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Preface

Twentv representatives from ten CEDaR-member institutions attended i seminar,
"Educational Technology: Bright Promise or Dim Future®", in Washington, N.C.,
June 1-3, 1981, The <eminar was sponsored bv CEDaR's Coonerative Schnol
Improvement (CSI) program, This volume 15 a report of that seminar—the papers
presented, the i sues diseussed, and the coonerative steps the CENaR-memher

instititions agreed to inttiate in educational technology.

During t e course of the seminar, participants raiser several concerns ahout the
current technologv movement. First, school personnel are uncertain about how
and when to use technologv to improve instruction even though schools are
purchasing technolomeal hardware at an inereasing rate. Second, the
technologiecal hardware i1s becoming more and more sophisticated but there are
few high-quality programs availahle which utilize the technologv. Third, the
private, profit makers, a dominant presence 1n the technologyv movement, will
continue o expand their investment in education. Industrv specialists have a
limited understanding of the instruetional principles that shonld cuide the
development of technologv-related materials. Fourth, school personnel, and
perhaps the ediicational research and develonment community, will he hlamed for
the fact that technology has not made a remarkahle difference in schools or 1n

students' learning.

The institutions cecided that they should come forward to assist school personnel
in making informed decisions about technologv and in making the hest
mstructional use of technologv. Consequentlv, thev resolved to undertake a
collahorative protect and develop for the school-based communitv materials
school personnel can use to mnide their purchase of technologv and its use in

classroom instruction.




In earlv June, representatives from the CEDNaR-member institutions met 1n Washington,

N.C. to discuss the promises and nitfalls of educational technoloev. The two-dav
seminar, "Educational Technologv: Bright Promise or Dim Future?", was sponsored hy
CEDaR's Cooperative School Improvement program, an effort that enenurages
collahorative ventures among the institutions designed to improve educational practice.
Fducational technologv was an area in which the CEDaR members felt thev should

consider tnitiating A cooberative school improvement project.

NDuring the course of the session, participants examined technologv's hbright promise in
relation to i1ts current use in schools and the state-of-the-art of technologv-relate”
instruction. Thev discussed the federal gzovernment's and Congress' support of
educational technologv and the private, orofitmaking sector's role in technologv's entrv
into schools. Their conelusion: current trends in these areas preview a dim future for

educational technologv, if thev are not challenged.

The institutions resolved that the role of research and development organizations
committed to school improvement 1s to challenge these trends. Consequently, thev
agreed to develop, cooperatively, tools school personnel can use to face the challenges

and address the problems technologv's entrance into schools poses for them,

We are indebted to Rohert GG, Scanlon, Pennsvlvania's Secretaryv of Fdueation, who 1n his
opening remarks set the charoe for the meeting and stimulated the diseussion that

followed.

E. Jnseph Schneider

Executive Director

Council for Educational
Development & Research

Anmist 1981




“Educational Technology: Bright Promise or Dim
Future?”

Marcella Pitts and E. Joseph Schneider
Council for Educational Development and Research




An Introduction to
"Educational Technology: Bright Promise or Dim Future?”

"Educational Technologv: Bright Promise or Dhim Future?', hv \Marecella Pitts and
F. Joseph Schneider, provides an overview of the educational technoloov

movement.

The authors examine schools' current use of technoloov, the private sector's
activities in the edueation market and elsewhere, Tonaressional interest 1n
educational technology, and the federal hureaucracv's current and future sunport

for technoloay-related research and development.

The authors caution that the r&d community canll afford to see technolomenl
hardware {lood schools, have little effect on imoroving education, and he Inhellied

a failure.

Rasic to the paper 18 a distinction hetween educational technoloov and
technological gadgetrv. Fdueational technologv has obiectives hased on research
in human learnming and communication and uses hoth human and non-human
resources to bring about more effective learning. The indiseriminate use of
technological hardware 1n the classroom, without blending the eapahility of the
machines with instractional expertise to hring abo - mare effective learning, s
technological gadegetrv. The CEDNAR institutions' task, the authors conclude, 1=

furthering educational technologv to improve sehools.

ERIC Lo

Aruitoxt provided by Eic:




O

ERIC

Aruitoxt provided by Eic:

Edueational Technology: Bright Promise or Dim Future?

Marcella R. Pitts and E. Joseph Schneider
Council for Edueational Development and Research

A evnie might sugrest that the current educational technoloev boom is to the 80<

what the curriculum development movement was to the 60s, Their advocates

certainlv sound much alike. Everv positive adiective excent "pDanacea” is used to
describe the impact technologv will make on learning. Panaces isn't used hecause
franklv not even 8 computer salesman thinks there's mitch hope for some schools
and/or some children. But that doesn't orevent the hardware manufacturers and
their customers in the sunerintendent’s <itite, or their rolleacues in the research
communitv and the pubhhishing industrv, from shouting to each other that thev had

hetter get on hoard or this parade will pass them hv,

Revond a doubt, education is being bombarded with the virtues of the machine,
The times demand 1t. An important segment of the general public thinks schools
are lousv and getting worse. The economics of education practicallv dictate that
we find a wav to educate children while lessening the enormous personnel costs
assoriated with the task, And the gadgets promising to help cut costs exist in
abundance right now, amazing kids and their parents both with their amusement
and entertainment capahility. Obviouslv, educational technologv 1s more than a

passine fad.

But where's the educational research and development communitv? Well, one
thing is obvious: the edncational research communmitvasn't out in front on this
movement. Educational technologv 1s hewng driven by the hardware

manufacturers, the machine salesmen, and their hired cotirceware developers.,

;,
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Our paper, then, i< written out of frustration. We worrv that the contributions
educational research can make to the educational technology movement are at
hest heing 1enored, The snuh might he tolerable if it wasn't so painfullv ohvious
that heing ignored frequentlv means we're being rejected. And frankiv, the
research communityv can ill afford to sit bv and watch electronic gadgets invade
the public schools. If the cadeets fail to achieve their purposes, which certainlv
seems likelv at this stage 1in their develobpment, then thev will soon he stored awav
1n closets and laheled another "innovative failure." Such failures, we have learned
from our carlier exneriences with currienlum development, tend to haunt the

research community even vears later,

So our naper has two purposes, We want to share with the participants at the
Coonerative Sehool Improvement (CSI) seminar what we see going on in the
educational technoloov movement. We'll take a lnok at the schools to see what
se thev eurrentlv make of the new wizardv. Then we'll soend a few pages
explorine with vou the commercial sector's dreams and marketing plans. Because
we depend on them <o much, we'll next visit with our friends in the federal

hureateracy to see how thev are soreading their wealth to further the

movement. No visit with the government wonld he complete without some

rurcory dicenssion of the visions heine plaved out 1in the ULS, Congress,

We'll eonclude the paper, then, with two scenerios. The first s negative, It's the |

path we're currentlv charting for ourselves, though. It's also the famihiar path;

we've aone Aown 1t hefore. The other scenerio 1= optimistic. It foresees a maijor
role for the CEDaR-memher institutions in this rush to introduce gadgets into the
slassroom. Unfortunately, this scenerio requires some changes in the wav we o
histness and 1n the wav we relate to the other actors in this drama., Whether or

not we're canahle of realizing the ontimistic scenerio will he the basis for

dlcession at the <eminar.

ERIC

Aruitoxt provided by Eic:




Edueational Teehnology or Edueational Gadgets?

Right up front we might just as well grapnle with a little controver .v. When we
talk about educational technologv, are we simnlv acknowledging the existence of
just so many pieces of hardware and machinerv? Educators have certainlv learned
the hard wav that even the fanciest machines with the most impressive levers,
mittons, and color-coded dials have an uncannv ahilitv to first hore and eventually
alienate their users. Of course there's more to educational technolosv than media
and machines. BRut st how much more is questionahle. So hefore we go on, let's
define technologv as we would like to think it exists. Here's a definition that suits

our purposes:

Fducational technology goes bevond anv particular medium or
deviee. In this sense, educational technologv is more than the sum
of its parts. It is a svstematic wav of designing, carrving out, and
evaluating the total process of learning and teaching in terms of
specific ohiectives, hased upon research in human learning and
communication, and emploving a comhination of human and non-
human resources to bring about more effective learning (1970
President's Commission on Instruction and Technologv).

Not had. 1t certainlv reinforces our profession's legitimate involvement in t-¢

movement. In other words, this definition views edueational technoloov as a process
rather than merelv the application of electronic gadgetrv to education. And of some
importance, we helieve, the definition emphasizes the necessarv interaction hetween

humans and machines ". . . to bring about more effective learning.”

From where we stand, we're going to insist that anvthing carrving tre "educational
technology' lahel live up to the loftv definition given us bv the presidential commission.
And we're going to be particularlv concerned about the activitv's ahilitv to demonstrate
that (1) its objectives are based upon research in human learning and communication: (2)
it uses hoth human and non-hum an resources; and ()1t brings ahout more effective

learning.

1j
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If the activitv within the educational technologv arena isn't of the hlue-vein varietv

deseribed above, we're going to lahel it for what it prohably is: educational gadgetrv

having no more redeeminzs qualities than the fact 1ts products might just entertain or

amuse the user.

For the sake of discussion, we're going to go one step further. lLet's just sav that

anvthing that results from educational technclogv 1s "good.” And anvthing short of that,

ecducational cadgetry, 1n other words, is "had." Everv resource used in a classroom should

Aireetlv or indirectly result in inereased achievement among pupils. If it doesn't, the
"resource” heeomes a detriment, rohbing the student of valuable time and energv needed

for meaningful instruction and learning,

Schools Slow To Embrace Educational Gadgetry

without question, edicational gadgetry is filtering into schools. Sales of classroom

microcomputers and other audio-visual materials were up in 1980 and the increase 18
cxpected to continue. In fact, the National Audio-Visual Association anticipates an

inrrease 1n sales even though federal funding patterns, inflation, and declining

enroliments all work against lone-term industry goals.

Ine of the nlder technolomeal devices currentlv in use 1n schools 1s instruetional
televigion (ITVY, Annroximatelv 15 million children received a regular portion of their
instruetion from ITV, according to a 1977 National Center for Educational Statisties

{(NCTSYsurvev.

I'he nse of hroadeast and eable television in classrooms will undoubtediv be affected by
technolomienl advances 1n satellite communications and emerging new hardware such as
videodises, These advances shonld increase the range of programs available to schools

and their apblieations in the classrooms. Furthermore, television and videodise are

Heainning to hink 1p with computers.




Nevertheless, education's interest in television as an instructional tool has shifted to

computers, especiallv mierocomputers. Proponents of technology nredict a revolution in
computer-hased education 1n the next several vears, If so, we'll see more computers and

a wider application of them for insu uctional purposes.

The government's most recent statistics show that about half of the nation's school
districts provide students with access to a microcomputer or at the verv least, a

computer terminal. That's about 52,000 computers.

When we hegin to examine individual school building use, though, NCES tells us that one
out of everv four puhlic sehools in its sample had at least one microcomputer or
computer. Half of the secondarv schools have them compared to onlv 14 percent of the

elementarv schools.

The NCES study also shows that computer availahility within school distriets is limited.
Students in about three-fourths of the distriets with miecroeomputers have fewer than
five available for their use. And in the maijoritv of districts, onlv one school has access

to the hardware.

Not surprising, then, instructional use of the computers is restricted. The primarv use,
reported by 85 percent of the districts surveved, is in "computer literacv" courses. Other
instructional applications are "to improve learning in selected subiect areas (72 percent)
anc "to challenge high achievers” (64 percent). Fewer than half (45 percent) of the
districts use computers for "remedial and compensetorv instruction.” This last statistic
is interesting because schools were thought to use their computers for "drill and

practice" application,

The survev suggests that school districts make the most efficient use of their limited

number of computers by introducing students to the world of electronic gadgets through

literacv courses; applving them in specific subject areas; and using them to motivate and




rewars hright students,

['he covernment's survevors did not gather data on administrative use of computers, an
application which we suspect far outstrips instructional use. An earlier survev did reveal
that ad ministrative uses dominated instructional uses bv a ratio of nearlv three to one

{Worotkin, 1970\

The relativelv limited use of computers 1n schools 18 a sharp contrast to the predictions
ahout the revobition in computer-hased education. The technologv revolution, in other

words, has started, But it's moving slowly.

