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While the future of education will undoubtedly be
intimately tied to the computer, there is still considerable doubt
regarding the mode of operation and the kind of relationship which
should exist. Ameng the implications for teacher education are these:
Prospective teachers need to gain part of their own liberal arts and
professional education through the new medium and need to become
familiar with the available elementary and secondary level programs.
Regarding the fulfillment of thke dream of applying computers to the
solution of educational problems, we have at present a dual failure:
the awful problem of getting operational and the low quality of too
many present approaches to CAT (computer assisted instruction). The
great failure is at the conceptual level, most existent pregrams not
even attempting to fulfill the basic potential that the computer
offers. The need is for those working with traditional CAI programs
to develop a new concept in which the material we present is not
nearly as important as the learnrer's ability to make alternative
choices, to raise intelligent guestions, and to seek responses to
them by calling for and applying available and pertinent’ data. The
companies involved in developing new generations of hardware must
accept responsibility for the development and use of software for
educational purposes, including either agreement on a common language
: or provision of translators so that progranms may be usable or more
g than one system. (JS)
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There is a reel mystique about computer opsrztions. 4%he
dazzling rapility with which the computer spews forth jiis findings,
the truiy superhuran comrrehensiveness of its capebiliiies and ths
world-shzking ramifications of its application profouncly befuddle
ths uninitiated, who somehow or other ars made to feel that under-
standing how computers michi assist in instrueticen requires 2 parti-
cular kind of irsight, an espscial intellectuzl brillisn Ace, an hebi-

tuzl commnion with esoteric engineering intricacies. ifot scf What

urdersianding CLI rezlly reguires is wnmitipated ontindsn,

Once the educator beoa-e awzre of the tremendous flexibiiity
and comurehensiveness of the computer and-its applications thsre heas
been 1it{ls deoubt that the future of education would be intimatelvw .
tied to it. What bas been in considerable doubt is the mode of o) e -0
tion and the kind of relziionship which would exist,

When one concedzs the inevitability of the uss of the com-
ruter to support educatiocnsl processes, the impiications for teacher
education need examination. This is particularly trueif we expect
teachers of todey and tomorrow to bs zbls to utilize this new instru-
ment with confidence and purpose, without fear of either the instmi-
ment or of thair own posiiion. It seems reasonzble to project that
if we are to produce suchk 2 new generation cf teachsrs, the computer
mist be intimately related to their own lives and their own educatien.

-

This rust hapren at three different ievals, First, the tezcher needs
to gain part of his own cducation through the medinm of t}., coaputer,
Crurses oxist now in several liboral z.ts content areas which show

experimentation at thds level, The course in Physics at Irvine and




zns at Ieritmouih, the csu~se in Econcxics a: Steny Brook:, the courss

ols

in Mathonatics at Penn State, and several approaches tc foreign 1: 2-
guzge instruciion come to mind immediaiely. Here %s ¢ st=»% Lo rxoive
tn2 naed of fszchars~to.bs to havse part of itheir omm insirvetisse.

* t"
life sxperience in the lilsral arts content attained through ithe zuaes
of the coziuier,

Secondly, the twsacher needs to have some of hiis own Pro=

fessional education, the Zoo-often derided znd under-es-inmated

3

tethods courses, through the madium of the computer. The future of

£2¢ tezching 2 new kind of content may bs dim indeed wizhout such

Third, the tezcher~to-be nseds tec becows familiar with the

available programs for helping children learn at the elsmentary and .. .

secondary schicol lsvel. e n=zeds to know these p?ogréﬁs so that he
can apply them in his own teaching, To know programs snd their pos-
sibilities he should participate in develoring new ones.

Experiencs at thess three different levels rnecads to be
provided if the next generation of teachers is not to bis handicepped
as the present ones are, so %hat they'wili'not'be fearfal of this
technological "moncter® nor fearful of what it -will do to their se-
curity. They need rather to be able to accept the tremesndous chal-
lenge and oprortunity for individualizing instruetion which the con-
puter for the first time snables us to reach.

How close are e to the fulfilment of this drsam of apply-
ing cbmputers to the solution of educstional problesms? Unfortune

ately, what we have 2t present is a dual failurs: one is the awful
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itations itwo
years ago revsaied {wo suresrior programs to a psrscn szger te getl
started. On2 2 program irn New ¥athemeiles at Penn State Umiversity

ad been well stzndardizsd and tested in the field. The second w2s
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, ard 1t was unfeasible to traensfer to another
institution., However the mathesmatics program was cpsrating on stan-
dard IZX equipment, was writiten in a supposedly standarc language

ard provided what seemed {o bs an ideal oovportvnity to become opera-
tinanl., Despite misgiving, I was very eager to got started; improve-
swunis counld come leter.

