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. effects of media nor how to adapt them to the goals and functions of

_ education.

" . , ' ’
k¢ ) '

’ INTRODUCTION .0 r o \

~
" One of the primary difficulties in agsesaing the stat;:of—the—art
of educational technology is to arrive at ﬁn accébtable definition or )
to drgw some precise boundaries 80 that‘its stat&; may be examined
with greater accura;y. Certainly the pasf yé;rs have geﬁerateﬂ a
motley array of sta;ements and d;finitiong concerning éducational
technology. This.a;thor has discussed elsewhere two ptevailing con- : '
ceptions of educational technology (the physical—ééience-media.and the
behavioral-science concepts), two viewpdints which are pftenlantagoé ’
ni&{{c; but can be complementéfy as well (éee Saettler, 1968). Thé 3
'dom{nAAt traditional or media concept of educational tecﬁnology has
been m;nifested ih ghe‘empirical findings which have consistently'> .
shéwn "no'sjgnificant differenées"-in,improved learning when experi-
mental comparisons of‘different.treatments,.such as film vs. print vs.
Itve teachers, etc‘;‘were made. Although over half a century 0} both
theoreticalvénd applied research has produced' these reéu}ts, there is
‘wtdespréadfsentiment that "technology.gaﬁ mgke education more produc-
tiéé,.individual a&& powerful, make learning more immediate; give
instruction a more,sgiéntific basis, and make access to education more
equal” (Report to the President by~thé Commission on inetruqtional
Tecgnology, I970, p. 7). Yet,';;dia researéh'to date forces us to the

¢

conclusion that we know neither how to measure the psychological



.
. . .
-
'
e
. - .
. . . -
‘e

The alternative behavioral science conception of educational
. . L 3

LY

technology {s not tied to particular media or devices, but rather to a
broader conception of the educational process, In this sense, educa-

-~

tional technology is viewed as a systematic development process or as
a design sciencé;pf instruction rather than a prodvct form, For
Glaser, eduéatianal technology is synonymous with "instructional

design" (Glaser, 1968): for Ely, 1t is a branch of educational theory

and practjice conLerned "primarily with the deaign and use of mesqageq

. which control the learning process" (Ely, 1968, p. 4). Gagne sees it

as "the development of a set of systematic_technfques, and accompanying
practicai’knowledge, for designing, testing and operating schoolsg"
(Gagne, 1968, p. 6). Mitchell views it‘as "the intentional and
systematic organization of ideds, activities, anq men's physical,
social or péychological environment. to accomplish a specified and .
potentially reproducible educational outcome" (ﬁitcherf, 1971, »p..
483). This writer's own definilion is that educational technqlogy is
the systematic application of the knowledge of the behgvighal sciences.
or other relevant knowledge (i.e., insights and implicétions flowing‘
from the humun}ties' nd/or the arts) to the problems o% learning aqd
instruction. .-~'

This paper is divided into qix sections. The firét explores the
historical roots of educational technology. The second summarizes the
staéus of 1nstruction31 design and media selectioh. The third discusée;
systems approaches to instruction. The fourth deecribes spécific

media technologieq for 1nstructional uses. The fifth reviews problem;,

of educatiqnal technology,. and the eixth looks at prospects of educa-

bional technology for. the remaipder of this century.




young men to practice business and politics, a demand soon met by the X

HISTORICAL ROOTS'
4

The historical roots of educational technology'coqstitute two

major clusters. One cluster lies in educational thought and” practice

.
L4

of paat‘centurieg; the other clustok 1ies in the developing behavioral

sciences.

Educational fecooology 1s basically the product of a great
hl§torical stream consisting of trial and error,llong practice and
tmktation, and sporadic manifestations of greot-individual creativity
and persuasion. Most importanf'changes in educational aims and
instructional pragtices can be attributed to particular social, -
polit;cal, and ecohomic influences. For oxample, the transformation
of Athens fﬁ the fifth.century B. C, from an pgr1Cu1toral society into

the leading maritime power broughtawith it a great expansion of trade,

A4 new class of wealthy-fierchants, and a new attitude toward government. o

.These changes led to a demand for an education that would prepare

/

Elder Sophists, who taught what they called "the art of living They

”

can be considered the true ancestors of modern educational technology

because they laid the groundwork for the first prototype of educational

technology by their syqtematic analysis of subject-matter and by
desigh and organization of instructional materials. . They wegb also ' ’

well acquainted with .the problems agsociated with human perception,
_ / ,

4

motiva%;on, individoal(differences,‘and eValdation: They also realized

+

that differgnt instructional strategies were required for various
{ :

-
y

behavioral outcomes. What is particularly significant is that they
viewed technology or techne asg the practical art of using knowledge to
solve problems of learning and instruction. , ' .

! . ' “ ’
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Throughout the centuriés, many educators have made important
| B irig y I

e ributions to the growth and development of educational technolopw .

N

For example, the growth of knowledge (n the seventeenth century ,;l«=d
Johann Comenius (1590-1670) to envision a system of instruction
whereby learners could be led induct {vely to generalized knowledge hv'

working with natural dbjects and studylng practical things,

~ . ’ “ .
k Beforg the nineteenth cemtury, instruction was essent fally that
ot strict recitation of matters learned ent frely by rote. This was in

accord with the dominant theory that children were imately evil and

~

2

that th&ir natuYes had to be broken and brought into complete gubjec-

tion. However, thete were forerunners of contemporary educat ional
. \,
technolopy whose theories and concepts were far ahead of prevailing
: €

cducat foual practices of the time. Such men as John Locke (1632~
1704), Johann Pestalozai (1746-1827), Frederick Froebel (1782_—-1852),

and Johann Herbart (1776-1841) viewed instruction in more systematic

.

terms and cngnitivq clements came into central focus in the instruc-—

't fonal process, / )

In the early years of _this century, American educators looked to

L3

the'development of a science of instruction. EdwarlehOTndike“(1874~
1949) was the exemplar of what could be dbne by empiricaljinductive
means. John.bewey (1859-1952) also rose to eminence during this

N

period-and kontriluted to educational technology through his concep-

tion of instruction in terms of scientific methogd (see How We Think,

1910). The coming|of the machine age and the realization that all who
.went-tp school could not enter white-collar Jobs stimulated the growing
. demand for more practical curricula and more functional methodologied.

' Evolving slowly were ideas.on how best to use new media, such as the

s

: 4

!