While technolomv's potential is attractive, certainlv in the abstract, numerous ohstacles
exi1st to prevent it from hecoming an integral part of schooling. These ohstacles will not
nrevent the increased use of technological gadgetry, but thev are substantial roadblocks

to interating the hardware into approaches that solve edueational prohlems.

Historieal Obstacles to Schools' Use of Techmology

The use of technologieal gadretrv in education certainly isn't new. Educators have been
adoptine new technolomical devices, media, and svstems for the past 60 vears if we listen
to Ralnh Tvier (1980), Some gadgets, such as the overhead projector, caurht on quickly

and were widelv adopted. Others, such as teaching machines, have had little impact.

The residue from the problems and failures associated with applving technologv to
schools over the past 20 vears, while not insurmountable, will undoubtedlv have an effect
~1 the support edncators find for their current enthuasiasm about the zadgets and their

ranahilities.



Instructional Obstacles to Schools' use of Technology

The use of technoloaical hardware 1n instruction 1s 1n 1its infanev, Vore importuntly, the

hardware is beginning to outstrip the software and coursewnre, A proliferation of
equibment is matched onlv by a dearth of good instructional orograms, In fact, some
courseware on the market 1= literallv little more than computerized proorammed-
instruetion texts. Conseauently, the computer's diagnostic capahihity and its full
interactive notential remains underutilized, The computer, 1n other words, exists ns

little more than an expensive tov.

Organizational Obstaeles to Schools' Use of Technology

The lack of extensive adoption of technologv in education has been attributed, at least in
part, to fundamental incompatihilities hetween the educational svstem and most of the

technologv intended to perform educational functions {Luehrman, 1979),

Part of the problem lies in trving to implement a new technoloov 1n a system developed
for an older technology {Chadwick, 1979, Hirshfield, 1981). That svstem, the traditional
teaching-learning moriel, poses a challence for the technolomst. The model s teacher
and texthook fominaterd. The teacher, aided by the texthook, is the basie source and
interpreter of information. In afdition, the teacher performs varicus roles, including
Aiag nosing students' skills, providing almost all forms of instruction, managing the

classroom, and evaluating the pupils' learning.

Technologv, if adopted widelv in schools, promises to chanwe the role of hoth the teacher

and the texthook. Neither is particularlv comfortable with that notion.

At a purely practical level, the current fiscal crunch and declining enrollments, which
threaten teachers' iohs, will also limit the application of technolosv in schools. Even
then technologv will come face to face with the fact "the social and organizational
structure of schools has proven highly resistant to the replacement of the teacher by a

machine” (Walling et al. 1981),

1,




Economic Obstacles to Schools' Use of Technologvy

DNesnite prononents' arcuments that the cost of technologv is now within the grasp of
school districts, ediication is nndeniablv entering a period of declining fiscal resources.
It i1s also an era of declining enroliments and stahle teaching pooulations, an 1nopportune

time to introduce lahor-saving devices into the elassroom,

These factors will keep technologv out of reach of manv school distriets, especiallv those
in lower-income areas. Without subsidies or external support, schools simplv won't he

ahle to afford the new gadgets,

Marketplace Guides Private Enterprise

Nespite what we mav think of their utilitv for instruetion, the private sector has done an
impressive joh of developing educational hardware and courseware. Some of the larger
nroducers have made maior commitments in education. Control Data, for example, has
invested $750 million since 1962 in the design and production of computer-based

instruction (New York Times, April 26, 1981). It's not a "get-rich-quick" enterprise,

though. Onlv now does Control Data expect to bemgin making a profit from its long-term
investment in PLATO. Other producers, like Atari and Tandi Corporation, are relative
newromers. In fact, not one of the leading microcomputer producers hard anv
instructional broducts in the 1960s; whyv some of the companies did not even exist then.
Nevertheless, companies such as these and others involved in various aspects of
information technology, including Xerox, IBM, RCA, Texas Instruments, and even Exxon,
are hv manv predictions destined to hecome the corporate giants of the future (Molitar,
1981}

Giiven the time and resources invested in hardware and courseware develobment, the
private sector naturallv seeks a mass market for its products. Elementary and secondarv
education simplv isn't that kind of market. And the marketing strategies of the large
companies demonstrate that fact. Although manv have an investment in the education
market, it is modest compared to their efforts in the industrial and home markets.

Ih
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Svstems such as PLATO and TICCIT, for example, sell well in industrv and the mihitary,
Vicrocombputers, on the other hand, have gone over well in the home market (Volitor,
1981).

The private sector, nevertheless, undoubtedlv will continue and possiblv expand its
investment in education. Following a lone period of wait and see, for examnle, major
educational publishers are investine in the develonment of courseware for computers and
microcomputers. Seott Foresman, Houghton Mifflin, Science Research Associates,

Random House, and \lacmillan are all developing and marketing materials.

In addition, the publishers are beginning to combine their efforts with the mierocomouter
nroducers. Random House, for example, was recentlv named the authorized education
market distributor of Radio Shack's TRS-80 computer procucts for classroom ase. Seott
Fores . an 1s selling products for Texas Instruments and SRA 1= selling Atari products

(Educational Technologv, Viarch, 1981),

These partnerships meet the needs of both the producers and the miblishers, Thev suit
the computer makers hecause thev do not have the expertise tn deal with the snecial
needs of the school market. The publishers have the expertise, but thev had virtnally
withdrawn from the field prior to the microcomouter revolution. Conseauently, they

have nothing to offer schools clamoring for microcomputer hardware and courseware.

There i1s a growing concern, however, that the industry is ruided onlv hv the
marketplace. Profit-making corporations, naturallv, respond to private markets "in order
of their comparative profitability, regardless of their relative social consequences”

{(walling et al., 1981),

Federa! Government Takes a Back Seat

Over the vears several expert panels have made strong and specifie recommendations for

government sunport and coordination of educational technoloav. Since technologv is

Iy
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moving rapidly, some ohservers iree federal poliev makers to elimt. on hoard the
technology train now or be run over by it. Unfortunatelv, 1t appears that the federal
sector mav have heen left standing at the station. Currently, the federal fovernment
finds itself in the nincomfortahle position of trving to integrate itself into something

alreardy haopening under the auspices o the private sector.

Department of Edueation

The majoritv of the Department of Fducation's (NoEN) technology funding supports
telecommunications projects. Other areas are catching up, though, In FY 80 the
department spent $40 million to support various technologv efforts, including $19 million
in telecommunications projects: $15 million on projects involving computers, calculators,
and videodises; $5 million on orojects using teaching machines; and $1 million on

videotape projects.

Of the money spent sunporting computer-related projects 1n FY 80, $11 million funded
projects focnsing on mainframe comouters related to higher education. Another $2.5
million supported projects utihzing microcomputers and ahout $200,000 funded mini-

compiter projects.

The dollar signs don't tell the technology storv, however. Impressive amounts of monev
were spent to purchase fanev gadrets, but onlv a minimal amount went to develop either

conr<eware or hardware.

That is, the government's largest invest ment in technologv is actually formula grant
dollars awarded to school distriets through Title IV-B. Distriets can use these funds to
purchase microcomputers as well as library and instructional materials. The librarv and
gadoet manufacturers maintain sizeable Washington lobhvs to ensure that these funds

continue to flow for this purpose.

The government's less-than-impressive investment in the future hasn't gone unnoticed,
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though. For examble, Frnest Bover, while Commissioner of Education, apnointed a task

foree to advise him about education and technologv. He accepted the recommendations,
whiech would have resulted in a hoon to instructional television had he staved around to

imblement them. Alas, he didn't,

The technologv initiative was revived, through, by Shirlev Hufstedler, DoEN's first
Secretarv. She put her own task foree together. Alas, she, too, departed hefore anv of

its recommendations could be put into place.

Now we're up to Ted Bell, Hufstedler's replacement. He, too, has some ideas ahout the
potential of educational technologv, And he, too, has a task forece looking at the issue,
\lanv of RBell's task [oree members are veterans of earlier cutv. In fact, so manv of them
server in a similar capacity earlier in their eareers that we might wonder what new ideas

thev'll hring forward.

0Old hands predict that Bell's task foree will recommend a small departmental initiative
1n educational technologv. Monev is tight, vou realize. Given the modest numher of
dollars it's willing to expend, the imtiative will tend to he morlest also. In fact, insiders
prediet that it will be nothing more grand than a few nroiects addressing severel pressing
needs. These probablv will include the need for high-qualitv courseware; the peed to
provide school districts with marketing and evaluation information to use as thev
consider technological devices; the need to demonstrate the cost-effectiveness of
technology for some educational activities; and the need to educate teachers to use the
new technologies. The initiative, which will be luckv to get off the ground in a vear, will
undoubtedlv support a few demonstration projects, & small dissemination effort, and

some modest technical assistance programs.

National Science Foundation

The National Science Foundation's Education Directorate has heen responsible for much
of the federallv sponsored research in technology as it relates to education, especiallv

science education.
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The Reacan admimistration, thouch, has proposed drastic cuts in the Foundation,

particularly across 1ts Science Education Directorate, The administration proposes
phasineg out the Mirectorate'’s contract and grant work in FY 82, The phase out will mean
the elimination of prosrams that for vears have funded the development of computer

courseware, software, films and video moriules,

National Institute of Edueation

\lueh of the National Institute of Education's support for technology research is through
a loint program it sponsors with the National Science Foundation. This one-vear-old
program funds research on wavs to improve mathematies instruction through technology,
especiallyv microcomputers. It currentlv supports nine projects. The joint program is
funded at $750,000 and the same level of support has heen requested for FY 82. The
federal nroject officers envision their program supporting the development of several
small=<cale prototvoe programs this vear and a smaller number of larger projects in FY
87,

The Institute's support of technologv-related research and development totaled
anoroximatelv $3.6 million 1n FY 80. Of this, $1.9 million supoborted telecommunication
proiects. The largest was the Appalachian Community Service Network at $1.2 million.
The Institute also awarded half a million dollars to the Alaskan Educational

Telecommunication project.

In addition, NIE invested about $850,000 in computer-related projects, of which half a

million was used to help maintain the ERIC svstem's computer data hases.

Funding for micro-comouter work totaled $760,000. Of this, about $200,000 suoported
the Nnrthwest Remonal Educational Laboratorv's Tomouter Technologv MieroSIFT
Clearinghouse. The Institute also awarded $130,000 hoth to Advanced Learning
Teehnolomy, Woordaide, Calif., and San Francisen State University to develon

nierocomptiter <oftware and courseware in math,
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Finallv, NIE spent $90,000 on research and development related to the use of hand-held

calculators. CEMREL of St. Lonis received ahout $40,000 of the pot to exneriment with
calculator use in their major math effort. Another $50,000 went to Ohio State

Universitv to develop a calculator information center.

Overall, NIE's investment in technologv has heen modest: future involvement given the

agencv's funding blahs, will be even less impressive.

Department of Defense

The one agencv relativelv immune from budget cuts is the Department of Defense. Its
investment 1n research and development in educational technologv dwarves other
agencies. For example, it current1; spends $10 hillion a vear developing training courses
for its personnel. Much of this is dependent on technolozy. The department has adopted
technologv to cope with high personnel turnover, to cut high personnel costs associated
with training, and to provide the kind of training needed for its increasinglv sophisticated

weapons svstems.

Viost of the technology-related r&d sunnorted bv the militarv is directed toward
developing a technologv base for designing alternative, cost effective instructional
deliverv svstems. The r&d focuses to a great extent on reducing training time through
techniques that permit instruction to be individualized to a wide range of student
antitudes; reducing the demand for the involvement of personnel in the design,
development, and operation of instructional systems through computer support: and
providing realistic experiences bv a varietv of means, including computer-based svstems

and television.

Congress All But ignores Educational Technology

The House of Representatives has expressed an interest in educational technologv

for some time. Over the vears it has created commissions to studv the field,
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mandated a major studv, and held numerous hearings on science and information
technoloav, the mle of computers, and technologv's applications to education, But
a< of vet, no coneressional mandate has emerged that brings focus to the

initiatives at the federal level.

