬁedule w;;ié

probably Le reasonable: » . -

Phase I, one year.

a

Phase 11, sixumonthé.

Phase III, two vears.

o~

a

<
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20.6 Steps required to translate findings into operational use: For

the host country these are the procedures of Phase III outlined at thé
end of Section 20.4 above. For other less developed nations to prdfit from

* the study it should be reported in engineering and educational journals

that are read_internationally; and at appropriate conventions.

20.7 Coordination with other research and development work. Moét
of the pfojésts#we propose in ‘this document involve use of hgrdware.as
prostheses in an educationai s&stem. Most of this hérgwaré operates an
electrical power. Provision qf‘it as’ needed, by means like those deécribed
in this project discussion, is essential if the=othér projects are to éuc—
ceed and their findings are to have practical eféecf.
‘ 20.8 Professional expertise required. Experts in ele%}fical

engineering, educational technology, and data analysis.

-

o,

20.9 Estimated costs. A total of man-years of labor will be
required for this projeép assuming thqt all opefationél personnel involved
will be paid by the host country and all equipment bought by it. The

‘manpower and monetary costs of each phase and the total would be: -

1. Phase I, ohe~yeag o 48 @an—months ) $ 96,000 *
S2. Phase II, six months | 24 man-moqqhs | 48,000
3.. Phase III, two'yeérs | 96 man-months 192,000
TOTAL 168 man-months $336,000

20.10 App;ppriaté countries for;projectL Thailand, Zaire, and

Ecuador.
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21. Prdpose& Project 21, Priority B.
MAINTENANCE OF EDUCATIONAL EQUIPMENT
\\ .

This is a study of the comparative cost—effectiveness of alternative

v

' . o . . . 3
modes of repair and maintenance for various sorts of instructional and

. communications equipment for formal apd nonformal education in various

less developed countries and climates.

.

21.1 Objéctives. Unfortﬁnately the hard problems. of hardware repair

and maintenance are rarely given enough émphasis or taken into considera-

R

tion soon enough in the planning of programs by instructional technelogists

and educators. It may well be that standard models of instructional

.

‘equipment are so poorly designed or manufactured for the needs of less

developed cbuntries that they must be rejected as impractica& or too costly

to maintain. It.may be that their use would -be feasible in cities and

.towns where repair  shops are near but not in rural areas. It may be they

are not suited for the extremes of climate found in many. less deVeloped

countries--hot or cold, damp or dry. It may be that their electronic

circuitry is so sophisticated that few if any in the country can repair

- it., It may be that replacement parts cannot be made locally and are

difficult or impossible to obtain from abroad. It may be that transpor-
tation is so difficult or unreliable or slow in some parts of the country

that any equipmenf breakdown seriously disrupts the studénté learning

e

'experiences. These are major, not minor concerns. The danger is great

that unrealistic and idealistic educational planners and innovators may

plunge into some large and expensive educational experimént without giving

due thought to them.

>
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The ‘objective of this prbject, thérefore, is to analyze these design, .
manufacturing, and maintenance problems in the iight of what can be léarned

about the ekpéfiéhbe of less developed countries in such matters. Speci-
e © fically the study would attempt to answer such questions as:

‘e How can design and manufacture of instructional hardware be modi-

~

-fied, if hecessary, to produce equipment that is optiﬁhl forvless developed

countries? - ‘

e What are the most cost-effective trade-of f's between local repair
and maintenance of equipment versus. transport of equipment to central -
repair shops? *

e How should repairmen for instructional hardware be trained in less N

P
1S

e )
‘developed cduntries?

Answers to these questions may go a long way toward determining which

instructional media are feasible for a country and which ‘are not.

'21.2 Levels and subsystem or subsystems involved in this stugj. The

. i

levels are the group, organization, and society. The chief subsystems

: arq the distributor, which transports repairmen and equipment neéding
< ‘ :

maintenance, and-the producer, which manufactures equipment and spare

parts, and repairs equipment.

. xisting relevant research. A number of large-scale educational

radio and TV systems in.both established and less developed countries. have
had much experience in equipment maintenance and have developed procedures

for it and some rough ideas of costs. This is true of NET and the State

University of ,New York network in the United States and Project SACI in_

O

Ol
-
-
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By consﬁlting #ith the host country's educational planners and
other officials as to their 1ongu:ange_objéctives, they should diéco&er
as much as possible about their plans;about using insfructional techno-
logies and expectations as tovwhat benefits could accrue from their.ﬁse.
The investigators should determine what media they.planned to uée and
perhaps at this stage‘éuggest ﬁthers they should coﬁsider.

With all the information they had acquired tﬁey should then begin
to analyze the hardﬁare maintenance and repair problems in that country
of the proposed technological syétem. They should deal with such
questions as: | )

e Is centralized or local repair and maintenanée more cost-effec-

tive in this country ox in parti egions of the country? How is a

'
v

decision on this affkcted by local communication and transportation

facilities? .
e If repair and maintenance are to be decentralized, how will the
local repairmen be trained? What will be thé costs of the toolé and

repair equipments they must have?

e What improvements in design and manufacture of the hardware

would make it more suitable for this less developed country? Should the

electronic components be less sophisticated so they would be easier for
semitrained or poorly equipped persons to maintain and repair?

° e What is the likely engineering effectiveness of the various media

in the host country? What are their likely percentages and frequencies

of down time?

O
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Bra;il; for instance. Some large computer networké for education, like
Project PLATo.of tﬁé University of Illinois, the Pildt Medical Progfam of
Ohio State Univérsity, and the ﬁERIf prcoram of Michigan Statg University,

" the Univérsity of Michigan, and Wayne StatevUniﬁersity, have comparable
experience with hardware maintenénce in.relafipn to computer-aided and/

or managed instruction. There appears, hoWever,‘to‘be no‘published research
on these matters.

21.4  The research design.

Phase I, six months. The director and associate director of the

§

'broject, the only two professional personnel, will visit major centers in.
several countries thch use instructional technology, to learn how they
handle their hardwére @aintenance and repair problems. They should also
visit the major m nufacturers ‘'of such ha%dware, to learn ‘about how théy
aré built and should be maintained<;nd repaired. They sﬁould take interest
in m;ny of -the media listed in Table 7; bﬁt concentrate on (a) radio,
() Tv; (c) instructional ﬁse of computers, (d) audio cassettes and players,
(e) video casséttes and recorders, and (f) slide and movie projectors;
They should visit, among 6ther couﬁtries, the United States, Great Britain,
West Gefmanx,.qapan, the Ivory Coast, Eolombia, El Salvador, and Brazil
(particularly Projéct SACI in the Sta%e.of kio Grande do Norte).

Phase II, one year. The two investigators should learn as much as
they can-about the host country. Thgy should pay particulaf attentibn to

the geographical distribution of, its scﬁools and other educational

institutions, urban and rural. They should learn about the climate or

climates of the country, the road system and communications system.
. L4

®
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e Will it be necessary to have duplicate equipmént in case of
breakdowns?

e Will spare parts be easy or hard to obtain?