-



A

museum exhibit, éhe photograpg, Fhe prqjected still picture, and tﬁb
'motion picture, in instruction.

It took time to b(lng about widespread changes in content and
mbthodology.' In the early decadea o} this century, smail groups‘of
educators in the United States formed associat;ons which featured the

words ' visual instruction" or "visual education,' stressing the

pictorial content as opposed to the verbal emphasis of lectures and
. ) ‘\ )‘
books. An early abstract-concrete continuum designed to serve as a

guide to instruction appeared 1in Eipoéition and Illustration in

Teaching, written imr 1910 by John Adams. However, such concepts as
v . . :

these, followed later by others (i.e., Joseph Weber and Edgar Dale)

/

seem to have been introduced more as post hoc rationalizations for
visual instruction (later called audiovigual instruction) than ag a
direct influence on the defign and deve%ppment of instructional
materials, Tt is Clear, for example, that the. development of motion
pigtures.and television occurred almost entirely withdht reference to

education or learning theory. Historically, "audiovisual materials"
o,

”

have been used primarily for group or mass presentation without
4
expllcit regard to individual differenées in learning ability. Tradi-

tionally, the roles of 1nstructiona1 films have been seen as aids to
. : ¥

teaching rather than as self—contained sequences of instruction.

One factor which characterized general overall thinking about the

e

use of media in the early decades of~this century waq speéializatioﬁ .
A} N LA .

‘in the production and administr&tion of: 1nstructiona1 media. At the
‘ outset. following the turn of the. century, commercial 'interests pro—.
‘ﬁucing media for school purposes centered on one or two media. Certain
companid; made blackboards, others proﬂuqed slides, apme-produced

. -, . ’ :

4
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motion picturdp, others concentrat;d on maps and models, one centeted
on sets of slides and stereographs, oghers produced slidefilm;, and
some specialized. in r?cordihgs. .
¥

Parallel with specialization by producets‘%f media there was
specialization in the administration of @natrpctionel media. For
example, New York State's Division of Visual Education collectéd and
distributed lantern slides oﬁiy. The St. Louis Educational Museum
concentrated on exhibits. The University of California's Department
of Visual Education in ﬁnivérsitybExteneion distributed motion pictures
. oply.’ In a number of universities, the depértment of visual ingtruc- \\\
tion was in charge of the distribution of motion pictures and another
adipnrtmént was charged with education by radio. At one point during
the 1930%, there was a national association of "visual e&ucagionists,"
a national association of educators specialdizing in school excursions,
and a national association of those in charge of educaé&on by radio.
As time went on, there were those who administered 'audiovisual
materials' upder one central unit and who tried to develop a rationale
for Ehg’vdlue and place of each medium or device in instruction.

i

L

-Development of a Behavioral Science Concgptioﬁ‘of Educational Technology

The relationship between the behavioral sciences ‘and edﬁcationhl
techholoéy.waa somewhat tenuous during the early years of this scentury,
but connections ﬁave.taken 8 firm;r h&ld in recent years. As we have
seen, Edward Thorndike was the précursd:,of the moderq behavioral

" science concept of educational technology. Thorndike influenéed the

work of W. W. Charters, Douglas Vapleo, and Franklin Bobbitt, men who .

o . S
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laid much of the.groundwork for a behavioral science technology of
instruction. Another-igsgrtant early development which brought about
a closer relati;nship between educationﬁl technology and the behavioral
sciences was the emergence of programmed instruction 1n.the-eafly .
years of this century, Althougﬁ Stdney L. Pressey {is usually
gl;en credit for ploneering the programmed instruction movement, {t
wag ncthnll; Maria Montessori who devised the first self-correcting
devices as early as 1912. By the m{ddle of the century, progfamméd
instruction was reconsidered an& reviged in the work of Crowder (1960)
and Skinner (1968) . e

Another important influence on the development of a behavioral
science educational technoiogy came from the cfbernetica tradition.
Shortlylbefore and during World War II, ‘it becaﬁe iﬁcreasiﬁgly apparent
thgt the exploration of control.problems in devices held a particulal
sigh}ficance for the development of man-machine systems. The applica—
tion of cybernetic prid‘iples to 1nstruction was first systematically
developed by Gordon PRQR with the 1ntroduction of his ao~called
adaptive teaching systems in England in 1953 (Lewis and Pask, 19665.
This.was the first of many steps toward a computer-agsisted instruction
(CAI) Still anpthér influence on educational‘technology from cyber-
netic&k}s gaming and simulation, ) .

‘ Ey-;he 1970's, the trend is away froﬁ a machine, thiné—object
orien®#tion to a technology of instruction rooted in cybernéticg and’
systems analysis, instructional design and behavioral engineering, as
well as deciqion theory, simulation, and operational research Today |
the dominant term has become efther instructional or educational:

* rd

technology despite the fact that séme still resist this concept and

8 - 7
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feel that the words "communication and leardingnor'learning resourcel"

* A\l

should be included. At the present time, a kind of compromise has
been reached and the professlonul‘orgnnizntion of the field {n the
United States has come to be known as the Association for Educationa!

Communfcattons and Technolog&.

ENSTRUCTTONAL DESTIGN AND MEDIA SELECTION

0
v

[t seems clear on the basis of' rescarch that no sin le medium is
A 8

superior’ in all respects In any instructional gituation, but it is

L)

also apparent that any médium can make a viable contribut (on to almost
any learning task (Schramm, 1977). Nevertheless, present research, can
offer only limited or incomplete guidance to the instructiondl designer

in the selection and use of media for instruction. This need has been

L] [
. v

evident for a long time, and eveh now, there is hardly an adequqte

solution to the problem. At a more theoretical level, both educattional

.

and psychological research has been seriously hamﬁered by tﬁe absence
of a theory of the structure of the symbol systems that constitute
such an important part of our environment,"the.meq1a that transmit

these symbols, and the cognitive transformations that take_pche in

. ¢ »
those exposed to them. Research on media, without 'this framework, has

LY

reflected this limitation (see Allen, 1971). b

Some time ago, this author stated that "an urgent need exists for

a taxonomy of instructional media which can provide -a sydtematic °

approach to the selection and uses of media for educatio Ql.pqrposes“

(Saettler, 1968b). " Since this time, important work has begn done, but
- ' . A >

2
3

o



the nccd.atill exists’ -Attgx reviewing the renéafﬁhuin_che hope of .