The most recent congressional attempt to develop a more cohesive federal posture
in technology 1s the Information Poliev Serence and Technoloov Act of 1981 (HR

3137) introduced hv Georoe Brown {N-Calif.) this past April.

Coperessman Rrown, former chairman of the House Suhcommittee on Science,
Research and Technoloov, has long demonstrated an interest in information

technologv and its implications {or education,

Nrown's current hill proposes to create an Institute for Information Pohev and
tesearch to address national policv issues in the technologv area. Tie Institute
would: 1) nrovide 1 forum in which industry, government, commerce, and
education can formulate national information poliev recommendations; and 2)
provide 1 mechanism for planning and coordinating federal r&d in science and

informntion technoloov,

The Institute wonid also develop channels for federal agencies to communicate
with one another abont their technology initiatives, coordinate federal research
and development 1n this area, and develop more efficient processes for

disse minating and utilizing scientific and technical information.

During 1ts authorized 10-vear lifetime, the Institute could conduet studies and
make recommendations in several areas. These include the impact of regulatorv,
patent, and eopvricht policies on technological development; the role and
acceptance of technologv in sehools, businesses, and the home; and the potential
impact of technologv on the work force's training needs. Studies supported bv the
Institute would range from an examination of international efforts in science and

L )
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information technologv to an assessment of how the federal government could n<e

technologv to improve its administrative effectiveness and nroductivity,

The Institute would be operated under the supervision and poliev contreol of a 15-
member National Information Science and Technologv Roard appointed hv the
President and run bv a special assistant for sectence and information technulosv,
also a presidential appointment. The authorized appronriation level for the
Institute, $6 million in FY 83, would increase to $8 million in the following ficcal

vear, and $10 million \n FY 85.

Brown's hill has been referred to the Committee of Science and Technoloay,
chaired hy Don Fuqua (D-Fla.). Hearings are expected in June or later. RBut even
if this hill 1s reported out of committee, 1t still has a long roard ahead of it hefore

it hecomes law.

Replaecing Gadgetry with Technology

In our introduction, we argied that educaticnai technologv is "mood" hecausce it

involves man and machine working in concert to applv validated social science

research results to a learning situation. On the other hand, we threw a black hat

on technological gadgetrv. To our wav of thinking, the schools ean ill afford to
purchase, let alone incorporate into the classroom, anv gadeet or process that

doesn't have a significant pavoff in terms of increased student achievement.

We went from our introduction into an admittedlv eapsulized description of what's
going on now in the technologv movement. We looked at it from several vantage

points.

For example, we found that the gadgets are working their wav into the schools.
Trouble is, we also learned that the fanev hardware isn't reallv havine much to Adn

with the schools' instructional program. And when it does, the gadgets are heing

A
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used for Arill and practice or as a learning tool to make children combuter

hiterate.

We looked next at the private sector. And we learned, to nobodv's surprise, that
the profit-makine companies are concerned about profits. Right now, industrv and
the home-entertninment markets are the orofitable outlets for the electronic
gadeetryv. Schools do offer the hardware manufacturers a market for their
products. Rut schools are fairlv autonomous and their needs varv from district to
distriet, Consequently, the manufacturers have a difficult time putting together a
marketing scheme that will give superintendents the choice thev exnect at a price
thev can afford while also ensuring a suitable profit for the companv's

stockholders.

Other problems hound the technologv movement. For example, SRI recentlv did a
stucy and found that the new gadeets mav have a negative impact on schools.
Reasons SRI ecite inelure the fact the hardware is designed for entertainment and
communication purposes and thus little attention has been paid to determining its
actual educational value. Second, the qualitv and effects of the courseware are
extremelv varied and largelv unknown. Furthermore, the purchase is frequentlv
hased on cost and onlv simple notions of educational needs. Third, the hardware is
peddled based on the customers' abilitv to pav rather than their actual needs.
Fourth, the market is dominated now hv industrv speciahists with little knowledge

of the educational svstem.

A big problem facing the hardware developers, of course, is the qualitv of the
courseware. Recentlv, the hardware oroducers and the texthook publishers have
come to the realization that thev can benefit each other. Whether or not the
match-up benefits schools remains to he seen. But it does seem to us somewhat
likelv that the hardware manufacturers will simplv program standard texts onto

machines and in the process do little to improve the instructional offering.

The Nepartment of Education, meanwhile, has all but chosen to sit out the
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technologv movement. The hittle bit of monev it does have to snend s spread

widelv among libraries, colleges, and the public media, Research dollars used to
flow recularlv from the Science Education Directorate of the National Science

Foundation. But beginning next vear that flaw will likelv end,

The Department of Defense has monev to spend on educational technologv,
though. Lots of monev, In fact, the defense agencv 1s eancerned about the ahility
of the educational research communitv to spend its funds quicklv or wisely
enough. The military interests, of course, are not alwavs seen as heing compatible
with educational interests. But thev could he, The militarv needs to train its
vohunteers. Much of this training comes down to the basics: teaching 17 and 18-
vear men and women to read, write, and perform simple arithmetic prohlems,
Those ohjectives certainly parallel the educational obirctives of everv school

svstem in this countrv.

Regardless of which federal agencv we consider, nearlv all the research dollars in
the educational technologv field flow from Washington. Although the flow mav
appear to he insufficient, sufficient dollars are availahle to enahle qualified
researchers to advance the state of the art, to improve the courseware, and to

assist schools in the difficult task of implementing the hardware in elassrooms,

Trouble is, the field isn't about to wait for the r & d community to come forward
with prototype courseware, research on the impact of machine use, or evidence of
the effectiveness of one gadget over another. Franklv, the hardware
manufacturers are way ahead of the research communitv., Consequentlv, thev are

not apt to slow down and wait for us.

So, plaving or* the negative scenerio, we suggest that the future for educational

technology appears fairlv dismal, particularly if student achievement is a concern,

o The hardware is readv to go. Although develoned for A non-

school market, most of the gadgets can he viewed as having
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some educational pDurpases.

AMuch of the coursewnre to accompany the hardware is
untested xnrd probablv of little increased value to the
cla:sroom teacher or the pupils, Ardditional courseware will he
developed hv the manufacturer or its hired academie authors
to be compatible with the hardwsare rather than to reflect
advances made in our understanding of the teaching-learning

orocess,

The federal government will continue to support a modest
research effort relating to technoloov., However, the effort
will he so insignificant (i.e., non-orogrammatic) that it will
have little impact on the hardware manufacturers, the

courseware developers, and the adonting schools.

Congress has never generated much interest in technologv and

this situation isn't about to chance,

The CEDNaR-member institutions eould perform a useful rele
given the above-described scenerio. That is, school districts
will still seek outside guidance as they begin purchasing and
using the electronic gadgetry. Some agencies or institutions
will be asked, probablv in the one-shot inservice workshop
format, to help train teachers to use the new equipment in
their instructional program. Other institutions will be able to
econduct federallv initiated small research projects won in
competition. But overall, the impact of the member

institutions' expertise will be negligihle.

Fuventually the weneral public will realize that technslogv has
made little difference in either the productivity of schools or
the qualitv of their instructional programs. And public
education will suffer still another series of chasusements. The
research community won't escape without its share of the

blame either.




The negative scenerio Assumes status quo from the federal government, the Uu.s.

Congress, the school community, the hardware and courseware developers, and the
research community., A chanz~ in attitude on the part of one or more of these

groups mught he sufficient to alter the script.

A change in attitude isn't likely from either the Congress or the current
administraiion. Both appear intent on recducing the federal government's
involvement in local and state educational issues. The sehools themselves are not
likely to have either the time nor the inclination to exert some leadershin for
change. The hardware and the accompanving promises it hrings just has too much
to offer a heleagured school official.

For il kinds of logical reasons, neither the manufacturers nor their colleagues in
the courseware development tusiness have much incentive to alter the technology

movement.

And that leaves the research community. That leaves us. The onlv wav we see to
develop an optimistic scenerio is for the CEDaR-member institutions to come

f¢ *ward and raise an alarm about the technology movement,

The membership has the skills to work with the manufacture:s to develop
validated instructional courseware. The member institutions know how to work
with sehools to ensure that the technology thev purchase first addresses their
individual needs and second does something ahout them.

The monev to assume this leadership exists in the Pentagon, in the massive funds
being awarded to contractors interested in helping the military imbprove its

training programs with new technologv.




21

A positive seenerio, in other words, wotuld have these components:

o CEDaR-member institutions, huilding on their historv of
successes as well as failures in the curriculum development
movement, have more to offer the field than anv comparahle

set of institutions in existence,

o The membhership knows how to develop courseware that's
compatible with the hardware; as important, the CEDaR-
member institutions know how to make those course offerings
improve instruction and consequently performance in the

elassroom.

o The membership knows schools; the membher institutions know
schools' limitations as well as their potential. Consequently,
the CEDaR institutions have much thev can offer both the

nation's schools ane! the hardware industrv.

o The membership has the talent necessary to ensure that the
technolorv movement is undereirded bv a sound research
foundation. 1t also has & strong track record which should help
ensure its better researchers arlequate funds from the Defense

Department for technologv-relates inquirv.

0 The CEDaR-member institutions know the husiness of
programmatic r & d better than most. Consequentlv, thev
understand the interaction that must occur among the
hardware manufacturers, the courseware developers, the
schools, and the teehnical-assistance providers. This insight,
we believe, will be absolutely necessarv if the negative

scenerio painted above is to be stopper,

Participating in this CSI seminar is but a first step, Others, hopefully, will he

spelled out before its conclusion.
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An Introduction to
"Instruetional Prineiples for Computer-Based Learning”

In his paper, Tnstructional Princinles for Computer-based Learning", Alan Lesgold

reviews what the r&d communitv alreadv knows ahout instruction and can anplv to

the technology arena as well as what it does not vet know and, consequentlv,

needs to research.

Lesgold, a research associate at the L.earning Research and Development Center,

Universitv of Pittsburgh, focuses his discussion on one Kind of technologv—

computers. He convevs the picture of a new instruetional medium that is hoth

powerful and affordable. Further, the comnuter is a medium to which the r&d

comnmunitv can applv basic instructional principles derived from education and

psvehology in the development of eomnuter-hased learnine environments. He

reviews these in the paper and suggests wavs to applv the orinciples to comnnter-

hased instruction.

The computer also challenges the instructional communitv to huild unon its own

hase of expertise as it seeks to harness the computer's power for instruction. The

author explores manv of the problems in developing high-aualitv computer-haserd

leamning environments. The research questions surrounding these problem areas

provide a future r&d agenda for the CEDaR-member institutions—an agenca

Lesgold cautions, must be based on an understanding of current romouter

technology and the issues that drive it.
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Instructional Principles for Computer-Based Learning

Alan M. Lesgold .
Learning Research and Development Cente
University of Pittsburgh

In the last thirtv vears, we have seen the rapid develooment of a new technologv
that is completelv reshaping the structure of our societv—technologv of
automated information processing. Anv such sweeping change is inherentlv
destabilizing and iconoclastic. This is certainlv the case with the computer
revolution. Having the potential for solving suhstantial societal problems, the
computer tends to he seen as hoth panacea to those troubled hv these prohlems
and enemy to those with sacerdotal functions based upon them. An enlightened
priesthood such as our own will appropriatelv have mixed feelings ahout the
innovations being offered from the outside. In this presentation, I would like to
examine the current state of computer contributions to educational technologv
and to discuss the tools we have gained from outside our own field and the major

tasks that remain for us to perform.

The Contributions {rom Outside of Edueation

1 will begin bv outlining some of the contributions that I think have come from

outside of the psvchological and educational research communitv.