E¥ 3 .
L What are the trade-offs of the following costs?

Original équipment costs
Redesign costs
Spare parts costs
Duplicate equipment costs
Maintenance and repair labor costs
Iransﬁortation labor costs
"Other transportation costs
Down-time costs (in student and teachér time as well as.money)
Traditional teaching-costs (ﬁith teachers or paraprofessionals)
e Which of the above costs need be paid in national and which in
international currencies?
‘ ° ﬂow should fepairmen be trained?
The investigators might use compute? models or simulations of alter-
ﬂative educational systems to discover the bptimal one ih,terms of main-
tenance and repair as well as other considerations. .

Phase III, six months. After all these anélyses a final report with

specific recommendations should be prepared and submitted to the proper
authorities of the host countfy.

21.5 Staffing and scheduling. The*entire staff would consist of a

director and an associate director (an electrical engineer and ap instruc-

tional technologist), and a secretary. The schedule would be:

.

469
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Phase I, six months.
. Phase II, one vear.
Phase II1, six months. '
21.6 Steps required to translate‘findings into operational use. .

Submission of the final report and discussion of it with officials. They

//ﬁight, of course, request the investigators to take further steps.

21.7 Coordination with other research and development work.
Maintenance and repair are essential in all instructional systems that
. e
use hardware. Consequently this project is related to and should be

coordinated with most or all of our proposed projects.

21.8 Professional expertise required. An electrical engineer and

\ . A

an instructional technologist. Few of the less developed countries would
have citizeﬁs with the necessary éxpertise, so these would have to be
foreigners. The secretary, of course, could andvprobably will come from
the host country.

21.9 Costs.

B

1. Phasé I, six months. 18 man-months ﬁ.. $v36,000
2. Phase II, one year. 36 man-months 72,000
3. Phasée III, six months. 18 man-months ' 36,000
TOTAL ’ 72 man-months o $144,000 '
i Travel expense fhase I. ' | 8;000
GRAND TOTAL - $152,000

21.10 Appropriate countries for project.
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-vision is just beginning in Rio Grande do Norte, Brazil. However, the idea
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22, Proposed Project 22, Priority C }

TEACHER TRAINING WITH TV AND VIDEO TAPES

This is a pilot study for a nationwide teacher-training program

using TV and video tape recordings in a less developed country.

22.1 Objectives. The objective of this project is to plan and
carry out a pilot operation of a training program-for teachers using TV

primarily, rather than teachers in direct face~to-face contacts, to pro-

-vide the instruction. Video tape recorders would be used to provide feed-

backs in microteaching situations. This approach is novel because nowhere
has an entire teacher training program based on instructional media been
implemented and evaluated. A program of this sort with both radio and tele-

23

needs evaluation in other places.v TV are proposed as instructional media.

Trainers ég'teachers have three important functions fqr the people
they are training. First, they'afé a source of information on the various
digcip}ines they are training people to teach. Seéond, they provide a fole
model of what an instructor does. And, third, they must act as counselors
to the teachers in training as these people have Fheir first opportunities
to teacﬁ.

Because the training of people to manage the learning process,
whefher_they are called teachers or not, is crucial to the success of an
educatioﬁal s&stem; the problems associated with the training of instructors

(or managers of the learning process) are critical. For example, in

El Salvador the educational reform using television that is underway has

B .
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as one of its basic activities the retraining and improved pretraining of

teachers. This is a basic requirement for an increase in educational effec-

_tiveness, whether it be for an innovative media-based system or for the

- expansion of an existing educational system.

"It is not hard to understand why the present training of teachers

needs improvement. The average teacher—training institution--and its staff--

" in a less developed country is a place of low prestige, poor motivation, and

second~class students. As in established countries, capabletstudents Prefer
other institutions of higher learning. According to Coombs, the lack of |

first-rate tféiners in teacher-training institutions "is the blistering fub

in many countries.”

Qutside the formal educatidh system the problem is not much better.
Agricultﬁral extension workers and commuﬁity_health workers are‘neipher the
best-paid nof the most prestigious employees of the-agricuitural and health
ministries in 1ess‘developed countries. - The'péople whd train them, if they
are trained to be educators at all;.rely much more on transmittiﬁg the
basic téchnical skills required for the job than on the human requirements
for persuading people to alter their traditional life patterids. New skills
are neecded both b; the trainers and by those they‘train if informal educa-
tional ‘programs are to have an important impact.

Teacher training in 1es$ develoﬁed countries is often hampered by a
shortage of capable instructors.. In some sgch countries, many of the educaj
tors responsible for training teachers are themselves poorly trained but

are still expected to give classroom instruction, supervise practice teaching,

and provide individual guidance to teacher trainees.

I
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The proposed program could'éapitaiize on the strengths‘of:the
available inséructors. Threy could continue and even expand:their super-
visién and guidance activities whilé academic subject-matter and ﬁe;ching
of methods would be suppleﬁented by information;}eceivéd by TV and video

tape recordings. . : ' |

22.2 Levels and subsystem or subsystém; involved in this study. The
levels of the organization and the society., The chief subsystem involved ’ :

is the associator, where the actual training of teachers goes on..

22.3 Existing relevant research. Researchvon'teacher training
systems has been carried out on éflarge scale in the United States in the
lastifew years, Some ;f fhe.results indicate that most teachers in training
can benefit from the use of microteaching techniques employing video tape ‘
recorders.2 ) .

The United States Office of Education funded 9 -projects in 1968 to
develop comprehensive models for training of elementary teachers.3 These
modelé are now completed and available from the Office of Educatiop. éhey

were not designed to deal with the problems of less developed countries but

they are relevant to any teacher—-training situation. Among the problems

-~

with which they are concerned are: the appropriate pfoportion ofleffort

to devote to academic instructio; on one hand and to professional training

experience on the other; the relation of preservice to‘in—service training;
_problems of evaluation of trainees; staff fequiremenfs for alteacher—train—

ing program; and problems of program management.
%

22.4 The research design. This project requires intensive work in
one léss developed country. The country that is selected should already

have some educational TV. Its officials responsible for education and

Rc— EY P
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communication must be committed to expanding the use of TV and other media

-

in education. A need for improving quality of teaching should be recognized

and a number of citizens of the host country “should be capable of microtea-

ching methods with audiovisual aids.’

1. Pha;%\lQ.two yeafs._ The first step is ‘to find sucH a country ahd
arraﬁge go work with iﬁs educapional administrators. Since the needs of
each country are different, a teacher~training program must take account of
the special.educational redﬁireﬁents of the couﬂtry for which it is designed.
In each nation thé training system in use will have special characteristics,
the needs for teachers will Qary, the stage of developmeﬁt of edﬁcational TV
and its currenF ﬁse in education will be different. In addition, the country
will have its own special cultural ch;racteristics, political climate, and
social structure that must be taken into account in designing a system. The
country in which the project is carried out will also have specific require-
ments for numbers and professional attainments of teather graduates.