'(1nding_aome source of help on chis:mattsng CAmpcqh summed - up her
" . _ , a . o T
QSZZ}u.ion. as follows:. |, CT o S .

<
b '
A‘f .

In brief, an nXtensiqp literature segrch was for. research _
evidence ‘relevant \to selecting appropyiate media for ‘specified
learning tasks.. In particular, it was hoped that results Ef”

~ studies on the instructional effectfVeress of media uridet; a
‘variety of learner and treatment conditions could be .applied to
the task of attempting to construct a media taxonomy. The disap-

- pointing result of the litexature saarch was that little more.
than a dozen experimental studies were found fo meat criteria-

-

What is most impressive about this formidable body of liteérature . A

surveyed for ‘this review is that it ghows that instructional

media are being used extensively, under many diverse conditions,
i .- and that enormous amounts of money are being spent for the = *
, .t ingtallation of very expensive equipment. All indications arg

that decisions as té which audiovigual-devices to purchase, )

" - ' inbtall, and uge have been based on administrative and organizd- "

e, instructional effect&ignebg. (Campeay, 1974, p.-31) - - e

tional requirements, and on considerations,of cost, availability,
., " and.user preference, not on evidence of instructional effecrive- % 7
_ ness--and no wonder. Tb date, media \research in’ post-school T
T .education has not pfovided'gecision ;Xke 8 with pradtical, valid,
. dependable guidelines for making these choicdes on the basis of

Cohmenting_further in'th;s s&me rgporté Campeau'britesf'f _ .

» " ' s e

) S . “

The question.of which media to compare, or which learner and.
‘medta characteristics'to examine should We determiried in the .
11ght of suBject matter and task characteristics. At present; an:.
.entire uniy or coyrse is programmed, or produced as a series of
televise lesspné,.o; filmed, or tape recorded, or produced in

© multimedia format, without identifying epecific instructional
objectives to be met and without analyeing the types and con-
ditiong, of learning required. Learners are asgsigned to these

| experimental. treatments without regard for. traits that might
interact. with media and task characteristics. (pp. 33-34)

¢ o , _ ) R 'y
) It 1s,cléer from the Campeau study that a compreheqeivé\analysis

.

,is\requiréd of-;hé typés of learning'téaks and inétrﬁcyional events '
* . . . . ] -
thatfmﬁke up teaching as well as an analysis of'the“media,of‘instruc-
tion a? that ‘their. characteristics ang, the ways of using ‘them can be
N , < ¢ L , | ‘ . . : . ‘ X
J 2

.:_inébipbra:ed'into é,adfién thatpinéluﬂhs the tétal learningtnituatioﬂ.
) Md%éqvér,-auqh an analysis mug;.iﬁglude}dana‘Ebnéé?ninélindividuai

. ‘ . - . . “’, . - '. ~ ' -' - \I.‘
ERAN ' 9

A e s ~

that gave them some assurance that findings were -{nterpretable. ﬁﬁa .




: dlffutences and the clnssification of different lénrning

Toward Guidelines fog_théiggglgn of Instruction -

" Procedures for the‘Design of Instruction (1970),

" was made by

condy tions. -

A ]

A SR
EIATRE N
'f«l\"“'.ll T

Gagno's Thgwgongtt}ons of Learn{ﬁg (1965) led the.wuy.toward
hrlnging a stronger connect fon Qetween learniné theory and the deéign
of instruction. Other notable attempts have been in recent yenrs to ..
provide a guide to instructional design and media selection. Briggs
wrote-a monograph (in eollaboration with Gagne and others), 1n§51}£;~ ‘

t tonal Media: A Procedure for the Design of Multimedia In‘tluctlon

5]966), Wh[Lh deals wtth the planning and devvloping of instruction

the Handbook of

and particularly with media. He wrote a second book,

for the design of

inatruction and the selection of media;  In 1974, Gagne and Briggs

wrote their Still another approach

Principles of Instructional Design.
D. T. Tosti -and J R.- Ball (1969) throggh the development
of a media clasgsification model H

/ Unfortunately, the present state of the art does.not solve the G
. _ . ' : .

persistent problem ofrinstrUCtional design and media selection. As

Hetdt (1978) séyé, "Most classification éystems claim to be appiicable

-

to the solution of practical problems of media design and instruction.

. quch p:étenslons, howover, prove to be illusory ag soon aq a media

-

designer or .teacher attempts to use them for one of his everyday T

o« b ) b

problems (pp 37 38) Hefﬂt says further*

'The criterion of categorization is too general or too complex, S0
that. the classification reaults only in trivial statements, as -
for example in" Gagne's table where all media are said to be
suitable €6r the presenti&tion of the instructional stimulus, - "

either with or- without lfmitations. . -
/ ' .
/
10
. ¢ - -l 4 . . - v
f 3 _‘ ‘ . . E : v ’ . h .
i ! o R - R H R . . ".'- . . . ’ o A . T
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13 - -
[t is difficult to realize the inatructional ‘relevance. of the
principle of arrangement chosen, lEhat_would be the instructional

consequences if we could detect that two media under discussion
differ with respect to the quantity of sensory cues they provide?
) : o LA ' .

The. concept of medium is too complex and too wide, What? for
example, does Gagne mean by 'teaching machine'?' The differences
tdtween the devices covered by that term are immense. Or what
does Briggs mean by 'TV'? To what Torm of organfization (public
broadcast, CCTV, etc.) and to what aspect (transmission, video-.
tape production, ete.) do his statements refer? .
The matching of media with the respective categories by means of
ratings like 'yea-limiged-no' 18 too comprehensive and too )
general, and often infomprehensible without further information.
What help is it for a teacher to learn that he' may use sound
movies in nearly all instructional situations as Briggs suggests?
Why are printed media supposed.to be suitable for directing
attention while moving pictures are said to be unguitable? On
such a general level it 1is possdible to give quite a number of
good reasons for a reverse rating. (1978, p. 38)

The development of differential:learning psychology has developed

in recent years.and h  yesulted in a particular learﬁing regearch

known as "aptitude-treatment interaction" (AT1) or "trait-treatment
o e J ,

(TTI) research, which considers the connect}ons between

Interaction'
personality trélts of thenleafhgy,and!yariables of the instructional
situation: Consééuently, ;he.intfoduction of modern media into.
instruction and fearning has‘ offered an opportunity to égkerinto

account the treatment of instructional design and"medip as part of the

i

learning environment. Allen (1975) reviewed research concerning

aptitude—treatment~1nte;action-andq simultaneously, deyeloped’én

extensive list of genera}izatibnslghat instructional designers might

+

use. When Allenrlodked at tHe researéﬁmzﬁidence 1fself, he said:

There {s little definitive evidence from the aptitude treatment
-Interaction research £hat potnts conclusively to the employment

of practices that might guide the selection of the.more general
instructional strategies, much less lead to the design of specific
instructional media, The research results are so fragmentary and
diverse that generalizations from these alone are virtually
impossible. .. - ©

11

‘.
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.contributed to the development of a taxonomy of educational objectives.