For the most part, the contrihutions of the computer research and technologv
community to instruction have heen to provide powerful hardware and to engineer
solutions to problems that instructional developers have posed in the past. There
has graduallv developed a range of machines that are powerful enough to
undertake serious educational tasks. Further, the cost of these devices has heen
plunging. Certain computer components now cost onlv one-eighth of what thev
did two vears ago. At manv levels, the impossible is being made possible faster

than we can keep track of the change.
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Since thev are the producers of such change, many computer professionals have
felt a strong obligation to explore the implications of new technology for doing
what has heretofore been called impossible. In the case of education, this has
resulted in the phenomenon that seemed under attack in the discussion paper for
this seminar, that of computer scientists taking over the design of instructional
technologv. My reaction is quite different. The computer world is doing what it
is ohligated to do. It is making everv effort to pound into our heads the full
implications of technology changes and to develop new technologies, such as
rohoties, for which no established expertise exists. What we have to do is to
criticallv evaluate what computer people have done and to build on their work
nsing our own hase of expertise. We can only do this if we are childlike enough to
he amazed everv now and then bv the newest accomplishments and to explore
plavfullv what uses we can make of them. At the same time, we must he
nrofessional enough to help societv untangle which aspects of the impossihle have

heen attained and which are onlv potentiallv attainable,

A third force in this situation is perhaps less helpful. This is the individual
entrepreneurs trving to capture a piece of the school equipment market by quickly
dashing off computer-hased drill programs and games without understanding how
these items can seriouslv improve instruction. [t is quite possible for anvone with
a desire to huv a personal computer instead of a color TV to hecome an
instructional sof tware developer and even to huild software that improves
instruction for some of the children some of the time. This third force is the
largest in terms of its influence on schools. The microcomputer software used by
school svstems todav consists largelv of programs and instructional materials

written bv amateurs, much of which is of poor qualitv,

As ecentrallv supported research centers, I think we need to stay awav from most
of this small scale market, even at the risk of missing the real educational
hreakthrough that in principle could occur in someone's garage. Rather, [ think we
need to attempt to understand the major new forces at our disposal and to
examine their potential in light of the basic principles of learning that drive our
field. We need toa invest serious individual effort in analvzing the power and

limitations of new hardware and software resources, and this analvsis needs to he

3.
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keDt up to date. We should, | argue, get educated and re-educated regularlv in
what levels of technologv are now feasible. We then need to consider those new
resources in terms of basie learnine principles, to which I now turn.

Learning from Basic Learmning Principles

Implieit in mv next remarks are several principles that I will first state explicitlv:

o An instruetional psychology of errors in performance needs to he
further developed in order to exploit the ahility of the computer

to respond immeiatelv to the quality of performance of the
child.

o Such a theory, combined with hehavioral princioles of positive
reinforcement of correet performanee, should guide the

interaction between man and machine,

o Reinforecements should not just be formal statements of zood and
had. Rather, they should make the general act of learning and
the correct performance of cognitive gkills trulv a oleasant and

desired experience for the student.

o A deeper cognitive psvchology of subject matter skills must
continue to develop and must inform the desiegn of computer-

hased learmning systems.

o Practice in newly acquired cognitive skills is important. Itis
perhaps in this area that schools are least able to provide human
resources with the potential of the computer. We should not
helittle drill and practice as such, rather we should make it work

well and know when it i5 needed.

Let me begin mv discussion of these points bv considering what we learned from
behavioral theorists. It is fashionable these days to plav down the importance of
the behavioral principles that once drove our field. After all, we did not live




h opilv ever after. Also, we have come to realize that our instructional goals are

nu. generally behavioral goals that we can specifv clearlv and completelv.
Further, the recent exciting action in hasic psvehological research has been on the
coenitive front. Nonetheless, | think there are important principles that need to
he saved or modified fron the behavioral work of the past.

The first of these principles is the orinciple of reinforcement. As hehaviorists, we

found the principle of reinforcement verv straightforward. Whenever the student
made a correct response, we provided a formal reinforcement. If we were using a
teaching machine, it said "Good work! or something else equallv ineffectual. The
principle was important for two reason. First, students need to be motivated to

engage in leaming exercises, and second, thev need to have guidance about whieh

of their performances are correct.

The problems are also two: first, formal reinforcement is not necessarilv
motivating for manv students, and second, the maoping of hehaviors onto
underlving cognitive performance capabilities is not simple. But these are
problems for us to trv to solve. Nothing we have seen so far suggests that the
hasie princinle of reinforcement was wrong. It remains as a goal for designing
compiterhased instructional svstems, Such svstems must help the student

evaluate his performance and thev must motivate him to continue learning.

A human teacher can, in manv eases, make quick decisions ahout what the student
needs to he taught to resolve his current misunderstandings. Unfortunately, few
teachers have small enough classes and quick enough classes and quick enough
analvsis skills to he perfect tutors or drilimasters. Thev cannot intervene
immediatelv whenever anv child in the class displavs evidence of fundamental
misnnderstanding, nor ean thev immediatelv reinforce those first few tentative
responses a child makes when she finallv understands a concept. At best, the
workhooks of children ean be taken home at night and can form the basis for

som ew hat 1ndividualized feedback and assignments the next dav. We are now at
the point, though, when a computer svstem might be able to provide realtime

analvsis and feedback. | envision intelligent computer svstems which eould
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continuallv monitor children's practice of hasic skills and could intervene with

feedhack and conceptuallv driven instruction whenever fundamental

misunderstandings were detected.

Audrev Champagne, Lauren Resnick, and | are starting to use a microcombuter to
provide this sort of immediate intervention in arithmetic computation practice,
Basicallv, whenever a child makes computational errors, the computer will offer
him an alternative environment in which his numerical computations are maoned
onto computer displavs of Deines hlocks. The child will be able to manipulate this
environment in a manner that allows him to see hoth the blockworld and the
numerical world results of specific com. 1tational actions. We make this
instructional intervention extremely conerete hv allowing children to do—on the
graphics terminal—hlock movements, exchanges, numerical acts like crossing out
numbers and replacing them, etc,, just as thev would with real hlocks and peneil
and paper. We hope that this svstem will be one of manv that recognize and
immediatelv respond to the child's need for specific informative feedback and

instruction during the course of performing reading and arithmetic skills.

It is important to note that the Champagne and Resnick system is not just the
application of new technologv to an existing approach, Rather it 15 hased upon
detailed analvsis and embirical exnloration of the knowledge and performanre
capabhilities that underlie arithmetic computation skill, The hlockworld
demonstrations are not chosen bv any naive rational approach but rather are the
result of a rich and deep theorv of the semantics of arithmetic on which Resnick

and Jim Greeno have heen working for several vears.

Viost of the instructional software currentlv available falls short of meeting the

need for immediatelv useful feedback in several wavs. Essentiallv, it takes the

hehavioral technology of teaching machines and implements it more cheanlv on |
mierocomputers. Thus, the reinforcers for correct performance are hetter, but

neither the sequencing of instruction nor the analvsis of error patterns is anv

better than in the machines developed hv Skinner a generation ago. Further, there

remain serious problems of man-machine interaction which I will discuss in a few




29

moments.

The extisting instructional software often makes use of very creative reinforcers
that use improver graphics resources and color TV monitors. One verv real
problem is that the response to errors is sometimes fancier than that to correct
performance. Consider the arithmetic work [ just deseribed. If making mistakes
in subtraction will produce neat graphics displavs while correct responses produce
only more oroblems to solve, we can predict what will hapben. Consequently, we
are searching for artful wavs to make successful performance gain just as much
anparent attention from the computer and just as flashv a response.

Vost of my attention thus far has been directed toward instruction that removes
coneeptual deficiencies and that develops accurate nerformance capabilities in
cognitive skills. Once a skill is acquired, it needs to be practiced and refined.
New skills build upon extisting ones, and this is not possible when existing skills
are inefficient, weak, and demanding of too much conscious processing eapacity.
We need to hetter understand the kinds of practice that makes a skill efficient,

strong, and automatic.

In the area of reading, for example, Charles Perfetti and | have spent some time
exploring the role of word recognition efficienev in the development of higher
level reading comprehension skills. While we have presented an informal theory of
the effects of word processing slowness on comprehension, much more work is
needed in this area. Nonetheless, it is alreadv clear that progress through the
early vears of the reading curriculum is most successful in those children who

develop speedv word recognition.

What remains to be understood is the extent to which children who are slow in the
word processing aspects of reading can make up for it by developing richer
comprehension-level skills, That is, we need to ask when and how practice makes
perfect. Like sports coaches, we need to know when to give conceptual advice

and when to demand intellectual wind sprints. I believe the kev to answering this
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question lies in taking a more rigorou. approach to cognitive theorv
development. Fortunately, this is starting to haopen. Much of the new work is
heavily dependent upon a rich understanding of earlier work in subject matter
instruction and in cognitive osychology.

Problems for Computer-Based Learning

Having introduced several principles which I helieve should guide the development
of computer-based instruction, I now wish to look in detail at several aspects of
computer usage in education and to comment on roles educational research and
development facilities can plav for each. The order in which I discuss these
espects is somewhat arbitrary.

Mam-machine Interaction

I first turn to issues of human factors, the interaction of students, often voung
children, with compiters. That is, in mv opinion, the most serious area that I will
address, at least from a practical standpoint.

Types of computers schools seem to be buving are those that take some advantage
of the plunging costs of computer power, namelv those that have made the same
computer that used to cost tens or hundreds of thousands of dollars into a $1,500
to $2,500 item. Such systems have moderate memory, hecause we have learned to
make memorv cheap. They also have relatively standard 8-hit microprocessors
and simple displav controllers—all items that sre old standards that have heen
miniaturized and put on a ¢hip. If vou look at current CAl programs sold in hobbv
stores and thev remind vou of work in the 19605, don't be surprised—thev are made
for a smaller and much cheaper variant of the hardware and sof tware systems of
that era.

The problem is that such svstems are verv hard to talk to. The onlv input is a

kevhoard, and most children cannot type. The output is either low-grade printed

Jo
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text or a relatively coarse—grained video displav. As1 will discuss in a moment,
the language conventions the user must follow to start a program or to write his
own are complex, awkward, and not generative of useful attitudes about how to
use computers. We, the more economically privilegzed educational researchers,
have an obligation to studv which aspects of the interface hetween person and

machine need improvement and to evaluate improvements that are offered.

A numher of improvements are on the way, and some are cheap enough that
schools may be willing to buv them. These include devices for selecting a point on
the display screen (touch-sensitive screens), voice output capabhilities, graphics
software and hardware, hetter programming lanmuages, ete. Here we need to do -~

research to evaluate the instructional value of these improvements.

A ecase in point is voice output. Voice output is now verv cheap in some of its
versions and at least reasonable in others. However, this economv is achieved at &
cost of some loss of complete fidelitv to human speech patterns. Roth digitized
and phoneticallv coded speech have limitations. Digitized speech is still costlv
enouzh that it is unlikelv that systems introduced in the near future will offer
correct intonational contours for sentences. Phoneticallv-coded svnthesized
speech affords the opportunitv for cheaper realization of intonational contours
within and hetween words, but the basic phonemes are not perfect. The question

we need to address is whether this matters, and if so, to whom.

There is some evidence that voung children who have trouble learning to read also
are less capable in auditorv discrimination tasks. Are such children more
dependent on intonational contours for contextual cues in listening to spoken
languages? We ought to find out. We also ought to trv to discover which voice
output eapahilities are most usable by children with partial hearing impediments.
It would be a shame if our talking svstems were selectivelv biased against those
who have trouble reading, and it would be relativelv simple to find out the extent

to which such a problem exists.

Work 1s also needed on graphics and their uses. The studv of graph efficiencv and

readabilitv has never attracted a force of talented researchers sufficient to the

3.




size of the prohlem. With the addition of animation, color, and flashing word

capabilities, the problem of knowing how to use graphics hecomes more severe,

At another level, though, it hecomes more solvable. Display terminals are good
research tools, allowing detailed measurements ot *° . sbeed at which students
respond and the accuracy of their performance when dii/erent tvpes of displgvs
are used, Thus, it should be possible to design princinied studies of graphies
effectiveness. Again, we want to make sure that we know which children can hest
he served by specific approaches and specific hardware. Both the faster and the
slower learner need to be served, but it may be useful to know which is most likelv

to learn hetter or learn more as a result of a specifie technological intervention.