After the country is selected and its needs determined, a planning
team should work wiéh representatives of the educational system of the coun-
try, talk with teachers and teacher tréiners, and visit‘teachef-traiﬂing
schqpls. They should also stuqy the communications facilities’of the coun-
try, to determine what educatioﬁal usés are feasible.

On the Basis of intensive interviews with these repFesentatives of ;he'
educatioﬁal system, and applying research results and-experimentai findings
from other placés, they should then be able to plan the nationwide teacher-

training systems they propose to implement. This R}an would describe speci=-

fic interactions of the various components of the system: teachers, trainees,

465 L
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. relations among all components of the’propoéed teacher~training system:

commJ;;cations personnel and.facilitiég, and educational adminisfqators.
It should .be specific about thé courses and other training expériences to
be offered, their sequence, and details of the use of TV, video tape .
récordings, andkother media. It shou}d be‘possible, on the basis of the .

491°a8 . ) . S - s
e

plan, -to determine the qualifications and training of the instructors: the

- H

and the basés upon which trainees 'would be evaluated.
Then instructional materials for TV, along with coordinated student

workbooks and teacher manuals, would be prepared. Situations in which

-

the students would carry out microteaching practice using v?deo tape

recorders. to proviie feedbacks (see page 47 ).would be described. Also
D254 .

the tests and other evaluation instruments to be used would be ‘prepared.

2. Phase II, two years. For two years the TV curriculum planned

) . .

would be tried on at least. 200 téachers in training. Another set of 200

trainees instructed by traditional means would -be compared on compargble

.

measures of progresc. ’ ) -
. -

. ’ T .
3. Phase III, one year. During the third year a final report on

the pilot-project would be prepared. If the approach appeared to- be

significantly more cost-effective than previous practices, it would be

recommended for expanded application.

22.5 ¢ Stéffingﬁand‘scheduling.. The planning team for this project ’ : a

. should consist of people from the country for which the project is éarried

<

out, along with consultants from an established nation experienced in
curricular plahning, research design, TV program production, and use of

microteaching methods with video tape recorders, teacher training,‘test

design, and data analyses. The full~-time staff should be récrgited at

. | 466
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the beginning of Phase I and serve throughout the project. As indioatégi
- S ’ N

: . . .\
above the project would have three one-year phases. - - . Q§\
. : = AN

. 22.6 Steps required to translate findings into operatiomal use. If
N \‘\

it. should .turn out that TV teacher training combined w1th V1deo tawi

recordiog feedbacks in mlcroteachlng sessions is significantly more cost—

effective than trad1t10na1 teaching methods, the new procedures should cer-

tainly be used more widely. The best wa& tovmake7thismhappen.iS~to»givém R
| . : . . .

thetfindings wide oubliqity and assist educatorslinterested in using the

procedures in planning for their implementation.

22.7 ‘Coordination with other research and development work. Other

educational uses of TV and video tape recorders of course are related to
this one. The same equipment could be used for other programs thereby

saving money.

22.8 Professional expertise required. Instructional technologist,

) . . * N . . - ‘. ' )
educators specializing in teacher training, two curriculum planners and
) ]

.writers, two TV script writers, two TV producers, one.developer, three

<

secretaries, consultants who are specialists in microteaching, and educa-
tional uses of media.

22.9 Estimated costs., The total estimated manpower needed for'the

proJect, excluding operatlng personnel from the host country, is 32 man-~

years. Assumlng the TV facilities are avallable, the costs would\R
\ .

1. PhaSe I, two years 180 man-months - 3 360,000
2. 'Phase II, two years 132 maolmonths‘ 264,000
" 3. Phase Ii;L one yeaf,’ 72 man-months - . 1ﬁ4,000:
». 3 | "Video tape equipment w 10,000

TOTAL - 384 man-months 1$778,000
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22,10 Appropriate coﬁntrieskfor project. Uruguay, Singapore, and
Nigeria. ’i
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23. = Proposed Pébject 23, Priority C

.

SCHEDULING OF LEARNING SESSIONS

This is a study of the comparative cost-effectiveness of various
: ) [

time schedules involving mpre or less intensive interaction' of students

-

in less developed countries.with instructional materials.

23.1 Objectives. The primary'oﬁjective of this study is to determine

the most cost-effective scheduling of learning sessions of students of

"

- different ages, using instructional TV, instructional radio, or CAI. A

second objective is to discover whether: the course of learning is signi-

ficantly different with each of three inmstructional media.

23.2 Levels and subsystem or subsystems involved in this study. The
levels are thevgroup (class), 6rganization (schbol), and society (less
developed country). -Associator subsystem, the locus of learning in both

.

formal and nonformal educational programs.

" 23.3 Existing relevant reséarch. Comparative researches on the- cost~ '

effectiveness of different. learning schedules of various instructional

media have not been carried out. Decisions concerning media use and

scheduling have generally been made on practical or ad hoc grounds.. ;

.

Experimental researches on learning and’ retention by Ebbinghaus, Jost,
Youtz, ang Radbssawljewitsch'demonstrated that nonsense syllables and ver~

bal materials are both learned better ¥nd remembered better if the practice »
. . ‘ B - v

sessions are distributed over several days rather than all given on one

: »

1 T :
day.” The practical implication of this project is that optimal scheduling

‘of a unit of instruction by the media extends over several days rather
) : - °

‘than being lumped in a single one.

‘ B X1

’ |
i : :
3 . . ;
; . : o nr
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23.4 The research design. Groups of adults and reguiar primary

) . 4 S
and secondary school classes will be assigned to one of four experimental
conditions: (a) 50 minutes of instruction by one of the media five days

a week, either with only.stUdents present or with a paraprofessional

acting as monitor;'(h) 100,minutes'of instruction by one of the media five

days a week under similar circumstances; (c) 20 minutes five days a week,

with an additional 30 minutes taught by a trained teachep;'and ) 50

-

‘minutes of instruction by one of the media one day a week, the-additional

four days béing taught by a q;alified te;cﬁer. ihe subject-matter to;be
tahght should be readily testable. English as a:foreign iénguage, and
nutrition and Heélth are Sugéésted as cgﬁtenf fields. |

It is pfop;sed that TV,;radio, and CAI be used in Mexico, and that

in addition TV. be used in Cambodia.and radio in Sierra ﬁéone. Use of

all three media in Mexico will control for contamination of media variables

by cultural variables in thebresearch design, which would exist'if only '
one instructionél»medium.were uséd in'eaca(country. This'reseafch design
yvields 3 categories of students x 4.learning~conditiohé.x 3 media, or 36

cells representing.differEnt yariations in Mexico. At least 25 classes

would hopefully be used in each cell, or a total of.900 classes. In

Cambodia and Sierra Leone, since only one instructional medium would be

.employed, only 300 classes would be required unlgss'more classes were

desired in each cell of the research design. It is important to note

that fewer schools than classrooms need be involved in the study since

in a single school several classrooms could be used and the same rooms

could be employed for nonformal education after regular school, in the

~afternoon or evening.