"Alchough the objectives were(originally written in general terms, some '

RN 1 * 1 - - :
. . . “‘\
' D P\ ' "
.
: .
.

We must look beyond the eiperimenfal data and base our decisionms-
also ot theories aboﬂ! how individuals learm and process informa- - \'
tion and upon the appdrent directions suggested by the findings.,.

~

i’ . The translation of research and theory {nto ri&l—life applica- .

tions is desperately needed. (p. 139)
A pfovovative upproach to Instructional design aﬁd ;gdia uge has
been offered by~§aiomon (1974). According to Saloméh, “The better a
symbol system-conveys the critical features of an idea of event, the \
more appropriate is is" (p. 392). Therefore3 in choosing‘a med;um\of . ‘
instruction, oﬁe analyzes what is to be taught, then searches for the
symbolic coding system and the'method of presentation that best fits

, .

the key elements of the information to be trnnsmitjed. Thus, "if the

4

simultaneous operation of valves in an engine is taken as the criticdl
teature, language would not be the appropriatg‘medium to convey that
sort of information" (p. 392). Salomon makes the point that "since

the réqiirements of task and the effects of media differ, there. can be,

no best technique, method, or medium for the attainment of a general

uduc;tional‘objectived‘(p. 395). Thus,. '"the search for the 'best'

mode of presentation for such general éoals is therefore bound to
fail,v§§_ihdeed it has failed in the past" (p. 395),

Bloom (1956) and nuﬁerous'educators and‘psychologists have

A

Three domains have been considered: cognitive, affective, and psycho-

motor. ‘Discussiond of these three domains and related taxonomies are
- - ' , '

2 ‘ .
available from a variety of original and secondary sources (see, for

‘example, Brooks and Friedrich& 1973; Kibler, Bafkér,‘and MiIés, 1970).
\ N £ :

Jwriters gf.g;, Magaf,~19Q2; Yd}gag; 1972) have explained how to make

~

-
* «
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them behavioral. Pnobably'the most significant research implication *
concerns the u.clof bahavio}al objectives am a specific message dcaign
80 as to cue the learner to attend to relevant information (e. gi,

) % Kaplan and Rothkopf 1974' Kaplan and Simmons, 1974), Jean Piaget's
approach, which focuses on both the psychomotor and cognitive domaina;
has aevcral 1mp11cationa for thc instructiahal designer. %ggel (1969)
notes that teachers ahould adapt to the developmental changes of learners, .
conotruct‘curricula based on developmental seq,ences, and ptovide the
learner with multiple experiences to facilitate learning., It is also
important for young learners to experience their environment through

Jnyaical'manipulation

Researcheta hAVe not to this time characterized instructional
: =

* tasks and medium potentiala precisely endugh to reach any:definitive

conclusions about which medium 18 better suited to which educational

objective. In recens years, Olson and Bruner (1974) and Lesser (1974)

have sought to characterize media~8pecific capabilities. None of -

tﬁ'ie efforts have been supported by very much. experimental evidence.
- .
As Schr{nm (1977) conclydcd after a comprehensive review of the f ) »
reacarch,'inatructional media may be equaily useful for most educationai
tasks. Howaver, the quality of medic research is probably the real
issue, It appears likely that more quality research will be conducted
in the next decades for the purpose of determining the total thects
of & given medium or combination of medfﬁ in particular learning
situations.- Probably the crucial question will focuofcn the queation
of whether- or not individual.-learners procesg information more effectively ‘
yin print, visual or audio media. Mo :ovar, it ds clear that.educationar
technology can no longer afford rcnain isolated from the fields of

dcvdlopmdntai psychology, differcntial psychoiogy, and ncuroopychology
Qﬂ*ttrock, 1978).
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_SYSTEMS APPROACHES TO INSTRUCTLON

ofte of the most -1sn1t1cant advancea in educational tcchnology in.
rcccnt years hils bocn thc d0v010pment of systems .pproachaa to 1natruc~
N o tion. - During the 1950'I nnd 1960's cducational technology became . .

. increasingly focused on language laboratoriea, teaching machines and

progrnuncd inltYuction, mulcimadia presentations, and the use of the

. computer in E%aching Out of this development came a systems approach,

Y
) %

or an effort to design a complete prbgram 6% develop a course of
instruction tg meet‘apecific necda and objéctives. This movement
obviously paralleled the military and business worlds, but the pro-
cedures were similar. Instructional goals and quectives were pre-
cicclf defined, thé various alternqtives were analyzed, the instruc-
tional resources were identified ;nd/or developed, a plan of action
‘whovdivised, and the results- were continuously evaluated for possible
Qmodification of'thﬁ progfam
i Many instructional systems approaches or\instructional designs
v ' have evolved with their varloGﬁ*flow charts and lists-of steps to be
| fpllowcd. ‘One of .the clearest models was develqped in the early |
1970's (see Kemp, 1971). Banathy (1966), Corriéhn“(l969), and Gagne
f; (1966) have dellgned spocific atrnt@giea for instructional systems. A
more recent system derived from the operantlfonditioning approach is
A . the Peruonalized Syatem of Inotruction by Keller and Sherman (1974)

e y, )

This approach is characterized by the following fentureaz self-pacing,

maltory of content, emphalis on written materials, the use of peer—
il
proctorl, and the use of lectures as motivational devices. Loughary

(1968) has commented: "Without carefully defined pbjectives, the use

14
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_and review technique (PERT), and GANTT charts, critical phéh method

of the systems apprbacﬁ is likely to chbducational non-cn.e"‘(p;
730). Thus the systems approach 1is a way of thinkind and 1is as useful

as the validity of the data fed into the process. Designing precise,

- .

and measurable objoctivcl~ia one of the most-definitive and important

&

‘tniks'of the systems approach.