Computer Literaey, Aesthetics and Integrity

Another issue I would like to address is that of the Kinds of computer programming
environments used by instructional svstem developers and also those made
available to students. While I mean more than just the programming lanzuage
heing used, it is easier to restrict mv hrief remarks todav to issues of languadge.
We are told, by a number of the lesser sages of computer-hased instruetion, that
BASIC is the standard lancuage for CAI svstems and also that it is the langquage
that children should be taught. The reason given is that it is the standard
language for home computers to jay, and these are the computers that schools

have bought. 1 urge vou stronglv to question this point of view,

Computer languages evolve partly hy accident and partly because of - yorarv
market factors. In fact, if vou take into account the industrial use of
microprocessors, the tide is turning fast away from BASIC, toward LOGO,
PASCAL, C, LISP and similar languages, The reason is that these newer languages
more directlv convev central concepts of computer literacy, resulting in programs
that are more accurate and more easilv understood by others, BASIC itself gained
recognition because it was hetter than its predecessors at focusing the
programmer's attention on the flow of control in his program. However, it fails to
make the structure of complex computation clear enough and places a heavv and

unnecessarv processing load on the programmer,

11




Acceording to one of the best writers on progeamming stvle, Edsger Dijkstra, a

good programming language should encourage the building of programs from
compact routines, each of which is so small that its correctness is self-evident.
Also, from mv point of view, there should be no artificial svntactic harriers
between commands (or procedure calls) desizned hv the programmer and
commands built into the system. Indeed, | hypothesize that the best inst~uctional
environments on computers may present a common command structure to CAl
programmers and developers, to CAl svstem student-users, and to students who
happen to want to write their own systems instead of executing the developer's.

These are hypotheses, but reasonahle ones. Certuinlv we instructional researchers
need to be involved in testing their adequacy and, if appropriate, urging their
adoption. You mav think that the languages used hv courseware developers will
have no effect on the students who use their products, but I think thev do,
Languages imbose tremendousily on the naty e of thinking and of the design
process. Papert makes this point stronglv in his book Mindstorms, but we see it all
around us. For example, a local institution in Pittsburgh is offering p  Aamming
courses to children. The first is called "Introduction to Computing” and teaches
the syntax ~f BASIC and some simple programming techniques. A later course 15
called "Debugging.” The unfortunate choice of computer language imposes such &
men.al load on the children that thev cannot design working programs very
readily. They neec to spend considerable time learning how to find the errors that
arise because of the overly cumbersome stvle BASIC forces them to use in

designing their programs.

Compare that sort of introduction to the computer to the introduction a child
receives if he starts in a LOGO environment and is zble to build sophisticated
programs that he understands the verv first dav. Not only the child but also the
in:tructional developer can benefit from programming environments that
encourage clean design and straight forward function. Too much of the argument

against computer-based instruction is made bv people who experienced the clumsy

svntax and massive Jdetugging effort required bv BASIC and similer languages.




34

Instructional researchers should be central to efforts to provide computer literacv
training in the schools. But, we have to learn enough about computers and about
the software design process to be involved knowledgeahlv. That will take time,
but it's time that some of us will have to invest if we don't want to vield this
domain to engineers whose knowledge of instruetion is boundert by ecommon sense
and some reading about hehaviaral objectives. The price of not being left out of
the computer literacy boom is taking the time to go bevond corner newsstand
hooks on BASIC to serious exercise of our scholarly skills ane serious studv of the
current issues of language design and man-machine interaction that occupyv the

minds of our best eomputer scientists todav. *

Motivation

If vou didn't bite on that one, let me pose an entirely different role for
educational developers and researchers in the design of computer-based
instruction. This is the analysis and specification of motivating devices. It was
suggested in the discussion paper that all technologies have a temporarv abilitv to
attract students' attention hut this scon fades. The computer field has been able,
in certain areas, to encourage involvement that goes hevond the point of initial
novelty. Computer games are extremelv addictive, and there are manv
instructional designers who feel that computer hased instruction should he

presented in the context of such games,

I feel that social psvchologists, motivation researchers, and instructional
developers have a maijor responsihility here. The best work of the computer
industry on motivation has tended to conclude that fantasy games are the most

motivating.** Most of those currentlv in existence are games of violence, in

* A similar issue arises at the level of operating svstems. While svstems derived
from UNIX (a Bell Laboratories trardlemark) are starting to appear, the earlier and
cheaper microcomputer operating svstems are also unnecessarilv clumsv and
inconsistent in design.

** The work was done hv ‘f'om Malone of Xerox Palo Alto Research Center.
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which klingons are zapped, the had side of the Force is overcome, ete. Some are
very innovative. For example, in one outstanding game developed in the PLATO
group at [llinois by Sharon Dugdale, children attempt to destrov intruder space
ships in a graphically defined space bv writing functions for their missile's
trajectory. Even the mathematically illiterate child often learns to graph
parabolas if that is the only wav to destrov three ships that aren't in a straight
line. This is masterful work, better than almost all software that will enter
schools in the next few years, and if there were better approaches to motivation

known, I'm sure Nugdale would use them. [ think some of us have to find them.

A motivational svstem that rests on the computer as a fantasy world controlled bv
violence is not the thing 1 desire most for mv children. Yet, todav's efforts in
instructional game development are driven bv the same understanding of
motivation that drives television {parenthetically, there are games designers in
computer companies who have alreadv noticed that of the two classic motivators
on TV, sex and violence, onlv one has been adequately exploited thus far. How to
use the other is left as an exercise for those of vou who want reallv original

instructional programs).

I think we need to develop a cognitive theory of motivation. Indeed, perhaps we
need to start thinking about the need to teach certain aspects of motivation as a
skill. A useful long-term goal ~x computer-based svstem designers might be the
design of a computer-based motivation curriculum. More generally, there is need
for substantial research on issues of motivation. The marketing research of
recent vears has refined the art of getting someone to pav attention to a message
for 5 to A0 seconds, but we haven't done as well in the longer time spans. This 1S a
problem that we need to address if the full potential of computer-assisted

instruction is to be realized.

In our evervdav thinking, we behave as if motivational dispositions can be taught
hv a varietv of mec hanisms from piano lessons to conscription into the militarv.
A longer-term goal for computer-hased instruction is to attempt to develoo

svstems that increase the mental discioline of students. Presumablv, the lessons

‘;‘
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of the hehavioral researchers are a useful starting point here, too. If we make
certain tvpes of practice experiences rewarding, through direct rewards or
through enhanced probability of suceess, presumahlv that practice will oceur more
frequently in the future. The cognitive aspect of this is that students often need
to be taught what success is in certain basic skill areas. A child cannot he
motivated bv success in writing essavs unless he has an internal cognitive model of
what a successful essav is. It is this sort of a model, not cute bells and whistles,
that c¢an survive the transition to a societv in which the computer and its artifacts

are no longer novel nor inherently rewarding.

Controlled Instruetion Vs. Learning Environments

Another area in which we can make a contribution is in design fecisions having to
do with the extent to which we want to control the learner. At one extreme, we
can envision practice systems in which the computer is almost completelv in
control of the child's destiny—where he ean onlv choose hetween not interacting
with the machine at all and interacting as instructed by it. Of course, drill need
not be that way, and there are wavs to provide choices even in the most
constrai'ung environments., One alternative is the LOGO environment and similar
arrangen ents, in which the stuce=t programs his own demonstrations and
exercises. Wnen such an environment is well designed, whatever the student does
is likelv to be instruetive. For example, Andrea DiSessa at MIT has designed a
svstem called Dvnaturtle, which is a LOGO environment in which there is an
ohject and the ahilitv to hit the object with a specified force from a specified
direction. The ohject cannot be stooped, started, or moved except through
exerting forece impulses on it. Bv the time the student has plaved with this
environment a while, he has learned a lot ahout mechanics. Another environment,
in which there are a varietv of specific tools the student can use, was

demonstrated to vou todav hv Audrev Champagne.

I suspect that instructional designers and researchers are 1n a good position to
develop andl applv principles for deciding when, how and why to constrain the
choices that are open to a student in a computer-based learning environment. The

issues here overlap those of motivation discussed above and also those of

S
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computer literary that can he addressed hv competent instructional developers
and researchers even if thev are not computer wizards. Thev are also traditional
issues of education. Unless we do a better joh, the sof tware hacks out there are
going to recommit the errors of the past. Just as we've had uniformed flipflopping
from cubicles to open classrooms and back without reason, we'll see claims for
letting the student do his own thing alternate with calls for keeping students from
frittering awav their time in games that don't directlv teach, and these arguments
will have the same level of reason behind them that thev have alwavs had. We can

improve this state of affairs, and we should.

Evaluation

The final area 1 will mention, alheit briefly, is evaluation. Computer-hased
instruetion is inherentlv hetter evaluated, if we take advantage of the
opportunities it presents. We see people like Navid Berliner having to spend
hindreds of person-hours observing students to see if thev're on task or not. In
computer environments, spving on the student is easv, and thus we have ample
opportunitv to find out which svstems students use, how much, and, assuming
curriculum-embedded testing, with what effect. Fvaluation hooks should be an
auntomatic part of everv computer-based instructional svstem, at least at the level
of an obtion to record the transaction. We should be explaining to the world whyv
this i1s necessarv, and we have the expertise to help in taking advantage of the
capabilitv once 1t is there. (Agein a parenthetical note: a PASCAL, C, or LOGO
program can have this capahilitv added in five minutes. For a BASIC program, it

could take weeks.)

Summary

To summarize, | have explored the problems in developing high-quality computer-
hased leaming environments, including motivation, analvsis of error patterns and
nroviding on-the-spot conceptual assistance, man-machine interface issues,
language issues, and environmental design issues. | have conveved a picture of a
new medium that requires manv of the same sorts of research and expertise that

all other instruction requires. I have suggested that we in the instructional
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communitv can provide this expertise and do the research but that in manv cases
it means that we must be scholars with enough integritv to wholly master a basic

understanding of current computer technology and the issues that drive it.

Todav, schools are often buving the wrong stuff. Some will experience failure in
the computer medium faster than we can explain why they have failed, and thev
will tar us with a brush that a lot of untrained entreprenuers deserve instead. We
cannot stop that completely. We can rroceed at a substantive level to seriouslv
attack this domain and understand it. There's an economic hasis in militarv and
industrial training needs to support much of this work, even if we can't get enough
support from our traditional sources. The dutv is to undertake the effort
responsibly. If good computer-based instructional techniques are developed for
training assemblvline workers, clerks, programmers, pilots, and cooks, societv will
see that the techniques are also used in schools. Our task, however we attack it,

is to do our work with craftsmanship, integrity, and an eve toward generalitv.

j t)
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An Introduetion to

"Programmatic R&D, Edueational Technology,
and Cooperative School Improvement®

Three seminar themes are highlighted in "Programmatic R&D, Educational
Technology, and Cooperative School Improvement,” hy Richard Schutz, executive
director of SWRL Educationa! Research and Development, Los Alamitos, Calif.

Through their programmatic r&d, the CEDaR-member institutions have developed
the capabilitv for forwarding educational technolosv and school improvement, if

thev choose to take on these tasks, according to Schutz.

He suggests the CEDaR-member institutions comhine their expertise and explore
the instruectional applications of various kinds of technology. These, Sehutz
divides into three categories: low technclogv equipment, such as hand-held
calculators; medium-technologv equipment, including the microcomputer; and
high-technology devices, such as communication satellites and cable television.
The first categorv includes devices which are readilv available and underutilized

although they have great promise as instructional tools.

Schutz cautions, however, against the injudicious application of technological
solutions to schools' instructional and administrative prohlems. These solutions

mav be expensive and constitute inapprooriate uses of the technological devices.

Reinforcing comments raised in other seminar papers and bv participants, Schutz
cautions that technological devices have no justification apart from the specific

purposes thev serve, such as increasing students' learning and promoting school

improvement.




Programmatic R&D, Educational Technology,
and Cooperative Schoom Improvement

| Richard E. Schutz
’ SWRL Educational Research and Development

My qualifications for speaking to this topic derive from experiences as a
participant observer in the longitudinal ethnographic studv called labhs and
centers. In this capacitv | have had an opportunity to interact with various
aspects of educational technology on a long-term, sustained hasis. One of the
features of a long-term ethnographice study is a feeling of deja vu, in situations
that to others are exciting first time experiences. General interest in educational
technologv goes up and down like a roller coaster. The ride is now on the wav un,
and there are new passengers aboard the roller coaster. So first, I'll describe the
frustrations and celebrations involved in riding the roller coaster of educational
technologv for at least one full ride. Second, I'll enumerate some reasons why the
present time appears propitious for CEDaR institutions to hecome more stronglv
identified with educational technology matters. Third, I'll sketch some images of
the kinds of contributions that CEDaR institutions are uniquelv gualified to make
relative to educational technology.