. 470
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Costs would include the expenses of developing and producing

- - - .

programs;a#d of transmitting them 6vef the differént media, as well as-
ﬁeachers; and paraprofeésionals' training and .salaries. Costs would
perhaps béstAbe calculated in terms ofvmonetary units per student hour.-

. Effectiveness measures wouldhinglude formati&e evaluation and summative
evaluation at the begiﬁning of the experimental periodg'monthly dﬁring it,
at its end, and a year later. Tests wbuid include measures of cognitive
knowledge and.of attitudes. Graduétes' perfbrmance»in the society would

. , _ . .
be measured a year later (see Project.l above).
With these measures it wuul@ be possible to compare costs.and effective—
nesé of the difféfénf media and‘varioqs schedﬁlés for three ievgls of
.studenfs in different countries.

23.5 Staffing and scheduling. A project director assisted by experts

in curricular development, programming, testing, and data analysis would be

required. Where possible, existing programs should be used with appropriaté N

13

translation and adaptatidn. An initialnperigd of one year wouid be needgq

for .working out details of the study, recruiting local and fo;éign persénnéi,,'.
developing pébgrams; selecting schools and classes, and setting up the‘exper;— ‘
mental situations. Ipnstruction Qnder the expetriment Qould gb_oh for omne c !

school year. Data analysis could continue during the succeeding year and

<for 6 months after follow-up testing is finished. The total duration of °

v

the projecE,!therefore, would be 3 1/2 years. ' : .

23.6 Steps required to translate.findiggs into operational use. If .

the data obtained during the study show that learning is as cost-effective
when one of the media is used alone as when media and instruction by tea-

chers are combined, it would be desirable to move into’ this form of

ERIC = - 47i
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iﬁstrgction és rapidly as would be consistent with protectiﬁg the . -
positions of thosé teachers  already at work in the system, if, ﬁowever,

learning is superior with some combination of an instrubtdr and a medium,

the qombination that proved most cost—efféctive shoul® be put into prac-

tice withoutAdelay. In all cases, the entire cost of deliverihg insgruc—

tion should be considered. ' : .

23.7 Coordihation with other;research and development work,' Findings
of>this'study concerned with inteﬂsity of.scheduling, or Y}th any instruc-
ﬁional ;edium or combination'of a medium and. an instructor, could be
applied to any program in which ghe same instructional medium is used. This.
application should take into account differences found in this present pro- *
ject in grade ievel of the students, the cultufe, éourse content, type of

5

medium, and mix of instruction by teachers face-to-face and through instruc-

-

23.8 Professionaf'egpeftise required. The study would require research

managers; experts in research design and statistics; radio and TV. engineers;
programmers~for radiog, ‘TV, and CAI; TV and radio actors or teachers; TV
directors; clerks; and secretaries.

23.9 Estimated costs. Thevestima:ed'amount of labor for the necessatry

A}

specialists, who would probabhly come from a foreign country like the United
States, over the 3 1/2 years of the prbjecg, wouldvbe a total of 26 man-

years, 10 in Mexico and 8 each in Cambodia and Sierra Leone. In addition,

12 man-years of specialists and secretarial and clerical personnel would be

S

required in Mexico and 8 each in Sierra Leone .nd Cambodia. In Mexico the

first year the project team would be made up of the principal investigator

’

- 472
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{who would coordinatevthe entire projecp and also direct the-Mexican'
portion of itj, an -expert iﬁiresearch design and statistics, a radio~-
TV engiﬁeer, and two media programmers. These woﬁld all probably come
from a foreign country. In additionltherg would be three Mexican media
dirgctors, three actar—teachérs, and a secretary. The team in Cambodia
would consist of a research administrator, an exéert in resear@h desigh
and statistics, and a média progfammer, all from abroad. In additiqn,

there would be a media director,-an actor-teacher, and a secretary, all

. of whom would be citizens of the local country. A similar team would

be used during the first year in Sierra Leone. TFor the next 2 1/2 years
the team in each country would be reduced to the administrator, an expert
in research design and StatiSCiCS; a clerk,gahd a secretary.

The costs, then, would be as follows:

[

1. Personnel recruitment, study 288 man-months. § 576,000
design, and program develop-
ment _ ’ -
2. Implementation of experimené 144 man-months 288,000
3. Data processinglan3'follow—up 144 man-months 288,000
4., Data analysis : 36 man-months 72,000
5. Reporf writing . 36 man-months ) 72,000
TOTAL 648 man-months  $1,296,000

23.10 Appropriate countries for project: Three very different less

developed countries aﬁe suggested for this project——Mexico, Cambodia, and
Sierra Leone. Mexico has the capacity to implement programs with all

three media because of its size, state of development, and previous.experi-

_ence with instructional technologyL Sierra Leone might not be able to

1

/
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4
afford Ty but could afford radio. Since it is likely to reéeive much
United étates aid, Cambodia cduld probably afford TV. The problems
arising in the'use of instructional technologies in the. three countries
would quite likely differ greatiy because their;geographical lécations,
social organizations, cﬁlturél characteristics, and stages of deveiopment-

are markedly different. As a result their orientations to instructional

media are likely to diverge also. =

Reference .

\ k]
1. Hovland, C. I. Human learning and retention.  In S.S5. Stevens

{Ed.). Handbook of experimental psychology. New York: Wiley, 1951,

645, 649-650.
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24, Proposed Project 24, Priority C
TV VS. fRADITIONAL EDUCATION AS PREPARATICNS FOR LITERACY

- AND EIGHTH GRADE EQUIVALENCY TESTS .

This is a comparison of the cost-effectivenesstdf nonformal TV
instruction and traditional education in preparing students to pﬁSs literacy.
tests and eighth grade equivalency tests in less developed countries.

24.1 Objectives. The mainrobjectivé of this project is to determine

‘whether TV or traditional classroom .experience is the method of choice for
a less developed country that.quts to increase adult literacy and improve
the educational status of its population. . -

As aevelopment of business and industrﬁ;proceed and countries whoée
populations have been predominantly rural and*agriculturai begin to become

urbanized, it is important that literacy and educational levels in the '

~ ’

population increase so that, when jobs become aQai1able, people are prepared
to £ill them. The basic skills involved are necessary for life in the modern

world whatever a person’s occupation may be.

v

Most less developed countries have aduit literacy and adult eduéatiom
programs but in many countries little is known of the degree'to which these
are successful in fulfilling their primary objective of improving the lives
of people by givihg them us~“le command over langqage skills and the other
basic subjects taught in these courses. It is crucial that tﬁe funds com-
mitted for adult education be used in the most cost-effective way. In order
Fo"determinebthis, broficiéncy tests of a large number of s;udénts and a

certificate to those who passed. A testing program-of this sort, if those
s . &

Q1
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who passed were given a certificate of proficiency, would motivate adults
to do the necessary work to pass it.
After two years a sample of those who passed would be investigated

to discover whether occupational level has been improved as. suggested.