A focus on the design of entire 1nctruéfional systems prqvidé; @
clcgrrdinfinctibn of oducaciéncl,technolog; in contrast to traditional
instructional apprpac?ea. GIbnon}@{Q?l) describes this approach.as:

the systematic application of people, ideas, materials, and
equipment to the solution of educational.problems. 'The process
by which the learning materials are selected or produced, by
which the modes of communicntion'are,dgoigned, and arranged in
the learning environment, and the strategies by which human and i
non-human resources are utilized to improve the efficiency and S ‘\
effectiveness of education is educational technology. Thus we
are concerned with the application of the systems approach to the
more scientific and precise solution, use, and.evaluation of
resources for the improved design of learning experience. :
. Further the entire school plant and community are integral, vital
. parts. (pp. 1+2) ° T s

Educational technology not only i?cludés prbblema of.ipstruétiénal
ideoign and management of learning, but must aiso involve development
and management of diverse educational systéems where instruction and
lcqrﬁing can'tiﬁe place.

? . . 1]
<

~

'ConceptualLContributions to Systems Approaches

¢ ol
There are, 'at present, distinct discipline areas which contribute
r {. "

conceptually and methodologically to systems approaches. These aré
Cchral Systems Theory, cybernetics and the'reaulting_managcment~
information and control devices and techniques (i.e., program evaluation

"(CPM), cost benefit analysis, simulation techniques,’ arid operations

'y
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research strategies), and'pnycho-ocial systema which purport to st.dv

.\5 . man's psychological state (system) as a function or product of a
. » variety of interrelationships, )
/ ) . L , ’ ¢

Behavidr Systams: A New Direction in Educational,Technolqu

\

Behavior aystama in education rgnge from_thel"miniayst;m" of

‘ - - programmed_instruction to complex macyosystems encompassing an entire
school, According to Zifferblétt (;973) 9 behavior system model
should (a) have the capability of representing all interrelationahips.
between different contiqgencies(e &., reading, math, social behavior)
(hz specify all operations (contingency arrangements) required to |
gener;te and mrintain Eéhavior(e g., time, media,.teacher behdvior;
cost); and (c) deqcribe the progreas of flow of activitles in conduct—
ing the program (p. 335)
'_ﬁtrf | + Behavior systems evaluation is fbcuae& on accbmplishﬁent of thé.
mission and is primarily concerned with how syatem priorities can be E 'J;
\ made more efﬁicient and effectivc' or, specificallx, what is happening

in a’ particular prOgram, how can this be represented (interrelation-

P

ships), and how can operations be continually refined while holding

~

' "the prngram cpnstant? Opcrations rescurch or management science )
\\ : provides a useful and important tool for analyzing complex instruc—
tional aystems and can algo be an axeellent guide for the deaign of

'inatructional systenms. | h R

N« . - » . N . ° .
b . i+ A Y

Humanizing_the Systghs_Approach to inuttuction o

K - ; LA nystams npproach is a tool for dcciaion making whicthndﬁles .
“ B . “ i g

thooo who minage the oyotTm to: dtate their bigs fn the form of a goal, -
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and to operate the system so that performance will achieve a particular '
. . ) ., N
goal. Frequently, the system is viewed as being inhumane or impersonai,

W

i :
but if the purpose of-the system is to promote humane interests, the
resulting outcome‘ehould be an effective end efficient humanized

system, It appears obvious that gystems can be either inhumane and

depe:sonalized or personalized and humene. They are whatever they

. were degigned to‘be.-'
A -

4
~

Programmed and Computer-Assisted Instrucfion

Conceptually and methodologically, programmed instruction and

computer-assisted instruction can be viewed as minisystems. (See

. 4 ..', , ’
_Ofiesh and Meirhenry (1964) as a major source of information on

- systems applications in programmed instruction.) In the early 1960's

definitions of programmed instruction usually described variois . -

formats, such as small frames, requirements for responses, and the -

,iike. Markle (1967) pointed out that such definitionerestricted the

-
class of instructional matertals that could be called programs. She,

-~

instead defined an instructional program as a '"reproducible sequence
‘\/‘\

of instructional events designed to produce a meaeurable and consistent

‘effect on the behavior of each and every acceptable student" (p. 104).

-~ . ! .

This definition has received general acceptance and the termq"programméﬁ

instruction" has come to be widely accepted as ''validated instruction
or is conasidered to be-a ayetematic development process in which the .
developer or instructional designer assumes complete“reeponeibility
for student ieerning..

Conputer-aesieted inetruction (CAI) has been defined in many ways -

4

throqgh the years, One definition defines CAI as "an interaction ’

?

17 L ,
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3

between a atudent, a computer controlled display, and a response-~ntry

device for the purpoge of achieving educational outcomes' (Bunderson
- #

and F-uat, 1976, P: 47) Without Queation,'ﬁAI otfere a new science

S

and technology of 1natruction whoae potential h@n hardly been probed.
P .

_Perhapa it will some day COnetitute the main thruat of a behavioral

science oriented educatignal tecpnology.

- . ) f % ,
.The programmed instruétion movement yeached its peak during the

 early 1960's. Unfeftunately; the claims of programmers far exceeded

i

their skill.and scﬁoql storehousés‘began to be filled with unused
feaehing machineq and programs. By the late 1960's and early 1970’ s,
publishers had draatically retrenched and there came to be a realiza- -
tion that effective prqgrammed instruction nust involve a systemeeic
and empirical development process. Meanwhile, the middle 1960's

marked the beginning of the boom in TAI. Again, as in the beginning
of- the programmed instruction movement, computer compeqies were i
merging with publishing companiee epd there were great éxpectations
for profits in the educational market.:'Federal aid for research and
development provided most of the impetus for CAI and many Efojec;s
were begun. By the early 1970's, federal funding had beéun to diminish,

-~ .
and the new educational mgrket had not materialized. .Computer companies

‘and publfshers began tolwithdraw from the fleld and a new decline set f ‘

in. Again, mistakes of the programmed instruction movement had been

repeated because CAI's complexities of hardware, software, and course-
ware as well as cost involved had not been eufficiently understood.