I've titled the presentation "Programmatic R&D, Educational Technology, and
Cooperative School Improvement” for two reasons. First, this is a CEDaR
seminar. CEDaR was established and functions to promote programmatic r&d:
sequentially planned, sustained, and cumulative institutional-based r&+ in
edueation. The seminar is being held specificallv to forward the CEDaR
Coonerative School Improvement program, a CEDaR initiative to ensure that the
benefits of programmatic r&d actually and reallv come to have an important
impact on school practice (Sehneider, 1979). I'm convinced that edueational
technology, programmatic r&d, and cooperative school improvement can and must
interact svmbiotically and that CEDaR provides the structural mechanism for
nurturing the symbiosis. So the first reason for the title relates to CEDaR.
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The second reason relates to me. [ happen to have a real personal weakness for
equipment. [ excuse this pro-technologv bias as a part of mv American
upbringing—societv makes me do it. But for whatever reason, I tilt toward being a
technologv enthusiast. Ilike low-tech gadgets, intermediate-tech devices, high-
tech svstems, and all forms of equipment in between. To keed this huilt-in bias
from running away, it helps to keep it in between the rock of programmatic r&d
on one side and the hard place of cooperative school improvement on the other
side. Considering educational technology as a means rather than an end—a verh
rather that a noun—is healthy for evervone. From at least the time of Thomas
Fdison, each new configuration of information processing equipment has repeated
the same education historv. Still photographv, motion pictures, radio, television,
romputers, and microelectronic equipment have all followed a common route.
First, the equipment is hailed as having "vast potential" for education. The
potential is so great that it will be a "technological revolution"—a new world of
education is right around the corner. The press, the public, and the education
nrofession enthusiasticallv look forward to the better educational world that is

just ahead.

At the time the "technological revolution” is hailed (or re-hailed), it is recognized
that some minor work has vet to be done to harness the ootential of the equipment
systems in education. That is, the equipment was not derived in an education
environment. The origins of the equipment are always in a business, industrv,
home appliance, militarv, and/or amusement context—never in education.
However, dog-and-ponv demonstrations of the new equipment that look
educational are easilv contrived or imaeined for initial marketing purposes. These
demonstrations are enough for a sales forece to begin selling. Concurrently, the
dog and ponv configurations are enough to permit the equipment to be tested
seriouslv in a few school locations. Since the 1950's, it has been the practice of
the federal zovernment to take the initiative in planning, fielding, and financing
the earlv testing of new equipment in education. The current request for

proposals involving the videodisc illustrates the tradition:
o The development of the videodisc and its potential for interactive

nse with the microcomputer presents a new technology with vast

imolications for the improvement of teaching of basie skills at
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the elementarv level.

o (The Department of Education) has acquired 46 videotapes in
mathematics and musie. Other dises are anticipated in the area

of reading.

o ED anticipates awarding a 24-month contract for the coordination
and evaluation of interactive videodisc and microcomputer
technology for teaching basic skills.

The favorable publicitv that surrounds such testing aids sales. All participants in
the test have strone motivation to make the demonstration look good. No projeet
officer or school superintendent can afford to admit to anv deficiencv—*he
repercussions that would come from admitting to foisting a dumb idea off on kids
and teachers are too severe to permit anvthing but good news to surface. To keeD
up with this good news, school people totallv removed from the "test” widelv
report that they are "using the technology" in their local situation. Which sechool
officials want to admit that they and their colleagues are professionallv and
technologieallv hackward, particularlv since the equipment at issue is galloping
along with clear benefits in non-education sectors.

The demonstration test ends without fanfare. (Bv this time the attention of the
"revolution" has moved to another new configuration with "vast potential.")
Schools proceed to integrate the equipment into their operations as feasible and
reasonable, hut this is not "news." The "news" at anv subsequent time deals not
with the equipment svstem but with the failure of schools. Extra! Extra’
Teachers and principals are resistant to change. Extra! Extra' Equipment with
vast potential sits on the shelf much of the time. Extra' Extra' Schools are
decades behind the technologv of other sectors, due to the inexcusable
deficiencies of school officials. In short, the school community is regularlv ahused
bv a technological revolution that is alwavs about to happen hut that never does
happen.

¥,
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In anv sector of human life other than education this series of events would he
viewed as a hoax. If such it is, certainlv the school community least deserves
condemnation for perpetrating the scam. However, so long as the cvele is
repeated, the school communityv specificallv and education interests generxllv will

lose everv time.

John Gardner has stated the point more hroadlv:

"The roller coaster of aspiration and disillusionment is amusing to
the extreme conservative who thought the aspirations were sillv in
the first place. It gives satisfaction to the left-winz nihilist, who
thinks the whole system should he brought down. It is a gold mine
for mountebanks willing to promise anvthing and exploit anv
emotion. But it is a devastating whipsaw for serious and responsihle
leaders” (n.4),

Gardner wrote this in 1968. In the subsequent vears the extreme conservatives,
the left-wineg nihilists, and the unserubulous mountebanks have all made notahle
advances in the educational technology revolution. But these are the bad guvs in

the educational technology revolution. I'm with the good guvs.

Is there a hetter wav for the good quvs? DOne would be hard pressed to find a
worse wav, but indeed there is a hetter wav. It begins in programmatic r&d and it
leads to cooperative school improvement. Just as some people are surprised to
learn that thev speak prose, some CEDaR institutions mav he surprised to learn
that thev are kev elements in the technological revolution in education. Yet our

institutions have heen, are now, and | hope in the future will be, just that.

This aspect of CEDaR has received little publicitv. But educational technology
has heen alive and well and living in labs and centers throughout our historv. Not
everv CEDaR institution has shared the concern to the same degree—we minimize
overlap and duplication. And the emphasis in each of our institutions has shifted

with the times—we keep at the forefront as it advances. This is not the place for
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a reneral historv of the educational technologv efforts of CEDAR institutions. It
will be sufficient for mv purpose to carve out a verv narrow slice of that historv

as retrospective for the prospective view of the seminar.

Although it is common in education parlance to equate technologv with devices,
this usage is a corruption that forwarrds the interests of the had guvs rather than
the zood puvs. Standard scholarship considers the term technologv as "a set of
techniques that will generallv lead to a predictable outcome under snecified
circumstances" (Nelson, Peck, and Kalachek, 1967). These techniques will often
include cevices to good effect, hut the point is that devices have no justification
apart from the specific purposes thev serve. Technology is not a device looking

for a justification. It serves us; not vice versa.

0.K. Let's go back to 1966, Then, as now, regional lahs were to meet regional
r&d needs using regional resources. A SWRL reaional needs survev indicates a
good match: teachers need accurate information ahout the instructional statns of
their students. Call it computer-managed instruction. It's nct elear to me
whether LRDC or SWRL should be credited for coining the slogan, "computer-
manazed instruction.” 1 think we did, but Pd be happv to give Pitt the credit.
Either wav, it was a lah-center invention that moved hevond the computer-

assisted instruction that relied on Skinner's "teaching machine” logic.

Supplvine teachers with accurate information about the instructional status of
their students was imbalanced. It left out school administrators. What do school
administrators find most important? Their budgets. Fine. What do thev need
help with? Budget planning. Great. We'll do that ltoo—comouter—assisted
budegeting. {You ean thank SWRL for both inventing and killing that slogan.} So
these two simple technological initiatives were out together to form one—of four-

-SWRL program priorities.

Priorities are one thing. Doing something about them is another thing. Where to

start? Then as now, the militarv was in the vanguard of electronic information
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processing. Svstem Development Corporation, a regional resource, had led the
way in this advance. SDC will work with SWRL to adapt their technology for
purposes of comouter-managed instruction and computer-assisted budgeting.
SWRL will then oroceed to make the technology available to schools generallv,
first within the SWRL region and then through other laboratories in other regions

nationally.

How do we make regular information available to teachers about the instructional
status of their students? Well, the computer can store and report this information
without diffieulty. The trick is how to get the source data into the computer.
0.K., we'll put a teletvpe machine and an operator in a classroom in each of two
schools. This will permit us to give a few teachers virtuallv immediate turn-
around information and other teachers the same kind of information on an over-
night or weeklv basis. We will work at a single grade but in two subjects, math
and reading,

What did we find out? Well, no matter how fast the turn-around, the ~eaction
from the teachers was the same: "I alreadv knew that.,” Observational data
indicated that this was not reallv so—the teachcers didn't know, but that was
irrelevant. The reaction to the information we were giving them was much the
same as that to the answers in a self-instructional text. When you see the answer,
there is a strong tendency to helieve that you already knew the information

irrespective of whether or not vou actually did.

We learned in about 15 davs what others have failed to learn in 15 vears. The
aspiration of f¢c  :ing the aim of computer-managed instruction to assist teachers
is misguided. Teachers de know how their students are doing; what thev lack is a
menns of communicating their information to others in a credible and creditable
form. We could help them do that (we and our computers), but there was still the

"simple” matter of how to get the source data from the schools into the computer.

Well, the teletvpe was a more comolex data entrv device than was required. A




simple scanner was all we really necded—something that would feed one sheet of

B-1,/2" x 11" paper through a device to be rea opticallv and transferred by
telephone to the comnuter. We designed the simple machine, piut the specs out to
hid and found a qualified firm willing to huild 30 of the machines at $500 each—
$15,000; a 1.ominal expenditure. We had the monev in our hudget, hut the
hoilerplate provisions of our contract required suhcontract approval from OF,
Here we got & lesson in the sociologv and politics of educationa! technologv. In
the course of obtaining suboe ©  ~t approval, a junior OE bureaucrat made a
nolicy decision for the federal government: Educational lahs should not he
involved with hardware—hardware is for engineers, not educators, Bv the time we
gont the subecontract untangled a vear later the price had goue from $500 to $750
each, so the deal fell through. However, we had found another firm that was
willing to do the construction with their monev rather than ours. That was the
zorrl news. The be. ews was that this inereased the price to $1,000 and took two

Vears.,

We got twe or three devices that allowed us to pursue our investization but quite
raturallv, the firm thai we were working with also wanterd a market—which we
were in no position to deliver. Scanners weren’t a big seller in education at the
time. So they put a few more hells and whistles on their maehine, turned it into a
hard-wire rather than telephone-remote device, and sold a number of the devices
to a large Japanese industrial firm for $3,500 each. The price and function of the
machine were hoth now out-of-range for us, and we had inadvertentlv helped
American industrv help Japanese industrv rather than providing anv immediate

help to Ameriecan education.

Bv this time, we were up to 1972 and had established communication with the too
management of a large firm in connec..on with their publishing some of the
instructional products "hat we had develooed. From 1972-1975 this firm had a
team of 5-10 engineers and sunoort staff working at SWRL and at other locations
specificallv on our interpretation of computer-managed instruction $300-500K of
ineir money anuallv. Thev found that their copier could, with slight adaptation,
also perform a scanning function, hut there remained the hittle protiem of how to

enter the coded identification of individual students, teachers, schools, and

0
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distriets in machine-readable form. That sounds simple until vou trv to do 1t, We
tried evervthing from credit card devices to drill presses and never reall worked
out the problem hetween 1972 and . 975. Then the financial bottom fell out from
under the firm in a downturn of their industry, and theyv ahruptiv—at least for us it

was ahrupt—ahandoned the activity with us.

In the interim, however, our Japanese-supplier firm had been overtaken and

purchased hv a firm called National Computer Svstems, NCS equipment in the
late 1977 's hecame the standard in the kind of scanning we were interested in.
N+~ .nstal'ad their equipment widelv enough around the rountrv so that source

data entrv was no longer a technical ohstacle.

Rack at the SWRIL ranch, while all of this device-centered activitv was going on
we had conecurrentlv heen working steadilv over the vears on the form and
substance of information that teachers, students, parents, prinecipals, and district
administrators would all find useable and useful. That also sounds easy until vou
trv to do it. Because the storv is a 2ood deal more complicated than the

equipment storv, | won't even get into it here bevond saving that we did it.