24.2 Levels and subsystem or subsystems involved in this study. The
levels are the organization and the society. The subsystems are the.trians-
mitter, channel, and receiver components of the channel and net subsystems,

and the associator subsystéh.-

a

24.3 Existing relevant research. A -study in Brazil compared, on

ability to pass the government's eighth grade equivalency test, known as
the Madureza, students who had taken courses 4in private 'cram'" schools
with those who had taken courses offered over TV statiorns in S3ao Paulo and

Recife.l The findings are relevant to this project.

The new TV courses are offered over a several month period. Inexpen-

sive books, like comic books, coordinated with the ingtructional TV programs,

issued weekly and are sold inexpensively at book stands and in some stores.

Twice annually in recent years tens of thousands of adults take the

Madureza. They often want the certificate for its value in getting a job

or a better job, or a higher salary. Mény jobs in Brazil are open only

LY

to people who have passed this examination.
The student pays a ''cram" school about $200 in fees. This is, of

course, a private cost. The cost of the TV program is a public cost. On
a per-student basis, the TV program is much less expeﬁsive.

-

By having each person who took the Madureza indicate where and how he

) ‘s “ - ‘ o .
. had prepared for the examination it was possible to identify those who had

- &

prepared iny”crém? schools and those who had taken the instructional TV

&

-
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program. Slightly more than ha1f the TV students passed the test, while
slightly less than_half of the "cram" school students passed. The cost~
effectiveness tatio of the instructional TV program appears definitely

to have been superior in this case.

24.4 The research design. This projéct would have to be carried out
in a country which already had had an instructioﬁal TV brogram. If édult
education courses were-aléo ihcluded in this,‘the project could get uﬁder
way mbre quickly. Also the nation's educational planners must be interested
in beginning a program whereby a certificate, diploma, or degree that w;uld
be accepted as a job credeqtial equivalent té a certain number of years of
formal schooling would be given on the bases of a test alone. Then a project
coul& Be begun to determine the cost-effectiveness of alternative methods

of education in improving literacy and providing primary education.

Phase I, two years. .Tﬁe %nitial steps in the research design would be
to develop and produce TV inséructional programs on literacy and eighth‘
grade education. Coordinated tests of literacy ;nd of proficiency in school
subjects would also be written. A system would also be set up to broadcast
the TV instructioﬁ and after that to administer the tests by which in cen-
ters throughqut the country. A government-sponsored publicvrelations.and
'educatioﬁal campaign would be nebessary tolacquaint'the people at lérge
with the plan to administer the tests and to 'give cergificates of pfofic;ency.
If‘no national system of testing all school éhildren at the end oflthe eighth

grade existed, it could be instituted also, although this would not be essen-

tial to the project being proposed.

-
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Phase II, one year. After two years' preparation and publicity, the

TV programs would be’ broadcast throughout the selected céuntry. Then -both
_the literécy test and the eighth grade equivalency test would be given
at the end of a school year, after both formal courses for children and

for adults, as well as nonformal courses, had been completed. Examinees

would be asked to indicate what kind of course they had taken to prepare

El

for their tést——fgrmal education courses or instructional TV courses. Also
they would be asked to state their age, how many years they had been enrolled

in school, and other relevant facts.

0

The criterion of educational effectiveness, a summative evaluation,
would simply be whether the student had passéd or failed the examination.
Cost measures would be the calculated cpsts per student of the preparatory

_ formal courses and TV instruction, based on budgetary and administrative

M .

data on the two sorts.of education. . ) ) =

From the stﬁdgpts wh0‘passe§’the’tests either of literacy or of ejghth
grade equivalence, then, a fandomlsample of 2,000 w;uld be drawn, 1,000 in
bach'éroup. Thesé‘would beAsurveyed to determine what jobs they held, if?

any, and their current annual incomes. :A similar procedure would be carried

out with 2,000 matchéd control engineers that did not pass the tests and

"another 2,000 that did not t%ké\the courses.

+ .
Phase III, one year. Two years after the end of Phase Il the

experimental and central examiness would again be surveyed to discover

-

if completion of the educational programs and attainment of the literacy
of proficiency certificates had had an appreciable effect upon their job

classifications and annual incomes. This form of summative evaluation

" )
3

o ‘ RN
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would concefn the impaét bf the educational programs on the‘éociety,

going béyond simple test performance. ﬂ
Daté would be analyzed to determine the cost-effectiveness of the

formal and nonformal_proggams, including the imprbvements they brought

about, if any, in the lives of the students. Cost-benefit analyses could

be made by comparing the average cost per student of the two educational

“

. programs with the average change in income of those who passed .the course

with the controls who did not and the controls who did hot take the

“

co.ise,

24,5 Staffiﬂg-and schedulding. It is assumed that the host country
would pay for all preparation of course materials and.programs,broaq—
casting, and instruction, and testing. The project would require a- pro- i

ject director, assistant director, and secretary. In addition, two experts

in constructing tests of literacy and of attainment in school subjects

would be required during Phase I. Four survey researchers would be needed

during Phases II1 and III to prepare and conduct the -survey of':he samples

of students‘énd controls as well as the follow-up survey.

oy

. The schedule would be as follows: ' { : : -

1. Phase I, two vears. Recruiting project pe;;;;Béif planning the <
program; preparing TV programs on literacy and eighth grad;\;sazatigp;- = o .
: T @ BT
and writing literacy and eighth grade equivalency tests. ' I '

.‘~\'
2. Phase II, one year. Presenting traditional and nonformal %V) I
— R,
courses and testing students who complete them. Writing of interim R
_ ’ o o
report on test outcomes. : - '
3. Phase ITI, two years. 'Follow—up survey, data analysis, andiJ :
| A o ) "
"writing of final report. . . R
oLt . . S ‘
. oy :
. . ’ ¢
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24.6 Steps required to translate findings into operational use. .
Two sorts‘of effects migﬁt come from fhis study. First, the.results of ;he
tests might seem ;ufficie tIy‘important to the educators of ﬁhe host coun-
tr} that a regular system of national certification tests would be insti-

tutionalized. It would then be necessary to set up permanent machinery

for administering and scoring them. Second, the findings might produce a

_shift in emphasis in the host country's educational policy toward the
method of instruction which had proved most cost-effective, énd this

R tould require adjustments in the educational system.