The Perm 3taste wath program was scund educationally and
mathemeticaily, had been developed on a federal grant end was there=-
fore in the public domain.Jt seemsd reasonavle to assume that we couvid
rent, teletype machines, hook them up threugh data phones and telephone
lines to the ~omputer whers the progranm was sdored, schedule our stu-
dents and ve would be in business, Thug the primary porilem would
be one of raising costs of the needed hook-up rather thsn develop-~
ment of hardware or software, I later learned that this was an ine
creaibly naive assumption thet I procesded to test out.

s have about five differentbcomputer complexes at New York
University whish includss mozt of The voriova generations of IBM
equipment up throvgh ths model 360-50 and & huge CDC 6600 at our

-

Mathematics Institute. Each group of people I spoke to as I went
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from one to ancther of tre Computer Centsrs was most cordizl, enccue

)

raging, and a2ffered to cioperate. With thz zvailabili“y of our oun
computers and personnel ¢sed ©o them the probiem seemed 2 bit lsss
frightening. However, tvo ysars later we still heve not bsen able to
get this program instituvied. The problem has not been a finanecial
one, beseause it woulé not have been i00 expensive. The point was
never rezched whers the cost figures and a specific proposal could
bs {z2ken to—the De;n,

The blocksr, as nearly as I can undersisnd it, is one of in-

compatibility of interfanes, I_ - ~ - ., or should

e - - - - -

we call it “incomputability" of computer components. I thought =
first to tie in to the cumpuier where the program wzs stored. This
was impossible; that computsr was loaded and could not accept another
tims-sharing station. What then of storing the program in one of

04

our cowmputers? This was Tine theorstically, but practically not
feasible. The program was written in & language our computers did
not comprehend. Translating programs ars still unavailsble. Sadly,

I confess, we are still rot operating.

But this is not the only problem we face when we apply CAI

to Teacher Education. We find a great fzilure at the conceptusl v

level as demonstrated by the aomparatively few programs in existence
wnich adequately account for the new kind of thinking sbout education
which the computer mekes pessible, Most sxistant programs do not
even attempt to fulfil tho basie potentisl {hat the computer offers.

' 4

¥ face a gitnation analogaas ©o the carly use of television in
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which ihe most that could bs done with the grest potencial of this
grezt new medium was to show a teachor teaching a cless, locking
out of the video tube. Toc often we merely iransleis ths worst of
current practice into new mediz. If the computer’s application to
education is to be limited to that of z glorified workbook or aan
automatic rzge-turner, it will be sad indeed., Too many existing
programs are simply inadsquate for the new takks of education.

Thé situation in applying ccmpulers to use is ciosely ¥e-
latsd to the state of the art of programmed instruction as it has
dovelop=d in the last decads., The resszrch on PI for aducational use

was o0 often satisfisd when no significant differences ermerged between

e

né

P

the material zs programmed ts first-hand teaching by the instruce
tor. This told us nothing sbout the quality of the ins tructor, Heow
nearly the progrem came to accomplishing the objectives set up for

it was imporiant, but the quality of the cbjectives is simply rot
included in the evaluation schsme,

PI has gons through & number of different pheses. Thers

was a time back in 1961 and'62 when it appeared zs if FI was the es-

- sence of the technological revolution for education. Many a school

superintendent jumped on the apparent band-wagon, even if somewhat
tentatively, to try out this new programmed instructicn, by which it
was claimed eaildren conld teach themselves as well as their tsachers
could teach them, Unfortunatei&, the willingness of the Superintendent
to try the programs did not affect thelr quality. Too many programs

of this era were stupid st werst and insipid at best, Warshouses

today are still loaded with materials rut together by optimistic if
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? somewhit carzless or evan rathless puvlishers who seized on the :
: band-wa-cn ef . ect scecrpz/ying PI to profuc>» 2 flcod of materials ; ?
: of very deuliTvl guality. OSuperintendents of Schocls w0 were stuck 3
é with their original enthusiasm were turned off by the cazlity of :

i g2p betwsen the promise. and

: periormance of PI. So muech of this inferior materizl was produced :
thet it nect pn?y clogzed the warahouses, but effectively acted to
+1

vndo 211 the positive attitudes atout PI which had developed, so that

es of excellunt programring,

el

1 even tcizy cosriie some catstending exasp

"

- the fislgd is in the doldrums. It éxists as an exciting fisld o

- work meinly for iis theorsiical rromise rather than the fulfilment g
E “of its original drserm, £nd it is in the dream that we find an aff- 3
; inity to Cil. ;
; The drean, most simply stated, is in the azrea of individva- %
f izaticn of instruction end in concretely speeifying the purposes ;
. of the teachins eviscde. PI provides a means by which, finally, 1
E children can proceed at their own pace to learn both cenient and 2
E skills presceribed. PI promised that instead of the constant time of ?l
3 exposure by a tsachér prosenting rateriazl to a class, ve Pould finally {
4 achieve variability of exposure through the medium of self-pacing by :
, ;
f children. By providing a wide variety of available meterials we 3
E would finally come to achieving self-selectlion of problem areas to ?
é be studied., PI theorists indicated very clearly that anong the :

reguirsmonls for good programs was the write-test-rewrite procedure:

BT

that prograzs hed to be tested out on live populations and wmodified

=
v
e

accordingly bafore they were acceptable. Today, wost PI people insist
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that the population on which material was tried out shculd be
jdentified and the resulvs published with “he meterial as a guide
to the purchaser who could sse whether or not the testud pupula-
ticn was anything like the population he wanted to use the material
with and the level of success together with the variations in thei
suceess in the tested porulation. Accompanying all work with PI

was the important idea of establishing spscific objectives which the
partienlar program was to accomplish. These wers the promises of PI.
Vhat we got over the lasi decads was 2 prosression of glorified
workbooks, too often untzsted, tinimaiinative and unstimulating.

With ths growth of CAI s:d the need for softwars, many of the PI

experts moved intc the vacuum, We goi the same faults in programuing

CiX that we had in PI.

hJ

The major poirt to be emrhasized and the basic provlem
has beaen the failurs of congeptuzlization. Perhaps the wrong people
- have been developing the matsrials for use on the computer: on
the one hand enginesrs; on the other PI practitioners. Perhaps we
have been talking too much about instruection and not enough about
education. The PI that na2s been most successful was that which tanght
definable skills, as demonstrated by the growth of PI in training
programs in industry and in the armed forces, We see a similar
phenomenon take place with Qﬁ?&n thet skill-related training has
provided its most effsctive utilization. Perhaps thie is a function
of the training of the people who heve developsd the programs
whaich have veen utilized.

I can best illustrate my meaning further by a chat I had
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-~ several years ago uith one of %he top research mem-: in CAX
of one of the big computer companies. He wac telling me with sone
gles a2vout a mathematies Frogram that had been developsd for adol-
escents in a disadvantaged school district in the East, The progran
provided two numerals and an operation; the rasponder was to provide
the answer. “Hine plus six,® clicked out ths computerts typewriter,
and the answer “fifteen," waz to come rom the youngstar., The
progran was'arranged so that the problem combinations were repsated
more frequently t:an the cozbinztions receiving correct rssronses.
Thus the youngster haed more practice in learninz to rescond to the
combinations which gave kim trouble., In this respsct it was cer-
tainly indivicdual, My qudstion to this gentlemsn was: "What is the
theory of mathematies tex iching on which this program is based?®
He looked 2t me very blankly and simply did not understand ths ns-
ture, the purpori nor the mazning of the guszstion,
I went after the information in anoth vay. YWho digd
the program?® I asked.
“"OH1" came the response, A couple of my boys."
“What do you mean?® I pursued. "Who were they! What was
their backgrourd?®
"Oh, the¥'re engineers,” was the snswer as if that solved
all problems and settled all issuwes. This man had no idea that
‘here was any ferment in the t;aching of mathematics, that there was
a revolution in the teaching of this subjest in the 'thirties whick
had it been aaccessftyl would havs made the revolution of ths Pifiiws

unnecessary, as Beberman pointed out. These changes placed grest

emphasis on teaching undsrstanding of meanfings rather than mere
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mechanical response in tesching arithmetic, Hers we had the anomiy
of this wmost fentastic representaticn cof tusniisth century mastery
of technology, in its lat=zst version repressnting fourth generation
computers being utilized lo provide an antediluvian, ocvéemoded, dise
credited approach to the lzaching of mathematies. This research
personts gleeful ®It work=di? foll very dully on my ears for his
criteria for whz{ working means were vory giffersnt frou that appliied
in curront téaching of mathematics, .

Another illustration, this one from the fiel¢ of Programmed
Instrucilon, may bs helpful. At my raquest a course was set up in
our division sntitled "Programmed Instruction in Childhood Education.”
One of the outstanding pscpls in the country in this field was instruc~
tor. I asked aboui changing it to "Programmed Learning in Childhecd
Education™ or the basis that instruction is what tke teacher &8oes
but learning is what the child does. Back of my question of course
wzs the whole concept of hovw can we set up our materiels s2 as to in-
sure the chiidfs learning not merely our instruction of the chiid.

He laughed 2nd understood exactly what I meant but indicated that ths
state of the art was not such as to insure that outcome. We retained
the title,

It is time for us to rethink that popular titlee.Ccmputer v
Assisted Instruction-- and begin to reconceptuslize this instrument
from its primary use by the teacher to its primary use by the learner.
This may lesd to Computer Assisted Educaticn. Let us pursue this idea.