Fifteen vears from the time we started we had the technologv well in hand to
provide credible and ereditable information about the instructional
accomplishments of students and schools. When vou get the technologv worked
out, it's .mple and cheap—from $.50 to $2 per student per vear from economy to
deluxe. Both the compiter and management receded to the hackground as the
technologv evolved. But without the configuration known as the computer and the

construct know as management, the technologv would not have heen realized.

The CEDAR Coonerative School Imprnvement odrogram is currentlv implementing
the technologv I've described in several locations; including all elementary
stud~nts in two great-urban-city school distriets. The technolomceal
accomplishment 1s not simolv an R&D stunt. It provides the professional

‘oundatinh for making quality education in American elementary schools an
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operational realitv rather than a rhetorical aspiration. The slogan "comnuter-
managed instruction" was lost in the process. (It was succeeded by the descriptor
"instructional accomplishment information", IAI). But the point was alwavs to

promote education, not a slogan.

What happened to computer-assisted budgeting? [t was a goo slogan, but it was a
had idea, and we aborted it as quicklv as we could do so without embharrassment.
[t took us onlv a couple of vears to learn that although school distriets give a good
deal of prominence to their budget, school superintendents can, if necessarv, keep
track of their hudeet on the back of an envelooe. The hudeget is just as important
to the chief executive officers of a school district as the budget is to the chief
executive officers of a corporation; and the dollars involved are often .Jst as
larze—%$1.8 hillion for a district like Los Angeles. But in anv scheol district, large
or small, the hudget is a forum for the resclution of political and social matters
that are far removed from computer assistance., The comblications are politieal
and social not f nancial. We learned a lot about the enterprise of schooling and
about how r&d can assist and abuse school administrators. But we found that
computer-assisted budegeting was an expends 3le technologv despite its initial

promise.

Vlisanthropes, mountebanks, and nihilists wili find 1t easv to dismiss these
experiences with the combuter in instruction and administration. Efforts to
diminish, victimize, and destrov public education move along with or without
technologv. But the concern of the opponents of public education is not school

improvement. Ours is,

I can generalize the conclusions that are supported bv the particulars I've heen
describing bv referring to a book that was important in halting the excesses of
enthusiasm for computers that buiit up in the 1960's {(Oettinger, 1969). This hook
derived from the Harvard Program on Technology and Societv, a multi-diseciplinarv
effort ~onducted from 1964-1969 under a large grant from IRM. The publications
associated with this effort are all well worth rerding. Thev give credence t~ mv

rule of thumb: Never trust writing on educational technology under ten vears
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old. Vuch of Oettinger's perspective was then and is now faultv, but some parts

were then and are now altogether sound.

In the final chapter Oettinger asks the question, "How are the neccssarv resources
to be allocated for economicallv efficient progress” in education” His answer is in

five points:

1. If we want efficiency, we must support promising ideas longer

than either private or government programs now permit.

Developing new Drocresses and devices from prototvpe to

production model is both time-consuming and riskv.

2. If we want efficiencv, we must support risk-taking and cushion

failure:

The road to wisdom?—Well, it's plain and simple to express:

Fre

and err

and err again
hut less

and less

and less,

3. If we want efficiencev, then risks, resources, and
responsihilities, the 3 R's of educational technology, must he

<hared by gsll partners 1n the educational enterprise,

We have seen how hopeless advance by one partner is without

advance hy others,

4. If we want efficiencv, we must chart our eourse bv human

judement, not exclusivelv bv formiila.

Foreing scientific technique bevond its limits 1s screntism, not

science; obscurantism, not rationahitv.
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5. If we want effiriencv, we must follow in depth with a small

number of diverse alternatives.

The present shotgun approach has heen exhatusted; it has few

achievements to its credit.

Those five points are a good part of the foundational principles of programmatic
r&d. Oettinger didn't reallv follow his own counsel, and it was generallv ignored

hv others. However, it was then and is now sound counsel.

So much for the past. Let's move on to the present. What is there ahout the
present situation to make this a propitious time for CEDaR to give greater
concern to matters of edneational technology? Most people would sav that it's the
present state of the art of information processing equipment. [ believe this is a
verv faultv perspective. With a few notahle exceptions which I'll get to later,
none of the present equipment svstems has anv merits that are not now being
well-exploited bv schools. Additional CEDaR effort to promote the purchase of
this equipment now or in the immediate future would be doing schools a disservice
rather than assisting them. Throwing devices at schools is no more justified than
throwing dollars or scholars at them. Devices, like dollars and scholars, have a
necessarv and justifiable role in education; but as means rather than ends for

education improvement.

The advocacv of an educational technology initiative at this time can reasonabhlv
relv on svstematic conditions now prevailing in the educational svstem, in the
general public mood, and in CEDaR insitutions. Let's brieflv consider each of

t hese conditions.

Tom Green (1980) has given us the infor mation necessarv to counter those vho
contend that the educational system is either an unfounded fiction or an

unfathomable endeavor—anvthing but a predictahle phenomenon. Green's hook

T
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warrants more attention than | can give it here. However, a point that Gireen
makes in passing is highlv germane to our seminar. Green notes that the motives
or incentives related to technologv operate differentlv in education than in other
sectors. The education svstem 1s not the industrial svstem. Efforts to treat the
ecueation svstem as if 1t were an industrial svstem are popular, but thev have no
more chance of success than the less popular efforts to treat industrv as if 1t were

education.

In education, as in industry, growth and success are kev considerations. However,
in the education svstem, there are several routes to growth and success. The
inerease 1n efficiency associated with technologv does not have the dominance it
enjovs in the tndustrial svstem. Green identifies several other modes of growth of

the educational svstem (p.10).

1. Increasing the grades in the svstem or the number of students

In the grades {(e.g., "Education for All American Youth').

2. Increasing the rate of attendance and survival {e.g., reducing

the "droupout prohlem").

3. Adding levels at the top or bottom (e.g., preschool, life-long

learning).

4. Horizontal expansion bv picking up new functions (e.g., school

luneh program, guidance and counseling, career education).

3. Mifferentiation of programs or institutions (e.g.,
individualization, magnet schools, aptitude-treatment

interaction).

A, Extending the school vear or school dav {e.q., vear-round

schools, day care programs).

~1

Inereasing staff independentlv of anvthing else {e.g., reduction

of class s1ze),

tit)




Where does technologv come in? A poor 8th. Attempting to do more in the same
time or the scame 1n less time is feasible in the education svstem onlv under
special eircumstances—only when things are not going well—meaning that none of

the other svstems' success modes are working.

Under conditions of increasing financial resources, all of the other seven modes of
growth are more attractive than technologv. But we are no longer in an era of
inereasing resources; we're in an era of limits. In an era of limits, when faced
with static or declining resources, then and onlv then will the education svstem
"rank an increase in efficiency as more desirahle than a decrease 1n

dif ferentiation. That is to sav, instead of reducing the niimher of its programs by
consoirdation, the svstem will seek to maintain them with diminiched resources"

{p.17V.

At present time, conditions internal as well as external to the education svstem
provide a favorable climate of incentives for dealing with matters of ericational
technology. “otivation alone is not enough. But if the choice 1s incentives or

non-incentives, choose incentives.

Gireen makes another important point. If there is to be a continuing general
cocietal market for anv technologv, that technologv must be used. If its use
requires the exercise of new and specialized skills, then thece skills will have to he
acquired and wirdelv shared within the population or there will he no market for
the technology. {In a society where people lack the skill for reading time, there i<

unlikelv to be a large market for clocks and watches.)

The historv of everv new technologyv victorious in the market 15 the
historv of the downward drift in the social acquisition of 1ts
principles and the skills of its applications. The fist computer
programmers were the inventors and creators of the hardware. Thev
were persons highlv trained in mathematies and engineering., The
next generation of programmers were doubtless possessed of training
almost as advanced. But surelv, the third generation were taught
the art of programming without either prior traiming in advanced

b
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mathematics or engineering or in programs of the syvstem designed
to produce programming skills. Thev were trained either hv the
agencies who marketecd the hardware or bv those who wished to use
it. Thev could not have been trained bv the svstem hecause in the
beginning of anv new technologv, there never are such programs in
the system. But as the principles of the technologv hecome better
and more widelv understood and as the required skills hecome more
clearlv identified, programs will develop first at the advanced levels
of colleze and then will extend into the secondarv and even
elementarv schools. In 1840 there was onlv one texthook in calculus
available in the United States, and it was used at advanced araduate
levels of the svstem. Now there are 150, and the topic is taught in
manv high schools.

In short, if X is a technical capacitv desired for the technological
market, then that capacity will be sought first at a relatively high
level of the svstem and then at succesively lower levels. The pathin
the social acquisition of such technical skills is downward, and
moreover, it is downward, eventuallv, within the system. Their
social acquisition does not require the existence of the educational
svstem. There are methods of accomplishing the same result hv
extendine indenture, apprenticeship, or home studv. But if the
svstem is available, it will be used. And it is likelv to be used,
hecause 1t i1s the most efficient solution to the problem of creating
and sustaining the market for anv technologv (p.56-57\.

Turning to conditions apart from the education svstem, it is easv to interpret the
present public mood as "anti-education,” the fact that acknowledgement of the
era of limits hit the federal government like a ton of bricks is not making life
simple for anvone in education these davs. But that's a description, not a
complaint. Educational technologv 1s more appealing in an era of limits than in an
era of growth. Soundlv justified r&d is a tried-and true route to increasing
productivity, eliminating waste, inefficiencv, and for accomplishing other aims
which the present Administration has a strong mandate from the American public

to make hapoen.

Turmning to CEDNaR institutions, we now have resident within our institutions the
core capabilitv necessarv to justifv a technological initiative in education. Kev to
this capahility is our expertise in such matters as program implementation, the
dvnamics of schooling—instructionally and administrativelv—and our working
understanding of the economics, politics, sociologv, and psvchology of the

education svstem. It s ignorance and incapacitv in these areas that has thwarted
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educational technology initiatives in the past. Certainly, we don't know all that
we need to know, we don't know how to do all that we'd like to do, and we would
never contend that we could or should even trv to carrv off anv endeavor—
technological or otherwise—single handedly. However, the public investment in
CEDaR 1nstitutions over the vears has now created a resource of unrivaled
expertise for forwarding educational technology. The resource is impressive and

it would be foolish for us—of all people—to ignore it.

What sorts of thinegs can we do? That will take a good deal more deliberation
among all of us and that's why we're here. [ know CEDaR well enough to
recognize that anvthing that anv of us suggests is categorically rejected hv most
of the rest of the group as< the initial response. Sorting out the cans-can'ts, tis-
taints, and shoulds-shouldn'ts takes some work. But in that spirit let me suggest a
few leads associated with low-tech, intermeriate-tech, and high-tech equipment

systems,

Low-tech equipment is given very little attention by ed tech revolutionaries, hut
it seems to me that these equipment systems have the best immediate potential
for schools. Of the equipment systems that happen to be underutilized in school
instruction at the present time, the hand-held calculator has to head the list.
Hand-held calculators are now so cheap that cost is almost inconsequential. As an
instructional aide for quantitative problem solving, one cotld ask for no hetter.
(Calculator-based instruction is less glamorous than computer-based instruetion,

hut it's a good deal more feasible,

If the calculator is too modest a device hase, then let's open it up further to the
full alpha-numeric kevboard. Here, we would have to hang on more electronics
than can be held in one hand, but not a lot more, if it were done thoughtfully. And

that would open up the endeavor to verhal as well as quantitative problem solving.

Complementing our low-tech equipment for alpha-numeric information processing

i the cassette recorder. This opens up language and other forms of audio storage




With this cheap set of equipment there is verv little in instruction that can be
done hetter hv a higher-tech equioment svstem, Moreover, the configuration
mives us a solid base for teaching abont technologv as well as about science in our
schools. If we think science teaching is weak, we know that technologv teaching
is virtuallv non-existent in our schools outside of college-level schools of
engineering. One could make a good argqument that learning technology is more
important for elementary and secondarv students torlav than learning science, hut

there is no reason whyv we can't teach both technology and science.
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and retrieval.