24.7 Coordination with other research and dgvelopment work. This -

}f""groject would need to be coordiﬁatéd with the planning of fofmal and.4’/7\ .

2}

s
'd

\ . : nbnformal education of the host country involved. It would certaiﬁly be
- o Aof interest to planners and‘gduéators.in other countries,léknce in the
**A':; . : last five §ears much interest has ariéen'in giving certification ;nd crégit )
; ’ for nonformal education. . ) ' )
) : , ‘ 24.8 PrbﬁeS§iona1 expertise reqﬁiréd. Project staff members witﬁ ’ *
P T knowledge q% e&ucationai testing methQHs,\design ana'carrying out of éurveys,’
5: * data analysis,” and Statistiés would be needed,va-tptal of 31 han:years.
if s : | 24/9 Estimated costs.
?“:?.Z 1. Phase I, two yea;sﬂ 120 man-months . $240,000‘
o ) 2. Phase II, one year ' iéé man-months 168,000 | "~
[ | ‘3. Phase 111, two ye;rs _ 163 man-months ‘ : 336,000 . i
;;\;\\\ : - o N . TOTAL 372 man-wonths ‘ $7é4,000 T .ﬁﬁ
: ~ ' A ‘ | ‘ ’ L | , o
' \T\J ’ 24.10 Appropriate countries for the;projqu. El Sﬁlvador, Ivory : !
, Coast;~8ingapore, each of which hasian instructional TV program._g" ' : .';
= . i
Q ' i
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- more relevant and interesting so that rural students in less developed )
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25. Proposaanroject 25, Priority C

iNCREASfNG IMPACT OF NONFORMAL INSTRUCTIONAL TV.

B

~This is a study of how to make nonformal -instructional TV programs

o

<

nations are motivated to learn and continue their educationms.

25.1 Objectives. The objéé;ives-of this study are to determine the

~

* ‘effectiveness of locally prepared and presénted TV pfograms in increasing LN

the impact of nationally televiséd;infprmal educational TV programs to
which they are directly related. ‘The studyawould test the hypothesis

‘that active participat{bn by rural people, including the opportunity to

see people they know in broadcasts and to hear local problems discussed,

" would act as feedback and reinforcement in their learning process and .

*

? therefore find it of little interest. : _ K

i

would increase their motivation to learn and- to-adopt the innovations
éuggested by the programs. , ‘ o : - - .

[

A continuing problem\fdr nonfqrmal edﬁcational programs designed to . s
teach such practical subjects as pﬁblic health, nutrition,'of agricultufal
methods has been ;hat the rural populatiOns.fo whichktﬁey.were directed
have made only littlevuée of them. People in theSe'areas,ténd to folloﬁ

traditional behavioral models'and to be slow to adopt innovations. - They

may see little relevance to their own lives in the course content and

'

25.2 Levels and subsystem or subsystems involved in this study. This
project would concern the levels of the group (small groups of rural adults),

the organization (the system which provides nonformal education), and the

.society (a less developed country). The subsystems concerned are the input ' ]
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transducer and the associator. The input transducer réports‘attituﬁes
. 0 . . ~ l/[' -
of students in. the nonformal educational process, and these feedbacks -

are QSed to mdke the instruction of the associator subsystem moref;ele—' .

<
B . : N .’ “ * ¢
vant and intereésting. \ . ' T ot
. v 'V"v N L4

25.3 Existigg,relevanﬁ research. An extensive literature in learning
theory demonstrates that feedback and reinforcement are essential to the

A - . | & B .
‘v

t~%n.indiviaual's

Y

learning process. Research also makes 1t clear tha

, o ‘ . S 2 , S, .
learning can be enhanced by group participation. And studies of group

*

"behdvior indicate that people change their opinians to conform with- those

of other group members, This could be true in the larger social organiza-

tion of the community as well as in a small group. - When a group disagrees

with him, it is commen for a subject to change even a fairly obvious judg-
. Fa i .. : L.
ment he has made, such as one concerning the lengths. of two lines which are

élose, but one of which is noticeablyrlonger thaﬁ the other. .
Feedback from héaring pne's self openly state an éttitude'appears to
reinforce that attitude. For ‘evample, when a squect in a group téid |
another member‘SOmeﬁhing which was contréry“té his private opinion (i.e.,
that‘a'boring task was in;eresting and fun); his private gpihion cﬁangeﬁ '
;o_correspond moré ;1oseiy w;th his 'statement.4
| A group which~partiéipates in pléﬁning a task is more iikely to have
high moralé'and productivity thaﬁ one which is not involved in'such plan~-

ning.5 Performance is better and attitudes are more favorable when a group

 carries out plans they develop themselves than when they work frbm'plans

prepared entirely by others. o ‘ Y

¢
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" :.Some relevant experience has been gained in less ‘developed countries.

. ~ , . . .

Giving direct rewards to people who complété a program.or conform with
“ ’ o N : . ’

the recommendations of a program has hof, for the most part, been highly

. assisted in producing them.

successful in motivating learning. Some attempts at such rewards are

_ ‘o - . .
the stipends given in poverty programs in the United States; transistor

- .t .

radios given to men who accept stePiliz?tion in India; and food or enter-

tainment provided in conjunction with qrograms.
T - o -

S ‘ I .
Experience with rural' radio clubs’dis' also relevant to this project.

.

Both Niger and India have had successful clubs where local discuésions have

followed broadéast. In Niger, program materials have been contributédlby”‘

’ .

listeners. UNESCO is éponsoring a locally produced-televisipn élub experf—
hent,in Sénegal in which club members design their own pfogramé andvare
| I

25,4 The research design. This study is planned to test the
hypotheées thaf broadcasting métivates léarning better:

.o When_examples are drawn from,th% local environment, coﬁmunity
peoplé participa;e in the ﬁrogramming an; fhé braédcasting, and when the
informagi;nvvery specifically relates to' the day-to-day life of ghe
cémmunity. . )

e When the programming reinforces each message through repetition.

to the broadcast and to help the listener evaluate his understanding of

it.

° Wﬁen.there is feedback ffoﬁ students to the broadcaster.

° Wheﬁ'thére are concrete inéentives to legrning, such aé access to
jobs or services that were'preﬁiously u#obtainable. -

- ‘ ‘ . . : 14f3ai o -

e When coordinated printed materials are available as adjuncts /

L
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.o

The project can be carried out only in a less developed country in which
rural areas have access to televised instructional programs and in which

a network of ldcal TV stations capable of initiating local programs exists.

S

It is proposed that in one such nation 12 experimental communities and

12 controls be matched insofar as.possible on social and economic variables

such as population number, average income, occupations, educational attain-

- ments of adults, and access to television broadcasts.