A number of notable CAL programs have been developed in recent
years, One of the earlieat, the PLATO prbject, first begun at the

»
University of Illinois in 1959, hae been described elsewhere and need

18
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not be repeated here. It is important to note that PLATO has had . a
great influence on CAI developient becnu-e it shared ideas and materiaiu,
conducted reseatrch, and provided a t;eining groundzfér the next genefa~ . f,
tion of CAI‘developdre and users. In rﬁ?x, the TICCIT (Time-shared

Interlctive Computer-Controlled Lnformation Television) Project was

funded by the National Science Foundetion (NSF) as ) major ‘demonstration
1 . project to develop, tent. gnd demonatrnte a minicomputer-based CAT
; _ system supporting 128 color television display tetminala and delivering
courses in freshman and remedial mathematics and English composition
in two community colleges.
Various aequencing‘atretegies have been devised in CAI. ‘Atkinson
(1572) hao described four criteria which must be met in his approach
to a theg;y of instruction: (a) a model of the learning process must
exist; (b) edmissible instructional actions must be-sﬁecified (o)
inctructional objectives must be opecified, and (gg'a measurement
\ o | scale mqet exist that permita costs to be assigned to each of the
‘ inatructional actions, and valueo of payoffs to the achievemeqt of
- ‘ ., each overall objective'(pp. 921-31). -
In recent yearl, Gordon Pask in Great Britain haa developed an
\ ‘ inatructional approach to CAI which ‘is radically different from the - : _ -
S Procedures of Atkinson Pask's procedure is based on a comprehensive ' |
'cybernetic ‘theory which involves a converaation between two Qr more
. participants on a serieo of topicn that form a conVereetional demain
o ® " One participant is the subject; the other may be a machine or a person -
| aerving in the role—of the experimenter e\agent. ‘Becauae of the .
" complexity of thia cybernetic learning environment it usunlly inyolvee

some type of complex electronic equipment. Pask's work ig etilt noc T | -

5




well understood in this country, but it appears likely that it mav
have‘significant influence on future an;roachea to 1nstructienal

- design as well aa'providing a theoretical ffamework for those working‘ "«
on artificial intelligence (Alfziystems far CAI.

-

It i3 likely that the greatest progress in edueationel technology
in tne near\;uture will be seen in the development of CAI systems As
increasingly more¢ sophisticated instructional CAI systems are developed,
it does not seem ovefly'optimistic to predict that a historical
breakthrough will be made in the design'and development of Ligply a

> v
individualized systems. These systems will be capable of diagnosing
individual differences, providing for continuous feedback for the
revision and improvement of programs as well as providing for self- .
pacing, practice, and conversational procedures betyeen learner and
programmer lnvolving ptoblem solving situations. Moreover, future
Systems promise day-to-day instructional design possibilities which
; would allow teachers to become instructional deveIopers for computers
i witheutrthe necessity of learning computer programming. Just as solid
state technology hae-made calculators widely available, so the micro-

computer revolution promises to make CAL terminals "readily accessible- v

in homes, schools, and learning centers. . o N .

. . : (/" oA
\
. MEDIA TECHNOLOCIEB FOR INSTRUCTION

~

- .

The impact of media technologies on the extension of 1nstruetiona1
possibiiities has been 1mmense in recent years. One important develop—
mental proéess is reflected in the emergence of simpler, more practichl

video recorders, Cassettea and discs and low cost television equipment.

; ':20. 24 ;
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Nev media technologies for the future point in the diroctioh of hoth
mlcro'and‘nicré technologies.. At the macro level, Qhore broadcasting
was oncc.confincd to terrestrial tranami-aion._tha development of
communications satellite technology has made Marshall McLuhan's
’”globnl viIlase"‘a rcﬁlity.« Also, as an alternative to open broad-
casting, "broadband communications" or cable systems involving direct
video and audio signals have important implications for educationai
broadcasting. At the micro ievel, an increasing miniaturization of

‘ equipment, or what has been called "microelegtronica" has meant that,

. media can be used more extennively.‘ Micro technologies include such
developments as the portapak video camera, the videocassette, and-
electronic films. As distinguished frpm photographic film, ngctron;c
films are delicate masaes of e;ectronically active matéfial»oondensed,
for the most part, from hot vaboro onto cold, hard insulating surfaces
such as glass. Depending.on the materials used, such filma, called

- either thin or thick, are often ten times thinner than an ordinary
lmf%dap bubble. These films may eventually lead to a television camera
only’half an inch square, a hand-held battery-operated\coﬁputér, a
form of computer that could store a quarter million bits of information

o~

on a glass alide half foot -quare," new type of video tape which

!

could store pictures optically for later ‘readout by an eleqtron beam,
and a rgvolutionqry t;;e_of integrated circuitry for'applicatibn in
all forms of electronic equipmant.' o |

The application of the media technologiea for. 1netructioh occurred
-in a number of ways during the past dccnde. Onte -of the nbtnble e
applicationn in the industrialized world wno that of the Open. Univeraity
in Creat aricain. Ehi’ b;oadclotipg-cystcn.sinvolving multinudia,"

combinations of radio, television, films, and programmed materials,
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began {n 1971, Foundation tvourses, cveated by courge teams of hoth
hey

media and academtce spoectalists, were directed to over (ifty thousand

students throughout Englavd., A similar approach was made by "Project
sun' {n Nebraska where the multimedia mix involved television,® audio
vassettes, newupapers, learning kits, and lea¥rnfng resource centers. :

y / - )
The development of telecommunications satellite systems brought

about some interesting educational experiments. The first were in

\ Ll

audio, fnvelving health education In Alaska, l.e., the PEACESAT (Pan-
Pacifte Education and Communications Experiments by Satellite) System,

L)
+

The U, $. Ofttee of Education has conducted fts experiments on ATS--1
and ATS-) SntfllltéS, utilizing not only the PEACESAT ground stations,

but those in Alaska and Appalachia as well.
. . S

ATS-6, launched in May 1974, broadcast for a period of nine

months to mope Lhan fifty rural schools in an eight-state area in the

.

Rocky Mountains. Programming emphasized career, education, and. social
and environmental studies. Later, this same satellite was moved to

India where it contributed to the Indian Satellite Instructional

! ° A B
Television Experiment (SITE). Programs were produced under the

. (N .
control ot All India_Radio‘and were beamed for four hours a day (using

one video and two audtio channels) to 2,460 villages in six states.

Meanwhile, the newest available experimental communications satellite

[y

fs a joint U, §.-Canadian venture, the Communications Technology

Satellite~(CTS). Like ATS- 6 it 1s designed to explore the technological

configuration of ‘a high power satellite working with small and relatively

N
3

tnexpensive ground stations.

At present,lthere are’ four operating commercial domestic satellite

Commgnications, and Comsat General, Of-particular interest to educational
o v - ’ v ‘..u T .I

2 26 - : \ |

I

_ & ~ .
systems 1n the Untted States: thoae of Western Union, RCA, Americ§2~b,w”*'(" .