At an inter mediate-tech eqqupment level, the videotape recorder and the
microcomouter certainly warrant attention. It will take a few years for the cost
of this equipment to come down to the level of school feasibility. However, that
will happen as fast as our programmatic r&d to justifv the equipment for school

improvement purposes can expect to prodgress.

At a high-tech equipment level, | can't get particularly excited. Communication
satellites, cahle TV, and large-scale-high-speed processors are glamorous, hut thev
have real deficiencies in educa*® “n. The liahilities relate to matters of
scheduling, student interactic 1 flexihility, and over-powering equipment capacitv
of the functions provided  ('s the "big stuff"” that excites engineers and the

press. And it mav be that someone else can set forth a more attractive argument
for the Dotential of the high-tech equipment than [ can. If so, I'll happilv join the
mstification. Until then, I'll continue to hold that the emphasis on high-

technoloov 1n education is misplaced,

Finallv, a fourth lead warrants consideration. [rrespective of what CEDaR does in
the area of educational technology, the misanthropes, mountebanks, and nihilists
~an bhe counted upon to remain active in the area. The school community is not
currentlv well equipped to deal with these bad guys. Coping responsiblv with this

situation requires a resource more substantial than a clearinghouse function. It

ERIC s
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requires the kind of overall coordination of expertise that the CENDaR Central
Office does so verv well to provide a trusted communication mechanism that
other parts of the education community can draw upon. Providing this service

would be a worthv contribution.

There mav well he other leads that are more attractive than these. The potentials
I've set forth are ideas at this point and ideas are cheap. | helieve thev support
the conjecture that future attention to educational technology will henefit
CEDaR's commitment to programmatic r&d and school improvement, but I don't

place much more stock in them than that.

There is no auestion that the endeavors of programmatic R&D and sehool
improvement can proceed successful without increased attention to educational
technologv. Neither is there anv question that the promotion of eduecational
technologv will proceed with or without CEDaR. [ bhelieve the hehavior of the bad
guvs is predictable—thev'll continue to do what thev've heen doing. The bright

promise is with the good guvs. I'm with them.

6o
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An Introduetion to
Multiple Visions for Sehool Use of Technology

A panel of experts in technologv and instruction shared with seminar participants
their reactions to manv of the issues discussed in the papers contained in this
volume and raised during the course of the meeting., The panel's comments and
suggestions are highlighted in this section of the volume, Multiple Visions for

School Use of Technologv.

All the panel membhers commented on the ediication communitv's ahility to design
effective technologv-hbaser learning environments, although their assessment of
that eapabhility differed. All made recommendations concerning an appropriate
role for educational research and development in the technologv movement. Thev
made specific recommendations about technology-related research issues as well
as practical suegestions ahout the services r&d organizations can provide to

schools immediatelv.

The panel memhers were Dexter Fletcher from the Armv Research Institute:

Joseph Lipson of the National Science Foundation: and Robert Seidel of HUMRRO,
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Multiple Visions for Schoc' Use of Technology

Joseph Linson, National Science Foundation

~oseph Lipcon, special assistant to the assistant director of the National Sciencs
Foundntion's Science and Education Division, touched on the following areas in s
remarks: effective learning environments using computers; school organization

and technologv; technologv's future; and technologv resources.

Effective Learning Envirnnments Using Computers:

o We should not design computer-hass1 learning environments that do not
allow for human interaction, except as a form of homework. That is,
there is a kind of homework that can he done on commiters. Excent for
that application, we should be thinking of using the stimulus of the
display screen, compiter, and videodisce as a stimulus for human

conversation.

0 We need a great deal more attention to the emctional factors that

attend learming, whether we have computers or not.

o We need to pav more attention to how we can present knowlerdge so that

it can he grasped by a student who doesr't alreadv know it.

o We reed to pav attention to v Za* we ask the student to fo. We have
often seemed to have the idex that the mere presentation of information

was educational, an incorrect assumbtion.

6 We need a great deal more attention to the social factors of the learning
situation hecause the simple argument is that a lot of what we do is
determined hv our percention of what other peonle exRect of us. This
network of social interaction is important in deter mining studenis’

hehavior.

b,




Sehool Organization and Technology

o Schools are stahle, long-lived organizational svstems that were designed

for the technologv of the classroom, the texthook, the homework

assignment, and the blackhoard.

Because thev're stahle, hecause thev were designed for an alternative
technologv, the existing technologv, anv fdeparture from equilibrium
tends to generate forces to brine 1t back to equilibrium. So it is not
surprising that 1t is difficult to introduce a new technologv. Everv
organization that survives, evolves a system for helping people he
productive with its dominant technologv and schools do that. The
organizational structure helps teachers to he productive with the
classroom, the texthook, ete. Now, if we want people to be productive
with thic new technology, whieh is quite different, we'd hetter give a hit
of thought to changing the orzanizational structure to helo them to do
that.

Technology's Future

Technologv will first penetrat2 the militarv and industrv because thev
have siich o tremendous economic incentive for cost effectiveness in
training. Then technologv will enter the "how-to" market—how to care
for vour habv, how to repair electrical wiring. Finally, it will hemn to
he put to the service ot the handicapped and the affluent will tend to

acquire these devices for their children.

There 1s a social indicator, A distant earlv warning, that affluent well-
ecueated parents mav pull their children out of school and educate them
at home or send them to private school. The technology . wnly

accelerate this,

3
In the past, schools have tended to relv on words and symbhols hecause

thev were cheap and powerful. When we finallv had to teach people

1)
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procedural knowledge—knowing how versus knowing what—we tended to
take students out of the formal classroom and put them either in the
laboratorv, the apprenticeship svstem, or the field. These are what |
call "high information” environments as obbosed to the low information
environment of the texthook. The promise is that with the computer and
videodise, we can hegin to out procedural knowledge into the formal

ourriculum.

0 Voice recognition. We'll have voire recognition sooner than we think.

1985 is the date I've heen readine.

0 One of the questions we have to face is whether we will evolve into a
kind of syvmhiotic relationship with comptiters or whether we will

hecome the pets of computers,

Teelmology Resources

o "Acceleration of Evolution” hy John Black, in The Futurist, Fehruarv
1981, suggests that the impact of technologv is going to accelerate at
such a rate that it's almost imnossihle to predict what the future will he
like,

n Todav and Tomorrow in America bv Viartin Viaver:

o "What Makes Comnuter Games Fun, What Makes Things Interesting", hy
Tom Malone, Xerox Palo Alto Research Center:

o Hearings from the House Subcommittee on Science, Researech and
Technologv: and

o0 The Mieromillenium bv Christopher Fvans.




Multiple Visions for School Use of Technology

Dexter Fletcher, Armv Research Institute

In his remarks, Dexter Fletcher, coordinator of Tri-Service Training Development
at the Armv Receareh Institute, focused on: parallels hetween militarv and school
use of technologv: technologv research and development; and learning

environments and technologv,

Parallels Between Militarv and School Use of Technologv

o In the militarv vou find a great deal of interest in technologv at
the level of the chief of naval operations or the chief of staff of
the armv. At this level technologv is conceived of as one wav to
reduce the cost of what in ficcal vear 1982 will be a $10 hillion
investment in special sehooling. However, if vou go lower in the
ranks, vou find there are no incentives for the local commander
to use technologv. e is there to make himself and his command
look good. He's not going to introduce any innovations that mav
fail. In the services, then, there are incentive nroblems in

introcducing technologv iust as there are in public schools.

o EdAucators point to declining SAT scores over the last few vears
biit this decline has occurred when the proportion of the gross
national product directed to education has douhled. That
invest ment has< heen in traditional technologv—lectures, standard
<chool room practices. It mav be that we have reached the limits
of the technologv we currentlv have. If we're going to increase
schools' nroductivity, then perhaps we should make an attemnt to

make use of the new technoloav,

o Neither the services nor publie eduecation has heen verv good at
=elling technoloev. We don't talk to neople who are conecerned

abont national priorities. Thev are peonle who have a lot of other
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concerns ahout what we're doing in education. There's a need to
address the henefits of the investment in r&d and in technology in

terms thev want to hear.

Tectnology Research and Development

o There is nothing inherent in the device or technologv, surh as the
videadise, microprocessor, touch tone phone, or hook, that brings
ahout A revolution. It is, instead, the device's functionalitv—how
vou use it. Videodise, for example, in itself is not verv
interesting. When vou use it for somethine like surrogate travel

or interactive movies, it becomes verv interesting.

o Simbplv looking at the world and seeing microcomputers, and
predicting a revolution is not sufficient. We in educational
research and development neer to emplov the new technologv and
begin to work on its functionalitv hut that functionalitv will not

flow hy anv easv of immediatelv ohvious means.

o The high verhal abilitv of people in edhication has long been noted
as well as their low quantitiative ahilitv. [f we are to 'se the new

technolcey, that's got to change.

Effective Learmning Environments Using Technologvy

o We need to escape from the passive information technologv
metaphor—the passive business information metanphor—as a
metaphor for instruction. In fact, that's not what hanpens in
instruction nor 1s it what occurs in communication. We tend to
pass highlv selective cues. These are matcher bv an ongoing
sensorv simulation by the receiver. It's a verv active process as is
leaming. What that savs is that we can't just take information
and pass it out to students through channels. We need to create

an environment in which thev learn.

~1
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o Technoloev can provide a leaming environment rather than
merelv providing information. A simulated real world

environment 18 one example of what technologv can provide.

0 As educational researchers and developers, we need to be able to
sustain r& efforts aimed at designing technologv-basec learning
environments over a long period of time. We need to have the
freedom to tinker, experiment. | don't know where we're going to
find those environments, hut I'd make a prediction that thev're
probahly going to come from private education. Unless public

education catches up the real pavoff for technology will be in

private eduea on.
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Multiple Visions for School Use of Technology

Rohert Seidel, HUMRRO

In his comments, Robert Seidel, vice president and director of HUMRRO's
Fastern Division, higt.ighted the following areas: rid supnort for schools'

technology needs; and school structure and technology.

R&D Support for Schools' Technology Needs

o One of the most important services the rAd communitv can
provide is to help teachers learn how to use computers, learn
what thev're all ahout, what comptiters mean to them, their
students, their administrators, and how thev might imbplement
them in their classrooms. In other words, provide an awareness
nrogram to huild teacher literacv at the preservice and inservice

levels,

o The importance of this kind of assistance 1s illustrated bv a drill
and practice program in New York Tty was highlv successful
Auring the first vear, In the second vear, everthing stopped. One
of the real problems was that there was no preparation or )
continuitv of the roles in which teachers and administrators

interacted with the comnuters.

o The kev to working with schools as thev implement technology is
strong preparation backed up bv an appropriate hureaucracv. We
were recentlv involved in a project with four schools—three
public and one private. Two were inner citv public s *>20ls; one
was a middle class public school; and the private school drew
students from all over the city. DNuring the course of the nroject
we provided training for the teachers and orientation for the
principals and the students. We followed an entire program to
develop a strong, implementing environment., A vear after the

project was over (HUMRRO plaved a turnkev, management role),




we checked hack, The private school was selling time on the time
sharing svstem. Thev were increasing the number of students and

the number of suhjects on the compiter. In one of the publie

schools thev were tving to serape together enough monev to pav

the maintenance for the equipment.

0 The point 18, it takes strong preparation and it takes an
appropriate hureaucracy for technologv to work in a school. An
approoriate hireaucracy i1s almost like aopropriate technologv.

Small is heautiful.

Sehool Structure and Technology

o In addition to helping school people implement technologv, we

need to create a social support svstem for technologv. For that
we need a lean hureaucracv or we're not going to have technologv
in public education and, quite possihlv, we're not going to have

puhlic education either.

o We currentlv have a group model of instruction in public schools
that's labor intensive. There are a specified number of davs of
instruetion and grades and grade levels. If vou look at the use of
computerized high-technologv, vou've 2ot a model of instruction
that's combpetencv-hased. The afministration is functionallv

related to management and 1t is capital rather than labor

vou're goine? to have home and private school use of computers

and public schools mav suffer irreparable damage.

o We can design effective learning environments now. Mavhe thev

x

intensive. To me this reinforces what Joe Lipson said earlier, 1
1

won't he totallv computerized. But it nevertheless 1s the case
where vou have clear instances of effective learning

environments that utilize technologv.

it