The communities selected as controls would have their usual access

to nonformal instructional TV programs. Both conditions would have avail-.

able printed materials coordinated with the programs which would include

periodic tests, similar to the madureza (8th grade equivalent test)

.

materials in Brazil. The subject-matter of the experimental courses woul&L
be public health, ﬁutrition,‘childvcare) or other courses considered by
educators in the country to bevimportant to iméfoving the livés Qf-rural
people. h '

Prior to.the‘initiation of the stﬁdy,'one Oor more goverﬁment expefts
would visit all 24 communities to rate them on variables related to the
course matgriéls. If they were to deal with improved agricultufal methodé,
a governmentlégriculfural expert armed with an interview schedule coul&
visit, gntervieﬁ farmers, and observe both their attitudes and practiceé.
If they were to deal with health, a public health nurse could interview

‘ . -

- ' . ' . 3
people and observe the community. Relevant facts such as crop yields or

“ -

infant morbidity could also be learned for the 24 communities.
In addition to the programs and printed materials used in the control
communities, the experimental communities would receive reinforcement and

feedback intended to increase their interest in the TV programs and to

M i

435
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facilitate their learning and acceptance of the ideas presented. A group
worker would make regular visits to these communities to organizg aqtivities

.réiated to the.televised courses. These would iﬁcludé one or more of‘the -
following, depending upén the interests.and capabilities of the people
\invoived;

>

(g) Clubs or organized small groups which would discuss the coptent

J
of the«instrpctional programs at regular intervals, expressing .opinions,
.."‘ ' .‘ E .a N . : ) T .
relating relevant experiences, and bringing up questions. Some or all of

v 0
o

’ N . >
these discussions could be taped for broadcast from the local station. e

(b) .Clubs or groups which would create programs relevant to the
) . ! N ) . o AV
course material, such as-short plays, songs, case studjes, or-opinion - S

surveys. The most intéres@ing of these would be selected for broadcast.,

(c) A visiting government expert,'such as a doctor, public ‘health

a

Q ] 3 ] 3 ]
nurse, sanitary engineer, or agricultural expert, could hold discussions

or question periogs-with leading citizens of the community in which the

- L

particular problems of the locality would be related to the content
material of the course--such problems as special climatic conditions or

insect peésts. Also local superstitions or prejudices could be discussed
A : 5 .

at such sessions. Some of .these sessions could be televised live in

-

local studios or taped By portable TV tape recorders for later broadcast.

"Feedback would be:providedAin these communities directly through
information given in the local broadcasts as to the conditions.in the -
community as compared totothers in the'country——their crop. yields, for

example, or the number of cases of certain diseases. Feedback is pro-
t - . X e

-
T
-

vided also when people hear themselves or those they know or respect

éxpressing positive attitudes. Members of the community not in sympathy

EI{IC} : | oo .;
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.and control communities, would involve several measures: ,
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f -

with the ideas embodied 'ﬂ the instructional TV programs would tend to

bring their beliefs into‘cJ;Edf%ity with those of their neighpors, often -
but/hot always supporting the position taken.by the majority.bf the group.

hd

\ . : .

" The group meetings would continue during the entire period of the course. &

3

Evaluation of the results of the experiment, comparing experimental

-

(a) Periodic evaluations by the public health nurse or other expert,
disclosing any change in the conditions or attitudes in the community.

(b) The amount of demand for printed course materials<
. . 3 e

(c) The number of people completing the course, as shown by the

-

number of tests taken.
A

:(d) Objective indices such as decrease in morbidity or increase in

crop yields.

.

25.5 Staffing and scheduling. It is assumed that .the host country

will be responsible.for developing all courses and instructionai materials
and producing all the TV programs és well as operating the TV network
and programs. |

| The director and associate director would appfopriately be one an ' -
expert in instructional technology‘and the other in rural sociology, pre-

ferably of the host country. In addition two full-time group workers,

. , \ .
. one data analyst and statistician, one survey reséarcher, two secretaries,

AN . . ) . ' . . .
and two part-time interviewers and raters—-one in agriculture and one in
\ N

' /
public health--would be needed. Probably all except/ the survey researcher

could be nationals of thg host country. :The project staff préper would all

serve for the entire two years.

The overall time for the entire project would be two years.

-

-
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25.6 Steps required to translate findiqgs into operational use.,

" Results of this éxperiment could be used directly to increase the dccep~ -

i . C v u‘
tance of particular programs which were considered to be of importance

"
!

to the country as 3 whole or "to certain regions. They could be used

. »
also in'gggions in which opposition to needed changes or innovations

1 . r

was a bar to their adbptionp ' : ot =

25.7 Coordination with other research and development work. This

v

would be relevant to attempts by less developed countries to overcome

-

resistance to chaﬁgé or to increase the rate of acceptance of ideas by

their people.' It would also be relevant! to other experiments on moti-

t . ’ .
vating learning of informal instructional-pEPgramé. It would coordinate

with studies of the effectiveness of TV as an educational medium.

- 25.8 Professional expertise required. Experts in instructional

-.technology, rural sociology, group organization and dynamics, survey
. ' . : : Iy ) .
research, data analysis and statistics, agriculture, and public

2
.
“

health. ‘ -

25.9 Estimated costs. o

»

1. First year - 108 man-months . $216,000

f 3 C . ) ‘
2. Second year 10? man-months 2163000'
TOTAL 216 man-months $432,000

! °

25.10 Appropriate countries fof;prqjéct. Colombia, Singapore, and
the Philippines have instructional TV including local stations-with
capébility of initiating their own pfbgrams and would be suitable for

>the project. ‘ .

-
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26. Proposed Project 26, Priority C ,  ' -

INSTRUCTIONAL TECHNOLOGY RETRIEVAL SYSTEM /

N c. i

This is an analysis of how a user-oriented information storage an#'
retrieval system can be designed to assist educators in less deveiqpe

covntries to choose the appropriate instructional technology for thei : '

purposes. ' a : : , : v
. ] o

26.1' Objectives. The chief objective of this study is to desi/jgn and

3

test a computerized data bank that woul& contaiﬁ information aBout educa—‘
tional technology. This would be availaBle to aid less developed and
established countries in deciding what sort of instructibnal technologies
wou}d best meet their needs, and in chogsing among alterﬁa;ive teéhnoloéie;.
Educational deciders of less developed count;iég have éften'béeh
overwhelmed either by the enthusiasm of representativéé>of the American

i o

government for educational technological innovations or by the entrepre-
L A H

.

- .

neurship of -American salesme

With better access to informiAtion, educational decision makers could

select among technologies more ratiohally, taking into account the needs

»

of their countries and the constraints under which they operate. They

0

would also benefit from reported experiences of other countries and from .

rublished research on educational technologies.

26.2 Levels and subsystem or subsystems involved in this study. The
levels of the organization, the society; and the supranational system are
involved. The decider and memory ‘subsystems are the chief ones concerned,

the decider of schools and school systems in less developed countries and

of the entire country, as well as a component of the supranational memory.