:‘ ' | ‘ Sroldclatiro.inxtﬁ; fnct'éhat-puﬁlic ﬁroadéaoting ha;-contracted with
| " Western Unioh“to replace the: thrrootrial 1nterconncction for public
%f : B -toldvinion. uuppliod in thc past by the telephonc compuny, with
. _1ntnrconn0ction for the lffilintoo of National Public Radio to be
ndded in 1980, |

In terms of the futuro'applications of patellites for educational

v : ' . purposes, it can be ntltod with some aasuraﬁqﬁ that future ﬂevelopmen;s
\ o ;& will {\fennify and: expand in thil field» Additignal experimental

q,‘_ | ‘"communieationn aa;elliteo are in the talking ;nd planning stage. One
' »ﬂ ~"~:' p i of thc moqt~nignfficdht 1mp1gcat19ﬁh of the National Institute of

Educat;pn funding of satellice experiments may be the 1mpetu$ 1: can
—— T e oa i
‘ pigridc for futute experimontation and development.

Comdunii’tiona aatellitea used for _broadcasting as well as -

]

telephony unquestionably present opportunitiea unparalleled by more’
. » traditional media technologies but thefilnck the kind of interactive

e /Z) comnunication which the traditional media do provide. For example,’
. d‘ 3 .i\ J . .

.
!

the use of posters, filmstrips, film', maps, charts, etc., _may more .
N i cffectivoly meat ~such npod. as mobility and low COIC. The ﬁetentiais

.o R of radio, with its easy acceasibility, relgtively low- cost;. uhd 1ty

R FERALN ety T

boooibiiﬁ%ils for .two-way imteractive communication have not been

@ I

o
fully roalized in’ the 1nduotrialized nations. ‘In contrast, too much

o«

attin&ion tcnda to focus on tﬂéﬁ“BIET preatigioue,ﬁcdia as televigion,

compu:oro, and oatollitea. Nelther so—called "big media” or "little -

) s

SN f.modia" are noc.oaarily better or more cffcctivo in 1nstructiona1

. c e
S ‘i ' ___ situations. It is clcar, however,’ that the 1ncreaoing diverlity and

" dov‘o'lop”nc- off media t-ochnologiu vill -r‘cquiu serious dccioiona about
J""'q' : rapidly oxpnnding range of -;ratdgic altornutivoo that Wwill be )
. | \

N nppropria:c for opccific oducationnl objcctivo..
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' paradijm-. The prevailing model sssumes a mechanistic and_htomistic -

L) b : y

-

" PROMLEMS OF EDUCATIONAL TECHNOLOGY

The potential of educational cocinology is rcvoluéiona}y. but

this potential {s not likely to be realized in any reasonable time

, unless a number of uqr;oul:prbblchauaic qolvid. These problems

1nVO1vo public policy issues; technical dtrategieo, research and
cvaluution, as wcll as the problems aoaociatad with the development q
of « bohavioral science oriented oducational t@chnology.
An rntegrated approach to‘educational plnnning and research is
needed The great IdVthCl of mddia téchnologies and their rapid .
expansion in recent decades calls for a new type of research typified
by thg'wo;ia qf Elihu Katz.(1977), Katz and Wedellf(1;;7), Parker and
Mohamm;di (1977), and Anthony Oettinger (1977). An integrated approach
to the, problems of eéucatipnal policy and planning would have .to focus

on message content, intent, production, distribut®on, and evaluation.: i

Also, since most media research in the United States has followed the

‘Shannon-Lasswell paradigm b( the communication process called

R “

-MZA A ITILMLAGYT T el ) o R O T T

" US-M- 55hg,m4¢~!au?ﬁiﬁ?§) sends a message (M), via certain channels (C),

..'\
LIl
ot RS

to, the receiver (Ri who responds or reacts to this stimulus with an

effect (E)), it 1s time that media researcherxs q@opt néw, more fruitful

" approach to the communication process and focuses on the effects of the

1

:6urcq, message, or the channel on ch%ngd in knoﬁledge, att;tude, and
overt Qcha?ior of the reccivcr-—no if he br she were pa?#ive and iived
in-oocinl 1iolation. Thernforc, uomc r;otlrchoro have rcveraed the
quoltion ot mcdia effects to ask, rathcr. what uses and gratificationa

the rcccivcr bringl to the media. Kat: (1977) has deucribcd this media.

-

fopcarch crcnd.au follows: o



Uiy

- They are examining (Singer, 1976; and Bruner and Olson, 1913),
together with -brain specialists (Blakemore, 1977), how informa-
tion is proceased, and more specifically, what physical and
psychological functions are activated by different kinds of

< media (pictured, spoken words, music, print). Is such informa-
tion stored differently, and under what circumstance is it
‘ recalled? What sorts of information are most compatible with
F which of the media? Are some People specialited in processing
o one or another sort of information? How well do different
media combine? Is there a learning process involved in dealing
with a particular medium (Salomon, 1972) and if so, is it also
-applied to other situations?... Gratification studies in Israel
and Australia,(Katz and Gurevitch, 1976; Kippax and Murray, 1976)
have found tQat?bboka are thought to cultivate -the inner self;"
+ films and tglevision to give pleasure; and newspapers, .more -
than other-pedia, to give feeling of efficacy and stabilicy.
Radip is high on companionship... Television performs more
different functions than any of the media, but there is debate
. over whether {ts role as agent of information is deemed as ~
important .by the audience, as its role as agent of entertainment.
(p. 30) ' . )

. It seems ag;ndantly clear that ;dﬁcational technology'cannot reach
its full potensial'until-regearch discovers more about the learning
process and hbw‘ii ;aries in each 1ndi§1dual with different instruc-
fionalstreatments. Although media research shows noAsignifiFant
difference in achievement than control groups taught by a teacher, the
findings show, as pointed’out by Oettinger and Zapol that:

Learning 'is largely independent of the details of means, hence
«..1ssues of policy and technology, on the one hand, and of
learning method and content, on the other hand are essentially
independent. No-significant-difference findings, therefore, .
leave alternatives to the accepted ways of schooling wide open,
"alternatives that might, according to public preferences, achieve
lesser costs, greater individualization, or some other personal
or social benefit without, at the very least, making any differ-
ence a0 far as measurable learning performanée is conceived.
These benefits are neither all Qqua}ly attractive to everyone

nor unequivocally measurable. Preferences and priorities keep
changing. Acceptable strategies for making technology responsive
to learning must therefore permit continuing #nd. diverse public
choices; decisions about ends and means must be reserved as

matters of public policy and not left unattended to experts. The

- strategic juestion of how technology affects control over the
means of-learning must take preference over pedagogical nits to

a‘\‘;;t (S - .I
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assure that pdblic preferences--or significant differences, f
some are ever foynd--will be accommodated and not dictated by
how technology is deployed. (pp. 6-7)*

A . .
One of the basic problems confronting the American educational
system is that it ia not in fact treated #as a system. It has been
genérally f&ugmented and broken down into discrete functions. Moreover,

edu&htora, for the most part have resisted thelideaa of operatdonal

1
Yy 7

‘research and systems analyeis. As a consequence, little or‘no consid-
eration ﬁas been given to the total learning environment. Until all the
theories of learning are synthesized and brought together in one system,
there 18 not likely to be an effective way to'unify the structure and
proceas‘of instruction. In\additiqg, any system agalysis must take
into account the timetable-for briﬁgiﬁg abéut i?ptruct;onal plans as

L _ Qéll as éetefmininé the probable costs, Very little has been done té
define whgt instructional, priorities should be established and £ow
educational technology can be 1mpleﬁented tg realize these‘goals.\

This guthoé—ts conJinced that the most exciting contribution of

. educational technolégy'in the future will have to be in the égga.gg

i
«
A

instructional systems rather than media. Y v
In the years‘ahead instructional. unita will progabf“kékmore .
. 'm; | - fﬁlexiblcxehan,cheyngraaontly are and each_unit or instructional
.8ystem may involve Ehé learner 1n“ﬁ;§ig;£pg Ggfious aspectslof the
o program. While some may view the systems appr&éch-aa depprsonalized ‘ - Aﬁ
. and fnhuman, it is 1mportant to point out that edudational technology ?ﬁ;. | )
| -has the potential of developing a system qQ be humanizing ad well A
systems approach does dot .de-personalize education unless-i; is

designed for that purpose. The essential pfobiem of educational

’ . — - . . ” . . . .
*Plges indicated refer to the chapter preprint which is available as
N ED: 064 902. _ . '
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technology is that it has been restricted to media when the real need

is & new conceptualization of instruction as a system.

L. . ) C PROSPECTS ‘

'51 In tcrm;}éf media technology, the future H;oqiaon many=cq;mun1ca—
tions mnrvélsf ?or example, 1£-1s likely that a portable terminal/
display "carrel" may be duﬁelopcd wh;reby the user could have immediate ks
access to practically all of the printed or ahdio-vidao inforﬁation
stored anywhere in the woria. This electronic carrel would.contain a
'video'monitor, a photocopier to instantaneously reproduce any material
desired, a fiber-optié laser terminal that wodld‘prpvide potential
agce-e to thousands' of information channels, and a series of opera-
tional modes‘whi?h could give the learner access to computer-=based
instructional programs or to 1notructionai materials in every "viewing"
or "ligtonigg" mode. Meanwvhile, the home itself may be transformed

? into an 1Qrtrdﬁcional resource or learning center by means of a
‘television wall scteén connected to videotapes, facsimile printers,

and minicomputers whigh can be activated to transmit any -type of

: \ stored information or inotrﬁctionnltprpgram available. By meahé of
two-way communication, tﬁa icarnor will also be able to send messages
as vell as receive them. A real breakthrough in ma§~computef coﬁmpnif

‘ ‘catiéno will come wiFh the devclopmenf'of speech interfaces for
) computers, Through this capability and the univofailly available ‘
tclgphonc system, as well as radio and cable communications with

Computcrb, coeputcr éappbiiity wi;l be opcnad\to almoo;‘everyone who . v

has access to a telephone. With this development the possibility of

» | - ‘ 27
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extensive in ructionnl‘lzmputor networks is likely to materialize

~

in the future.
Speculationa about the technigal pgaaibilitiea of the future are

relatively easy because most of the hardware components havepilready

.

been worked out theoretically or iﬁ_a practical sense. However, the
#ifficult predictions for the future of educational technology focus

on the process itself. As we have indicated in the previous section,

.

the real problem of educ*tional technology is that of 1nstfuctipna1

design. For example, John Goodlad, after a comprehensive study of

.

educational practices in the United States, concluded that:

Many of the changes we have believed to be taking place in
schooling have not been getting into classrooms; changes
widely recommended for the .schools over the past fifteen
yeare were blunted on school and classroom doot. Chances
are, mbst teachérs seeking to teach inductively, to use a
range of instructional media, to individualize ingtruction,
to nongrade or team teach, have never seen any of these
things done-well, let along participated in them to the
peint of getting a “feel" for them or how to proceed on
their own. We simply do not have in this country an array
of exemplary models displaying alternative modes of school-
ing, in spite of assumed local control and diversity. (p. 103) .

~ .

A look into the future seee'the realization of .a new conceptuali-
zation of instruction as a system. However, this. development promises
to be evolutionary rather than revolutionary. There is an obvious lag

3

between our abflity to establish the level of the behavioral change we

desire and our ability to determine whether .the change has ocvurred.

This Problem witll have to be solved if‘a true systems approach 1is to

.

be deveioped.“ MoreoVer, it has rarel?'bean pointed out or recognized
as a ﬁrohleh,that information and kno&ledge are not 1aentical or

L . E S :
synonymous as it is frequently assumed. For example, computer informa-

tionlgystems are not just objective recording devices. They also

’ : 'Y
reflect concepts, hopes, and attitudes. Thus, the communications

28 ' *
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revolution has within it the poison seedg of the past. Inatead of
' Ix '

creating a "new future," modern com@uhightions may mask the updérlying N
forces of politics and power,
I ) ' ‘ ' v
{1t is the particular futuristic blas of this writer that

~

e -

A

gducatiaual teéﬁnology can gééerate humanistic exper;ences. Thus, a
system designed spec;fically'for that purpog; will synchronize the goais,
methods and means and evaiuation 80 as fo bring about an effective and
humane system. However, unless some basic conceptual, methodological,

. and bolitical changes occur within the foreseeable future, the glowing
expectntioné for educational technology may not be realized before’thé
end of thiQ century. Let us hope that eduéhtioﬂal technology in 2001

A.D. will develop into something far more exciting and c¢reative than

we mow have.
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