In an instructional prooram the lsarner is told whet to deo,
what he should know, wher. he should know if, and perhaps how he may

use what he has learned. His success is measured on his ability to
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regurgitats the proper answers to tha proper questions, which pzraliel
the material which has bsen presented. Education, however, goee far
beyond this and presumes that the learner carnot only sequire the
knowledge nseded bui esn apply it in new and different situations,
laterial vhich is primarily f?ctual can probzbly be adeguately pree
sented in an instructional mode. When it comes to the appliecation
of informztion, the use cf those facts-in new and different situvations
we need to &evelop brand new approaches. This is precisely what hzs
gone wrong with CAI. If it is the fects thzt we are interestsed in
comrunicating we have to live with the notion that these faets change,
and not only is that change rapid, but at an accslerating rate., The
important eontribution of the corputer will not be, I venturs to
forecast, to teach those facts on a massive seals, nér to provide
storage for programs which have this factual imparting as their ri-
mary purpose. Such progrsms can just as readily be mounted in other
kinds of hardware, if they need hardware at 211, ILet us not forzet
that the computer itsslf can store the facts, keep them current,
and feveal them in a retrieval system as needed, The userno longer
needs to rotzin them for himself. The uniguensss of the computer,
its speed, its flexibility, the vastness of its storage of materials,
the quality of the responses it ean provide, need to be placed at the
disposzl). of the %earner as he solves problems which are real to him,
I have a few questions sbout the development of CAI over
these past few.years, questions about some matters which block its
use effectively in teachar education, Why is it that the only pregrsnm

I found in an inguiry mols, that is, other than a linear or branching

. instructional program, was one worked out by Bitzer and Suchman at
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the University of I1linois? Hothing further seems to nave been done

with tte Inquiry #ode. WHay?
What hzs happensd to the exrly efforts to give the computer
God majar o Vs r"e'z'_?:nsxgc-_

a volece so that resding skill would not bs a primary factor in deter-
3%

mining the success of the student?

What exzwe of the notion of giving the cozputsr tremendous
resources as an educational data bark?

m;at became of the potential of using the corputer as a
controlling mschenism as part of & larger program for numercus 4if.
ferent audio-visusl devices? In ths earlier stages of its develcpuont
the computer was used to control a series of slides, tape recorders,
video recorders, cartridge~typs film loo'Ps, and it was used as &a
informeztion retrieval instrument. All of these have tremendous po-

tential edueationzlly., Uhy have they not been more adzguately exe

We are 211 using microfiche these days. a‘lr;v' you ssen the
iatest "ultra~fiche® produced by Nztional Czsh Register, in which
soice 3,000 p.ges of material are reproduced on a fich.e of the sta-ndard
four~ by six-inch size that we have been using for 64 to 90 pages?
The coordinates which woulld locate any one of these pages are simple
x,y ccordinates, Ten voiumes of material could bz adeyuately rpepro-
duced on 2 single fiche 2nd access to any of these péges controlled
by simple location of x,y coor:”z:‘mates. The computer-gontrolled re-
production of any of these pages in any desired sequsrce on & reade

ovt scroen o7 print-out is within thz scope of the art todey, Is

anybody working with it? ‘
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What happened 1o simlation 2s a primary lez=ning device?
The computer offers storzze and retrievel possibilities that are
breath-taking. No one sesms to care.

And when will tae big companies do something ebout insu¥ing
the compatibility of program languapes? Rerember the time of cornpoe
tition between various systems of color television? Remembsr the early
chaos about varying tape wecordsr spesds, the shift frcm wirs to tapa,
and hcw standardlzatlon ¢larified thst s%tuatlon? You ares all familiar
with the corresponding ccnfusion zbout current vidso tupe recording
differences in speeéj% and widths of tepe. But there vomss & time when
the futile notion thet ezch mznufacturer holds that his OWn process
is so supsrior that everyone will adept it must give wzy Lo the notion
that the primary good of the consumsr is served by comnatibility and
the wltimete profit of the manufacturers lie im the direction of prow
viding such compatibility,

In the interest of applyiné computer potential further to
the field of tszcher education, let me c¢loss with = chzrge. To those
vho are working with tradjtdxégpmograms in CAI,; to develop a new
concept of CAE, in which the material we present is nol nearly as inm-
portant as the lsarnerts ability to make alternstive choices, raise
intelligent questions, ssek responses to them by calling for and ap-
Plying available and psrtinent}data. Let us charge the ceﬁpanies in-
volved in developing new generations of hardware to ac:ept responsi-
bility for the development ard use of softiare for edusational purposesg
mrt of tuis responsibility is +c eithor agree on a cosmin language
or provide translators s¢ +hat programs may be usable on more than

one system,

o G 1A

oL N L L

(TS ) P oaor

™

g

ORI gy 0y gy