490




, héndbook.by Hayes and Becker.

e g . 2 L
.systggk appears in Licklider's Libraries of the Future. , Brown, Miller, and
\ . : e :
' Keenan in EDUNET have described how a national’ information processing net-

‘work fof‘edudétion could operate.3 ’All these books could be reférred_to

518 - ' :

*

- -

26.3 Existigg,relévant research. The extensive literature on
development of data banks and computérized information storage and retrieval 

systems 'is relévant here. This is’ well summarized in the large, up-to-date -
1-

Anlimaginative yet realistic appraisal of

the\coming potentials for on-line, gomputefized information retrieval - "'}f

- PN

% . - .
3

during the planning phase of this project. 4

//" !

26.4° The research design. In Phase I of this'pcsearch,-a six-month- N

»

planning péfiod, a paﬁel of advisors would be selécfed. This group would

include representatives of nlanufacturers of hardware for educational_tech-

nology, experts in the associated software, 9éucational planners from

developing countries, educational systems—experts, and specialists in the ' ’

organizing and operating of educational déta banks or libraries like the ’ !

one &evelbped by Project INTREX at MIT-% The ganeliéts would act as advisors
in all stages of the project. They would meet twice a year during thé three-
year period of the project!

"Two centers in the Uhited'States store‘and, on request; supply infor-

mation on educational technoldgy._ Thé ERIC Clearinghouse on Educational
) k& .

Media and Technology at Stanford makes available all information it can

L J
collect about instructional hardware and softwags in the United, States;
answering any questions it can about such instructional aids. The Academy
for Educational Development operates a limited informatiqn center funded

H N : - '
by AID, which is devoted to collecting information about hardware and

]
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software abroad and fakKirg it{available to less developed countries. These

centers are manuélly operated énd not computerized,’ but would be -initial

s s B ‘ - |
\ -

sources of méterial for the;profosed data ‘bank.
The inf;rmation sfore in %he banksshould iﬁclude basic facts abput p
hardware such as its. physical éésqriptiqh--size, wéigh;, anq.ahy otﬁer ' %
relevant~fac£s; power requireménééf source and aVailabiiity of replaceméngﬂf
parts; ékills'peeded to operate it; and costs. It should includeytitleé,

abstracts, physical description (such as format and size) of software and

also important facts like the languages used. The address at which- the

-

-hardware and software can be'qbfained should be included. It is important

also that a system of feedbéck be made part of the information system,
so that educators who wisly to do so can report to others gheir ‘own experi-
ences with the technologies they have used, ineluding their opinions on

their strengths and weaknesses and data concerning their cost-effective-
ness. Research reports in the field of instructional technology would
also be ihcluded. )

Phase II, a one-year testing period, would begin by the rental of .

on-line time~-shared computer services_. Then the ir’nation listed gBove

should be read into the computer memory. Access to the computer comld

’

be by mail or by remote teletype terminal over telephone lines or even

.

by satellite, as the Brazilian Space Agency in 5¥o Jose dos Campos has

demonstrated to be feasible. They operated a remote terminal on-line
by satellite‘fo.the Medline system SE\FhelNational Library of Medicine
in the United States. During this phase of the project, various types

)
.

of users would be asked to test the system, asking sample questions by

o

e . .

6

§
i
j
ji
i
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‘terminal of:thelinformétion store and reporting‘hOW'satisfied tﬁey were
with the ;ésponses given. By this means shortcoqings in the operation
‘ coulq-be corrected. | : |
In Phase III, an 18-month period,(the infofﬁétioh storage and -
'fetrieval system woﬁld Be made available to users tﬁrouéhqut £he‘worla.
‘Adjugtmen#s in fhe programming éf the.systgmband additions to ﬁhe infor;
‘mation.storé could be méde ééntinubdbly throughout éhis period.
A log would be'iépt of thé numbgr and content of the req@ests,durﬁng
this period apd users would be asked to supply infarmation as to whéthef

. T . B
the informatioh had been of use and how they had made use of it.

26.5 Staffing -and schedu}ing,' The director and associate director
should be experts in-computérs and theif use in data banks. In addition,

to assist them, they will need three computer programmers, a librarian, . S

; ! and two abstract writers to collect phe;fnputs”and create the.data bank. N

-Anfadéipistggtive assistant'to answer correspdﬁdenéé'and keeé'uséfs
. ”infofmed aboﬁt tge mode of,qperatibn’apd Fwo‘secretﬁriés will also bé
needed. - In additiéﬁ;‘the;advisogy commi#tee'altogetﬁér wili put in the ' )
.‘edhiQaléﬂtJofwone man—ye;r of‘activity éﬂﬁuélly.' All these‘ﬁérsénnel will

be needed’throughoﬁt the three-years required fof the‘threé~phase of the

project. = . . e »

2646 Steps required to translate findings into ngxationalluse. ?his
} ‘system would be operational during Phase III épd could’be continued beyond

"+ the three-year period of the éxperiment if it appears ?racﬁical; if the

demand ié‘suffiéient; and if funding can be arranged. If feeé were charged

for ssryices it might become self-supporting.

=

Q i . . ‘

weo o 493 I




v <« 521

P

5

- - o ‘@ . . -
26.7 Coorfdination with other research and development work. 'The

. S
4 - v

data contained in this data bank wouldkbe available‘tO'those~involved in

research and development work and educatlonal operatlons, to supply 1nfor—

.

, mation about researgh an& operatlng systems. It would receive from.manu- .
) . r . :

facturers, SOftware producers, researchwand development projects and

Y . D=

educational institutions us1ng 1nstructlonal technology reports wh1ch would

A i

be stored in the memory and become avallable to other workers in the field.

anywhere in the_worle. Spec1al emphas1s would be glven to the act1V1t1es

~
o -

of reSb developed countries. Th1s form of resource shar1ng should 1mprove'"

o

the quallty of many of the other prOJects'we are, propOS1ng.

-
&

26.8 Profess1onal expertise required. This;projectiwouldﬂrequire a

hlgh level of profess1onal sklbl in 1nformatlon:storage and retrleval sys—"

tems,.computers, and 1nstruct10nal technology. Also the expertlse of
computer. programmers, a librarian, and:two abstracters,would.be required.
. PN “ - . . .

26.9 jEstimated~costs. : qu '.._' . - _ff e
- A 'PhaSe‘I,“sik'months ‘*p.‘ . 72 manﬁmonths; .$ l44ﬂ0b0
_2. Phase II , _one year },i ' . ‘144 man-months: . 288,000
o 3. Phasé I‘II,~'l 1/2. ,years . - 216 man-months 512,000

WL . Computer'servlce rental and
commbn1catlon costs, for L 200,000

3 years . ' . i _ )
S . g TOTAL: 432 man-months $1,144,000 .

F-4

. 26 10 Appropr1ate.countr1es for;prOJect This system would be

des1gned and set up’ in the Un1ted States. Its services would be available

to any-other~country which'requested information. . - S

[

o
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